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MR is a powerful imaging tool in the evaluation of disease processes of the thorax, abdomen, 
and pelvis, but some radiologists are uncomfortable performing and interpreting body MR 
examinations. This book is an attempt to familiarize the target audience (radiology resi- 
dents, fellows, and practicing radiologists trained before the maturation of body MR) with 
the MR findings of normal anatomy and common entities encountered in clinical practice. 
It is my hope that the reader will use this text to assist him or her in establishing specific 
MR tissue diagnoses (the "elusive tissue signature"') and to accurately diagnose and stage 
neoplasms. 

I have modeled the format of this textbook on the highly successful Musculoskeletal 
MRI.2 Specific MR techniques and physical principles are addressed in individual chapters 
where appropriate. Some topics, such as MR techniques and physics, are not covered in this 
textbook. For those who desire supplementary material, dedicated textbooks and reviews 
are a~a i l ab l e .~ -~  Reviews of MR imaging of the small and large bowel are also available else- 
 here.^-^ MR techniques used to evaluate cardiac structure and function, myocardial 
viability and perfusion,g-l3 and the coronary arteries14J5 are still evolving.lG Those interested 
in additional reading can consult available texts17,1s or a recent issue of the MR Clinics of 
North America devoted to this "hot topic."lg Body applications of functional MR techniques 
have not been widely incorporated into clinical practice. I anticipate that we shall adopt 
functional techniques to evaluate tumor viability and to differentiate between reactive and 
malignant lymph  node^.^^,^^ 

I thank my friends-colleagues at  the University of Pennsylvania Health System for 
their efforts in the preparation of this text. I would also like to acknowledge the patience 
and support of my wife, Debby Michelman, and our three sons, Daniel, Matthew, and Dylan. 
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Body MR Techniques
and MR of the Liver

Field Strength ahd Surface Coils
MR Pulse Sequences

T1-Weighted Imaging (T1-WI)
T2-Weighted Imaging (WI)
Short Tau Inversion f=lecovery Imaging
T2 Star (T2·-,.Weighted Imaging
Contrast-enhanced Imaging

Primary Hepatic Masses
Benign Hepatocellular Neoplasms: Adenoma

and Focal Nodular Hyperplasia
Fibrolamellar Hepatocellular Carcinoma
Intrahepatic Peripheral Cholangiocarcinoma
Biliary Cystadenoma and Cystadenocarcinoma

Cystic Lesions Associated with the Ductal Plate
Malformation
Biliary Hamartomas
Autosomal-dominant Polycystic Kidney Disease
Hepatic Cyst

Inflammatory and Infectious Liver Disease
Inflammatory Myofibroblastic Tumor (Inflammatory

Pseudotumor)

Magnetic resonance (MR) imaging provides com
prehensive evaluation of the liver including the
parenchyma, biliary system and vasculature. While
computed tomography and sonography are often the
initial studies used in evaluating the liver, MR is
inerea ingly relied upon as a primary imaging modality
in addition to its problem-solving capacity. MR pro
vide soft tissue characterization unachievable with
other imaging modalities. Lack of ionizing radiation
and relative lack of operator dependence are additional
advantage over computed tomography and ultra
sound, respectively. Rapid breath-hold pulse sequences
have largely supplanted older, slower pulse sequences
resulting in shortened examination times. After a
brief review of current techniques, this chapter will
focus on MR imaging manifestations of liver diseases,
with an emphasis on pathologic correlation.

FIELD STRENGTH AND SURFACE COILS

Ideally, MR imaging of the liver is performed on high
field systems greater than 1.0 tesla (T), with open,

Hepatic Abscess
Hepatic Sarcoidosis
Radiation-induced Liver Disease
Primary Sclerosing Cholangitis

Hepatic Hemangioma
Hepatic Angiomyolipoma
Hepatic Lipoma and Pseudolipoma
Hepatic Lymphoma

Posttransplant Lymphoproliferative Disorder
Hepatic Metastases
Hepatic Steatosis
Iron Depositional Disease
Vascular Disease of the Liver

Budd-Chiari Syndrome
Hepatic Veno-occlusive Disease or Sinusoidal

Obstruction Syndrome
Passive Hepatic Congestion
Portal Vein Thrombosis

Complications of Liver Transplantation
Hepatic Cirrhosis
Hepatocellular Carcinoma

low-field systems reserved for claustrophobic or obese
patients. Phased-array surface coils provide improved
signal-to-noise and contrast-to noise ratios, and better
lesion detection and conspicuity in comparison with
the conventional body coil SUTI'ounding the bore of the
scanner. l Proximity of anterior abdominal wall sub
cutaneous fat to the surface coil can result in
respiratory motion artifact 'ghosts' projecting over the
image. This artifact can be eliminated or minimized
with breath-holding sequences or fat suppression. l

MR PULSE SEQUENCES

T1-Weighted Imaging (T1-WI)

The liver has a Tl-relaxation time shorter than that of
other abdominal tissues except for fat and pancreas.
This short Tl-relaxation time of liver has been
attributed to abundant rough endoplasmic reticulum
and high rate of protein synthetic activity (Box 1-1).2
Hepatic lesions that are isointense or hyperintense to
liver parenchyma on Tl-weighted images (Tl-WIs)

1
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are usually of hepatocellular origin (Box 1-2). Lesions Hepatic olipoma 
Metwte of other cellular origin such as cysts, hemangiomas, ,,,,.,, cell tumo 

and metastases typically have a longer TI-relaxation 
time than does liver and will appear hypointense to 
liver parenchyma on TI-WIs. 

Breath-hold gradient-echo (GRE) pulse sequences 
can replace spin-echo (SE) images for TI-WI of the carcinoma (Box 1-3). Chemical shift refers to the 
liver. TI-W GRE sequences can be performed with difference in resonant frequency between two types 
multishot or single-shot techniques.3 The term shot protons, with the frequency of a proton 
refers to the number of excitation pulses used in a pulse dependent on its local molecular environment. 
sequence. Multishot spoiled GRE T1-W sequences Chemical shift imaging is optimal for detection of 
utilize a short repetition time (TR), short echo time microscopic lipid, whereas chemically selective fat- 
(TE), and a high flip angle of 70" to 90"e3 The lack of suppression techniques are best for the macroscopic 
180" refocusing pulses in GRE sequences allow water lipid present in subcutaneous and intraabdomind 
and lipid protons to precess in and out of phase with fat or macroscopic fat containing tumors such as 
varying echo times. At 1.5 T, water and lipid are in adrenal myelolipoma (see Chapter 3), renal angio- 
phase at a TE range of 4.2 to 4.6 ms and out of phase at myolipoma (see Chapter 4), and ovarian dermoid cysts 
a TE range of 2.1 to 2.3 ms. Dual GRE TI-W sequences (see Chapter 7). 
enable simultaneous acquisition of in-phase and In patients with limited breath-holding capacity, 
opposed-phase images with two echo times Per excita- rapid T1-WIs can be obtained with magnetization- 
tion. On in-phase images, signal from water and lipid prepared GRE pulse sequences.3 A single section can 
within the same voxel are additive, whereas on opposed be obtained in less than 1.5 sec with negligible effects 
phase images, d&rudive interference of water and from respiratory motion. This sequence incorporates 
lipid protons results in loss of signal intensity (SI). a section-selective 180" inversion pulse and produces 

The combination of in-phase and o ~ ~ o s e d - ~ h a s e  Tl-WIs with high SI blood vessels; most lesions will 
images, referred to as chemical shift imaging, allows appear hypointense on this sequence. The inversion 
detection of hepatic steatosis as well as intralesiond pulse and inversion time can also be manipulated to 
lipid in he~atocellular neoplasms such as hepatic produce T1-WIs with low SI blood vessels, a feature 
adenoma and well-differentiated hepatocellular that minimizes pulsation artifacts. 

T2-Weighted Imaging (WI) 

The T2-relaxation time of liver is shorter than for 
most other abdominal tissues, including ~ p l e e n . ~  
Nonsolid liver lesions have long T2-relaxation times 

Hepa?ocsllula~ n) and are easily detected on T2-WIs. Solid masses such 
as hepatocellular carcinoma and hepatic metastases Focal nodular hyperplay'- 

Hepatic adenoma have shorter T2-relaxation times compared with 
Focal hepatic steatosia imnging) nonsolid lesions and may be relatively inconspicuous 
Focal sparing of steatoe td-phase imaging) on T2-WIs. 
Regenerative rndl Multishot or single-shot echo-train pulse sequences 
I-lepatocellul~ have replaced conventional spin-echo techniques for 

Nonhepatocell T2-WI of the liver (as well as for evaluation of other 
organs in the abdomen and pelvis). These pulse Hematoma ~me~nemog~voin wlcn  

Hemorrhagic metmtau sequences utilize one or more excitation pulses 
charjocm-cinoma) followed by two or more 180" refocusing pulses, the 
Treated metastatic dise echo train. Each of the multiple spin echoes 

ablation 1 within an echo-train sequence is acquired with a 
different amplitude phase-encoding gradient, and 
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therefore the resulting image contains data with 
different TE values. The effective TE refers to the 
TE at which the lowest amplitude phase-encoding 
gradients are applied. Low amplitude phase-encoding 
gradients provide the high-contrast, low-resolution 
data of central k-space, whereas high amplitude phase- 
encoding gradients provide the high-resolution, low- 
contrast data of peripheral k-space. 

Echo-train T2-W pulse sequences can be per- 
formed without or with breath-holding techniques. 
Non-breath hold echo-train T2-W pulse sequences 
benefit from use of fat suppression and respiratory 
triggering.4s5 Respiratory triggering requires a pneu- 
matic bellows that is wrapped around the patient's 
torso. As only a portion of the respiratory cycle is used 
for data acquisition, respiratory triggering necessi- 
tates a long TR and is therefore easily adapted to 
multishot echo-train T2-W pulse sequences. Single- 
shot echo-train T2-weighted pulse sequences 
incorporate half-Fourier reconstruction (interpola- 
tion of k-space data) to reduce acquisition time. The 
subsecond acquisition time of single-shot T2-W 
sequences is useful with patients unable to comply 
with breath holding or for whom rapid scanning is 
r e q ~ i r e d . ~  In comparison with multishot echo-train 
T2-W sequences, single-shot techniques produce 
images with decreased signal-to-noise ratios and 
increased blurring and consequently are less sensi- 
tive in the detection of smaller or low-contrast 
 lesion^.^ T2-W sequences utilizing a TE of at  least 
160 ms allow improved discrimination between non- 
solid hepatic lesions, such as cysts and hemangiomas, 
and solid  lesion^.^,^ A T2-W sequence with an even 
longer TE (e.g., 600-700 ms) can discriminate between 
a hepatic cyst and hemangioma based on the higher 
persistent SI of the f ~ r m e r . ~  Heavily T2-W sequences 
are also used for magnetic resonance cholangio- 
pancreatography (MRCP; see Chapter 2). 

Short Tau Inversion Recovery lmaging 

Short tau inversion recovery (STIR) pulse sequences 
provide fat-suppressed images with additive TI- 
weighted and T2-weighted contrast. STIR pulse 
sequences incorporate a preparatory 180" inversion 
pulse prior to the excitation pulse. The interval 
between the inversion pulse and excitation pulse is 
referred to as the inversion time (TI). At a TI of 150 
to 170 ms at 1.5 T, the SI of fat is null. Similar to 
T2-WIs, fluid and most pathologic tissues will appear 
hyperintense on STIR images. The echo-train 
technique can be incorporated into the STIR pulse 
sequence to shorten the acquisition time. 

T2 Star (T2*)-Weighted lmaging 

GRE T2*-weighted pulse sequences are used for 
optimal detection of hepatic iron deposition. GRE 
sequences lack the 180" refocusing pulses of SE or 
echo-train sequences and therefore do not correct for 
phase shifts incurred by magnetic field inhomogeneity 
or static tissue susceptibility gradients. T2*-contrast 

reflects the effective spin-spin relaxation time result- 
ing from true T2-decay and inhomogeneity effects. 
The susceptibility effect of iron results in signal loss 
that is most conspicuous on T2*-WIs. T2*-W GRE 
sequences are used after the administration of iron- 
containing reticuloendothelial system contrast 
agents. These contrast agents are cleared from plasma 
by the Kupffer cells present in normal hepatic 
parenchyma and some hepatocellular lesions. The 
susceptibility effect induced by the iron-containing 
contrast results in signal loss in the normal hepatic 
parenchyma and renders nonhepatocellular lesions, 
such as metastases, hyperintense. While MR angiog- 
raphy is currently performed with gadolinium- 
enhanced techniques, T2*-W sequences can be useful 
for depicting the direction of flow when specific satu- 
ration pulses are applied. This information may 
be useful in evaluating the portal venous system or 
portosystemic collateral vessels/varices.3 

Contrast-enhanced lmaging 

Four major classes of intravenously administered 
contrast agents are used for hepatic and abdominal 
MR imaging: nonspecific extracellular, hepatocyte- 
specific, reticuloendothelial system-specific, and 
blood pool-spe~ific.~ The nonspecific extracellular 
agents are chelates of gadolinium, a paramagnetic 
metal that shortens the TI-relaxation time of sur- 
rounding molecules. Chelation is required because of 
the toxicity, biodistribution, and efficacy of the free 
gadolinium ion.1° The nonspecific extracellular 
gadolinium chelates diffuse rapidly from the intra- 
vascular space into the extracellular space, similarly 
to the iodinated contrast agents used in CT. While 
iodinated contrast agents are directly imaged by 
radiographic techniques, it is the paramagnetic 
effect of gadolinium on surrounding protons that is 
detected by MR.ll Nonspecific extracellular gadolin- 
ium chelates are excreted via glomerular filtration. 

Hepatocyte-specific agents are chelates of gadolin- 
ium or manganese that show variable excretion 
through the hepatobiliary system. Increasing the 
lipophilicity of the gadolinium chelate allows hepato- 
cyte uptake. Manganese-based compounds partially 
dissociate in the circulation; the manganese ions 
are excreted by the hepatobiliary system, kidneys, 
pancreas, and gastric m u c ~ s a . ~  Reticuloendothelial 
system-specific agents are superparamagnetic iron 
oxide formulations cleared from the plasma by the 
reticuloendothelial system of the liver (80%) and 
spleen (12%) and subsequently eliminated in the 
lymph nodes and bone m a r r ~ w . ~  Blood pool-specific 
agents include ultrasmall iron oxide particles and 
proteinaceous or polymeric complexes of gadolinium 
that remain in the bloodstream for an extended 
period of time. 

The nonspecific extracellular gadolinium chelates 
are the most widely used of the MR imaging contrast 
agents. For optimal detection and characterization of 
hepatic lesions with this class of agents, dynamic 
imaging is often needed. Prior to administration of 



gadolinium chelates, precontrast imaging is acquired 
to assess anatomic coverage and the patient's breath- 
hold capacity.12 In addition, unenhanced images serve 
as a baseline for comparison to the enhanced images 
and can also be subtracted from contrast-enhanced 
images. Subtraction imaging can improve MR angio- 
graphic reconstructions and detection of enhancement 
in masses that are hyperintense on unenhanced 
TI-WIs.12J3 

Postcontrast imaging is classified into three 
phases: hepatic arterial dominant, portal venous, 
and hepatic venous or i n t e r~ t i t i a l .~ ,~~  The hepatic 
arterial-dominant phase occurs 15 to 30 seconds 
after rapid bolus injection of contrast agent. Images 
obtained during this phase show enhancement of the 
hepatic arteries and possibly the main portal veins. 
However, there is no enhancement of the hepatic 
veins and minimal hepatic parenchymal enhancement. 
The hepatic arterial-dominant phase is important in 
the detection of hypervascular lesions and the evalu- 
ation of the hepatic arterial system. The portal 
venous phase occurs 45 to 75 seconds after contrast 
agent administration. During this phase, the portal 
veins, hepatic veins and hepatic parenchyma are max- 
imally enhanced. This phase is optimal for detection of 
hypovascular lesions. The hepatic venous, or inter- 
stitial, phase spans from 90 seconds to 5 minutes 
after injection of contrast agent. This phase is useful 
for characterizing lesions that show continued 
enhancement, such as hemangiomas, or lesions with 
a large extracellular space, such as intrahepatic 
cholangiocarcinoma. 

The variable circulatory status of patients 
requires a reliable and reproducible method for 
coordinating imaging, particularly acquisition of cen- 
tral k-space data, with the hepatic arterial-dominant 
phase. Commercially available methods include 
timing-runs, automated bolus detection and trigger- 
ing, and real-time or "fluoroscopic" bolus detection 
with operator triggering.15 (See Chapter 11.) The use 
of a power injector standardizes injection rates,16 

optimizes MR angiography, and has proven superior 
to manual injection.17J8 

Dynamic gadolinium-enhanced imaging is per- 
formed with pulse sequences that enable coverage of 
the entire liver within a reasonable breath-hold (less 
than 25 s). Three-dimensional, or volumetric, GRE 
TI-W sequences confer several advantages over two- 
dimensional pulse sequences.12 Three-dimensional 
GRE TI-W sequences enable acquisition of thinner 
sections without intersection gaps, fat suppression, 
higher signal-to-noise ratios, and similar image 
contrast within the same breath-hold duration as 
two-dimensional sequences. Volumetric acquisitions 
provide isotropic data sets that optimize postprocess- 
ing techniques, such as multiplanar reconstructions 
or volume rendering. 

PRIMARY HEPATIC MASSES 

Benign Hepatocellular Neoplasms: Adenoma 
and Focal Nodular Hyperplasia 

Hepatic adenoma is a benign hepatic neoplasm 
occurring most commonly in women taking oral con- 
traceptive medications. The incidence of hepatic 
adenomas increases with the duration of oral contra- 
ceptive medication use and the dosage of 
e ~ t r o g e n . ~ ~ , ~ ~  Anabolic-androgenic steroids used for 
medical indications or abused by athletes are associ- 
ated with a number of hepatic diseases including 
hepatic a d e n o m a ~ . ~ ~  Hepatic adenomas, often multi- 
ple, develop with increased incidence in patients with 
glycogen storage diseases types I and III.22 Hepatic 
adenoma may be incidentally detected at cross- 
sectional studies performed for unrelated reasons, or 
the patient may have acute or chronic pain, a palpa- 
ble mass, or abnormal liver function  test^.^^^^^ 

Hepatic adenoma is composed of benign hepato- 
cytes arranged in large plates or cords without an 
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acinar a r ~ h i t e c t u r e . ~ ~ - ~ ~  The plates of hepatocytes are 
separated by dilated sinusoids, which in addition 
to feeding arteries produce the hypervascularity of 
adenoma~.~~,~7  Adenoma cells contain glycogen and 

Kupffer cells may be present in adenomas 
but usually are nonfunctioning, and bile ducts are 
a b ~ e n t . ~ ~ , ~ ~  A fibrous capsule or pseudocapsule com- 
posed of compressed parenchyma andlor fibrosis is 
usually p r e ~ e n t . ~ ~ ~ ~ ~  

Complications of hepatic adenomas include hem- 
orrhage with possible rupture of the liver27,29-31 and 
rare malignant transformation to hepatocellular 
car~inoma.~~,~~,33 Hemorrhage within an adenoma 
is thought to be related to infarction as the tumor 
outgrows its blood supply.27 A hemorrhagic adenoma 
may rupture through the liver, resulting in hemo- 
peritoneum with possible Rupture of a 
hemorrhagic adenoma is related to its proximity to 
the liver surface and the thickness of the fibrous 
tumor capsule, if present.31 The true risk of malig- 
nant transformation is uncertain but was present in 
5 of 39 patients in one series.30 Although adenomas 
have been shown to resolve completely after the 
cessation of oral contraceptive m e d i ~ a t i o n s , ~ ~ , ~ ~  this 
resolution does not preclude the subsequent devel- 
opment of hepatocellular carcinoma.20 Liver cell 
dysplasia may develop within an adenoma and is an 
irreversible premalignant change.20 

Hepatic adenomas range in size from 1 to 19 cm, 
with a mean diameter of 3 to 5 ~ m . ~ ~ , ~ ~ , ~ ~  The hetero- 
geneous MR appearance of hepatic adenoma reflects 
the variable presence of intralesional steatosis, hemor- 
rhage, peliosis hepatis, necrosis, fibrous encapsulation, 
rare central scars, and large tumoral vessels.24,27,28,37 
On TI-WIs, adenomas reveal variable SI but often 
have components that are hyperintense to surround- 
ing liver p a r e n ~ h y m a . ~ ~ , ~ ~ . ~ ~  Hyperintense T1 foci can 
be from intracellular lipid or hemorrhage (Figs. 1-1 
and l-2).24 Chemical shift imaging can confirm the 
presence of intralesional steatosis (see Fig. 1-1). On 
T2-WIs adenomas have variable SI but usually have 
some hyperintense  component^.^^,^^^^^ Hemorrhage 
and necrosis result in the heterogeneous T2 SI.37 Most 
adenomas show hypervascularity on the arterial 
phase of dynamic contrast-enhanced (CE) T I - W I S . ~ ~ ~ ~  

A pseudocapsule of compressed hepatic paren- 
chyma or fibrosis may be identified at MR.24,2s337 
On TI-WIs, this pseudocapsule is typically hypoin- 
tense to adjacent liver parenchyma.28 The T2-W 
appearance of this pseudocapsule is more variable, 
with an approximately equal number being hyper- 
intense, isointense, or hypointense to adjacent liver 
pa ren~hyma .~~  

The main differential diagnosis for hepatic ade- 
noma includes two other hypervascular hepatocellular 
lesions: focal nodular hyperplasia and hepatocellular 
carcinoma. Except for the central scar, focal nodular 
hyperplasia is typically homogeneously isointense 
or nearly isointense to liver parenchyma on both 
TI- and T2-WIs, whereas adenoma is usually of het- 
erogeneous SI. In addition, FNH usually contains a 
central scar, a rare finding in hepatic a d e n ~ m a . ~ ~  

Hepatic adenomas can be indistinguishable 
hepatocellular carcinoma based only on the MR 
imaging features of the lesion, although vascular 
invasion does not occur in hepatic adenomas. 
Hepatocellular carcinoma typically develops in 
patients with cirrhosis whereas hepatic adenomas 
occur in young women who have taken oral contra- 
ceptive medications. Serum a-fetoprotein is usually 
elevated with hepatocellular carcinoma but not with 
hepatic adenomas. 

The management of hepatic adenomas is some- 
what controversial. Surgical resection has been 
advocated to eliminate the known risks of life- 
threatening hemorrhage and malignant transforma- 
t i ~ n . ~ l  A more selective approach to management has 
also been proposed.38 In patients with lesions less 
than 5 cm and normal a-fetoprotein levels, cessation 
of oral contraceptives, counseling regarding pregnancy, 
and serial imaging could be considered as an alter- 
native to surgery.38 Hepatic arterial embolization is 
preferred over surgery for the acute management of 
h e m ~ r r h a g e . ~ ~  

LIVER ADENOMATOSIS 
Hepatic adenomatosis was initially described as 10 
or more hepatic adenomas occurring in an otherwise 
normal liver (absence of glycogen storage disease), 
unrelated to the use of oral contraceptive medications 
or anabolic-androgenic steroids, with associated 
abnormalities in liver function tests (serum alkaline 
phosphatase and gamma-glutamyl transpeptidase) 
occurring in either women or men.39 Recently, 
liver adenomatosis was defined as greater than three 
a d e n ~ m a s . ~ ~  The majority of lesions in hepatic adeno- 
matosis are not estrogen dependent.41 Two forms of 
liver adenomatosis have been described: multifocal 
and massive.42 Management of the multifocal form 
can be surgical resection of the larger or more com- 
plicated lesions. Liver transplantation is reserved for 
the more aggressive form of the disease.42 One group 
advocates close surveillance for asymptomatic 
patients with small lesions (13 cm) because of the 
presumed lower risk of intraperitoneal hem~r rhage .~~  
The MR imaging characteristics of individual adeno- 
mas in liver adenomatosis (see Fig. 1-1) are similar 
to the more common solitary lesions that develop in 
women taking oral contraceptive medi~at ions.~~ 

FOCAL NODULAR HYPERPLASIA (BOX 1-5) 
Focal nodular hyperplasia (FNH) is a benign tumor 
thought to represent a hyperplastic response of the 
hepatic parenchyma to a preexisting arterial mal- 
formation.43 FNH is the second most common benign 
liver tumor after h e m a n g i ~ m a . ~ ~  FNH is most 
commonly detected in women of reproductive age 
but can rarely occur in men and ~ h i l d r e n . ~ ~ , ~ ~  Most 
cases of FNH are incidentally discovered at autopsy, 
surgery, or imaging studies and are asymptomatic. 
Large lesions may be symptomatic because of disten- 
tion of the liver capsule or mass effect on adjacent 
organs.43 Oral contraceptive medications do not ini- 
tiate development of FNH; however, the relationship 



Figure 1-1 . MR illustration of multiple lipid-containing liver adenomas in a woman with a history of oral 
contraceptive medication use; prior right lobectomy established the diagnosis of adenomatosis. A and B, 
TI-WIs show hypertrophy of the patient's remaining left lobe. No liver lesions are revealed on the in-phase image (A), 
but multiple hypointense liver lesions (arrows) are present on the opposed-phase image (B). Isointensity to liver on in- 
phase imaging and the presence of intracellular lipid (established by loss of SI on opposed-phase imaging) both indicate 
that the lesions are of hepatocellular origin. There is loss of SI on the in-phase image (with a longer TE) within right 
colon (arrow C) and adjacent to surgical clips (curved arrow). Round "pseudolesions" (double black arrows) of variable SI 
are located anterior to the hyperintense aorta. The high SI within the aorta and the pseudolesions are secondary to flow- 
related enhancement and pulsation artifact, respectively. Applying a superior saturation band to eliminate signal from 
arterial blood entering the top of the imaging volume could have minimized both. C, Fat suppressed T2-WI does not 
depict the liver lesions. Note the normal difference in T2 SI between the hypointense liver (L) and hyperintense spleen 
(S). The high SI anterior to the liver represents unsuppressed fat (arrow) and should not be mischaracterized as locu- 
lated fluid. Superiorly located perihepatic fat is not suppressed secondary to localized magnetic field inhomogeneity from 
adjacent lung parenchyma.491 D, Arterial phase CE T1-WI shows multiple hypervascular masses (arrows). The heterogeneous 
enhancement of the spleen (S) is normal during this phase of enhancement. 

between oral contraceptive medication use and 
growth of FNH is less clear. One study showed no 
relationship between oral contraceptive use and the 
number or size of FNH whereas others 
showed lesion regression after discontinuation of 
oral contraceptive  medication^.^^ 

FNH is solitary in 80% to 95% of patients.43 The 
mass is composed of nodules of hyperplastic hepato- 
cytes and small bile ductules surrounding a central 
fibrous scar.26 The central scar contains dense con- 
nective tissue and blood vessels that may have thick, 
myxomatous walls.26 Unlike neoplasms, growth of 
FNH is proportional to its vascular supply. 
Hemorrhage and necrosis are unusual, and rupture 
of FNH is extremely rare.43 The mean diameter of 

FNH is 5 cm.45 Malignant transformation has not 
been reported. 

MR has greater sensitivity and specificity in the 
diagnosis of FNH compared with either CT or sonog- 
r a ~ h y . ~ ~  FNH is typically isointense or slightly 
hypointense to liver parenchyma on TI-WI (Fig. 1-3; 
see Fig. 3-4).43,48-50 The rare presence of lipid within 
FNH is usually associated with diffuse hepatic 
s t e a t o s i ~ . ~ ~  FNH is isointense to slightly hyper- 
intense on T2-WI. A central scar can be revealed at 
MR in 75% to 80% of FNH The central 
scar is characteristically hypointense to the sur- 
rounding lesion on TI-WIs and hyperintense on 
T2-WIs (see Figs. 1-3 and 3-4).43,48-50 Scar hyperinten- 
sity on T2-WIs is related to the presence of blood 
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Figure 1-2 Hemorrhagic hepatic adenoma revealed on MR in a 32-year-old woman. A, In-phase TI-WI 
(TE = 4.2) shows a mass with a hyperintense peripheral rim (arrow) relative to the surrounding liver. The central por- 
tion of the mass is hypointense to liver parenchyma. B, Opposed-phase image (TE = 2.5) shows that the rim remains 
hyperintense consistent with protein or blood rather than lipid. Dependent debris is present (curued arrow). C ,  Fat- 
suppressed T2-WI shows the mass is slightly hyperintense to liver. A wedge-shaped area of increased SI (arrows) periph- 
eral to the mass likely represents edema from venous outflow obstruction. D and E, Fat suppressed TI-WIs obtained 
before (D) and after (E) the arterial-phase of CE show that the hemorrhagic central portion (.) of the mass does not 
enhance. A peripheral wedge-shaped area of increased enhancement (arrows) represents a transient-hepatic intensity 
difference, likely due to portal vein compression and compensatory increased hepatic arterial flow. It  may be difficult to 
detect viable, enhancing portions of an adenoma that has bled. Subtraction imaging can reveal subtle enhancement 
within a hemorrhagic neoplasm. 

vessels, bile ductules, and edema within myxomatous imaging findings of FNH include absence of the central 
t i s s ~ e . ~ ~ , ~ ~  scar, hypointensity of the scar on T2-WIs, non- 

The three typical unenhanced MR imaging fea- enhancement of the scar, presence of a pseudocapsule, 
tures of FNH-homogeneous T1 isointensity to marked T1 or T2 lesion hyperintensity of the lesion, 
hypointensity, homogeneous slight T2 hyperintensity, and heterogeneous S1.49 Some of these atypical MR 
and T2 hyperintense central scar-are all present features are often present in the uncommon telang- 
in approximately one third of lesions.43 Atypical MR iectatic subtype of FNH.44,53 
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On dynamic CE TI-WI, FNH shows marked arte- second or third decades, with an equal distribution 
rial phase enhancement (see Fig. 1-3).43 48350,54 FNH between women and men.58 As opposed to HCC, most 
becomes isointense to adjacent liver parenchyma on patients who develop FL-HCC do not have a history of 
portal venous phase images and is slightly hyper- cirrhosis or other liver disease.58 Clinically, patients 
intense on delayed images.43,50s54 The central scar may present with pain, hepatomegaly, palpable mass, 
shows decreased enhancement relative to the sur- and cachexia.58 More than 85% of patients with 
rounding lesion on arterial phase images48 and FL-HCC have normal serum a-fetoprotein levels.58 
almost always is hyperintense on delayed phase 
images (see Figs. 1-3 and 3-4).43,48,50,52154 

The management of asymptomatic FNH with 
typical MR imaging features is n o n ~ u r g i c a l . ~ ~ , ~ ~  In 
contrast to hepatic adenoma, the negligible risk of 
hemorrhage and lack of malignant potential allow 
safe observation of FNH. If clinical, laboratory, or 
imaging data are inconsistent with a diagnosis of 
FNH, surgical biopsy is re~ommended .~~  In cases of 
indeterminate characterization after a gadolinium- 
enhanced MR examination, one could consider per- 
forming MR with a hepatocellular-specific contrast 
agent to confirm the hepatocellular origin of the 
lesion or the presence of a central s ~ a r . ~ ~ , ~ ~  Clinical 
history of chronic liver disease, malignancy, abnormal 
liver function tests, elevated serum a-fetoprotein, 
atypical imaging features, or increasing size should 
lead to biopsy for histologic confirmation. The risk of 
indeterminate or incorrect results with percutaneous 
biopsies has resulted in the use of large surgical 
biopsy specimens to establish a diagnosis of FNH and 
exclude hepatic aden~rna.~~@j 

Fibrolamellar Hepatocellular 
Carcinoma (Box 1-6) 

Fibrolamellar hepatocellular carcinoma (FL-HCC) is 
a rare subtype of hepatocellular carcinoma (HCC) 
with distinct clinical, pathologic, and imaging features. 
FL-HCC occurs in young patients, typically during the 
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Figure 1-3 . MR findings of hepatic hemangioma and 
focal nodular hyperplasia (FNH) in an asymptomatic 37- 
year-old woman. A, In-phase TI-WI shows an FNH (arrows) that 
is minimally hypointense to surrounding liver parenchyma. The 
central scar (open arrow) is hypointense to the remainder of the 
mass and liver. A hypointense hemangioma (curved arrow) is also 
present. B and C, Fat-suppressed T2-WI (B) (TE = 100) and heav- 
ily T2-WI (C) (TE = 180) shows an isointense FNH (arrow) except 
for a hyperintense central scar (open arrows). A markedly hyperin- 
tense hemangioma (curved arrow) is present. D and E, 
Arterial-~hase CE T1-WIs show marked FNH enhancement and a - - . . - - - - r - - - - ~  - 

nonenhancing central scar (open arrow, in D and peripheral nodu- 
lar enhancement within the hernangioma in E (black arrow). 
Portal (F) and delayed (G)  CE T1-WI shows that the FNH becomes 
isointense to liver except for the hyperintense central scar (open 
arrow) that enhanced late. The hemangiorna shows progressive 
centripetal enhancement (black arrows)-and ultimately uniform 
hyperintensity (curved arrows). Homogenous delayed enhancement 
is typical of hemangioma. The circular focus of high SI in F (curved 
arrow) represents phase encoding artifact from the aorta. This 
could have been minimized or eliminated by utilizing a superior 
saturation pulse. 



FL-HCC is composed of sheets, cords, or trabecu- 
lae of malignant hepatocytes separated by fibrous 
sheets (lamellae).25,26,58,5g The presence of intracellular 
glycogen or lipid has not been reported in FL-HCC.58 
Encapsulation is rare in FL-HCC but common in 
HCC.5s Hemorrhage and necrosis are seen in approxi- 
mately one third of cases microscopically but only 10% 
at gross pathology. FL-HCC is usually large, with a 
mean diameter of 13 cm.60,61 A central fibrous scar is 
common.5s Satellite nodules are often p r e ~ e n t . ~ ~ , ~ ~  

On TI-WI, FL-HCC is usually homogeneously 
hypointense to liver parenchyma, except for the central 
s ~ a r . ~ ~ , ~ ~  On T2-WIs, FL-HCC is usually heteroge- 
neously hyperintense to liver parenchyma; isointensity 
is u n u ~ u a l . ~ ~ , ~ ~  The central fibrous scar is typically 
hypointense on both TI- and T2-WIs (Fig. 1-4).5s,59 
The central scar and radiating fibrous septa are more 
often detected with MR imaging than with computed 
t~mography .~~  

FL-HCC shows marked heterogeneous enhance- 
ment on arterial phase and portal venous phase 

gadolinium-enhanced images and becomes more 
homogeneous over time.58 The central scar typically 
does not enhance and is most conspicuous on delayed 
images as the surrounding tumor becomes more 
h o m o g e n e o ~ s . ~ ~ , ~ ~  Hepatic vascular involvement and 
lymphadenopathy are frequent findings.61 

FL-HCC is managed surgically when possible, 
either with partial hepatectomy or liver transplanta- 

Involvement of the main portal vein or 
hepatic artery precludes surgical management.60 
Regional lymphadenopathy may be resected at the 
time of initial surgery.'jO Long-term survival has been 
achieved with aggressive surgical management; the 
largest surgical series to date reports cumulative 
5- and 10-year survival rates of 66.2% and 47.4%, 
respe~tively.~~ In this series, patient survival was 
significantly associated with TNM staging. Vascular 
invasion and lymph node involvement were 
factors most associated with decreased survival. 
The prognosis for FL-HCC is considered to be better 
than for HCC.58z60p61 

Figure 1-4 MR demonstration of a fibrolamellar hepatocellular carcinoma in a 28-year-old man. A, Fat- 
suppressed TI-WI shows a slightly hypointense mass (arrow) compared with surrounding liver parenchyma with an even 
lower SI central scar (curved arrow). B, Fat-suppressed T2-WI shows a lobular heterogeneous hyperintense mass. The 
central scar has both low and high SI components (curved arrow). Scars within fibrolamellar hepatoma are usually 
fibrous and of relative low T2 SI. C, Arterial phase CE TI-WI shows hypointense radiating fibrous septa (arrows) and 
enhancing tumor. D, Delayed CE TI-WI shows that contrast has washed out of the tumor that is now isointense to liver. 
The nonenhancing scar remains of low SI (curved arrow). The scar of FNH should have enhanced during the delayed 
phase of contrast enhancement. 





and represent less than 5% of intrahepatic cysts of abdominal pain, palpable mass, elevated liver func- 
biliary origin.85 Most cases occur in middle-aged tion tests, jaundice, fever, and weight 
w ~ m e n . ~ ~ , ~ ~  Patients with BC are usually younger Most instances of BCBCCA arise from the intra- 
than those with BCCA.@j While these lesions may be hepatic bile duds and occasionally from the extrahepatic 
asymptomatic, clinical presentations may include bile ducts or gallbladder.85,66,88 These masses are large, 



ranging in size from 3 to 40 cm, with a mean diameter 
of 12 cm.86 Histologically, BCBCCA are similar to 
mucinous cystic neoplasms of the pancreas and 
ovary.86 The presence or absence of ovarian (mes- 
enchymal) stroma below the lining cuboidal or 
columnar epithelium classifies BCBCCA into two sub- 

The embryologic migration of primordial 
germ cells through the yolk stalk, a structure from 
which the hepatobiliary system and pancreas develop, 
accounts for the presence of ovarian stroma in 
BCBCCA.86 Lesions containing ovarian stroma occur 
only in women and have a better prognosis than those 
lesions without ovarian stroma that occur in women or 
men.86,88 The fluid obtained from the loculi may be 
hemorrhagic, bilious, clear, mucinous, or mixed.86 
BCBCCA may communicate with the biliary system 
and if mucin-secreting. result in biliarv o b s t r u c t i ~ n . ~ ~ - ~ ~  

should be distinguishable from BCIBCCA by clinical 
and laboratory data.86 Hepatic abscesses are often 
multifocal and show perilesional edema and a thick 
enhancing rim.97 The presence of round or oval 
daughter cysts, thick walls, and detached germina- 
tive membrane may help differentiate hydatid cyst 
from BCIBCCA on imaging s t ~ d i e s . ~ ~ , ~ ~ , ~ ~  

BC is considered a precursor to BCCA because foci 
of benign epithelium are present in malignant 
lesion~.~~,88@ Malignant transformation of BC into 
BCCA, has been reported with serially observed 
lesions100 and after surgical excision.lOl Complete exci- 
sion is the treatment of choice for BC (as well as 
BCCA) to prevent recurrence and potential malignant 
tran~formation.~~J02 Drainage, marsupialization, or 

In the absence of <etastatic disease, neither gross 
lesions nor imaging studies can reliably distinguish 
between BC and  BCCA. Only histopathilogic studies 
can determine the presence of malignancy or differen- 
tiate lesions based on the presence or absence of 
ovarian s t r ~ m a . ~ ~  

MR imaging of BCIBCCA shows a multiloc- 
ular cystic mass (Fig. 1-6). The SI of the cystic fluid 
varies with its components. Simple or bilious fluid 
is T1 hypointense and T2 hyperintense, whereas 
proteinaceous/mucinous or hemorrhagic fluid shows 
higher T1 and lower T2 SI. Fluid-fluid levels can be 
present in hemorrhagic  lesion^.^^-^^ Internal septa 
and nodular projections are present in both BC and 
BCCA.86 Internal septa without nodularity suggest a 
diagnosis of BC, whereas septations with nodularity 
are suggestive but not diagnostic of BCCA.86 

The differential diagnosis for BCIBCCA includes Figure . of a bili. cystad enema 
other multiloculated cystic lesions of the liver, par- type stroma in a 33-year-old CE 
titularly liver abscess and hydatid d i s e a ~ e . ~ ~ , ~ ~ , ~ ~  Both TI-WI shows a multilocular cystic mass with enhancement of a small 
hepatic abscess and hydatid disease of the liver nodular component (arrow) and the loculus walls (curued arrow). 



sclerosis is not rec~mmended.~~J~~ Percutaneous or 
intraoperative aspiration/biopsy are not done because 
of the potential risk of peritoneal c a r ~ i n o m a t o s i s . ~ ~ ~ - ~ ~ ~  

CYSTIC LESIONS ASSOCIATED WITH THE 
DUCTAL PLATE MALFORMATION 

A unifying hypothesis for congenital diseases of the 
intrahepatic bile ducts centers on the embryologic 
ductal plate malformation (DPM).lo6J07 The ductal 
plate is a layer of liver progenitor cells that forms a 
sleeve around the mesenchyme of the portal vein and 
develops into the intrahepatic bile ductslo6J07 DPM 
may involve any portion of the intrahepatic biliary 
tree and results in a spectrum of fibropolycystic 
disorders characterized by segmental dilation of the 
intrahepatic bile ducts and variable degrees of fibro- 
sis.lo6,107 These disorders include autosomal recessive 
and autosomal dominant polycystic kidney diseases, 
congenital hepatic fibrosis, Caroli's disease, von 
Meyenburg complexes (biliary hamartomas), and 
mesenchymal ha mar to ma^.^^^,^^^ Biliary hamartomas 
and the liver cysts associated with autosomal domi- 
nant polycystic kidney disease are discussed here and 
Caroli's disease in Chapter 2. 

Biliary Hamartomas 

A Meyenburg complex, or biliary hamartoma, is a 
small lesion composed of dilated bile ducts and inter- 
spersed fibrous or hyalinized stroma.106,107 Biliary 
hamartoma is thought to represent a DPM of the 
smaller, more peripheral interlobular bile 
and can be identified macroscopically in 0.7% of 
autopsies.lo8 Biliary hamartomas are usually less than 
15 mm in size and asymptomatic. The importance of 
biliary hamartomas is their potential similarity to 
hepatic metastases on imaging studies.log 

Biliary hamartomas are hypointense to liver 
parenchyma on TI-WIs and markedly hyperintense 
on T2-WIs.llO-117 Near isointensity to simple fluid on 
heavily T2-WIs has been reported.111,112,117,118 Some 
lesions are hypointense to simple fluid on T2-WI.l1°J15 
No characteristic enhancement pattern has been iden- 
tified. Solid, absent, and rim enhancement have been 
reported.l18 Thin rim enhancement has been attrib- 
uted to surrounding compressed liver parenchyma 
or perilesional inflammatory cell infiltrate.l14 

The differential diagnosis for biliary hamar- 
tomas includes metastases, microabscesses, saccular 
dilation of the biliary system (Caroli's disease), and 
polycystic disease of the liver.l18 Features that sug- 
gest biliary hamartomas over metastases include 
small size (most hamartomas are less than 1 cm), 
thin rim enhancement with no centripetal progression, 
and high fluid content. Cystic or poorly vascularized 
hepatic metastases from ovarian carcinoma, sarcoma, 
gastrinoma, or chemotherapy-treated malignant 
lesions may appear similar to biliary hamartomas. 
The clinical setting should allow discrimination 

between biliary hamartomas and microabscesses. 
MRCP has been useful in evaluation of biliary 
hamartomas, showing multiple cystic hyperintense 
lesions without communication with the bile ducts, 
allowing discrimination from Caroli's disease. 

Autosomal-dominant Polycystic 
Kidney Disease 

Hepatobiliary cysts are found in most patients with 
autosomal-dominant polycystic kidney disease 
(ADPCKD).107,119,120 The incidence of hepatobiliary 
cysts in ADPCKD increases with patient age, 
increased severity of renal cystic disease and 
decreased creatinine clearance.lZ1 Women develop 
more and larger cysts than men.lZ1 Hepatobiliary 
cysts are usually asymptomatic but rarely produce 
symptoms related to hemorrhage, infection, or mass 
e f f e ~ t . ~ ~ ~ - ~ ~ ~  Infection of hepatic cysts in ADPCKD 
occurs more commonly after the development of end- 
stage renal disease (up to 3%).lZ5 Mass effect from 
cysts may cause inferior vena caval compression 
resulting in lower extremity edema or biliary com- 
pression with obstructive jaundice. Severe liver 
involvement may be complicated by liver failure or 
Budd-Chiari syndrome. lZ2 

Both intrahepatic and peribiliary cysts may be 
present in ADPCKD.120J26 Intrahepatic cysts in 
ADPCKD have been attributed to cystic dilation of 
the Meyenburg complexes.126 The peribiliary cysts 
are thought to arise from cystic dilation of the peri- 
biliary glands of intrahepatic bile d ~ ~ t s . ~ ~ ~ , ~ ~ ~  Cystic 
dilation of these intrahepatic peribiliary glands 
occurs most commonly in ADPCKD and less often 
in patients with other hepatobiliary diseases. With 
severe liver disease, impaired intrahepatic hemody- 
namics may result in cystic dilation of the peribiliary 
glands, whereas in ascending cholangitis or septicemia, 
inflammatory destruction is the likely cause.lZ7 
Hepatobiliary cysts are lined with cuboidal or colum- 
nar epithelium, contain serous fluid, and may be 
surrounded by a fibrous capsule.107~122 

Hepatobiliary cyst size in ADPCKD may vary 
from less than 1 mm to greater than 10 cm.lZ0 
Peribiliary cysts are defined as less than or equal to 
10 mm.lZ0 On cross-sectional imaging, intrahepatic 
cysts of ADPCKD usually are round but may be 
polygonal or irregular when large cysts are densely 
distributed.lZ0 Peribiliary cysts are round, but multi- 
ple contiguous peribiliary cysts may appear as a 
tubular structure if the individual cyst walls are 
below the resolution of imaging and may mimic 
biliary d i l a t i ~ n . ~ ~ ~ , ~ ~ ~  Peribiliary cysts are located 
along both sides of the portal triad, whereas dilated 
bile ducts are present on only one side.130J31 
Peribiliary cysts are present adjacent to the larger 
portal triads (up to third order), while intrahepatic 
cysts are located in the liver parenchyma and are not 
in contact with the larger portal triads.lZ0 

Uncomplicated hepatic cysts of ADPCKD have 
low T1 and high T2 SI and reveal no gadolinium 



Figure 1-7 MR demonstration of renal and peribiliary cysts in a man with autosomal-dominant poly- 
cystic kidney disease. A, Fat-suppressed heavily T2-WI shows larger cysts (*) and numerous smaller variably sized 
cysts (arrows) in a periportal distribution. B, Coronal T2-WI shows enlarged kidneys that contain numerous cysts, some 
of which contain hypointense hemorrhagic or proteinaceous fluid. 

enhancement (Fig. 1-7).lZ2 Intracystic hemorrhage 
may result in cysts of varying SI including T1 hyper- 
intensity, fluid-fluid levels, or thickened ~ a l 1 s . l ~ ~  
Asymptomatic hepatobiliary cysts of ADPCKD do 
not require treatment. Infected cysts require treat- 
ment that includes antibiotic therapy with or 
without percutaneous drainage.lZ5 Dominant cysts 
producing pain133 or other complications due to mass 
effect may be treated with percutaneous drainage 
and s c l e r ~ s i s . ~ ~ ~ , ~ ~ ~  

Hepatic Cyst 

Liver cysts are also thought to arise from cystic dila- 
tion of Meyenburg ~omp1exes.l~~ Simple liver cysts 
are lined by cuboidal epithelium, surrounded by a 
thin fibrous stroma, and contain serous f l ~ i d . ~ ~ , ~ ~ ~  
Simple liver cysts have been detected sonographi- 
cally in 2.5% of the population, are more common in 
women, and increase in incidence with age.136 Simple 
liver cysts are more often multiple than solitary, 
measure between 1 and 5 cm, and are typically 
a s y m p t o m a t i ~ . ~ ~ ~ ~ ~ ~ ~  On MR uncomplicated hepatic 
cysts are homogeneously T1 hypointense and T2 
hyperintense (see Figs. 1-7,3-4, and 5-8). While cysts 
and hemangiomas may have similar SI on T2-WI 
with effective TEs of 160-180 ms, more heavily 
T2-WI with TEs in the range of 600-700 ms can effec- 
tively distinguish between the two; cysts show 
persistent marked hyperintensity, whereas heman- 
giomas do not.8 Hepatic cysts do not enhance.lZ2 
Cysts complicated by hemorrhage or infection may 
have variable T1 and T2 SIs and thickened walls. 

INFLAMMATORY AND INFECTIOUS 
LIVER DISEASE 

Inflammatory Myofibroblastic Tumor 
(Inflammatory Pseudotumor) 

Inflammatory pseudotumor (1P)linflammatory 
myofibroblastic tumor (IMT) is an uncommon mass 
composed of proliferating myofibroblasts and a lym- 
phoplasmacytic i11fi1trate.l~~ This lesion most 
commonly occurs in the lung but has been reported 
in virtually every organ of the body, including the 
liver.138,139 The classification of this lesion continues 
to evolve. A subset of these lesions may represent, at 
least initially, a reactive pseudotumoral process to 
an infectious viral or bacterial agent.137,138,140 Another 
distinct subset represents a true mesenchymal neo- 
plasm of the myofibroblast, the inflammatory 
myofibroblastic tumor, and is considered synonymous 
with inflammatory f i b r o s a r ~ o m a . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  Most cases of 
IMT occur in childhood and early a d ~ l t h o o d . ~ ~ ~ , ~ ~ ~  
Constitutional symptoms, present in 15% to 30% of 
cases, include fever and weight 10ss.l~~ Hepatobiliary 
IMTs may present with abdominal pain or biliary 
obstruction. Laboratory abnormalities include 
anemia, thrombocytosis, leukocytosis, polyclonal 
hyperglobulinemia, and elevated erythrocyte sedi- 
mentation rate.138 

Owing to the rarity of hepatic IMT, there are 
few reports of the MR imaging appearance, which 
is nonspecific.142 IMT is hypointense to surrounding 
liver parenchyma on TI-WI and isointense to 
slightly hyperintense on T2-WI (Fig. 1-8).143-149 
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Figure 1-8 . MR findings of an inflammatory pseudo- 
tumor in a SO-year-old woman. A, Fat-suppressed T2-WI shows 
a hyperintense left lobe mass (arrow) with a small central area of 
higher SI. B, Portal venous phase CE TI-WI shows a peripheral 
rim of increased enhancement (arrow) and a central decreased 
enhancement. C, Delayed CE TI-WI shows peripheral washout of 
contrast (arrow) and increased central enhancement (*). The pro- 
gressive delayed enhancement reflects the fibrous content of the 
neoplasm. No other specific MR features are present, and surgery 
was required to establish the diagnosis. 

The gadolinium-enhancement pattern is nonspecific, 
with peripheral, homogeneous, and heterogeneous 
patterns d e s ~ r i b e d . ~ ~ - ~ ~ ~ , ~ ~ ~ - ~ ~ ~  If IMT is located in the 
hepatic hilum, biliary obstruction may occur and the 
clinical presentation and imaging studies may be 
similar to those of cholangi~carcinoma.~~~~~~~~~~~-~~~ 
Although the prognosis generally is good and sponta- 
neous resolution has been r e p ~ r t e d , l ~ l J ~ ~  the 
neoplastic classification and potential malignant 

features of at least some of these lesions suggest that 
surgical resection is the treatment of choice when 
fea~ib1e.l~~ IP of the spleen and IP of the bladder are 
discussed in Chapters 5 and 9, respectively. 

Hepatic Abscess 

Hepatic abscess, a collection of purulent material 
with associated destruction of hepatic parenchyma 
and stroma, may be bacterial, fungal, or amebic in 
e t i ~ l o g y . l ~ ~ - l ~ ~  In developed countries, pyogenic 
abscesses are most common, but worldwide, amebic 
abscesses are most ~ o m m o n . ? ~ ~ J ~ ~  Hepatic infection 
may occur through four pathways: portal veins, 
biliary ducts, hepatic arteries, or direct extension. 
Hepatic abscesses progress through three phases.156 
The acute phase occurs during approximately the 
first 10 days, with necrosis and small areas of lique- 
faction. From days 10 through 15, the subacute phase, 
there is progressive liquefaction with resorption of 
cellular debris. The chronic phase begins after day 
15, when a thick, fibrous, peripheral wall envelops the 
central cavity containing a small amount of necrotic 
material. 

Currently, biliary tract infection is the most common 
cause of hepatic pyogenic absces~es .~~ Before the 
introduction of antibiotics, pylephlebitis complicat- 
ing appendicitis or diverticulitis was the most 
common cause.97,158 Approximately half of pyogenic 
abscesses are polymic~-obial.l~~J~~ Escherichia coli is 
the most frequently isolated organism in ad~lts.~~,l~7-~59 
Bacteroides, Clostridium, Streptococcus faecalis, 
Klebsiella, and Staphylococcus aureus may also be 
en~ountered.~~,l~~-l59 

Pyogenic abscesses may be single but usually are 
multiple. Multiple pyogenic abscesses are more likely 
biliary in origin and single abscesses more likely 
cryptogenic in origin.160 Single abscesses are larger 
than multiple abscesses.160 Diabetes mellitus is 
present in up to half of patients with pyogenic 
abscess.160 Clinical manifestations of pyogenic abscess 
include fever and chills, abdominal pain, abdominal 
tenderness, jaundice, and septic s h o ~ k . ~ ~ , ~ ~ ~  Pyogenic 
abscess may also present more insidiously with 
chronic abdominal pain and weight loss.158,159 
Laboratory abnormalities include leukocytosis, 
hypoalbuminemia, hyperbilirubinemia, elevated 
alkaline phosphatase and aspartase, and decreased 
hemogl0bin .~~J~~,~6~ 

Pyogenic abscesses may be unilocular or multi- 
septate. The abscess cavity is typically hypointense 
to liver parenchyma on TI-WIs and hyperintense on 
T2-WIs (Fig. 1-9).97,162,163 Small abscesses (less than 
1.5 cm in diameter) are more conspicuous on 
T2- than T I - W I S . ~ ~ ~  The cluster sign refers to the 
grouping of multiple abscesses that may then coa- 
lesce into a single larger abscess.164 This sign is 
considered suggestive of pyogenic abscesses, particu- 
larly those of biliary o ~ - i g i n . l ~ ~ J ~ ~  Perilesional edema, 
which may be circumferential or wedge-shaped, is 
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mildly hypointense to liver TI-WIs and mildly 
hyperintense on T2-WIs.162,163 Perilesional edema is 
thought to reflect sinusoidal congestion due to the 
adjacent i n f l a m r n a t i ~ n . ~ ~ ~  

After administration of gadolinium, the abscess 
wall shows marked arterial phase enhancement 
that persists on delayed imaging.162J63 Septations 
will show a similar enhancement pattern.97,162,163 
Gadolinium increases the conspicuity of small 
a b s c e ~ s e s . ~ ~ ~ , ~ ~ ~  Perilesional edema enhances on 
both arterial and delayed phase imaging.162J63 
Enhancement of the ~erilesional edema mav be neater 

concomitantly involved. Persistent fever after neu- 
trophil recovery, despite coverage with broad 
spectrum antibiotics, may be the only clinical sign of 
hepatic abscesses, although abdominal pain, elevated 
liver function tests, and rebound leukocytosis may 
also be p r e ~ e n t . l ~ ~ J ~ ~  Candida albicans is the most 
common fungal species causing hepatic a b s c e s s e ~ . ~ ~ ~ , ~ ~ ~  
Hematogenous dissemination of fungus may occur 
through bowel mucosa damaged by ~ h e m o t h e r a p y . ~ ~ ~  

abnormalities on unenhanced images have been 
attributed to inflammatory stenosis or occlusion of 
portal venules with compensatory increased hepatic 
arterial floW.97,162,l65,l66 

Clinical and laboratory features help differentiate 
hepatic abscess from neoplastic lesions. Percutaneous 
drainage, along with antibiotics, has become a main- 
stay in the treatment of pyogenic hepatic abscesses 
with surgery reserved for treatment 
Multiple hepatic abscesses have a higher treatment 
failure rate than single hepatic abscesses with per- 
cutaneous aspiration and drainage.160 

Hepatic fungal abscesses develop most commonly in 
patients with neutropenia due to hematopoietic 
malignancies or intensive chemotherapy with or 
without bone marrow transplantati~n.~~,l~~-~~~ 
Hepatic fungal abscesses become clinically appar- 
ent as the neutrophil count recovers and an 
immune response is mounted.172 The spleen is often 

CE: acute abscesses slightly 
perilesional enhancement 



Figure 1-9 Multiple hepatic abscesses secondary to choledocholithiasis revealed by MRI and MRCP in a 
37-year-old woman. A, Fat-suppressed T2-WI shows multiple hyperintense hepatic masses (*I. B, Delayed CE TI-WI 
shows rim enhancement of the multiple fluid-containing abscesses (*). The "cluster sign" of multiple coalescing small 
abscesses (arrow) is present adjacent to some of the larger lesions. C and D, Breath-hold coronal T2-WIs reveal a multi- 
locular hepatic abscess (C, arrow) and the contributory obstructing common bile duct calculus (D, curved arrow). 

MR imaging has proved more sensitive than com- 
puted tomography or sonography for the detection 
of fungal hepatosplenic a b s c e ~ s e s . l ~ ~ J ~ ~  Fungal 
hepatosplenic abscesses are usually small (< 1 cm) and 
diffusely distributed throughout the liver.97,169 
Fungal abscesses are slightly hypointense to liver on 
TI-WIs and markedly hyperintense on T ~ - W I S ~ ~ ~  
(Fig. 1-10). Transfusional iron overload within the 
liver and spleen, common in the patient population 
susceptible to hepatosplenic fungal disease, increases 
the conspicuity of fungal abscesses on T2-WIs (see 
Fig. 1-10). On CE TI-WIs, acute fungal abscesses are 
slightly hypointense and usually do not show peri- 
lesional enhancement.169 

A distinctive appearance of necrotizing fungal 
granulomas has been reported in leukemic patients 

with transfusional iron deposition during treatment 
with antimycotic medi~ati0ns.l~~ Relative to liver, the 
lesions show mild central hyperintensity and a periph- 
eral hypointense rim on TI-, T2-, and CE TI-WIs. 
Hemosiderin-laden macrophages in the periphery of 
the granulomas account for the hypointense ring. 

MR imaging has shown very high sensitivity and 
specificity for the detection of acute hepatosplenic 
fungal disease and assumes an important role in the 
diagnosis.169 Peripheral blood cultures are positive in 
only 50% of cases.97 Absence of fungal organisms on 
liver biopsy and negative cultures of biopsy material 
do not exclude hepatic fungal Fever 
during neutrophil recovery is not specific for 
hepatosplenic fungal disease because extrahepatic 
infections and drug reactions may be responsible.170 
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The MR differential diagnosis for hepatic fungal 
abscesses includes pyogenic abscesses, tubercu- 
lous abscesses, and r n e t a s t a s e ~ . l ~ ~ J ~ ~  Hepatosplenic 
fungal disease is treated with antimycotic medical 
therapy. 

Figure 1-10 . MR illustration of liver and splenic iron 
and multiple fungal abscesses in an immunosuppressed 
man with treated acute myelogenous leukemia. A and B, 
Axial fat-suppressed (A) and coronal (B) T2-WIs show multiple 
hyperintense lesions in the liver (arrows) and spleen (curued 
arrows). The liver and spleen are hypointense secondary to prior 
transfusions. C, Delayed CE TI-WI shows rim enhancement of 
some of the hepatic abscesses (arrows) and splenic (curued arrows) 
abscesses. 

Amebic hepatic abscess is caused by the protozoan 
Entamoeba histolytica. This parasite colonizes the 
large bowel in approximately 12% of the world 
population.laO Colonization occurs through ingestion 
of the infectious form of the parasite through con- 
taminated water or food.lsO Only a small percentage 
of those colonized develop invasive amebiasis that 
presents clinically with intestinal or extraintestinal 
disease.la0 

Approximately one third of patients with ame- 
bic colitis will develop hepatic abscess that is the 
most common extraintestinal manifestation of ame- 
biasis.lsOJsl Amebic liver abscess is 10 times more 
common in men than in women.ls2 The organisms 
infect the liver through the mesenteric and portal 
venous system.lsO Patients with amebic hepatic 
abscesses often present acutely with fever, right 
upper quadrant pain, leukocytosis, and elevated liver 
function tests.1s0Js3,184 Laboratory diagnosis can be 
established by light microscopy of stool or endoscopic 
biopsy specimens and serologic tests that identify 
amoeba-specific antigens or a n t i b ~ d i e s . l ~ ~ J ~ ~  

On MR imaging, most amebic abscesses are well- 
circumscribed round or oval lesions. Amebic abscess 
is TI-hypointense and T2-hyperintense compared 
with surrounding l i ~ e r . ' ~ ~ , ~ ~ ~  The MR enhancement 
pattern of amebic hepatic abscesses is not well docu- 
mented but has been reported to be similar to that 
of pyogenic abscesses.97 MR imaging has been used 
to monitor the response to therapy.ls5 Patients with 
hepatic amebic abscesses frequently have extra- 
hepatic abnormalities such as right pleural effusion, 
perihepatic fluid collection, gastric or colonic involve- 
ment, and retroperitoneal extension.lS7 Hepatic 
amebic abscesses are treated with amebicidal medica- 
tions. Indications for percutaneous drainage include 
pyogenic superinfection and large, juxtacardiac 
abscesses that could potentially rupture into the 
pericardial space. 

Tuberculosis is endemic in developing countries. An 
increase in tuberculosis in the West is lareelv related - "  
to the increased number of immunocompromised 
patients, predominantly due to AIDS.97,189,190 
Mycobacterium tuberculosis and mycobacterium 
auium-intracellulare are the two most commonly 
responsible organisms.lgO Mycobacteremia with 
granulomatous hepatitis has been reported after 
intravesical instillation of bacillus Calmette-Gukrin 
for treatment of bladder c a r~ inoma . ' ~~  

The tubercle bacilli gain access to the liver 
through the hepatic artery, portal vein, or lymphatic 
system.lsg Hepatic tuberculosis has been classified 



20 B O W  MR1 

into three forms.lsg The miliary form occurs during 
the course of generalized miliary tuberculosis typi- 
cally without signs or symptoms referable to the liver. 
Tuberculous (granulomatous) hepatitis may result 
in unexplained fever, jaundice, and hepatomegaly. 
Localized hepatic tuberculosis, with signs and symp- 
toms referable to the liver, may occur with or without 
biliary involvement. Hepatic parenchymal manifesta- 
tions include solitary or multiple nodules, tuberculoma, 
or tuberculous hepatic abscess. Obstructive jaundice 
may result from compressive lymphadenopathy or 
inflammatory strictures due to tuberculous involve- 
ment of the biliary ductal epithelium. 

The presence of caseating granulomas on liver 
biopsy is usually diagnostic for tuberculosis but is 
not invariably present.la9 If noncaseating granulo- 
mas are found, a positive acid-fast bacillus test or 
culture is necessary for confirmation but frequently 
these tests are negative.lS9 The polymerase chain 
reaction (PCR) assay for detection of M. tuberculosis 
in liver biopsy specimens has increased the diagnostic 
yield over AFB and cultures.lg2 

There are few reports describing the MR imaging 
appearance of hepatic tuberculomas, and the results 
are nonspecific.lg3 With granulomatous hepatitis due 
to tuberculosis, numerous small lesions may be seen 
and are of low SI on TI-WIs and intermediate SI on 
T2-WIs and typically lack enhancement.lg4 The dif- 
ferential diagnosis for the solitary macronodular 
tuberculoma or tuberculous abscess includes pyogenic 
or amebic abscess, necrotic tumors such as metastases 
or hepatocellular carcinoma, and lymphoma.158,195,196 
The differential diagnosis of miliary tuberculosis/ 
granulomatous hepatitis includes metastases, fungal 
or bacterial microabscesses, sarcoidosis, and lym- 
phoma.197,198 Hepatic tuberculosis is treated medically, 
although tuberculous abscesses may be percutaneously 
drained. 

Hydatid disease is caused by infection with the larval 
form of Echinococcus tapeworms with E. granulosus 
being the most common and E. multilocularis much 
less common.97~158~199~200 E. granulosus, which causes 
the unilocular form of hydatid disease, is endemic in 
sheep grazing regions of Mediterranean countries, 
Africa, South America, the Middle East, Australia, 
and New Zealand.97,15s,199,200 The definitive host of 
E. granulosus is the dog, and the intermediate host 
is most commonly sheep.15a,199,200 The human is an acci- 
dental intermediate host, becoming infected through 
contact with dogs or ingestion of contaminated water 
or food.97,199,200 Infected patients are typically asymp- 
tomatic for years until the lesions produce mass 
effect, rupture, or become s ~ p e r i n f e c t e d . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Rupture communicating with the vascular system 
may result in a r ~ a p h y l a x i s . ~ ~ ~ ~ ~ ~ ~  

E. granulosus may infect any organ in the human 
body, but the liver is the most commonly involved 
site as the ingested embryos pass through the intes- 
tinal wall and travel to the liver via the portal venous 
system.97~158~199~200 The hydatid cyst is composed of 

three layers. The inner germinal layer, or endocyst, 
produces the scolices (larval parasite) and daughter 
cysts as well as the surrounding laminated mem- 
brane.97,158,199,200 The middle layer, the acellular 
laminated membrane, or ectocyst, allows passage of 
nutrients into the endocyst.97~158~199~200 The outer layer, 
or pericyst, is produced by modified host cells that 
form a dense, fibrous protective zone.97~158~199~200 

The MR imaging appearance of hydatid cysts is 
variable depending on the stage of the lesion and 
the presence of complications. The cyst wall and cyst 
contents of simple viable hydatid cysts are hypointense 
to liver on T1-WI.9a~15s~200-202 On T2-WIs, the cyst 
fluid is hyperintense and the rim is hypointense to 
liver.98~15a~200-202 Daughter cysts are additional cysts 
attached to the germinal layer of the mother cyst and 
indicate early degeneration.200 CE TI-WIs may or 
may not show enhancement of the cyst wall.98 Liver 
abscesses secondary to E. multilocularis ("alveolar 
echinococcosis") shows multiple liver cysts with small 
amounts of associated enhancing solid components.203 

The differential diagnosis of cystic echinococcosis 
includes other cystic lesions such as simple liver cyst, 
biliary cystadenoma/cystadenocarcinoma, pyogenic 
abscess, and cystic metastases. Traditionally, surgical 
resection has been the first line of treatment for 
hydatid disease. More recently, percutaneous tech- 
niques, combined with medication, have been used 
successfully in selected ~ a s e s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  

Hepatic Sarcoidosis 

Sarcoidosis is a systemic granulomatous disease of 
unknown etiology. After lymph nodes and lung, the 
liver is the most commonly involved organ.206 Most 
patients with hepatic sarcoidosis show minimal clin- 
ical or laboratory findings of liver disease but rarely 
will develop cirrhosis, portal hypertension, or 
c h o l e ~ t a s i s . ~ ~ ~ - ~ ~ ~  The noncaseating granulomas are 
diffusely scattered throughout the liver parenchyma 
but may become confluent and result in scar- 
ring.206,209 The granulomas are often more numerous 
in the periportal regions or portal t r a ~ t s . ~ ~ ~ , ~ ~ ~  
Granulomatous phlebitis of the portal veins and 
hepatic veins may lead to ischemia with resultant 
parenchymal fibrosis, cirrhosis, and portal hyperten- 
sion.206,207,209 Chronic cholestasis with progression to 
biliary cirrhosis may be the result of fibrosis-related 
d u c t ~ p e n i a . ~ ~ ~  Biliary obstruction may also result 
from compressive hilar lymphadenopathy. 

In nearly one third of patients with abdominal 
sarcoidosis, lymphadenopathy is present, with the 
porta hepatis, para-aortic, and celiac regions most 
often involved.210 Hepatomegaly is present in one 
third of affected patients.20s On MR imaging, hepatic 
nodules are typically small (2 to 15 mm) and revealed 
in approximately 5% to 15% of patients.208,211,212 
The nodules are isointense or slightly hypointense 
to liver on TI-WI and hypointense on T2-WI and 
show hypoenhancement on CE T1-WIs.194,211~212 
Splenic involvement by sarcoidosis is discussed in 
Chapter 5. 
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Radiation-induced Liver Disease 

Radiation-induced hepatic injury may be due to 
inclusion of the liver in the treatment portal for 
extrahepatic malignancy, directed therapy for hepato- 
biliary malignancy, or total body irradiation in 
preparation for bone marrow transplantation. 
Histologically, radiation-induced hepatic injury is 
a veno-occlusive process of the centrilobular and 
lobular veins.213,214 Dose-volume effects and the con- 
comitant use of chemotherapy are the two factors that 
are thought to affect the development of radiation- 
induced liver disease in patients with normal 
baseline liver function.214 

Patients with partial liver irradiation may be 
asymptomatic.213 Clinical manifestations of radiation- 
induced liver disease will typically become evident 
between 2 weeks and 4 months after completion of 
treatment and may include fatigue, right upper 
quadrant pain, ascites, hepatomegaly, and elevated 
alkaline p h o s p h a t a ~ e . ~ ~ ~  On MR imaging, areas of 
acute irradiation-induced injury will usually be 
hypointense to nonirradiated liver on TI-WIs and 
hyperintense on T2-WIs, reflecting edema.215-217 
Partial radiation-induced liver injury will show a 
sharp demarcation corresponding to the treatment 
portal.217 Acute and chronic radiation injury may 
manifest as an area of fat sparing in an otherwise 
steatotic liver (Fig. l - l l ) . 2 1 8 3 2 1 9  Delayed enhancement 
of irradiated liver greater than that of nonirradiated 
liver has been attributed to decreased clearance of 
blood from occluded central veins in the irradiated 
area (see Fig. l-ll).215 

Primary Sclerosing Cholangitis 

Primary sclerosing cholangitis (PSC) is a chronic 
cholestatic liver disease of unknown etiology.220 PSC 
is characterized by progressive inflammation, 
destruction and fibrosis of intrahepatic and extra- 
hepatic bile ducts resulting in secondary biliary 
cirrhosis, portal hypertension, and liver failure.220 
Diagnosis of PSC is based on clinical history, labora- 
tory and histologic data, and cholangiography. 
The biliary manifestations of PSC are fully discussed 
in Chapter 2. The hepatic parenchymal MR findings 
of PSC are reviewed here. 

Approximately 75% of patients with PSC have 
inflammatory bowel disease, and of these patients, 
80% to 90% have ulcerative colitis and 10% to 20% 
have Crohn's disease.220 PSC is often asymptomatic 
in the early stages. Symptoms of pruritus, fatigue, 
jaundice, and weight loss indicate advanced disease.220 
Laboratory abnormalities may include early elevation 
of alkaline phosphatase and y-glutarnyltransferase 
and later increase in the bilirubin andlor decrease in 
serum albumin.220 The characteristic pathologic find- 
ing in PSC, the "onionskin" pattern of periductal 
fibrosis around medium or large bile ducts, often 
cannot be identified on peripheral percutaneous 
biopsies that may show nonspecific portal tract 
inflammation and f i b r ~ s i s . ~ ~ O - ~ ~ l  The cholangio- 
graphic findings of multiple strictures, mural 

irregularities, and diverticula of the intrahepatic 
and extrahepatic bile ducts are critical in establish- 
ing the diagnosis of PSC. Approximately 9% to 15% of 
patients with PSC develop cholangiocarcinoma.220 

Several hepatic parenchymal abnormalities 
have been reported on MR in patients with PSC. 
Parenchymal changes are thought to be due to 
extension of the biliary inflammation into the 
parenchyma, retention of bile salts, and accumulation 
of copper in liver Peripherally distributed 
wedge-shaped areas of T2 hyperintensity may be 
present.222 The periductal inflammation that obstructs 
the segmental bile ducts also involves the associated 
portal venules and lymphatics and is thought to 
result in the above-mentioned wedge-shaped edema 
with eventual segmental atrophy and scarring.222 
Periportal edema manifested as high T2 SI along the 
porta hepatis is a common but nonspecific finding in 
patients with PSC.222,223 Less commonly present in 
PSC are areas of hyperintensity on Tl-WI.223 Biliary 
ductal dilation may be present in these areas, 
and the increased TI-weighted SI has been attributed 
to cholestasis and lipofuscin deposits in atrophic 
h e p a t o c y t e ~ . ~ ~ ~ - ~ ~ ~  

Patchy, peripheral, or segmental areas of 
increased enhancement relative to adjacent liver 
parenchyma are seen on both arterial and delayed- 
phase images in approximately half of PSC patients.223 
The increased arterial phase enhancement may be 
due to the inflammation or a compensatory response 
to decreased portal venous The increased 
delayed-phase enhancement has been attributed to 
the hepatic fibrosis and atrophy.223 

Hepatic morphologic changes in PSC-induced 
end-stage cirrhosis may be different from those seen 
in cirrhosis due to other eti0logies.~~6 The liver shows 
a lobular contour and is markedly deformed.226 
Caudate lobe hypertrophy is present in almost all cir- 
rhotic patients with PSC but in only 30% to 40% of 
patients with cirrhosis of other etiologies (Fig. 1-12).226 
The right main and left hepatic ducts are usually the 
most severely involved in PSC. The caudate ducts 
that drain just proximal to the ductal confluence 
may be relatively unobstructed, thus encouraging 
compensatory hypertrophy of the caudate lobe.226 
The lateral segment (frequently hypertrophied in 
cirrhosis due to other causes) and the posterior seg- 
ment are often a t r ~ p h i e d . ~ ~ ~ , ~ ~ ~  Biliary dilation, 
biliary calculi, and regenerative nodules greater than 
3 cm are also more common in PSC-induced cirrho- 
sis than in cirrhosis of other causes.227 

HEPATIC HEMANGIOMA (BOX 1-11) 

Cavernous hemangioma is the most common benign 
hepatic tumor. The reported incidence varies from 
0.4% to 20% depending on the method of d e t e c t i ~ n . ~ ~  
Most hemangiomas are small, asymptomatic, and 
incidentally detected at imaging or a ~ t o p s y . ~ ~ ~ - ~ ~ O  
Most symptomatic hemangiomas are large lesions 
that may result in pain.229,231 Rare rupture of 



Figure 1-11 . Chemical shift MR findings of hepatic steatosis, metastatic pancreatic carcinoma and 
radiation-induced liver disease. A, In-phase TI-WI shows two hypointense metastases (arrows). B, Opposed-phase 
T1-WI shows decreased SI of the right lobe representing hepatic steatosis. There is sparing of steatosis of the left lobe 
delimited by a straight edge (double arrows) that conforms to the radiation portal. The metastases are now hyperintense 
(arrows) relative to the hypointense steatotic liver. C, Fat-suppressed T2-WI shows hyperintense metastases (arrows) rel- 
ative to liver. D, Delayed fat suppressed CE T1-WI shows rim-enhancing metastases (arrows). The increased 
enhancement in the irradiated hepatic parenchyma is due to fibrosis and venous out-flow obstruction. 

larger hemangiomas may occur spontaneously or 
following percutaneous biopsy or blunt abdominal 
trauma.232 

Histologically, cavernous hemangioma is a well- 
circumscribed mass of blood-filled spaces lined by 
endothelium on thin, fibrous ~ t r o m a . ~ ~ ~ ~ ~  Arterial 
branches and small bile ducts may be present in 
larger septa.26 Arterial-portal shunts may occur.26 
Thrombi, calcification, fibrosis, and scarring are 
variably p r e ~ e n t . ~ ~ , ~ W o s t  hemangiomas are solitary 
and peripherally located.26 Size range varies from a 

few millimeters to greater than 20 cm,26 with most 
measuring less than 5 cm.25 Most hemangiomas 
remain stable in size, but interval growth of a minority 
of hemangiomas has been documented on serial 
imagi11g.~~3 

On MR hemangiomas are well-circumscribed 
round or lobular  lesion^.^^^,^^^ Hemangiomas are 
homogeneously hypointense to liver on TI-WIs and 
homogeneously hyperintense to liver parenchyma on 
T2-WIs (Figs. 1-13 and 1-14; see Fig. 1-3).234-236 This 
hyperintensity persists on more heavily T2-WIs 
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Figure 1-12 MR depiction of cirrhosis with caudate 
lobe hypertrophy due to primary sclerosing cholangitis. 
A and B, In-phase T1 (A) and fat-suppressed T2-WI (B) show 
marked hypertrophy of the caudate lobe (C) that has relative 
T2 hypointensity compared with the remainder of the liver. 
C, Delayed CE TI-WI shows hyperintense peripheral liver 
parenchyma compared to more normal central SI within the cau- 
date lobe (C) secondary to "hepatic atelectasis." The delayed 
enhancement can be secondary to either fibrosis or venous outflow 
obstruction. Caudate lobe hypertrophy is present more commonly 
in end-stage liver disease due to primary sclerosing cholangitis 
and Budd-Chiari syndrome compared with other etiologies. 

obtained with long echo times (>I60 ms).7,237 The 
long T2-relaxation time of hemangiomas allows 
differentiation from metastases in most  case^.^,^^^ 
The T2-relaxation time of hemangiomas is inversely 
proportional to the number of endothelial cells 
within the mass and proportional to the collective 
size of the vascular spaces that contain slowly flow- 
ing blood.235 

Giant hemangiomas, defined as lesions greater 
than 6 cm in at  least one dimension, show heteroge- 
neous SI on TI- and T2-WI with internal cleft such as 
areas and septa (see Fig. 1-14).231 The heterogeneous 
SI of these lesions has been attributed to the pres- 
ence of hemorrhage, thrombosis, hyalinization, 
liquefaction, and myxoid d e g e n e r a t i ~ n . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  The 
cleft-like areas are thought to represent cystic degen- 
eration or myxoid change.231,233 Roundloval, linear, or 
irregularly shaped internal cleft-like areas are 
hypointense to the main tumor on T I - W I S . ~ ~ ~  On 
T2-WIs, the main part of the tumor is hyperintense 
to liver Internal septa appear as low 
SI on T ~ - W I S . ~ ~ ~  Hepatic capsular retraction adjacent 
to giant or large hemangiomas is related to intra- 
tumoral f i b r o s i ~ . ~ ~ ~ - ~ ~ ~  

On dynamic gadolinium-enhanced MR imaging, 
three enhancement patterns have been described: 
immediate uniform enhancement (pattern I) ,  
peripheral enhancement with centripetal progression 
to uniform enhancement (pattern 2; see Figs. 1-3 
and 1-13), and peripheral nodular enhancement 



Figure 1-1 3 MR illustration of hepatic hemangioma with temporal peritumoral enhancement. A and B, 
Fat-suppressed T2 (A) and heavily T2-WIs (B) show a subcapsular liver mass (arrow) that is markedly hyperintense to 
liver parenchyma and almost isointense to bile within the gallbladder and cerebrospinal fluid. C and D, Fat-suppressed 
TI-WIs obtained before (C) and after (D) dynamic CE show marked hypervascularity of the hemangioma with a geo- 
graphic region of increased enhancement in the surrounding liver (curved arrows). E, Coronal reformatted arterial phase 
CE TI-WI reveals the wedge shape of the peritumoral enhancement (curved arrows). F, Delayed CE TI-WI shows 
persistent enhancement of the hemangioma (arrow). The peritumoral region of arterial enhancement is now isointense 
with liver. 
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with centripetal progression but persistent central 
hypointensity (pattern 3; see Fig. 1-14).234 Pattern 2 
is the characteristic pattern of hemangiomas and the 
most commonly observed.234 Immediate, uniform 
enhancement can be depicted in smaller heman- 
giomas (<1.5 cm), although small lesions most 
commonly show pattern 2 enhancement.234 Two 
thirds of medium sized lesions (1.5-5.0 cm) show 
pattern 2 enhancement, and one third of lesions 
show pattern 3 enhancement.234 Most large lesions 
(>5 cm) reveal pattern 3 e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  Pattern 
3 enhancement may be present in any size heman- 
g i ~ m a . ~ ~ ~  The enhancement pattern depends on 
the size of the vascular spaces as well as the size of 
the lesion; the presence of intratumoral fibrosis, 
hemorrhage or thrombosis; and possibly the 
patient's circulatory s t a t ~ s . ~ ~ ~ , ~ ~ ~  

Discrimination between hemangiomas and 
metastases usually can be achieved with a combina- 
tion of T2-WIs and dynamic CE TI-WIs. Metastases 
of hypervascular malignancies may show uniform 
enhancement on the arterial phase images and 
appear similar to some small hemangiomas. Heavily 
T2-WIs show significantly higher SI and contrast- 
to-noise ratios for hemangiomas compared with 
hypervascular metastases.246 Delayed CE TI-WIs 
performed after 5 minutes may be useful as heman- 
giomas will remain hyperintense to adjacent liver 
parenchyma, whereas hypervascular metastases will 
usually show washout of contrast material and 
appear isointense or hypointen~e.~~7 

Peripheral nodular enhancement with centripetal 
progression is the characteristic pattern for heman- 
giomas and usually enables discrimination from 



hepatic On arterial-phase images, 
hemangiomas show peripheral nodular enhancement 
in a discontinuous ring, whereas malignant lesions 
show continuous ring enhan~ement.~~~,~~"249 On portal 
venous phase images, hemangiomas show progressive 
enhancement, often more intense than on the arte- 
rial phase.234 The inner ring contour of hemangiomas 
is undulating and nodular, whereas the enhancing 
rim of malignant lesions shows either uniform thick- 
ness or an irregular inner margin.234s249 Hemangiomas 
show persistent enhancement on delayed-phase 
images, whereas metastases and malignant lesions 
may show heterogeneous or peripheral washout of 
contrast material.234,250 Delayed enhancement alone 
is not specific for hemangiomas, since metastases, 
intrahepatic cholangiocarcinoma, hepatocellular car- 
cinoma, and focal nodular hyperplasia have been 
reported to show delayed MR e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  

A common imaging feature of hemangiomas on 
dynamic CE TI-WI (or computed tomography) is tem- 
poral peritumoral enhancement (see Fig. 1-13).253-255 
Patterns of peritumoral enhancement include early 
opacification of a draining vein, wedge-shaped or 
nodular focal peritumoral enhancement, early drain- 
ing vein with subsequent parenchymal enhancement, 
and segmental or lobar enhancement.253 Temporal 
peritumoral enhancement is most commonly 
present with small, rapidly enhancing hemangiomas 
and has been attributed to large arterial 
or arterioportal sh~nts .~~~,256,~5~ TWO- phase CT stud- 
ies with catheter angiographic correlation in some 
of the cases revealed the presence of an arterio- 
portal venous shunt as the cause of temporal peritu- 
moral e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  A possible cause in larger 
hemangiomas is portal vein compression with a com- 
pensatory increase in hepatic arterial flow resulting 
in segmental or lobar distribution of the peritumoral 
enhancement .253 

Hyalinized or sclerosed hemangioma is a rare 
subtype that may represent the end stage of involu- 
tion of h e m a n g i ~ m a s . ~ ~ ~  Histologically, these lesions 
show extensive hyaline fibrosis and occlusion of the 
vascular spaces.26,229~~35,~58-260 The predominantly 
fibrotic composition of hyalinized hemangiomas 
results in a different MR imaging appearance from 
that of typical hemangiomas. On T2-WIs these 
lesions are hyperintense to liver but hypointense 
to cerebrospinal fluid (Fig. 1-15).235,256,258-260 On 
dynamic CE TI-WI, hyalinized hemangiomas do not 
show early e n h a n ~ e m e n t , ~ ~ ~ , ~ ~ ~  and they may show 
minimal peripheral enhancement on equilibrium- 
phase images.256 Hemangiomas occurring in cirrhotic 
liver may show typical imaging features, particularly 
larger lesions. However, as the cirrhosis progresses, 
hemangiomas are likely to involute, decrease in size, 
and become f ib ro t i~ .~6 l ,~~~  MR cannot be used to defin- 
itively diagnose hyalinized hemangiomas. In the 
absence of prior imaging studies documenting a typ- 
ical appearance, biopsy may be necessary to 
distinguish hyalinized hemangioma from a hypovas- 
cular malignancy.256 

Figure 1-1 5 MR depiction of surgically confirmed scle- 
rosed hemangioma in a 64-year-old man. Tissue sampling 
was obtained because a solid neoplasm could not be excluded. 
A, Fat-suppressed T2-WI shows a posterior segment right lobe mass 
(arrow) that is hyperintense to liver, slightly hyperintense1 
isointense to spleen, and hypointense to cerebrospinal fluid. On 
TI-WIs (not shown) the mass was hypointense to liver. B, Delayed 
CE TI-WI shows minimal enhancement of the mass (arrow). The 
nonspecific imaging features led to percutaneous biopsy (nondiag- 
nostic) and subsequent surgical excision. Sclerosed hemangiomas 
are uncommon. Without prior imaging that documents a typical 
hemangioma, differentiation from malignancy may not be possible. 

HEPATIC ANGIOMYOLIPOMA 

Angiomyolipoma (AML) is a rare hepatic mesenchymal 
neoplasm. Renal AMLs (see Chapter 4) are more 
common, either as an isolated finding or in patients 
with tuberous sclerosis. AML is usually isolated but 
may also occur in association with tuberous sclero- 
sis.263,264 While hepatic AML may be asymptomatic 
and incidentally discovered on cross-sectional imag- 
ing studies, more commonly patients present with 
abdominal pain or discomfort, hepatomegaly, or a 
palpable mass.263 Histologically, hepatic AML is com- 
posed of varying portions of blood vessels, smooth 
muscle cells, and adipose t i s s ~ e . ~ ~ , ~ ~ ~ * ~ ~ ~  

The MR imaging appearance of hepatic AML 
reflects the varying tissue components of the lesion. 
Areas of fat will be hyperintense to liver parenchyma 



?r 7 Body MR Techniques and MR of the Liver 

and isointense to subcutaneous or retroperitoneal 
fat on TI-WIs and lose SI on fat-suppressed 

Regions or lesions with minimal or no 
fat will be hypointense to liver on T1-WIs.267,268~272 
Intratumoral foci that contain both adipocytes and 
nonfatty tissue are better characterized with chemical 
shift (in-phase and opposed-phase) imaging. AMLs 
composed predominantly of fat will appear similar to 
lipomas at MR imaging and even at pathology, 
requiring careful search for smooth muscle cells.273 
AMLs can also be completely devoid of fat on MR 
imaging and histopathologic studies.271 AMLs appear 
heterogeneous and are hyperintense to liver on 
T2-WIs.263,266,267,269-272,274,275 Hepatic AML shows variable 
enhancement that correlates with tumor vascular- 
ity.266r272,274,275 The MR imaging differential diagnosis 
of hepatic AML includes other fat containing hepatic 
masses: lipomas, focal steatosis, hepatocellular ade- 
noma, hepatocellular carcinoma, metastases from 
fat-containing neoplasms such as liposarcoma or ter- 
atocarcinoma, and pseudomasses such as omental 
fat-packing, pseudolipoma of Glisson's capsule, and 
diaphragmatic i n d e n t a t i ~ n . ~ ~ ~ , ~ ~ ~  AMLs with minimal 
fat content may mimic hepatocellular carcinoma on 
MR imaging, and biopsy would be necessary to avoid 
surgical resection.274 Larger lesions, such as those 
occurring in the kidney, may hemorrhage. 

HEPATIC LIPOMA AND PSEUDOLIPOMA 

True hepatic lipomas are rare nonencapsulated 
masses, composed entirely of mature adipose tissue 
(lipocytes), and are to be differentiated from focal 
hepatic steatosis and pseudolipoma of Glisson's 
capsule as well as other fat-containing 
On MR imaging, lipomas follow the SI of fat on 
all pulse sequences and should not enhance.278 
Pseudolipoma of Glisson's capsule represents an 
entrapped and detached epiploic appendage in the 
hepatodiaphragmatic s p a ~ e . ~ ~ ~ , ~ ~ ~  AS opposed to a true 
lipoma that is surrounded by hepatic parenchyma 
and located deep within the liver parenchyma, 
pseudolipoma of Glisson's capsule lies on the surface 
of the liver.280 

HEPATIC LYMPHOMA 

Lymphoma may involve the liver secondarily in 
patients with Hodgkin's disease or non-Hodgkin's 
lymphoma. Primary lymphoma of the liver is exceed- 
ingly rare. It has been reported in association with 
AIDS, chronic hepatitis C infection, primary biliary 
cirrhosis, and other immune system  disorder^.^^^-^^^ 

The liver also may be a primary or secondary 
site of post-transplant lymphoproliferative disorder. 
Identifying secondary hepatic lymphomatous involve- 
ment is important for staging and treatment.286 In a 
series evaluating laparoscopic liver biopsy during 
the initial staging of lymphoma, hepatic involvement 

was identified in 8% of patients with Hodgkin's 
disease and 25% of those with non-Hodgkin's 
lymphoma.286 At autopsy approximately half of 
patients with either type of lymphoma have liver 
disease.206 

Hepatic involvement by Hodgkin's disease 
may result in fever, hepatomegaly, jaundice.206 
Identification of Reed-Sternberg cells is required for 
definitive histologic diagnosis. Hepatic infiltration by 
Hodgkin's disease almost always involves the portal 
tracts.206 Diffusely distributed, uniformly small 
nodules, larger masses, or a combination of the two 
may be identified pathol~gically.~~~ 

In non-Hodgkin's lymphoma the liver is the most 
common site after lymph nodes, spleen, and bone 
marrow and may occur with either B- or T-cell lym- 
p h o m a ~ . ~ ~ ~  Hepatomegaly is almost always present.206 
In low-grade B-cell lymphoma, multiple small nodular 
tumor deposits are found in the portal tracts with 
variable sinusoidal penetration.287 In high grade B-cell 
lymphoma, large, irregular, destructive lesions are 
found in the portal tracts and parenchyma (Fig. 2-23, 
pancreatic lymphoma).287 MR imaging findings of 
secondary hepatic lymphomatous involvement are 
nonspecific and include single or multiple focal 
masses, infiltrative lesions, abnormal parenchymal 
SI, and h e p a t ~ m e g a l y . ~ ~ ~ - ~ ~ ~  

Post-transplant Lymphoproliferative Disorder 

Post-transplant lymphoproliferative disorder (PTLD) 
comprises a clinicopathologic spectrum of hyperplastic 
and neoplastic lymphoid diseases that occur in 
immunosuppressed transplant patients, most of whom 
have been infected with Epstein-Barr virus (EBV) 
either before or during t r a n s p l a n t a t i ~ n . ~ ~ ~ , ~ ~ ~  Epstein- 
Barr virus-related PTLD arising within liver allografts 
occurs 4 to 12 months following t ran~plantat ion.~~~ 
PTLD spans from a reactive plasmacytic hyperplasia 
(similar to infectious mononucleosis) to polymorphic 
to monomorphic forms.294 The polymorphic form 
is unique to immunocompromised patients.294 The 
monomorphic form is similar to lymphoma occurring in 
immunocompetent patients. Most cases of PTLD are B- 
cell  proliferation^.^^^ PTLD mainly infiltrates the portal 
tracts but may involve the hepatic parenchyma.279 

Clinically, PTLD may manifest with an infec- 
tious mononucleosis-like syndrome, generalized 
lymphadenopathy with or without a mononucleosis 
syndrome, lymphoid tumors, or a fulminant dissemi- 
nated syndrome that often includes sepsis.291 In 
addition to lymph nodes, frequently involved sites are 
the gastrointestinal tract, central nervous system, 
lungs, and allograft organ.291 The liver is the most 
commonly involved organ in patients with abdominal 
disea~e.~95 

Hepatic involvement in PTLD may manifest as 
solitary or multiple masses or diffusely infiltrative 

PTLD in liver transplant patients 
may present with periportal or porta hepatis masses 
with potential compromise of biliary or vascular 



s t m ~ t u r e s . ~ ~ ~ ~ ~ ~ ~  The infectious mononucleosis and 
polymorphic forms of PTLD often respond to reduced 
immunosuppression and antiviral agents, whereas 
the monomorphic form or true lymphoma often 
requires chemotherapy and/or radiotherapy.291 

HEPATIC METASTASES (BOX 1-1 2) 

Metastases are the most common malignant lesion of 
the liver. After lymph nodes, the liver is the most 
common site of metastatic disease.26 Tumor cells 
reach the liver through the hepatic artery, portal cir- 
culation, lymphatics, or rarely peritoneal 
Once established, metastatic lesions are supplied by 
the hepatic artery, although hypovascular metas- 
tases, especially lesions smaller than 1.5 cm, may be 
partially supplied by the portal venous system.26,299-303 
The liver has a dual blood supply, but this factor 
alone does not account for its susceptibility to metas- 
tastic disease.304 The fenestrated endothelial lining of 
the sinusoids allows communication with the extra- 
cellular space of Disse.305,306 Local humoral factors 
may also contribute to this su~cep t ib i l i ty .~~~ 

Detection of hepatic metastases is critical for 
staging and treatment, particularly for colorectal 
carcinoma, because surgical resection may prolong 
s ~ r v i v a l . ~ ~ ~ - ~ ~ ~  Metastases must not only be detected 
but also differentiated from benign hepatic lesions. 
Benign hepatic masses are common; in an autopsy 
series, benign hepatic masses or mass-like lesions were 
seen in 52%.310 Even in oncologic patients, hepatic 
lesions measuring 1 cm or smaller were benign in 

In patients with breast cancer referred to 
MR for suspected metastases (on the basis of other 
imaging studies or liver enzyme abnormalities), 32% 
had benign hepatic lesions.312 MR has proved more 

accurate than dual- or single-phase CT for discrimi- 
nating between benign and malignant hepatic 
l e s i o n ~ . ~ l ~ , ~ l ~  The variable conspicuity of hepatic 
metastases on TI-  and T2-WIs and on the different 
phases of a dynamic CE TI-WI underscores the need 
for a comprehensive MR imaging examination for 
optimal detection and characterization. 

Generally, hepatic metastases are moderately 
hypointense to liver parenchyma on unenhanced 
TI-WIs and moderately hyperintense on T2-WIs 
(Fig. 1-16; see Figs. 1-11, 5-1, 5-2, and 5-7). 2391315,316 
The similar SI of hepatic metastases and normal 
splenic parenchyma on conventional SE pulse 
sequences has been termed the spleen-liver model and 
has been used to optimize contrast-to-noise ratios for 
improved metastatic lesion detection.317 Significant 
differences, however, between liver-metastasis and 
liver-spleen contrast-to-noise ratios on newer, more 
complex, pulse sequences require that the spleen-liver 
model be proved for each new sequence.317 

Although most metastases are hypointense to 
liver parenchyma on T1-WIs, some are hyperintense. 
Metastases may appear hyperintense on unenhanced 
TI-WIs because of intralesional substances with a 
short T1 relaxation time or because of relatively 
decreased SI of the surrounding liver parenchyma.318 
Substances that have a short T1 relaxation time or 
produce T I  shortening within metastases include 
hemorrhage, protein, mucin, melanin, fat, and 
L i p i o d 0 1 . ~ ~ ~ - ~ ~ ~  Hemorrhagic hepatic metastases occur 
most commonly with lung carcinoma, renal carci- 
noma, testicular carcinoma, and melanoma 
(Fig. 1-17; see Fig. 5-1).29 Hepatic metastases with 
high protein synthesis may be present in multiple 
myeloma and c a r ~ i n o i d . ~ ~ ~  Mucin produced by cystic 
metastases of pancreatic or ovarian mucinous neo- 
plasms can result in hyperintense  lesion^.^^^,^^^ 
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Figure 1-16 . MR demonstration of wesectable metastatic breast cancer. A, Fat-suppressed T2-WI 
shows multiple variably sized hepatic masses. The metastases have a peripheral rim (arrows) that is hyperintense 
to liver parenchyma and nearly isointense to spleen. The central portions of some of the masses are hyperintense (*) 
to the tumor periphery owing to the presence of necrosis or immature fibrosis. B and C, Fat-suppressed T1-WI obtained 
before (B) and after (C) dynamic CE show peripheral hypervascular rim enhancement (arrows). D, Delayed CE 
T1-WI shows the peripheral washout sign; the peripheral portions of the metastases (arrows) are now hypointense 
to liver parenchyma. Some metastases show delayed central enhancement likely due to the presence of fibrosis. The 
central T2 hyperintense portions of some lesions (*) do not enhance, in keeping with liquefactive necrosis or cyst 
formation. 

Melanoma metastases may be hyperintense due to 
melanin, a paramagnetic substance, or hemor- 
rhage.318,319,321 Fat within metastases is rare but 
could occur with extrahepatic liposarcoma or ovarian 
teratoma primary lesions (Fig. 1- 18) .276r322 

Hepatic metastases may also appear hyperintense 
on unenhanced TI-WIs owing to decreased SI of the 
surrounding liver parenchyma.318 Iron overload may 
decrease the hepatic parenchymal SI on both TI- and 
T2-WIs owing to shortening of the T2 relaxation 
time. Hepatic edema increases the T1 relaxation time 
of liver. In the presence of diffuse steatosis (which 
results in loss of hepatic parenchymal SI on opposed- 
phase gradient echo images), metastases may appear 
isointense or hyperintense to surrounding liver 
parenchyma (see Fig. 1-11).323 

On T2-WIs, hepatic metastases are hyperintense 
to liver, but less so than hemangiomas or cysts, 
and this difference is accentuated on heavily T2-WIs 
with a TE greater than 160 ms (see Figs. 1-11, 1-16, 
5-1, and 5-7). Metastases from certain hypervascular 

or mucinous malignancies can appear similar to benign 
fluid-filled lesions on moderately T2-WIs (Fig. 1-19). 
Hypervascular metastases that can appear cystic or 
markedly hyperintense on T2-WIs include those 
from islet cell or neuroendocrine tumors, sarcomas, 
and melanoma. Factors other than hypervascularity, 
including interstitial water content, venous lakes, 
peliotic change, or fluid-filled acini, may be responsi- 
ble for the T2 hyperintensity of these metastases.237 
Mucinous metastases may arise from ovarian, pan- 
creatic, or colon primaries. Some hypovascular 
metastases may be inconspicuous on T2-WI and 
are best detected on unenhanced or CE T1-WI.324 
In the setting of hepatic steatosis, metastases may 
appear hypointense to surrounding liver parenchyma 
on fast spin echo (FSE) T2-WIs if fat suppression is 
not Fat is of higher SI on FSE than SE 
T2-WI.326 Wedge-shaped areas of increased SI on 
T2-WIs can be present peripheral to both malignant 
and benign hepatic masses and are likely due to 
edema,sinusoidal c o n g e ~ t i o n . ~ ~ ~ , ~ ~ ~  These wedge-shaped 



areas may be predictive of developing or growing 
metastases at the apex in patients with primary 
tumors.327 

Nearly half of hepatic metastases from colorectal 
carcinoma will show central areas of low T2 SI, 
particularly in larger lesions.329 On TI-WIs, these 
lesions appear uniformly hypointense to liver 
parenchyma. Histologically, this central hypointen- 
sity corresponds to areas of desmoplastic stroma, 
coagulative necrosis, and mucin accumulation. The 
peripheral halos of T2 hyperintensity present in 
colorectal metastases do not reflect peritumoral 
edema but rather the tumor margin and variable 
tumor necrosis. A low T2 SI rim surrounding the 
metastasis corresponds to compression of hepatic 

parenchyma and sinusoids, hepatocellular atrophy, 
and fibrosis. Some large colorectal metastases will 
show central areas of very high T2 SI with corre- 
sponding very low T1 SI secondary to liquefactive 
necrosis. 

Hepatic metastases are classified into hypervas- 
cular, hypovascular, and isovascular patterns on 
dynamic gadolinium-enhanced MR imaging.14,239,323 
Hypervascular metastases are most easily detected 
on arterial-phase images and may only be detected 
on this phase. Arterial-phase enhancement of hyper- 
vascular metastases may be uniform, peripheral 
rim, or heterogeneous. The minimal enhancement of 
liver parenchyma during the arterial phase of 
enhancement increases the conspicuity of arterially 
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Figure 1-1 8 . Chemical shift and fat-suppressed MR findings of lipid-containing hepatic metastases from metastatic 
ovarian teratoma. A, In-phase TI-WI shows multiple liver masses containing foci (*) isointense to subcutaneous fat (F). Cystic 
components are hypointense. Other portions of the mass have intermediate SI (arrows). B, Opposed-phase TI-WI shows the etching arti- 
fact (double arrows) at  the boundary between the high SI fatty components (*) and adjacent liver. Intratumoral foci that contain both lipid 
and water protons lose SI on the opposed-phase image (arrows). Similar loss of SI is revealed within the vertebral body marrow (M). 
Chapter 3 discusses how this chemical shift technique is used to differentiation between lipid-containing adrenal adenomas and metas- 
tases. C, Fat-suppressed T2-WI shows loss of SI of the fat containing regions (.I. The cystic portions of the tumor are hyperintense. D and 
E, Fat-suppressed T1-WI (D) shows loss of SI of the intratumoral fat (*I, while a corresponding water-suppressed TI-WI (E) shows high 
SI intratumoral fat (*) and subcutaneous fat (F). Intratumoral voxels that contain both lipid and water protons are revealed as minimally 
hyperintense (arrows) on the water-suppressed image. 



Figure 1-19 . MR findings hepatic metastatic mucinous 
colon adenocarcinoma. Mucin-rich adenocarcinoma can mimic 
nonsolid cysts and hemangiomas on T2-WIs. A and B, T2 (A) and 
heavily T2-WIs (TE = 189 ms) show multiple hyperintense hetero- 
geneous hepatic lesions (arrows) that have persistent high SI in 
(B). Multiple high SI pulmonary metastases (curved arrows) are 
also present. 

supplied hypervascular metastases. Hypervascular 
metastases include breast carcinoma, carcinoid 
tumors, melanoma, thyroid carcinoma, renal cell 
carcinoma and sarcomas. Hypovascular metastases 
may show thin rim enhancement on arterial-phase 
images but are best detected on portal venous phase 
images when enhancement of surrounding liver 
parenchyma is greatest. Hypovascular metastases 
include colon, lung, prostate, gastric, and transi- 
tional cell carcinomas. Rare isovascular metastases 
are inconspicuous on both arterial and portal venous 
phases of enhancement. Isovascular metastases may 
be easily detected on unenhanced TI- andlor T2-WIs. 
Metastases from colon, thyroid, or endometrial carci- 
nomas may appear isovascular on dynamic imaging, 
particularly after chemotherapy. 

The peripheral washout sign is a specific but 
insensitive sign of hepatic malignancy seen in 
both metastases and hepatocellular carcinoma (see 
Fig. 1-16).250 This sign refers to a peripheral rim of 
hypointensity relative to the center of the lesion on 
delayed imaging. This pattern of enhancement is 
produced by increased vascularity within peripheral, 

viable tumor and decreased vascularity and increased 
interstitium within the central tumor that may be 
fibrotic or necrotic. 

Enhancement extending beyond the border of 
hepatic metastases as defined on unenhanced images 
is termed perilesional e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  This peri- 
lesional enhancement may be circumferential or wedge 
shaped and is usually most intense on early-phase 
images. Perilesional enhancement of metastases is 
attributed to peritumoral desmoplastic reaction, 
inflammatory cell infiltration, and vascular prolifer- 
a t i ~ n . ~ ~ ~  Colorectal carcinoma metastases most 
commonly show perilesional enhancement, but this 
pattern has also been observed with pancreatic carci- 
noma, lymphoma, and breast carcinoma metastases.323 
Transient segmental enhancement could also be due to 
portal vein thrombosis with compensatory increased 
hepatic arterial 

A cirrhosis-like pattern may develop in women 
with hepatic metastases from breast carcinoma who 
have been treated with ~ h e m o t h e r a p y . ~ ~ l - ~ ~ ~  Findings 
at MR imaging include decreased liver volume, lobular 
margins, diffuse heterogeneity, and caudate lobe 
enlargement.331-334 Focal parenchymal lesions may not 
be identified on imaging s t u ~ l i e s . ~ ~ ~ , ~ ~ ~  This imaging 
pattern has been referred to as "pseudo-cirrhosis," 
but patients may develop signs of portal hyperten- 
sion and en~epha lopa thy .~~~  In some women, 
histologic correlation reveals diffusely infiltrative, 
desmoplastic, poorly differentiated adenocarcinoma 
with distortion of the liver architecture similar to 
that seen in cirrhosis.331 In other cases, pathologic 
examination shows residual tumor and nodular regen- 
erative hyperplasia, without evidence of cirrhosis.334 
Development of this cirrhosis-like pattern has been 
attributed to the hepatotoxic effects of systemic 
~ h e m o t h e r a p y . ~ ~ l - ~ ~ ~  Metastatic hepatic infiltration331 
or treatment-related tumor fibrosis may also be 
contributory. 

HEPATIC STEATOSIS (BOX 1-1 3) 

Lipid constitutes approximately 5% of the normal 
liver by  eight.^^^,^^^ Steatosis is the abnormal accu- 
mulation of lipid within hepatocytes. Histologically, 
macrovesicular and microvesicular forms of steatosis 
have been defined.206s336 Macrovesicular steatosis 
is the more common form and results from a combi- 
nation of increased delivery, inadequate oxygenation, 
and decreased secretion of lipids in the liver.206,336 
Obesity, alcohol abuse, insulin resistance and dia- 
betes, cachexia, drugs (including steroids and 
tamoxifen), metabolic disorders, and hepatitis C 
are causes of macrovesicular 
Microvesicular steatosis, due to defective oxidation 
of free fatty acids, is often associated with severe 
hepatic d y s f ~ n c t i o n . ~ ~ ~ ~ ~ ~ ~ c u t e  fatty liver of 
pregnancy, Reye's syndrome, drugs, chronic alcohol 
abuse, urea cycle disorders, and mitochondria1 
cytopathies are some of the causes of microvesicular 
s t e a t o ~ i s . ~ ~ ~ , ~ ~ ~  
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Macrovesicular steatosis may be associated with 
progressive inflammation and fibrosis, a condition 
termed s t e a t o h e p a t i t i ~ . ~ ~ ~ , ~ ~ ~  Steatohepatitis associated 
with alcohol abuse is a well-known entity. Nonalcoholic 
steatohepatitis (NASH) is a more recently and 
increasingly recognized form of chronic liver disease. 
The alcoholic and nonalcoholic forms of steatohepati- 
tis show similar or identical histologic  finding^.^^^,^^^ 
Biopsy is required for diagnosis of steatohepatitis, 
which by definition diffusely involves the liver.336 
NASH has two forms based on etiopathogenesis.335 
The primary form is seen in conditions associated 
with insulin resistance and includes diabetes mellitus 
(type 2), obesity, and hyperlipidemia. The secondary 
form is associated with certain drugs, gastrointestinal 
surgical procedures, and other conditions. NASH is 
considered the most severe nonalcoholic fatty liver 
disease.335 

Clinically, some patients with hepatic steatosis are 
asymptomatic, whereas other patients may develop 
right upper quadrant pain, fatigue, and malaise.335 
Hepatomegaly is a frequent finding, and liver function 

tests, particularly the aminotransferases, may be 
elevated.335 Steatohepatitis, alcoholic or nonalcoholic, 
may progress to cirrhosis. NASH is being recognized 
as a common cause of what was previously termed 
"cryptogenic" cirrhosis.338 

Chemical shift imaging can detect and character- 
ize the microscopic, intracellular lipid present in 
hepatic steatosis and within some hepatocellular 
neoplasms such as well-differentiated hepatocellular 
carcinoma or hepatic Visual compari- 
son of the in-phase and opposed-phase images, using 
the spleen as an internal reference, is usually suffi- 
cient for detection of hepatic steatosis. Loss of SI on 
opposed-phase images indicates the presence of lipid. 
One caveat is that the TE used for the opposed- 
phase images should be shorter than the TE used for 
the in-phase images to minimize T2* In 
the presence of iron overload from genetic or second- 
ary hemochromatosis, loss of SI due to susceptibility 
artifact may preclude imaging detection of steato- 
sis.342 If detection of steatosis in an iron-overloaded 
liver were necessary, MR spectroscopy could be 
performed.342 

At MR imaging, hepatic steatosis may be diffuse, 
focal, or multifocal (Fig. 1-20; see Figs. 1-11, 3-4, 3-6, 
3-12, and 3-13). Wedge-shaped, geographic, and nodu- 
lar areas of focal steatosis have been d e ~ c r i b e d . ~ ~  
Nodular steatosis may mimic metastatic disease at 
imaging.345,346 Focal steatosis or focal fatty sparing 
tends to develop in specific locations in the liver 
including the anteromedial edge of the medial seg- 
ment, around the gallbladder, and within subcapsular 
portions of the liver.342,344 Aberrant gastric venous 
drainage to the posterior medial segment anterior to 
the porta hepatis, aberrant internal thoracic arterial 
supply to the area around the falciform ligament, and 
cystic venous drainage to the pericholecystic liver all 
result in decreased portal venous blood flow. Focal 
fatty sparing can be explained by decreased delivery 
of lipid secondary to decreased portal venous flow (see 
Fig. 1-20).347-349 Occasionally, these same areas show 
focal steatosi~.~~O Focal sparing has also been attrib- 
uted to arterioportal shunts, portal vein occlusion, 
and hepatic parenchymal compression by metastatic 
l e ~ i o n s . ~ ~ l - ~ ~ ~  Depending on the location, a metastasis 
or other mass may result in peripheral, segmental, or 
lobar sparing in a steatotic liver.3S2 

Increased local concentration of insulin can 
result in focal steatosis. MR has shown focal steato- 
sis surrounding insulinoma metastases, within the 
livers of patients who have received islet cell trans- 
plants injected into the portal veins, and within the 
subcapsular portion of liver in diabetic patients with 
renal failure who have insulin placed in their 
intraperitoneal d i a ly~a t e .~~~-~57  

IRON DEPOSITIONAL DISEASE 

There are two major forms of iron deposition 
disease: parenchymal and reticuloendothelial.358-360 
Parenchymal iron overload, due to increased 



Figure 1-20 m Hepatic steatosis with focal fatty sparing of the medial segment left lobe and around the 
gallbladder in an asymptomatic man with hypercholesterolemia. A and B, Two in-phase T1-Wls show accentu- 
ated high SI liver and normal low SI spleen. There are subtle areas of hypointensity relative the surrounding liver within 
the medial segment of the left lobe (arrow) and adjacent to the gallbladder wall (curved arrow). Unlike metastatic disease 
(see Fig. 1-11) these "lesions" are hyperintense to spleen (S) and represent normal hepatocellular tissue. C and D, 
Corresponding opposed-phase images show marked loss of SI within the liver that establishes the diagnosis of steatosis. 
The areas of spared steatosis (curved arrow) now appear hyperintense to liver and remain hyperintense to spleen. Normal 
lumbar bone marrow (BM) contains both fat and water protons and thus loses SI on opposed-phase imaging. 

gastrointestinal absorption of iron, occurs in genetic 
hemochromatosis (GH) and erythrogenic hemochro- 
matosis. Reticuloendothelial iron overload results 
from multiple intravenous blood transfusions. 
Excess parenchymal iron results in cellular oxidative 
damage and potentially ~ a r c i n o m a . ~ ~ l - ~ ~ ~  Excess iron 
that is limited to the Kupffer cells of the reticulo- 
endothelial system is benign. 

GH, the most common inherited disease of 
Northern European descendants, is an autosomal 
recessive disorder characterized by a mutation on 
chromosome 6 (Box 1-14).364 This genetic mutation 
may result in impaired detection of serum iron levels 
by duodenal crypt cells with resultant increased 
gastrointestinal absorption of iron. Defective storage 
of iron within the reticuloendothelial system and 
increased deposition in parenchymal cells is another 
suggested cause of GH.365,366 Serum ferritin levels 
and transferrin saturation are useful screening 
tests, but false-positive results may occur in patients 
with alcoholism and infection and false-negative 
results may occur in young patients with GH and 

very early iron 0verload.~60 Clinical manifestations 
of GH can include cirrhosis, diabetes mellitus, cardio- 
myopathy, endocrinopathies, arthropathy, and skin 
discoloration. 

Genetic testing can be performed for confirma- 
tion in patients with suspected GH as well as for 
screening high-risk populations such as siblings of 
pro band^.^" Genetic testing may also obviate liver 
biopsy in GH patients with minimally elevated 
serum markers and no clinical evidence of liver 
disease and in patients with advanced cirrhosis.367 
Liver biopsy allows quantitation of iron overload as 
well as detection of cirrhosis or accompanying liver 
disease.367 Early detection enables treatment with 
phlebotomy prior to irreversible organ damage. 
Many centers do not allow patients with hemochro- 
matosis to donate their blood. The rationale is that 
there is a financial incentive for patients with 
hemochromatosis to donate their blood. Patients are 
charged for therapeutic phlebotomy while blood 
donation is free of charge. An estimated 200,000 to 
3 million units of phlebotomized blood from patients 
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Figure 1-21 MR illustration of hepatic iron overload in a 34-year-old male with genetic hemochromatosis. 
A and B, In-phase (A) (TE = 4.2 ms) and opposed-phase (B) (TE = 2.5) TI-WIs show liver parenchyma that is isointense 
relative to paraspinal musculature (M) in B that loses SI in A The longer TE of the in-phase image (A) allows for greater 
T2* susceptibility effects of the hepatic iron overload. Normal lumbar bone marrow (BM) shows loss of SI on the oppose- 
phase image because it contains both fat and water protons. C, T2-WI shows the liver parenchyma is isointense to 
paraspinal musculature. Fast-spin echo images are not as sensitive to the susceptibility effects of iron as "TI-weighted" 
in-phase GRE images or GRE images with longer echo times (see D). D, T2*-W GRE image (TR = 100, TE = 20, FA = 20") 
reveals markedly hypointense liver (L). The pancreas (P) does not lose SI to indicate parenchymal iron deposition. The 
spleen (S) is not involved with the parenchymal iron deposition of genetic hemochromatosis. The low SI within the bone 
marrow is not secondary to iron deposition. Instead, susceptibility effects of bony trabeculae are responsible for the 
T2* effects. 

Patients with cirrhosis unrelated to GH can 
develop diffuse hepatic iron d e p o s i t i ~ n . ~ ~ ~ , ~ ~ ~  The 
reason for this iron overload is not known, but it may 
be due to anemia, pancreatic insufficiency, or 
decreased transferrin synthesis. Pancreatic iron 
overload is not typically seen in cirrhosis due to a 
cause other than GH. 

VASCULAR DISEASE OF THE LIVER 

Budd-Chiari Syndrome (Box 1-1 6) 

Budd-Chiari syndrome (BCS) is a congestive liver 
disease consequent to obstruction of hepatic venous 
outflow. Obstruction may occur at the level of the 
hepatic veins or the inferior vena cava. Hepatic veno- 
occlusive disease, resulting from obliteration of the 
postsinusoidal venules, is considered a distinct 
entity. Causes of hepatic venous thrombosis and BCS 
can be classified into hypercoagulable states, stasis 
or mass lesion, vascular injury, and associations of 

uncertain mechanism.379 Hypercoagulable states 
include hematologic and myeloproliferative disorders, 
pregnancy/postpartum state, and oral contraceptive 
medications.380 Examples of stasis or mass lesion 
include membranous obstruction of the inferior vena 
cava and vascular invasion/compression by neoplasms 
such as hepatocellular, renal, or adrenal carcinomas, 
and metastatic disease. Vascular injury may result 
from trauma, catheterization, and vasculitides. The 
classic acute clinical triad of BCS includes right 
upper quadrant pain, hepatomegaly, and ascires. 
Subacute and chronic presentations are usually 
manifested as he~at ic  failure. 

~is tolo~ical l i ,  acute hepatic venous thrombosis 
produces sinusoidal congestion.379 Acute or organizing 
thrombi may also be present in the small hepatic and 
portal veins. With progression, the sinusoids become 
collagenized and dilated and there is hepatocellular 
atrophy and necrosis. The obliterated small hepatic 
veins produce septa interlinking the larger hepatic 
veins, and in venocentric cirrhosis results that rela- 
tively spares the portal triads. However, secondary 
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Figure 1-22 MR demonstration of hepatic, pancreatic, and myocardial iron overload in a man with 
advanced hemochromatosis complicated by cirrhosis and portal hypertension. A and B, In-phase (A) (TE = 
4.2) and opposed-phase (B) (TE = 2.1) T1-WIs show a cirrhotic nodular liver (L) that is of decreased SI relative to 
the paraspinal musculature (MI. The pancreas (arrow P) is of abnormally low SI because of parenchymal iron deposition. 
The spleen reveals multiple hypointense Gamna-Gandy bodies (curved arrows). The T2* susceptibility effects are more 
pronounced on the longer TE in-phase image. C, Fat-suppressed T2-WI shows that the liver is hypointense to the 
paraspinal musculature. Ascites (A) and splenomegaly (S) also are present. D, Cardiac-gated GRE image (TE = 20 ms) 
shows decreased myocardial SI (arrows), indicating iron deposition. 

portal vein thrombosis is common in BCS and can 
lead to a combined venoportal cirrhosis pattern. One, 
two, or all three major hepatic veins may be throm- 
b o ~ e d . ~ ~ l  The separate venous drainage of the 
caudate lobe into the inferior vena cava accounts for 
its compensatory hypertrophy in BCS. 

The MR imaging appearance of BCS varies with 
the acute, subacute, and chronic stages.382 In acute 
BCS, hepatic venous thrombosis usually is seen. 
The peripheral liver shows decreased T1 and 
increased T2 SI relative to the normal SI caudate lobe. 
Heterogeneously decreased enhancement is seen in 
the peripheral liver during the early and delayed 
phases on CE T1-WIs and is due to decreased inflow 
from the increased tissue pressure. The caudate lobe 
shows increased early and persistent enhancement 
and is of normal or moderately increased size. Hepatic 
congestion and edema account for the differential SI 
of the peripheral liver. 

The unenhanced MR imaging findings of sub- 
acute and acute BCS are similar.382 The CE T1-WIs 
differ, with the peripheral liver showing heteroge- 
neous enhancement greater than the homogeneously 
enhancing caudate lobe. This peripheral heteroge- 
neous enhancement becomes more homogeneous on 
delayed-phase imaging. Hepatic venous thrombosis 
typically is identified (Fig. 1-24). Intrahepatic veno- 
venous collateral vessels can be present. The caudate 
lobe is moderately increased in size. 

In chronic BCS there are minimal SI differences 
between peripheral and central liver on T1-W, T2-W, 
and CE T I - W I S . ~ ~ ~  Hepatic venous thrombosis usually 
is not identifiable. Extensive bridging intrahepatic and 
capsular venous collaterals are common in chronic 
BCS. The caudate lobe shows moderate to marked 
hypertrophy. Ascites and extrahepatic venous collat- 
eral vessels may be present in both subacute and 
chronic BCS.3s3 



Figure 1-23 rn MR findings of hepatic and splenic rcticuloendothelial iron from prior transfusions in a 
61-year-old female with acute myelogenous leukemia. A and B, In-phase (A) (TE = 4.2) and opposed-phase (B) 
(TE = 2.1) TI-WIs show decreased SI of the liver (L), spleen (S), and bone marrow (BM) compared with paraspinal 
muscle (M). The in-phase image is more sensitive to the susceptibility effects of iron because of the longer echo time. The 
pancreas (P) is of normal SI. C, Fat-suppressed T2-WI shows decreased SI of the liver and spleen relative to muscle. 
D, T2*-W GRE image (TR = 100, TE = 20, FA = 20") reveals markedly hypointense liver, spleen, and bone marrow. The 
pancreas does not lose SI, indicating absence of parenchymal iron deposition. 

BCS due to a web or membranous obstruction of 
the inferior vena cava occurs more commonly in 
South Africa, Japan, and Korea.384 Intracaval webs 
and membranes represent the result of prior 
acquired t h r o m b o s i ~ . ~ ~ ~ , ~ ~ ~  MR can show either a 
curvilinear soft-tissue membrane or an obliterated 
lumen of the intrahepatic inferior vena cava. 
Membranous obstruction may, however, represent 
extension of the intrahepatic venous process rather 
than a primary congenital or developmental caval 
le~ion.~~~,387 Compression of the inferior vena cava 
due to an elevated right hemidiaphragm has also 
been reported as a cause of BCS.388 

Focal hepatic masses associated with BCS 
include hepatocellular carcinoma and regenerative 
nodules. Through invasion of the hepatic veins 
and/or inferior vena cava, hepatocellular carcinoma 
can cause BCS, often with an acute or severe presen- 
t a t i ~ n . ~ ~ ~  Hepatocellular carcinoma may also result 
from the cirrhosis of end-stage BCS although other 
factors such as concomitant chronic hepatitis may be 
~ o n t r i b u t o r y . ~ ~ ~ - ~ ~ ~  

Large regenerative nodules may develop in BCS 
and other diseases that impair hepatic blood flow 

such as myeloproliferative and lymphoproliferative 
disorders; autoimmune disorders such as lupus, anti- 
phospholipid antibodies syndrome, and scleroderma; 
and in patients treated with steroids or antineoplastic 
medications.392 These nodules are more appropriately 
referred to as large regenerative or multiacinar 
regenerative nodules rather than nodular regenera- 
tive hyperplasia, as the latter entity is defined by 
absence of fibrosis in the intervening hepatic 
p a r e n ~ h y m a . ~ ~ ~ , ~ g ~  Formation of regenerative nodules 
and other benign nodular hepatocellular lesions is 
attributed to abnormal hepatic perfusion with atrophy 
and compensatory nodule formation involving ade- 
quately perfused parenchyma.379,392*395 Pathologically, 
the nodules show hyperplastic hepatocytes in plates 
one or two cells Growth is expansile with 
compression of the central vein. 

On MR regenerative nodules vary in size from a 
few millimeters to 4 cm although larger lesions 
may ~ c c u ~ . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  The nodules in patients with BCS 
are hyperintense relative to surrounding liver on 
T1-WI.391,393,396 TI-W hyperintensity may be due to 
the presence of ~ o p p e r ~ ~ ~ , ~ ~ ~  or to relatively decreased 
SI of the surrounding congested liver parenchyma396 
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(see Fig. 1-24). The T2 SI is more variable, with 
hypointense, isointense, and hyperintense lesions 
reported, although most are isointense.391-393,396 
Infarction may contribute to the hyperintensity seen in 
some regenerative nodules.393 On dynamic CE 
TI-WIs regenerative nodules are usually hypervascu- 
lar in the arterial phase, reflecting hepatic arterial 
blood s ~ p p l y . ~ ~ ~ - ~ ~ ~ , ~ ~ ~  On portal venous phase imaging, 
regenerative nodules remain slightly hyperintense.392 
A perinodular hypointense rim may be present on 
arterial phase images and reflects sinusoidal dilata- 
tion and marked congestion.392 MR may not allow 
discrimination of individual regenerative nodules 
from hepatocellular carcinoma in chronic BCS, but 
the presence of greater than 10 nodules less than 
4 cm in diameter is considered suggestive of benign 
regenerative nodules.391 

Hepatic Veno-occlusive Disease, 
or Sinusoidal Obstruction Syndrome 

Hepatic veno-occlusive disease (HVOD) is a conges- 
tive liver disease that results in the obliteration 
of hepatic venules less than 1 mm in diameter.379 
The main hepatic veins and inferior vena cava are 
patent. The primary site of injury is the sinusoidal 

endothelial cell and not the hepatic venules, and thus 
HVOD should be more appropriately classified as 
"sinusoidal obstruction syndrome."398 Causes of 
HVOD include chemotherapeutic agents and radia- 
tion therapy, particularly as part of the myeloablative 
regime for hematopoietic stem cell transplantation. 
Ingestion of pyrrolizidine alkaloids in herbal teas or 
contaminated grain is another cause. The clinical 
presentation includes hepatomegaly and right upper 
quadrant pain, and jaundice typically develops within 
30 days of stem cell t r ansp lan ta t i~n .~~~  Most patients 
recover with conservative treatment. Anticoagulation 
or trans-jugular intrahepatic porto-systemic shunt 
(TIPS) procedures have not proved effective in treat- 
ing HVOD.386 

MR findings of KVOD include hepatomegaly and 
attenuated but patent hepatic veins.400,401 Additional 
nonspecific features of gallbladder wall thickening 
and T2-weighted hyperintensity, periportal cuffing, 
ascites, and pleural effusions are likely related to 
increased resistance to lymphatic and venous inflow. 

Passive Hepatic Congestion 

Passive hepatic congestion is seen in the setting of 
failure of the right side of the heart or of constrictive 



Clinical 

p e r i c a r d i t i ~ . ~ ~ ~  In these conditions, the increased 
right atrial pressures are transmitted to the hepatic 
veins.402 Pathologically, there is dilation of the 
hepatic sinusoids, atrophy of perivenular hepato- 
cytes, and minimal focal pericellular fibrosis.379 CE 
CT or MR may reveal heterogeneous or mosaic pat- 
tern of enhancement.402 In contrast to Budd-Chiari 
syndrome, the hepatic veins and inferior vena cava 
are patent and may be distended. In addition, reflux 
of contrast material into the hepatic venous system 
can be present during arterial-phase imaging. Other 
findings include periportal edema, ascites, pleural 
effusions, and cardiomegaly. 

Portal Vein Thrombosis (Box 1-17) 

Causes of portal vein thrombosis include stasis and 
masses, hypercoagulable states, and vascular injury.379 
The most common condition leading to stasis of 
portal venous flow is hepatic cirrhosis and portal 
hypertension. Intrahepatic masses such as hepatocel- 
lular carcinoma, metastases, and cholangiocarcinoma 

may invade or compress the portal veins, resulting in 
thrombosis. Lymphadenopathy in the porta hepatis or 
vascular encasement by pancreatic carcinoma can also 
cause portal vein thrombosis. Abdominal infections 
such as diverticulitis or appendicitis may be compli- 
cated by mesenteric thrombophlebitis and pyle- 
phlebitis. Noninfectious, inflammatory causes of 
portal vein thrombosis include pancreatitis, bile leaks, 
and accidental or surgical trauma. Abdominal pain 
and gastrointestinal hemorrhage are common clinical 
 manifestation^.^^^ Portal vein thrombosis can cause 
or exacerbate portal hypertension. 

Spin-echo MR images will show portal vein 
thrombosis as abnormal intraluminal SI with loss of 
the normal flow void.14s404 Flow-sensitive GRE images 
will show thrombus as intraluminal low SI and patent 
vessels as high SI.404,405 Thrombus less than 5 weeks 
old appears hyperintense to liver parenchyma on 
T1- and T2-WIs, whereas thrombus between 2 and 
18 months old appears hyperintense only on 
T~-WIS.~O~ Potential pitfalls on unenhanced TI- and 
T2-WI include slow or turbulent 



Gadolinium-enhanced MR is a highly sensitive 
technique for both the detection of portal vein 
thrombosis and the distinction between benign and 
malignant etiologies.14 Benign portal vein thrombus 
appears as a nonenhancing filling defect. Other 
findings include expansion of the portal vein, 
enhancement of the portal vein wall, and periportal 
collaterals. The neovascularity of malignant portal 
vein thrombus causes enhancement on dynamic 
CE TI-WI. Additional findings of malignant portal 
vein thrombosis include a main portal vein diameter 
greater than 24 mm, enhancing vessels within 
the thrombus and surrounding periportal region. 
With segmental portal vein thrombosis, transient 
wedge-shaped areas of increased hepatic parenchy- 
mal enhancement can occur on hepatic arterial 
phase images.166 These transient hepatic SI differ- 
ences, owing to a compensatory increase in hepatic 
arterial flow, become isointense to surrounding 
liver parenchyma on portal venous and delayed 
images. 

Development of venous collateral vessels within 
or around a thrombosed portal vein is termed cav- 
ernous t r a n s f o r m a t i ~ n . ~ ~ ~  Biliary branches (cystic 
and paracholedochal) and gastric (left and right 
gastric) venous branches of the portal vein are the 
major collateral vessels in cavernous transforma- 
t i ~ n . ~ O ~  Both portosystemic and portoportal 
collateralization occurs after portal vein thrombosis.407 
Cavernous transformation has been documented as 
early as 6 days after acute portal vein thrombosis 
(Fig. 1-25).407 

Figure 1-25 . MR findings of cavernous transformation 
of the portal vein secondary to extrinsic compression by a 
(previously excised) ciliated hepatic foregut cyst. Axial 
maximum intensity projection (MIP) image from portal venous 
phase of a CE TI-WI shows replacement of the intrahepatic portal 
vein by numerous small collateral vessels (arrow). Extrahepatic 
portosystemic collateral vessels (curved arrow) are also present. 

COMPLICATIONS OF LIVER 
TRANSPLANTATION 

Cadaveric and living donor liver transplantation is 
used for the treatment of end-stage parenchymal 
liver disease and for unresectable but confined 
hepatic tumors. Vascular, biliary, parenchymal, and 
extrahepatic complications are optimally detected 
with a comprehensive MR imaging examination that 
includes TI ,  T2, MRCP, and volumetric dynamic CE 
fat-suppressed TI-W  sequence^.^^^-^^^ The biliary 
complications of liver transplantation are discussed 
in Chapter 2. Rejection of the liver allograft cannot 
be reliably detected with imaging studies and 
requires biopsy for diagnosis.409 

The orthotopically transplanted liver requires four 
vascular anastomoses: suprahepatic and infrahepatic 
inferior vena cava, hepatic artery, and portal vein. 
A priori knowledge of both the donor's and recipient's 
vascular anatomy can improve surgical planning and 
minimize postprocedural  complication^.^^^ Sutural 
calcification at the suprahepatic inferior venal caval 
site may appear as foci of very low SI. Periportal edema 
or collar is a nonspecific finding after liver transplan- 
tation that likely results from impaired lymph 
drainage after surgical interruption of the lymphatic 
channels.414 Periportal edema does not correlate with 
rejection. Other normal postoperative findings include 
a small amount of perihepatic or intersegmental 
fissural fluid and a transient right pleural effusion.411 
Reactive porta hepatis or portacaval lymph nodes are 
frequently present, but if enlarged lymph nodes are 
identified between 4 and 12 months after transplanta- 
tion, PTLD should be considered.411 

Vascular complications include thrombosis and 
stenosis of the hepatic artery, portal vein, or inferior 



vena cava. Hepatic arterial thrombosis is the most 
common vascular complication, occurring in 3% to 
12% of adult liver transplant patients.410p411,415 Factors 
that may contribute to acute hepatic artery throm- 
bosis are increased cold ischemia time of the donor 
liver, ABO blood group incompatibility, severe acute 
rejection, anatomic variants of hepatic vasculature, 
and discrepant size of native and donor 
Hepatic artery thrombosis may result in fulminant 
hepatic necrosis, biliary ischemia and necrosis with bile 
leak, and recurrent bacteremialsepsis due to abscess 
formation within infarcted paren~hyma.~l l ,~ l~-~l7  
Contrast-enhanced magnetic resonance angiography 
(CE-MRA) can reveal an occluded hepatic artery, 
often at the anastomotic site.409-412,418 False-positive 
diagnosis of hepatic artery thrombosis can occur with 
susceptibility artifact from adjacent surgical clips or 
low flow states.409~410 Hepatic arterial stenosis occurs 
in approximately 10% of patients and may lead 
to t h r o m b o ~ i s . ~ ~ ~ , ~ ~ 6  Suspected causes include surgical 
technique, clamp injury, intimal trauma from perfu- 
sion catheters, and rejection. 

Other, rare arterial complications include pseudo- 
aneurysm and arteriovenous fistula. Pseudoaneurysms 
usually occur at  the arterial anastomosis, but 
intrahepatic pseudoaneurysms can develop after 
parenchymal biopsy, biliary interventions, or local 
i n f e ~ t i o n . ~ l ~ , ~ l ~  A fistula may develop between the 
pseudoaneurysm and biliary ducts or portal vein. 
Pseudoaneurysm and fistulae may be asymptomatic or 
present with life-threatening hemorrhage. A pseudo- 
aneurysm will appear as a focal enlargement of the 
hepatic artery on imaging.416 

Venous complications are less common. Portal 
vein thrombosis or stenosis occurs in less than 5% of 
patients.420 Surgical technical problems, modification 
of the standard end-to-end portal venous anastomo- 
sis, intraoperative splenectomy, thrombus formation 
around the portal venous bypass catheter, and hyper- 
coagulable state are factors associated with portal 
vein c o m p l i ~ a t i o n s . ~ ~ ~ , ~ ~ ~  Clinical manifestations of 
portal vein thrombosis include portal hypertension, 
hepatic failure, ascites, and edema.416 Inferior venal 
caval thrombosis/stenosis is also rare, occurring in 
less than 2% of patients.420 Surgical technical prob- 
lems, incongruence of native and donor vessel 
size, recurrence of the underlying disease such as 
Budd-Chiari syndrome, and compression by adjacent 
fluid collections are causes of inferior vena caval 
c o m p l i c a t i o r ~ s . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Patients may present with 
hepatomegaly, pleural effusions, ascites, and lower 
extremity edema.416 CE-MRA, including multiplanar 
and volumetric reformations, allows easy detection of 
venous thrombosis or s t e n o s i ~ . ~ ~ ~ - ~ l ~  

Hepatic parenchymal complications detectable 
by MR imaging include infarction, abscess, biloma, 
recurrent malignant tumor, and PTLD.411 Disruption 
of collateral arterial supply, such as the parabiliary 
arteries, in the transplanted liver renders the allo- 
graft particularly susceptible to ischemia with 
decreased hepatic arterial flow. The resultant biliary 
necrosis leads to hepatic parenchymal infarcts. 

Hepatic infarcts can be peripherally or centrally 
located and wedge-shaped or round. Periportal 
infarcts may be irregularly shaped. Infarcts are typi- 
cally hypointense to surrounding parenchyma on 
TI-WIs and hyperintense on T2-WIs and do not show 
gadolinium enhancement (Fig. 1-26). Uncomplicated 
bilomas appear as irregularly shaped fluid collections 
without an enhancing rim, whereas abscesses show 
an enhancing wall.411 Recurrent hepatocellular car- 
cinoma has been reported in 7% to 40% of liver 
transplant patienh409 PTLD is discussed earlier in 
this chapter. 

Extrahepatic complications of liver transplanta- 
tion include metastatic hepatocellular carcinoma, 
PTLD, and right adrenal gland hemorrhage. After 
liver transplantation, the most common sites of 
metastatic hepatocellular carcinoma are the lungs, 
the allograft, and local and distant lymph nodes.421 
The two causes of right-sided adrenal gland hemor- 
rhage are venous congestion after right adrenal vein 

Figure 1-26 . Hepatic artery occlusion and liver infarction 
revealed on MR in a 58-year-old woman 10 years after liver 
transplantation. A, Fat-suppressed T2-Wl shows a wedge- 
shaped high SI region of the anterior segment (arrows) and 
ill-defined hyperintense foci (curved arrow) of the left lobe that 
represent peribiliary infarcts. B, CE T1-WI shows peripheral rim 
enhancement of the infarcted region (arrow) and peribiliary 
infarcts (curved arrow). 
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ligation and coagulopathy related to preexisting liver 
dysfunction.411 

HEPATIC CIRRHOSIS (BOX 1-1 8) 

Cirrhosis is a diffuse process resulting from progres- 
sive hepatic parenchymal injury and fibrosis and the 
formation of parenchymal nodules.422 Causes of cir- 
rhosis are numerous and include toxins and drugs, 
infections, autoimmune disorders, genetic metabolic 

defects, acquired bile duct diseases, vascular disor- 
ders, and other conditions.422 In some patients, the 
cause cannot be determined and the cirrhosis is 
termed cryptogenic. The most common toxic cause of 
cirrhosis is alcohol. The most common infectious eti- 
ologies are hepatitis B and C. There is increased 
awareness of hepatitis C infection in the United 
States, where the prevalence of infected individuals 
is almost 2%.423 Of those who are chronically 
infected, 25% are expected to progress to cirrhosis. 
Examples of autoimmune disorders are autoimmune 



hepatitis, primary biliary cirrhosis, and primary scle- 
rosing cholangitis. Hemochromatosis and Wilson's 
disease are some of the genetic disorders that may 
cause cirrhosis. Biliary atresia, gallstone obstruction, 
and common bile duct stricture are acquired biliary 
disorders with potential for cirrhosis. Budd-Chiari 
syndrome, hepatic veno-occlusive disease, and chronic 
passive hepatic congestion are vascular disorders 
that may produce cirrhosis. Nonalcoholic steatohepati- 
tis is an increasingly recognized cause of "cryptogenic" 

Pathologically, cirrhosis is characterized by 
hepatocellular necrosis, fibrosis, and regeneration, 
with fibrosis being the critical feature.422 Alteration 
of the hepatic vascular architecture by parenchymal 
fibrosis also is important in the cirrhotic process. 
The abnormal parenchymal nodules in cirrhosis are 
not necessarily regenerative, and regeneration is not 
required for the diagnosis. Fibrosis separates the 
parenchyma into nodules. Based on the size of 
parenchymal nodules, cirrhosis can be classified into 
micronodular, macronodular, or mixed patterns. 
Micronodules are defined as less than 3 mm in diarn- 
eter, and macronodules are greater than 3 mm and 
up to several centimeters. Micronodular cirrhosis 
can progress to macronodular cirrhosis, which often 
is seen in end-stage liver disease of any cause. The 
micronodular pattern is exemplified by alcoholic 
cirrhosis. Macronodular cirrhosis is most frequently 
seen with chronic viral hepatitis and autoimmune 
hepatitis. 

The terminology for nodular lesions occurring in 
cirrhotic livers has been standardized with a nomen- 
clature that replaces a confusing set of older terms.424 
Regenerative nodules represent a localized prolifera- 
tion of hepatocytes and their supporting stroma. 
Dysplastic nodules are defined as a nodular region of 
hepatocytes at least 1 mm in diameter with dysplasia 
and but no definite histologic features of malignancy. 
Dysplastic nodules are arbitrarily classified into low- 
and high-grade lesions.425 Low-grade dysplastic nod- 
ules are characterized by minimally abnormal 
hepatocytes but no architectural or cytologic 
atypia.424,426 Large-cell dysplasia may be present. 
Low-grade dysplastic nodules contain portal tracts. 
High-grade dysplastic nodules may show focal or dif- 
fuse architectural or cytologic atypia.424,426 When foci 
of hepatocellular carcinoma develop within dysplas- 
tic nodules, they are termed dysplastic nodules with 
a subfocus of hepatocellular carcinoma. Hepato- 
cellular carcinoma represents a malignant neoplasm 
composed of cells with hepatocellular differentiation. 
Thus, regenerative nodules, dysplastic nodules, and 
hepatocellular carcinoma can be viewed, respec- 
tively, as early, intermediate, and final steps in the 
hepatocarcinogenesis of cirrhosis.427 

The MR imaging findings of cirrhosis include 
morphologic changes of the liver, diffuse parenchy- 
mal SI abnormalities, nodular hepatic lesions, and 
manifestations of portal hypertension. Segmental 
atrophy and hypertrophy are common in end-stage 

cirrhosis (see Fig. 1-13).428 Atrophy usually involves 
the right hepatic lobe and medial segment, and 
hypertrophy usually involves the lateral segment and 
caudate lobe. Approximately one third of end-stage 
cirrhotic livers are diffusely atrophic, and approxi- 
mately one quarter are of normal size and ~ h a p e . ~ ~ 8  
In patients with viral-induced cirrhosis, increasing 
atrophy of the right hepatic lobe and medial segment 
correlates with progression to decompensated cirrho- 
sis and hypertrophy of the lateral segment and 
caudate lobe correlates with clinical stability.429 

Enlargement of the hilar periportal space 
between the anterior wall of the right portal vein and 
the posterior edge of the medial segment of the left 
hepatic lobe is a useful indicator of early cirrhosis.430 
Thickness of the hilar periportal fat greater than 10 
mm was 93% sensitive and 92% specific in one study. 
This enlargement was present in 98% of patients with 
early cirrhosis. The expanded gallbladder fossa sign 
refers to increasing fat in the pericholecystic space.431 
This increased fat is due to one or more of the fol- 
lowing morphologic changes: atrophy of the medial 
segment, atrophy of the right hepatic lobe with coun- 
terclockwise rotation of the major interlobar fissure, 
hypertrophy of the caudate lobe, and hypertrophy of 
the lateral segment. This sign has high specificity 
and positive predictive value for cirrhosis (both 98%) 
but a lower sensitivity of 68%. The sign may not be 
present in early or mild cirrhosis or in advanced cir- 
rhosis with lateral segment atrophy and preservation 
of the gallbladder position. 

The predilection for segmental/lobar atrophy or 
hypertrophy in cirrhosis likely is related to alterations 
in portal venous blood flow that contains trophic 
factors.432 The right portal vein directly enters the 
hepatic parenchyma after bifurcation from the main 
portal vein. Cirrhosis results in compression and 
irregular stenoses of the intrahepatic branches and 
consequently decreased portal venous blood flow to 
the right hepatic lobe. The left portal vein, which 
courses through the falciform ligament, remains out- 
side the liver parenchyma prior to entering the left 
hepatic lobe, allowing greater portal venous blood 
flow. Despite receiving blood flow from the left portal 
vein, the medial segment also atrophies. Systemic 
blood flow from gastric, cystic, parabiliary, and cap- 
sular veins may drain into the medial segment and 
dilute or reverse portal venous perfusion, thereby 
promoting atrophy of this segment. In addition, 
circular blood flow has been reported in the umbilical 
portion of the left portal vein, with hepatopetal flow 
in the left half and hepatofugal flow in the right 
half.433,434 The portal venous branches that supply the 
caudate lobe arise from the left portal vein andlor the 
bifurcation and have a short intrahepatic course. This 
vascular anatomy may preserve portal venous blood 
flow, allowing for caudate lobe hypertrophy. 

In addition to distortion from segmental atrophy 
and hypertrophy, regenerative nodules distort the 
liver margin. The margin may be smooth, nodular, or 
grossly Smooth or nodular margins may 
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be seen with micronodular cirrhosis. A grossly lobu- 
lar margin is often the result of atrophy and 
hypertrophy but may also be seen with one or more 
regenerative nodules greater than 3 cm. 

Certain morphologic changes are more likely to 
be seen with different causes of cirrhosis. Caudate lobe 
hypertrophy and the presence of a right posterior 
hepatic notch are more commonly seen in alcoholic 
than viral-induced The right posterior 
hepatic notch is attributed to caudate lobe hypertro- 
phy and right hepatic lobe atrophy. With primary 
sclerosing cholangitis, the lateral and posterior seg- 
ments may atrophy with marked enlargement of the 
caudate lobe.223,226,428 Diffuse hepatic hypertrophy is 
rarely seen except in patients with primary biliary 

A lobular liver margin is seen more 
frequently in some forms of biliary cirrhosis, such as 
PSC, than in other types of cirrhosis. 

Diffuse fibrosis, iron, or lipid may result in 
parenchymal SI abnormalities at MR.428 Fibrosis may 
manifest as diffuse or focal parenchymal SI abnor- 
malities in the cirrhotic liver. Four patterns of 
diffuse fibrosis manifested as increased T2 SI have 
been described: patchy, poorly defined regions, thin 
perilobular bands, thick bridging bands surrounding 
regenerative nodules, and diffuse fibrosis causing 
perivascular "bull's-eye" c ~ f f i n g . ~ ~ ~ , ~ ~ ~  Fibrosis may 
be less conspicuous on TI-WIs but will be of decreased 
SI relative to surrounding liver parenchyma.428 Areas 
of fibrosis may show mild gadolinium enhancement.436 

Confluent hepatic fibrosis may appear as mass- 
like areas of signal abnormality in patients with 
advanced These areas are often wedge- 
shaped, radiate from the porta hepatis, and are widest 
at the capsular surface. Involvement of the medial or 
anterior segments is most common and often is asso- 
ciated with capsular retraction or lobarllobar atrophy. 
Confluent hepatic fibrosis is hypointense to liver on 
TI-WIs and hyperintense on T2-WIs (Fig. 1-27). 
Confluent hepatic fibrosis does not enhance on 
arterial-phase imaging and becomes isointense 
to hyperintense to surrounding liver on delayed- 
phase imaging. Capsular retraction associated with 
confluent hepatic fibrosis is a useful discriminatory 
feature from hepatocellular carcinoma; the latter 
would be expected to show mass effect or an exo- 
phytic border.438 SI characteristics alone cannot be 
used to differentiate focal confluent fibrosis from 
hepatocellular carcinoma. 

The MR imaging periportal halo sign has been 
reported only in patients with primary biliary cirrho- 
sis.439 This sign refers to abnormal low SI surrounding 
the portal venous branches on both TI- and T2-WIs. 
The regions of signal abnormality are round, with a 
diameter of 5 to 10 mm, and do not produce mass 
effect. The lesions are present in all hepatic segments. 
The periportal halo sign is most conspicuous on portal 
venous and delayed phases of gadolinium-enhanced 
images. The histologic correlate may be a stellate, 
periportal hepatocellular parenchymal extinction 
encircled by a rosette of regenerating nodules. 

In contrast to the lesions resulting in the periportal 
halo sign, regenerating nodules are usually of vari- 
able size and SI, are not centered on portal vein 
branches, and may show mass effect. While highly 
specific for primary biliary cirrhosis, the periportal 
halo sign had less than 50% sensitivity. 

Diffuse iron deposition may occur in patient 
with cirrhosis, even in patients without genetic 
hemochromatosis or prior  transfusion^.^^^,^^^ Hepatic 
parenchymal iron overload in cirrhotic patients with- 
out genetic hemochromatosis is usually mild to 
moderate in degree. On MR imaging, hepatic iron 
overload in cirrhosis may be evidenced by a mild, dif- 
fuse decrease in parenchymal SI or as scattered 
iron-containing regenerative nodules (siderotic nod- 
ules) (Fig. 1-28). In cirrhotic patients without genetic 
hemochromatosis, the pancreas should not depict 
abnormal low SI from iron deposition. Hepatic 
steatosis is seen most commonly in patients with 
alcohol-induced cirrhosis.428 The MR imaging find- 
ings of steatosis were previously described. 

Nodular lesions occurring in the cirrhotic liver 
include regenerative nodules, dysplastic nodules, and 
hepatocellular carcinoma (HCC). Iron-free regenera- 
tive nodules are usually isointense on T1- and T2-WIs 
with occasional T1 hyperintensity or T2 hypointen- 
~ i t y . ~ ~ ~ , * l  In contrast to hepatocellular carcinoma, 
regenerative nodules are virtually never hyperintense 
on T2-WIs with two exceptions. Regenerative nodules 
in chronic Budd-Chiari syndrome and infarcted 
regenerative nodules with coagulative necrosis may 
be hyperintense on T2-WIs and simulate HCC.391s438,442 
Almost exclusively supplied by the portal vein, regen- 
erative nodules do not show arterial-phase gadolinium 
enhan~ement.~~'  Nonsiderotic regenerative nodules 
are usually inconspicuous on portal venous phase CE 
imaging owing to their histologic similarity to normal 
liver parenchy~na .~~ 

Dysplastic nodules are hyperintense or hypo- 
intense to surrounding liver on TI-WIs and hypo- 
intense on T2-WIs.426,u4~445 Dysplastic nodules may 
show arterial-phase enhancement at  MR imag- 
ing.444s446~447 This arterial phase enhancement likely 
reflects neoplastic angiogenesis evidenced by unpaired 
arteries at pathologic e ~ a m i n a t i o n . ~ ~ , ~ ~ ~ ~ ~ ~ ~  Unpaired 
arteries (isolated arteries without accompanying bile 
ducts) and sinusoidal capillarization progressively 
increase from regenerative nodules to dysplastic 
nodules to HCC.446 During hepatocarcinogenesis 
pathologic nontriadal arteries replace the portal 
triads as the dominant blood supply to large dysplas- 
tic nodules and small H C C S . ~ ~ ~  Subtraction imaging 
allows detection of arterial-phase enhancement of 
dysplastic nodules that are hyperintense on precon- 
trast images.427 However, MR imaging has proved 
insensitive to the detection of dysplastic n o d ~ l e s * ~ , ~ ~ ~  
and HCCs that are smaller than 2 ~ m . * ~  

Iron-containing nodules may be regenerative or 
dysplastic and will appear hypointense on TI- and 
T2-WIs. Iron-containing nodules are most conspicuous 
on T2*-GRE images, as the magnetic susceptibility 



effect of iron results in marked hypointensity. GRE cause the dysplasia or hepatocellular carcinoma that 
images with a TE of more than 9 ms improves sensi- may develop within siderotic nodules.448 
tivity for the detection of iron-containing nodules Dysplastic nodules with a subfocus of hepatocel- 
(see Fig. 1-28).448 Siderotic regenerative and dysplastic lular carcinoma can show a characteristic appearance 
nodules cannot be distinguished by MR imaging, and at MR imaging, the "nodule within a nodule" 
iron-containing nodules should simply be referred to sign.450,451 The focus of HCC will usually appear as 
as siderotic n o d ~ l e s . ~ ~ ~ , ~ ~ ~  Iron has not been proved to a high T2 SI focus within a hypointense dysplastic 
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Figure 1-28 fi MR depiction of iron-rich, siderotic, regenerative nodules and splenic Gamna-Gandy 
bodies in a patient with hepatitis C-induced cirrhosis. A and B, In-phase (A) and opposed-phase (B) TI-WIs 
shows multiple minimally hyperintense regenerative nodules. Some nodules (arrows) appear to lose SI in A owing to mag- 
netic susceptibility effects that become more pronounced as the echo time is increased from 2.3 to 4.5 ms. The 
Gamna-Gandy bodies are not well revealed. C, T2-WI shows the multiple low SI siderotic nodules (arrows). However, 
they are not as well revealed as the in-phase (B) or heavily T2*-W (D) GRE images. Flow voids are present within gas- 
tric varices (black arrows). D, T2*- GRE image (TE = 20, FA = 20") best shows the hypointense siderotic nodules (arrows) 
and Gamna-Gandy bodies (curved arrow) secondary to the T2* effects of iron. Flow-related enhancement is present 
within the gastric varices (black arrows). 

nodule (Fig. 1-29). The focus of hepatocellular carci- 
noma may, however, be isointense to the remainder 
of the dysplastic In siderotic nodules, the 
focus of hepatocellular carcinoma appears hyper- 
intense to the remainder of the nodule on T2"-GRE 
images.450 The focus of HCC may show arterial-phase 
enhancement as 

Manifestations of portal hypertension detectable 
at  MR include portosystemic collateral vessels, 
splenomegaly, ascites, and gastrointestinal wall 
thickening. Portal hypertension, an increased resis- 
tance and pressure within the portal venous system, 
is defined as pressure greater than 10 mm Hg.453 Portal 
hypertension is classified into three major anatomic 
categories: prehepatic, intrahepatic, and posthepatic. 
Further classification based on sinusoidal pressures 
includes presinusoidal, intrasinusoidal, and postsinu- 
soidal categories. Prehepatic causes include portal 
vein or splenic vein thrombosis. Intrahepatic portal 

hypertension is usually due to cirrhosis or other 
chronic liver disease but may develop in severe acute 
hepatitis or acute fatty liver of pregnancy. Posthepatic 
portal hypertension results from the hepatic venous 
outflow obstruction that occurs in Budd-Chiari syn- 
drome, veno-occlusive disease, and passive hepatic 
congestion. 

Portosystemic collateral vessels allow portal 
venous blood to bypass the liver, but they conse- 
quently decrease delivery of hepatotropic factors to 
the liver, allow toxins access to the systemic circula- 
tion, and predispose to potentially life-threatening 
gastrointestinal h e m ~ r r h a g e . ~ ~ ~ , ~ ~ ~  Esophageal and 
paraesophageal varices are primarily supplied by the 
left gastric vein and typically drain into the azygousl 
hemizygous venous system.455 Esophageal varices are 
the most common source of upper gastrointestinal 
hemorrhage.436 Paraumbilical veins and abdominal wall 
collateral vessels are supplied by the left portal vein. 



Figure 1-29 . MR depiction of a hepatocellular carcinoma that shows a variation of the "nodule within a 
nodule" sign in a 47-year-old man with cirrhosis related to primary sclerosing cholangitis. A, Opposed-phase 
T1-WI shows a hyperintense mass 6 )  of the lateral segment of a cirrhotic liver. The mass did not show SI loss as compared 
with a corresponding in-phase image (not shown) to suggest intratumoral lipid. Along the left aspect of the mass is a 
hypointense nodule (arrows). B, Fat-suppressed T2-WI shows that the mass is isointense to liver except for the internal nod- 
ule that is hyperintense (arrow). Ascites (A) is present. C and D, Fat-suppressed TI-WIs obtained before (C) and after (D) 
the arterial phase of contrast show marked enhancement of the small internal nodule (arrow). Subtraction images and SI 
measurements did not reveal arterial phase enhancement within the dominant mass 6). E, On a delayed-phase CE TI-WI, 
the mass (*) is isointense and the contrast within the nodule (arrow) has washed out and is now hypointense to liver. At surgery, 
the entire mass was moderately differentiated hepatocellular carcinoma with suspected foci of vascular invasion. The inter- 
nal nodule represents a more poorly differentiated and hypervascular component. In this instance, the only specific feature 
of the mass that suggested hepatocellular carcinoma was its size. Lesion isointensity to liver on T2-WI and lack of arterial 
phase enhancement are more in keeping with a regenerative nodule. Until a nodule becomes hyperintense to liver on T2-WIs 
or reveals arterial-phase enhancement, a specific MR diagnosis of hepatocellular carcinoma cannot be established. 
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Paraumbilical veins, located within or around the 
ligamentum teres and falciform ligament, may anas- 
tomose with the superior epigastric or internal 
thoracic veins that drain into the superior vena cava 
or may anastomose with the inferior epigastric veins 
that drain into the external iliac veins and inferior 
vena ~ a v a . ~ ~ ~  

Retroperitoneal collateral vessels allow bypass of 
intestinal or retroperitoneal tributaries of the supe- 
rior and inferior mesenteric veins into systemic veins, 
including the lumbar, phrenic, gonadal, and renal 
veins.436,454 TWO types of shunts to the left renal vein 
may develop: gastrorenal and splenorenal. Left gas- 
tric, posterior gastric, or short gastric veins can 
anastomose with the left inferior phrenic or left adre- 
nal veins prior to draining into the left renal vein, 
producing a gastrorenal shunt. Other tributaries of 
the splenic vein may communicate with the left renal 
vein and produce a splenorenal shunt. Superior hem- 
orrhoidal veins (tributaries of the inferior mesenteric 
vein) anastomose with middle and inferior hemor- 
rhoidal veins that drain into the systemic internal 
iliac venous system. The portal venous phase of 
gadolinium-enhanced MR imaging is ideal for detec- 

intestine and right colon compared with the inferior 
mesenteric drainage of the left colon is a suspected 
cause of this differential involvement.458 The 
presence of pneumatosis or a pancolitis involving the 
entire colon and rectum implies an ischemic or 
infectious etiology.45s Mesenteric, omental, and retro- 
peritoneal edema is a common finding in patients 
with cirrhosis.460 This edema correlates with volume 
expansion and hypoproteinemia, rather than portal 
hypertension, and is associated with subcutaneous 
edema, pleural effusions, and ascites. 

HEPATOCELLULAR CARCINOMA (BOX 1-1 9) 

Hepatocellular carcinoma (HCC) is the most com- 
mon primary malignancy of the liver.4" HCC arises 
from the hepatocyte, usually in association with 
chronic liver disease. The incidence of HCC varies 
considerably with geographic location.25 HCC is the 

the tortuous course of these vessels. 
Ascites represents the accumulation of serous 

fluid within the peritoneal The mechanism of 
ascites production in cirrhosis is complex; implicated 
factors include portal hypertension, hypoalbumine- 
mia, and peripheral circulatory disturbances. 
Development of ascites is a poor prognostic sign in cir- 
rhosis. Ascites may be complicated by spontaneous 
bacterial peritonitis. 

Splenomegaly and Gamna-Gandy bodies are 
splenic manifestations of portal hypertension. Gamna- 
Gandy bodies are organized foci of hemorrhage 
containing fibrosis, calcium, and h e m o ~ i d e r i n . ~ ~ ~ ! ~ ~ ~ , ~ ~ ~  
Gamna-Gandy nodules are hypointense to surround- 
ing splenic parenchyma, particularly with gradient- 
echo pulse sequences, because of the magnetic 
susceptibility effect of iron-containing hemosiderin 
(see Fig. 1-28). Gamna-Gandy bodies and other splenic 
diseases are discussed in Chapter 5. 

Other abdominal imaging findings related to 
cirrhosis include gastrointestinal wall thickening 
and mesenteric, omental, and retroperitoneal edema. 
Portal hypertension and hypoproteinemia are sus- 
pected causes of gastrointestinal wall thickening in 
cirrhosis.458 The jejunum and ascending colon are the 
most commonly involved segments.459 An interesting 
observation in patients with cirrhosis is that mural 
thickening of small bowel without jejunal involve- 
ment or of colonic segments without ascending 
colonic involvement implies that the cause of the 
bowel wall thickening is a condition other than cir- 
r h o ~ i s . ~ ~ ~  Haustral thickening of the colon is more 
common than mural thickening.459 The decreased 
number of potential collateral pathways related to 
the superior mesenteric venous drainage of the small 
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third most common cause of morbidity and mortality 
in developing countries and is the eighth most com- 
mon cancer worldwide.462 The highest incidence 
occurs in Southeast Asia and tropical Africa, where 
HCC is the most common or one of the most common 
malignancies. Intermediate-risk regions include 
Japan, the Middle East, and the Mediterranean. The 
lowest incidence is found in Western countries, 
South America, and Australia. This variable inci- 
dence is largely related to the prevalence of chronic 
hepatitis B and C infections and exposure to 
aflatoxin. Increasing rates of HCC in the West and 
Japan have been attributed to the rising rate of 
chronic hepatitis C infe~tion.4~~ From 25% to 30% of 
individuals with both hepatitis C and cirrhosis develop 
HCC. Patients with concurrent hepatitis B and C 
infections have the highest risk of developing HCC.464 
Regardless of geographic location, risk factors 
include male gender, increasing age, and the pres- 
ence of cirrhosis. The age peak is inversely related to 
the incidence of the tumor, occurring in younger 
patients in high-risk regions and older patients in 
low-risk regions. The male predominance, which 
varies from 4:l in low-risk areas to 8:l in high- 
risk areas, is incompletely understood. Suspected 
contributory factors include androgenic hormones 
or receptors, increased use of tobacco and alcohol, 
increased incidence of cirrhosis, and higher DNA 
synthesis rate in the livers of men.25 Numerous meta- 
bolic disorders are associated with an increased 
incidence of hepatocellular carcinoma and include 
genetic hemochromatosis, chronic tyrosinemia, glyco- 
gen storage diseases types I and IIIb, a,-antitrypsin 
deficiency, and Wilson's disease. 

The clinical manifestations of HCC are nonspe- 
cific. Symptoms may include right upper quadrant 
pain, weight loss, and f e ~ e r . ~ ~ , ~ ~  Jaundice, ascites and 
hepatic encephalopathy reflect hepatic decompensa- 
tion. A more fulminant clinical presentation, similar 
to that of hepatic abscess, is often reported in tropi- 
cal Africa.25 Tumoral rupture with intraperitoneal 
hemorrhage also is common in Africa and Southeast 
Asia. Serum a-fetoprotein is elevated in HCC. The 
macroscopic pathologic appearance of hepatocellular 
carcinoma has been classified as expanding, spreading, 
multifocal and diffise, and indeterminate forms.25,26,463 
The hepatic artery supplies HCC. Frequent invasion 
of the portal or hepatic veins contributes to intrahe- 
patic and metastatic spread (Fig. 1-30). Biliary invasion 
may result in obstructive jaundice. 

HCC may be hypointense, isointense, or hyper- 
intense to surrounding liver parenchyma on TI-Wls. 
Most HCCs are hypointense on TI-WIs. 

HCCs smaller than 1.5 cm are often i~ointense.4~~ 
T1 hyperintensity is particularly common in lesions 
less than 3 cma6 and has been correlated with degree of 
tumoral differentiation, the presence of intratumoral 
lipid, copper or glycogen, and the presence of zinc in sur- 
rounding liver Intraturnoral copper 
results in T1 hyperintensity via a paramagnetic effect. 
Lipid tends to be diffisely distributed in smaller HCCs, 
whereas focal accumulations of lipid are identified in 

Figure 1-30 . Hepatocellular carcinoma with portal vein 
invasion shown by MR in a man with hepatitis C. A, Fat- 
suppressed T2-WI shows a heterogeneous high SI mass of the 
posterior segment of the right hepatic lobe (arrows). The wedge- 
shaped area of increased SI peripheral to the tumor represents 
peritumoral edema (*). B, Delayed CE TI-WI shows the 
hypointense hepatocellular carcinoma (arrow), enhancement of 
the tumoral pseudocapsule, and hypointense tumor thrombus in 
the posterior division of the right portal vein (curved arrow). The 
wedge-shaped area of edema shows decreased enhancement (.), 
indicating decreased portal venous blood supply. 

larger tumors.a8 Chemical shift imaging allows detec- 
tion of microscopic lipid in HCC (Fig. 1-31; see 
Fig. 5-5).340,469 Lipiodol, used in hepatic chemoemboliza- 
tion, may be retained in hepatocellular carcinoma and 
appears hyperintense on TI-WIs owing to its fatty acid 
component.318 

Most HCCs are either hyperintense or isointense to 
liver parenchyma on T2-WIs (see Figs. 1-31 and 5-5).465 
T2 hypointensity or isointensity has been correlated 
with better differentiated t ~ m o r s . ~ ~ ~ , ~ ~ ~  HCC is more 
conspicuous on T2-WIs obtained with relatively 
shorter TR and TE.470 Because many HCCs can 
be difficult to discern on T ~ - W I S , ~ ~ ~  it is important 
that MR examinations in cirrhotic patients include 
high-quality breath-hold TI-WIs and dynamic CE 
imaging. 
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In addition to the fibrolamellar variant of hepa- 
tocellular carcinoma, HCC may develop in patients 
without cirrhosis or other identifiable risk fac- 
t o r ~ . ~ ~ ~ , ~ ~ ~  In some patients, viral hepatitis or 
excessive alcohol use may cause HCC prior to the 
development of cirrhosis. Even in the absence of 
cirrhosis, many of these "de novo" HCCs occur in 
a histologic background of nonspecific liver injury 
including inflammation, steatosis, and fibrosis.472 

In contrast to patients with the fibrolamellar variant, 
most of these patients are older, are male, and have 
elevated serum a-fetoprotein. 

In patients without cirrhosis, HCC is more likely 
to be unifocal than multifocal. Two factors are 
suspected to contribute to the multifocality of HCC in 
cirrhosis.473 One factor is the field effect of multiple 
nodular lesions predisposed to the hepatocarcino- 
genic pathway. The other factor is the predilection of 



cirrhosis-related HCC for portaVhepatic venous invasion 
with consequent intrahepatic metastatic dissemination. 
HCC in noncirrhotic patients is often larger than in cir- 
rhotic patients. More frequent imaging surveillance of 
cirrhotic patients and the increased hepatic functional 
reserve of noncirrhotic patients may account for the 
size difference at Central necrosis is very 
common in HCC occurring in noncirrhotic livers.472 

The gadolinium-enhancement pattern of HCC 
is dependent on the size and differentiation of 
the lesion.465,474 Small HCCs (<2.0 cm) usually show 
homogeneous, intense, arterial-phase enhancement 
(Fig. 1-32).465,474 Approximately 10% to 15% of small 
HCCs are identified only on arterial-phase imaging 
and will appear isointense on unenhanced images and 
the later phases of gadolinium-enhanced imaging.438,465 
During the progression of a dysplastic nodule to HCC, 
the intranodular decrease in portal venous flow pre- 
cedes the increase in hepatic arterial flow, and some 
small HCCs may lack enhancement in arterial and 

portal venous phases and thus appear hypointense 
on portal venous phase images.475 

The sinusoidal spaces of moderately and 
poorly differentiated HCCs are larger than those of 
well-differentiated tumors.476 The larger sinusoidal 
spaces result in greater contrast enhancement. Some 
small, well-differentiated HCCs show minimal 
enhancement on arterial-phase images and appear 
hypointense on portal venous images. Larger HCCs 
show heterogeneous enhancement on arterial-phase 
imaging. Necrosis, fat, and hemorrhage may con- 
tribute to the heterogeneous enhancement of larger 
lesions.476 A nodule in a cirrhotic liver that shows 
both arterial-phase enhancement and venous wash- 
out is very specific for HCC; the absence of either 
enhancement excludes a diagnosis of HCC with a 
high degree of certainty.477 

The fibrous tumoral capsule or "pseudocapsule" 
is a characteristic finding of HCC at MR imaging and 
is more often identified in lesions larger than 1.5 

Figure 1-32 MR depiction of multifocal hepatocellular carcinoma in a woman with hepatitis C-related 
cirrhosis. A, In-phase TI-WI shows a heterogeneously hypointense mass in the anterior and posterior segments (arrow) 
of the right lobe. A hypointense nodule is also revealed in the subcapsular medial segment (curved arrow). B, Fat- 
suppressed T2-WI shows the mass is isointense to liver parenchyma. An exophytic satellite nodule protrudes from the 
medial surface of the liver and is outlined by a rim of high SI (arrow). C, Dynamic CE TI-WI shows a hypervascular mass 
with adjacent hypervascular nodules (arrows). The medial segment left-lobe nodule (curved arrow) also enhances, indi- 
cating that it too represents HCC. D, Delayed-phase gadolinium-enhanced image no longer depicts the smaller nodules. 
Some small hepatocellular carcinomas may only be detected on arterial-phase imaging. The larger mass shows enhance- 
ment of the pseudocapsule (arrows). 
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to 2.0 ~m.~~~,478,~79 The presence of a capsule corre- 
lates with tumoral different iat i~n.~~~ The capsule 
contains inflammatory and stromal cells, vascular 
structures, and frequently bile On TI- and 
T2-WI, the capsule is hypointense to surrounding 
li~er.~~4,480 Capsules thicker than 4 mm may show an 
outer T2 hyperintense ring.474 On dynamic CE imag- 
ing, the capsule first shows enhancement during the 
portal venous phase and increases into the delayed 
phase (see Figs. 1-30 and 1-31).480 Extracapsular 
invasion of HCC manifests either as a tumor nodule 
protruding through the capsule or as adjacent satel- 
lite nodules.481 

Venous invasion is a frequent complication of 
HCC, with the portal venous system more commonly 
involved than the hepatic venous system.14 Microscopic 
invasion is more common than macroscopic invasion.482 
Tumors invasive of the veins are more likely to be 
larger, produce higher levels of a-fetoprotein, and lack 
en~apsulation.~~ Venous invasion is best detected on 
CE imaging (see Fig. 1-30).14 Tumor thrombus shows 
enhancement on the arterial phase and appear as a 
filling defect with venous expansion on portal or 
delayed p h a ~ e s . l ~ , ~ l ~  

Extrahepatic metastases usually occur in patients 
with advanced intrahepatic tumor (stage IVALa3 The 
most common sites are the lungs, regional and distant 
lymph nodes, bone, adrenal glands, and peritoneum1 
omentum. Lymphadenopathy occurs frequently in 
patients with all forms of end-stage cirrh0sis,4~~ and 
benign and malignant lymphadenopathy cannot be 
differentiated by size criteria alone.483 Imaging fea- 
tures that may help in diagnosing malignant 
lymphadenopathy include arterial phase enhancement 
or increasing size.483 By providing a comprehensive 
evaluation of the bile ducts, hepatic arteries, portal 
and hepatic veins, and size and distribution of any 
HCCs, MR can help determine what therapies may 
be of greatest benefit to the patient (including poten- 
tial liver t ran~planta t ion) .~~~ 

Several lesions that may simulate HCC at MR 
include incidental masses (hemangiomas, cysts, and 
focal nodular hyperplasia), vascular abnormalities 
(arteriovenous shunts, pseudoaneurysms, and tran- 
sient hepatic intensity differences), focal confluent 
hepatic fibrosis, and infarcted regenerative nodules. 
Hepatic hemangiomas can show "flash-filling" on 
arterial-phase imaging. Persistent enhancement of 
hemangioma during the later phases of dynamic 
imaging allows differentiation from HCC.486 Small 
arterioportal shunts and pseudoaneurysms, usually 
related to prior biopsy, may mimic HCC. HCC will 
show washout of contrast material, whereas the 
enhancement pattern of arterioportal shunts and 
pseudoaneurysms will follow that of the blood pool. 
Transient areas of arterial-phase enhancement may 
result from nontumorous arterioportal shunts or 
obstruction of portal venules and can simulate 
HCC.438,487 The wedge shape and preservation of inter- 
nal vasculature may allow discrimination of transient 
hepatic SI differences from HCC. Alternatively, 
a "double contrast" MR examination could be 

performed in which a superparamagnetic iron oxide 
contrast agent is injected before the gadolinium. 
Pseudolesions that are composed of normal hepatic 
parenchyma would be expected to incorporate the 
iron agent and thus allow potential distinction from 
HCC.488 However, approximately 10% of HCCs will 
also enhance with iron oxide, and thus the presence 
of iron uptake does not completely exclude HCC.4891490 
On follow-up imaging, true HCCs would be expected 
to grow while pseudo-lesions would either be stable 
or resolve.487 
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MAGNETIC RESONANCE
CHOLANGIOPANCREATOGRAPHY (MRCP)

MRCP Principles and Techniques

Magnetic resonance cholangiopancreatography (MRCP)
was introduced in 1991 as a noninvasive method of
imaging the biliary tree. 1 Although endoscopic retro
grade cholangiopancreatography (ERCP) has been
the mainstay for diagnosing and treating pancreatico
biliary disease complications such as pancreatitis
cholangitis, hemorrhage, and duodenal perforation
have limited its u e as a routine diagnostic test.2

MRCP can replace diagnostic ERCP in settings
where the latter would be difficult or impossible to
perform. Clinical examples include patients with
severe biliary obstruction (which may prohibit the
physician s ability to cannulate the duct or evaluate
the ducts proximal to an obstruction)3.4 and tho e
with biliary-enteric recon truction, gastrojejuno 
tomy, or obstructive lesions of the esophagus and
stomach.

MRCP exploits the inherent differences in T2-W
contrast between fluid-filled structures in the
abdomen and adjacent soft tissue and does not require
intravenous contrast agents,5 It is recommended that
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patients fast for 3-4 hours before undergoing an
MRCP in order to reduce fluid content within the
tomach, decrease duodenal peristalsis, and promote

gallbladder filling. 6,7 Negative oral contrast agents
can improve the depiction of the pancreaticobiliary
tree by eliminating the high signal intensity (81)
of fluid in the gastrointestinal tract but are not
required, since thin-section tomographic imaging
allows for the evaluation of ductal structures without
these structures being obscured by adjacent bowel.s

The principle of MRCP is that static or slow
moving fluids such as bile and pancreatic secretions
within the biliary tree and pancreatic duct have a
much longer T2 than solid tissue does and have high
SI on heavily T2-weighted image (T2-WIs), whereas
background soft tissues have very low SI. MRCP rou
tinely is performed in the axial and coronal planes,
while the oblique coronal plane can be used to evalu
ate anatomic variants suspected on other images,6,7,9
Commonly used MRCP techniques include two- or
three-dimensional (2D or 3D) breathing-averaged
T2-W sequences and breath-hold T2-W sequences
such as single-shot fast spin-echo (8SFSE) or half
Fourier acquisition single-shot turbo spin-echo
(HASTE).1(}.16 Breathing-averaged T2-W sequences are
limited by respiratory motion and bowel peristaLsis,6,7,lO
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Because of subsecond scan times, SSFSE and 
HASTE sequences can be performed as a breath-hold 
or a free-breathing technique for patients who are 
uncooperative or unable to suspend respiration. The 
signal-to-noise ratio (SNR) and contrast-to-noise ratio 
(CNR) of SSFSE and HASTE sequences are decreased 
compared with breathing-averaged T2-W sequences 
because the former techniques are acquired in only a 
single acquisition and use very long echo trains. 
However, this limitation is overcome by the subsec- 
ond acquisition time, which "freezes" physiologic 
motion. 12,14,17 

MRCP can be performed two ways that provide 
complementary information (Box 2-1). One method 
uses breath-hold sequences that acquire a single slab 
of data (typically 30-80 mm) in a 1- to 2-second 
breath-hold that displays fluid-containing structures 
as having high SI.12J3J5 These thick collimation 
images can be performed in the coronal, axial, and 
oblique coronal planes. An extremely long echo time 
(TE; 600-1,000 ms) is used to effectively suppress the 
background soft tissue and overcome partial volume 
averaging effect.13J7 Postprocessing is not required, 
because only a single image is obtained that repre- 
sents the average of the data contained in the entire 
imaging volume. Thick-slab images are similar to the 
projection images acquired by ERCP and, although 
useful for depicting the entire pancreaticobiliary tree 
and nondilated ducts, are not sensitive for the detec- 
tion of intraductal filling defects that may be 
obscured by hyperintense bile.12 

Thick collimation slabs are supplemented by the 
second MRCP method that acquires multiple thin 
collimation slices (3-5 mm) that can be postprocessed 
on an imaging workstation.12J5 Postprocessing 
typically uses a maximum intensity projection (MIP) 
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algorithm in which only the pixel with the highest SI 
along a ray perpendicular to the plane of projection is 
displayed, thus highlighting bile and fluid-filled 
structures. Multislice source images can be acquired 
in a single breath-hold sequence or as a 4- to 
7-minute 2D or 3D breathing-averaged T2-W sequence 
obtained in the axial (best for the pancreatic duct) and 
coronal planes (best for the biliary tree).ll-13J5 The use 
of a longer TE (2180 ms) effectively minimizes signal 
from most extraductal structures, and the elimina- 
tion of fat saturation allows for better delineation of 
the boundaries of the parenchymal organs.7J0,11J6J8 
The source images from a thin collimation multislice 
acquisition should be reviewed in addition to the 
MIP reconstructions in order to demonstrate 
small stones or other intraductal pathology that 
may be obscured by partial volume averaging effects 
(Fig. 2-1).12 

MRCP: Technical and Diagnostic Pitfalls 

Technical and interpretative pitfalls can mask or 
simulate pathologic conditions of the pancreatico- 
biliary system. Some of these pitfalls are discussed 
with specific disease entities later in this chapter. 
The entire biliary tree and pancreatic duct often are 
not shown on a single MRCP image. A specific ductal 
segment may not be depicted, resulting in nonvisual- 
ization of a stone or stricture.lg Unlike ERCP and 
percutaneous transhepatic cholangiography (PTC), 
MRCP provides static images that may show normal 
physiologic changes of the duct that can simulate 
disease. For example, physiologic contraction of the 
distal common bile duct can simulate a stenosis.lg 
Extraductal material (surgical clips, gas in the gas- 
trointestinal tract, and pulsatile flow in adjacent 
arteries) and intraductal material (air or blood) can 
decrease the SI of bile on T2-WIs and mimic biliary 
obstruction or intraductal p a t h o l ~ g y . ~ ~ , ~ ~  MRCP pro- 
vides less spatial resolution than does ERCP, thereby 
limiting its ability to detect early peripheral duct abnor- 
malities, and cannot always distinguish benign from 
malignant disea~e.9,~~ MRCP, in general, should be 
supplemented with other MR pulse sequences (TI, 
T2-W, contrast enhanced T1-W) for a more complete 
evaluation of ductal and extraductal soft tissues.22 

MR OF THE BILE DUCTS 

MR Technique and Normal Appearance 
of the Biliary Tree 

The main MR technique for evaluating the biliary 
tree is MRCP, as discussed above. The intra- and 
extrahepatic ductal system are hyperintense; normal- 
sized intrahepatic ducts measure less than 3 mm 
and the common bile duct measures less than 7 mm 
(<lo mm after cholecystectomy). Biliary ducts are part 
of the portal triad (portal vein, bile duct, and hepatic 
artery) and can be depicted on MRCP in the peripheral 
third of the liver when they are dilated. MRCP cannot 
routinely depict nondilated intrahepatic bile ducts. 
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Figure 2-1 MRCP illustration of a common bile duct 
stone. A, Coronal single-slice slab (thickness = 40 mm) MRCP 
(TE = 180 msec) shows dilated intrahepatic ducts and common 
bile duct (arrows). B and C, Coronal (B) and axial (C) thin- 
slice heavy T2-WIs confirm the presence of the common bile duct 
stone (arrows). c 
MRCP is not as sensitive as ERCP and PTC, which 
can depict the biliary tree with a 70% to 90% success 
rate regardless of the degree of d i l a t a t i ~ n . ~ ~ , ~ ~  

For this reason, MR contrast agents with hepato- 
biliary excretion can be used to obtain functional 
cholangiograms of both the dilated and the non- 
dilated biliary tree.25 Mangafodopir trisodium 
(manganese dipyridoxyl diphosphate; Teslascan), 
Gd-EOB-DTPA (gadoxetic acid disodium, Eovist), and 
Gd-BOPTA (gadobenate dimeglumine, MultiHance) 
are lipophilic paramagnetic agents that result in 
hyperintense bile on delayed contrast-enhanced (CE) 
T1-WI.26-28 The gallbladder and biliary tree appear 
hyperintense owing to biliary excretion 10 to 20 min- 
utes after contrast injection.24,26z28-30 Potential uses 
of CE TI-W functional MRCP include defining intra- 
hepatic ductal anatomy in liver transplant donor 
candidates or in patients under evaluation for 
hepatectomy; evaluating stenoses and mural irregu- 
larities in patients with primary sclerosing cholangitis; 
and showing bile leaks in postcholecystectomy 
 patient^.^^,^^,^^ 

Bile is hypointense on TI-WI because of its 
fluid content but can be slightly higher in SI if it is 
~oncentra ted.~~ Fat-saturated CE TI-WIs are useful 
for evaluating the duct walls and adjacent liver 
parenchyma. Findings such as duct wall thickness, 
degree of wall enhancement, and infiltration into adja- 
cent tissue are best assessed on enhanced imaging. 

Congenital Anomalies and Anatomic Variants 

Congenital anomalies of the biliary tree may be con- 
tributory etiologic factors in patients with recurrent 
pancreatitis, cholangitis, or choledocholithiasis or 
in those who have nonspecific symptoms such as 
abdominal pain, jaundice, and nausea. The two major 
congenital anomalies of the biliary tree include an 
anomalous pancreaticobiliary junction (APBJ) and 
congenital biliary cystic disease. Normally, the com- 
mon bile duct and pancreatic duct join with a short 
4- to 5-mm common channel that is encircled by 
sphincter muscle fibers before entering the duodenum. 



Less common configurations include an elongated 
8- to 10-mm common channel or separate entrances 
into the duodenum.32 

APBJ, also known as the "long common channel," 
is an uncommon entity (prevalence of 1.5% to 3.2%) 
in which the common bile duct and main pancreatic 
duct are joined outside the duodenal wall with the 
common channel being greater than 1.5 ~ m . ~ ~ - ~ ~  
Because the junction is proximal to the sphincter of 
Oddi, pancreatic exocrine secretions may reflux into 
the common bile duct or bile may reflux into the pan- 
creatic APBJ predisposes such patients to 
choledochal cysts (Fig. 2-2), cholangitis, stones, and 
pancreatitis. APBJ is present in up to 60% of 
patients with choledochal cysts in the U. S. and in 
more than 90% of patients in Japan36,37 and can be 
associated with biliary tract malignancy in up to 
one third of affected  individual^.^^,^^ When APBJ is 
associated with a choledochal cyst, the carcinoma 
often arises in the cyst wall, whereas in the absence 
of a cyst, the carcinoma usually originates in the 
gallbladder.33 

Early diagnosis of APBJ can help decrease 
the risk of malignancy when surgical excision of the 
extrahepatic common bile duct and gallbladder is 
performed in patients with a choledochal cyst or 
cholecystectomy in the absence of a choledochal 

ERCP the procedure of choice for diagnosing 
APBJ. MRCP has been reported to have sensitivity of 
approximately 75% and specificity of 100% in the 
detection of APBJ.34,35 MRI-MRCP can depict the 
long common channel greater than 15 mm, a coexist- 
ing choledochal cyst, and complications such as 
stones and m a ~ s e s . ~ ~ - ~ ~  Evaluating both the source 
images and MIP reconstructions is important for 
diagnosing a long common channel, especially in the 

setting of a large choledochal cyst that can overlap 
with the common channel.35 

Choledochal cysts are uncommon congenital anom- 
alies that represent cystic or fusiform dilatation of 
the extrahepatic or intrahepatic biliary tree and 
encompass the following lesions: choledochal cyst, 
diverticula, choledochocele, and Caroli's disease. 
Eighty percent of lesions are diagnosed in infancy 
and childhood (<lo years of age) and have a female 
predilection (F : M = 3 4  : 1).37-39 The classic triad of 
symptoms of right upper quadrant pain, abdominal 
mass, and jaundice are present in one third.39s40 
Twenty percent of adult patients have nonspecific 
abdominal pain or sequelae of bile stasis such as 
stones, sludge, or ch~langi t i s .~~  As described above, 
there is a high association of choledochal cysts 
with APBJ that results in chronic reflux of pan- 
creatic enzymes into the biliary tree, thereby 
weakening the ductal wall and causing cyst forma- 
tion.37,41 Complications arising from the cysts include 
cholelithiasis, choledocholithiasis, carcinoma, pan- 
creatitis, cholangitis, and cyst rupture. The incidence 
of carcinoma ranges from 2.5% to 26% and more 
commonly occurs in the cyst wall but can also occur 
in extracystic locations such as the gallbladder and 
biliary tree.40,42 Cyst excision and biliary-enteric 
reconstruction eliminates a potential source of cancer 
and prevents recurrent cholangitis and pancreatitis. 
However, the possibility of carcinoma developing 
in the intrahepatic ducts necessitates long-term 
f o l l o w - ~ p . ~ ~ - ~ ~  

When a choledochal cyst is very large and round 
and is not associated with intrahepatic dilatation, its 

Figure 2-2 w MR depiction of a choledochal cyst and aberrant junction of the pancreatic and common bile 
duct in a woman with right-sided pain. A and B, Single thin-slice (A) and slab (B) MRCP reveals cystic dilation of 
the proximal common bile duct (C). The pancreatic dud (arrow) has a high insertion into to the common bile duct (curved 
arrow). No solid tissue or suspect enhancement was revealed on other sequences, and an uncomplicated choledochal cyst 
was removed at surgery. 



biliary origin can be difficult to determine by imagng. 
The differential diagnosis includes pancreatic pseudo- 
cyst and mesenteric, renal, adrenal, or hepatic cyst.39 
Documenting a communication between the cyst and 
biliary tree can establish a diagnosis. Direct cholan- 
giography, MRCP, and ERCP provide similar results 
in evaluating choledochal ~ y s t s . ~ ~ , ~ ~  MRCP is used to 
define the extent of the cyst, determine the presence 
of an APBJ, and evaluate for associated complications 
of the pancreaticobiliary tree such as stone disease, 
cholangitis, and carcinoma (see Fig. 2-2).44 For surgical 
planning, coronal images are the most useful, whereas 
for detection of stones, axial source images are the most 
accurate.41 MRCP routinely detects a coexisting APBJ 
in adults but has a lower sensitivity in ~ h i l d r e n . ~ ~ , ~ ~  

The Todani classification system subdivides the 
cystic lesions into five main categories (Box 2-2).46 
Type I choledochal cysts (cystic or fusiform dilatation 
of the common bile duct) represent 80% to 90% of 
 lesion^,^^,^^ and yield the highest predisposition to 
cancer.40 Type I1 cysts are true diverticula of the 
extrahepatic duct, account for 2% of lesions, and 
have the second highest risk of cancer.40 A type I11 
cyst is a choledochocele that is a focal dilatation of 
the intraduodenal segment of the common bile duct 
analogous to an ureterocele and comprises 1.4% to 
5% of lesions.47 Although usually 1- to 2-cm, they can 
become large enough to cause duodenal obstruction 
and have a higher association with choledocholithia- 
sis.32,37 The differential diagnosis of a choledochocele 
includes pancreatic pseudocyst, mucinous cystic neo- 
plasm of the pancreas, duodenal duplication cyst, 
and intraluminal duodenal d ive r t i c~ lum.~~  A change 
in the size and shape of the choledochocele with duo- 
denal peristalsis may help establish the diagnosis. 
Type IV disease accounts for 19% of lesions and 
affects either the extrahepatic biliary tree (type IVB), 
resulting in a "string of beads" appearance, or both 
the intra- and extrahepatic ducts (type IVA), result- 
ing in saccular dilatation of the common bile and 
common hepatic ducts and cystic dilatation of the 
intrahepatic ducts. 

Caroli's disease (type V) consists of multiple sac- 
cular or fusiform segmental dilatations of intrahepatic 

ducts affecting all or part of the liver. The more com- 
mon form of the disease is associated with congenital 
hepatic fibrosis but not with cholangitis or stone 
disease. The hepatic fibrosis can progress to 
cirrhosis and portal hypertension with ensuing 
liver failure. The rare, "pure" form is associated 
with intrahepatic bilirubin stones and bacterial 
ch~ l ang i t i s .~~  Caroli's disease can simulate advanced 
biliary stone disease, polycystic liver disease, recur- 
rent pyogenic cholangitis, hepatic abscesses, and 
primary sclerosing c h o l a n g i t i ~ . ~ ~ , ~ ~  Showing the com- 
munications between the saccules and bile ducts 
distinguishes Caroli's disease from polycystic liver 
disease and hepatic a b s c e ~ s e s . ~ ~ , ~ ~  ERCP and PTC 
have traditionally been the accepted methods of diag- 
nosis but MRCP can show similar  finding^.^^,^^ 

ANATOMIC VARIANTS OF THE BILIARY TREE 
Anatomic variants of the biliary tree have become clin- 
ically important with the evolution of laparoscopic 
cholecystectomy because they may increase the risk of 
bile duct injury.51 There is a twofold increase in bile 
duct injury with laparoscopic techniques over open 
cholecystectomy (0.1%). The common bile duct can be 
misidentified as the cystic duct and result in inadver- 
tent ligation or resection.51 Specific anatomic variants 
associated with an increased risk of injury include an 
aberrant right hepatic duct that inserts low into the 
common hepatic duct (below the bifurcation) or inserts 
into the cystic duct (5% of the population), a cystic 
duct that has a long (>2 cm) parallel course to the 
common hepatic duct (1.5% to 25%), a cystic duct 
that enters the medial surface of the common bile 
duct (10% to 15%), a short cystic duct (<5 mm), or a 
cystic duct that has a low insertion into the distal 
third of the common bile duct (9%).6,52,53 MRCP is as 
accurate as ERCP and contrast-enhanced direct 
cholangiography in the diagnosis of these  variant^.^,^^ 
Clip artifact and partial volume averaging with over- 
lapping hepatic ducts and duodenum can limit the 
MRCP evaluation of aberrant ducts (Fig. 2-3).6,55 
Evaluation of the source images and MIP reconstruc- 
tions facilitates accurate determination of the duct 
 insertion^.^ 

IA ystic dilatation of the common bile duct (marked dilatation of part or all of the CBD; gallbladder arises 
from the cyst; intrahepatic ducts are normal) 

IB Focal segmental dilatation of the CBD (usually distal); normal CBD is present between the cyst and cystic 
duct; biliary tree proximal to gallbladder is normal 

IC Fusiform dilatation of common bile duct and common hepatic duct (gallbladder arises from dilated CBD; 
intrahepatic ducts are normal) 

11 Diverticula of the extrahepatic ducts 
I11 Choledochocele 
IVA Dilatation of the intra- and extrahepatic ducts (segmental cysts) 
IV5 Multiple segments of dilatation (segmental cysts) of the extrahepatic ducts only 
V Caroli's disease (multiple saccular or cystic dilatations of the intrahepatic bile ducts; normal 

extrahepatic ducts) 



Figure 2-3 . MRCP demonstration of aberrant intrahepatic ductal anatomy and false-positive diagnosis 
of a duct stricture secondary to adjacent surgical clips in a 57-year-old man with pancreatitis and a prior 
cholecystectomy. A, Single-slab MRCP image (thickness = 40 mm, TE = 600) shows that the ducts draining the ante- 
rior segment of the right lobe (arrow) empty into the central segment of the left bile duct (black arrowhead). This ductal 
variant would be of great clinical importance if this patient were a potential partial liver donor, since resection of the right 
lobe would be prohibitive. Focal narrowing of the right side of the bile duct (curued arrow) is secondary to clip artifacts 
from prior cholecystectomy. A large pancreatic pseudocyst (P) obscures visualization of the pancreatic duct (double arrows) 
within the pancreatic body. The pseudocyst shows decreased SI compared with bile secondary to intracystic hemorrhage 
and debris that was better revealed on other images. B, Enhanced CT scan shows multiple clips in the gallbladder fossa 
(arrows) and the pancreatic pseudocyst (PI. 

Biliary Obstruction 

MRCP has been documented as having sensitivity of 
91% to 96% and specificity of 99% to 100% for the 
diagnosis of biliary o b ~ t r u c t i o n . ~ ~ , ~ ~  MRCP can depict 
the level, degree, and extent of biliary obstruction and 
reveal an etiology that might suggest whether the 
obstruction is due to an intrinsic abnormality of the 
duds or extrinsic involvement of the ducts from adja- 
cent organs and lymph nodes.58-" However, TI, T2-W, 
or CE TI-W sequences should supplement MRCP so 
that both ducts and extraductal abnormalities that are 
necessary for tumor staging, such as periductal 
masses, tumor extension, vascular involvement, lymph- 
adenopathy, and metastases, can be e ~ a l u a t e d . ~ ~ , ~ ~  

The etiology of malignant biliary obstruction can 
be suggested by the location of the obstruction. At the 
level of the porta hepatis, obstruction can be second- 
ary to cholangiocarcinoma (Figs. 2-4 and 2-5), liver 
metastases, malignant lymphadenopathy, or locally 
invasive gallbladder and hepatocellular carcinomas. 
Extrahepatic suprapancreatic biliary obstruction can 
be secondary to lymphadenopathy or direct extension 
of cancer from the gallbladder, pancreas, stomach, and 
colon. Obstruction of the intrapancreatic segment of 
the common bile duct can be due to pancreatic head 
adenocarcinoma, ampullary carcinoma, or cholangio- 
carcinoma.59 Most malignant lesions cause abrupt 
narrowing of the bile duct with shouldered margins 

Figure 2-4 . MRCP illustration of malignant obstruction 
at the level of the liver hilum secondary to a Klatskin 
tumor. Single-projection heavily T2-W MRCP shows dilated left 
and right intrahepatic ducts. Other pulse sequences confirmed 
the diagnosis of unresectable Klatskin tumor. MRCP demonstra- 
tion of a hilar cholangiocarcinoma in a 69-year-old woman with 
a remote history of cholecystectomy that presents with painless 
jaundice. Before the MR examination a right-sided biliary drain 
was placed. The MRCP projection image reveals the partially 
decompressed right-sided ducts (arrows), the markedly dilated 
left-sided ductal system (curved arrow), and the indwelling stent 
(double arrows). Revelation of involvement of both right and left 
ductal systems usually indicates unresectable disease in the set- 
ting of cholangiocarcinoma. 
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Figure 2-5 . MRCP depiction of unresectable Klatskin 
tumor. Axial thick-section MRCP shows dilated left and right 
hepatic ducts (arrows) that terminate in a mass of the porta hep- 
atitis (K) that is isointense to spleen (S). 

and mucosal irregularities, resulting in a "rat tail" 
a p p e a r a n ~ e . ~ ~ , ~ ~  

The most common causes of benign biliary 
obstruction include postsurgical or posttraumatic 
stricture, choledocholithiasis, chronic pancreatitis, 
and infectious or primary sclerosing cholangi t i~.~~ 
Benign lesions such as ampullary stenosis, stones, or 
benign stricture cause smooth and gradually tapered 
narrowing although some degree of overlap exists 
between benign and malignant l e ~ i o n s . ~ ~ , ~ ~  

Choledocholithiasis 

Choledocholithiasis accounts for most cases of biliary 
obstruction and has become an important diagnosis 
in the setting of laparoscopic cholecystectomy.63 
Patients who have symptomatic cholelithiasis or 
acute cholecystitis complicated by jaundice, cholangi- 
tis, gallstone pancreatitis, common bile duct 
diameter greater than 6-7 mm on sonography, or 
abnormal bilirubin levels b1.5) are considered at 
high risk for choledocholithiasis.64~65 Individuals with 
choledocholithiasis benefit from ERCP-guided 
sphincterotomy and stone extraction prior to laparo- 
scopic cholecystectomy.64~65 

MRCP could be used to determine which subset 
of patients would benefit from stone e~traction.~,66,67 
MRCP has the greatest utility in patients with a low 
suspicion of choledocholithiasis and in patients who 
cannot undergo ERCP because of pancreatitis, gas- 
tric surgery, or biliary-enteric recons t r~c t ion .~~ 
MRCP has sensitivity of 81% to 93% and specificity 
of 91% to 98% in the evaluation of common bile duct 
stones.57,64,65,69-75 MRCP has higher sensitivity than do 
sonography and computed tomography (CT) in 
detecting common bile duct and intrahepatic 
stones.71,74,76,77 MRCP has comparable sensitivity and 
specificity to ERCP for the evaluation of common 
bile duct stones57,64,73,78 and is superior to ERCP for 
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diagnosing intrahepatic calculi.78 Comparison studies 
are limited by the lack of a true gold standard, as 
ERCP and intraoperative cholangiography may not 
reveal small stones obscured by air bubbles or con- 
trast material. 

On MRCP, calculi appear as low SI filling defects 
within the high SI bile irrespective of their composi- 
tion (see Figs. 1-10C and 2-1).71,79 Axial and coronal 
breath-held thin-section multislice or thick-section 
slab projection sequences have high contrast to noise 
and less respiratory motion artifact and are probably 
the best MRCP technique for stone d e t e ~ t i o n . ~ ~ , ~ ~ , ~ ~ , ~ ~  
Breathing-averaged 2D or 3D heavily T2-WI can be 
performed in patients unable to hold their breath 
and are equally good in the detection of biliary duc- 
tal dilatation and stones.57,69,70,72,73,80 Stone size is 
ultimately the most important criterion for detection 
by MRCP. Detection of stones on thick-slab MRCP 
depends on stone size, as larger calculi will be read- 
ily detected whereas 1- to 4-mm stones may be 
obscured by adjacent high SI bile. Thus, thick-slab 
MRCP techniques alone should not be relied on for 
common bile duct stone detection.69,74,77,80,81 Axial 
source images from a multislice acquisition provide 
the best images for detecting small 

There are several potential sources of misdiagno- 
sis of common bile duct stones. The differential 
diagnosis of filling defects in the biliary tree includes 
calculus, neoplasm, blood clot, air bubble, and sludge. 
Stones have a round, oval, or angular shape and are 
located in the dependent portion of the duct. Air bub- 
bles are present in the nondependent portion of the 
bile duct and may form part of an air-fluid l e ~ e l . ~ O , ~ ~  
Blood clots and carcinoma may be indistinguishable 
from calculi on MRCP alone but are more likely to 
have irregular margins and are more readily charac- 
terized with TI-, T2-, and CE-MR  sequence^.^^ Small 
impacted stones in the ampulla may be either missed 
or misdiagnosed as ampullary stenosis, a prominent 
sphincter of Oddi, or neoplasm owing to the paucity 
of fluid in this Signal voids from surgical 
clips, gas in the gastrointestinal tract, and arterial 
flow of the gastroduodenal artery or superior pancre- 
aticoduodenal artery as it crosses the common bile 
duct can all mimic a stone or focal structure. 
Susceptibility artifacts from clips can be established 
by correlating the MRCP with radiographs, CT, or 
gradient echo (GRE) images. When comparing in- 
phase and opposed-phase GRE images, a longer TE 
in-phase sequence will reveal increased blooming 
from susceptibility artifact and suggest the presence 
of gas or clips (Fig. 2-6). CE-magnetic resonance 
angiography ( M U )  can confirm the presence of an 
adjacent artery.20,68,82 

Evaluation of the Postsurgical Biliary Tree 

Most biliary-enteric reconstructions take the form of a 
hepaticojejunostomy or choledochojejunostomy. Long- 
term complications occur with an incidence of 10% to 
20% in patients with biliary-enteric anastomoses and 



Figure 2-6 rn An outside CT examination (not shown) revealed an enlarged pancreatic head, and an occult pan- 
creatic neoplasm could not be excluded. A and B, In-phase (A) and opposed-phase (B) TI-WIs show normal, hyperintense 
pancreatic parenchyma. Even though the pancreatic head is enlarged (which has been described in pancreatic divis~m),4~~ the 
normal SI pancreas excludes an infiltrative neoplasm. The distal segment of the accessory d u d  of Santorini is revealed (curued 
arrow). Normal, intermediate-to-high SI liver (L), and normal SI renal parenchyma (with renal cortex being of higher SI than 
renal medulla) are also present. C and D, Fat-suppressed in-phase (C) and opposed phase (D) T1-WIs acquired at the same 
time and location as B show similar normal, high SI pancreas. There is increased susceptibility artifact within gas-containing 
bowel segments (..) in A and C compared with B and D secondary to the longer echo time. Note incomplete suppression of 
both the subcutaneous and retroperitoneal fat (F) in C compared with D. The choice of TE makes a difference in the degree of 
fat suppression when fat-suppressed GRE sequences are utilized. One reason is that the fat-suppression pulse is imperfect and 
the signal from some fat protons is not suppressed. If an opposed-phase sequence is then performed, the signal of the remain- 
ing fat protons cancels the signal of adjacent water protons (which are present in the membranes and lysosomes of adipocytes) 
to further decrease the resultant SI. Therefore, one should consider performing opposed-phase imaging when using fat- 
suppressed gradient echo sequences in order to optimize macroscopic fat suppression and dynamic range.434s435 At 1.5 T it is 
fortuitous that the opposed-phase TE is shorter than the corresponding in-phase TE, thereby minimizing susceptibility effects. 
E, Axial fat-suppressed T2-WI shows normal, low-to-intermediate SI pancreatic parenchyma (P), normal, low-to-intermediate 
SI liver (L), and normal renal parenchymal SI (with renal cortex being iso- to hypointense to renal medulla). High SI 
within paraspinal veins (open arrows) and small retroperitoneal veins (double arrows) is secondary to slow flow that 
mimics the long T2 relaxation values of static fluid.436 On fat-suppressed T2-WIs it can be difficult to determine where a 
normal, low-to-intermediate SI organ ends (i.e., liver, pancreas, and kidney) and the suppressed adjacent fat begins. The 
dorsal pancreatic duct of Santorini (curued arrows) drains directly into the minor papilla and does not communicate with the 
common bile duct (arrow, revealed in cross section). 
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Location of Injury ment 

TY Injury of the common hepatic or bile duct >2 cm distal to the ticojejunostomy or 
confluence of the right and left hepatic ducts ~~~oledochojejunostomy 

Type I1 Injury of the common hepatic duct <2 cm from Hepaticojejunostomy or 
the confluence choledochojejunostomy 

Type I11 Injury involves the entire common hepatic duct but spares Hepaticojejunostomy 
onfluence 

TY ncludes partial or complete destruction of Hepaticojejunostomy and 
onfluence (right) and left ducts are separated reconstruction of hilar confluence 

include recurrent obstruction secondary to anastomotic 
stenosis/stricture, cholangitis, intrahepatic stones, and 
dilated bile d u ~ t s . ~ ~ , ~ ~  MR-MRCP can evaluate the 
biliary-enteric anastomosis in patients with unex- 
plained fever, right upper quadrant pain, or suspected 
~ho lang i t i s .~~  

Evaluation of the biliary-enteric anastomosis 
with ERCP can be technically difficult or impossible 
(10% to 50% failure rate) because of altered bowel 
anatomy (gastrojejunostomy or anastomosis beyond 
the level of the duodenum).59 MRCP can show the 
site of anastomosis, status of the intrahepatic ducts, 
and any of the above  complication^.^^,^^ Isolated bil- 
iary duct dilatation is not specific for obstruction, 
since some patients have a patent anastomosis with 
dilated ducts. However, duct dilatation in the setting 
of anastomotic narrowing suggests functional 
obstruction that could be confirmed by MRCP that 
uses a contrast agent with biliary e x ~ r e t i o n . ~ ~ , ~ ~ , ~ ~  The 
MIP images alone can overestimate the stricture or 
not depict the actual anastomosis between bowel and 
the biliary tree because of adjacent bile or bowel con- 
tents. Thin-section source images should thus be 
inspected for complete e v a l u a t i ~ n . ~ ~  

POSTSURGICAL BILIARY COMPLICATIONS 
Most benign biliary strictures are secondary to 
stone disease or surgeries such as laparoscopic 
cholecystectomy, common bile duct exploration, liver 
transplantation (see next section), biliary-enteric 
reconstruction, pancreatic surgery, gastrectomy, and 
hepatic resection. Other less common etiologies 
include ischemia, primary sclerosing cholangitis, 
infectious cholangitis, chronic pancreatitis, and 
trauma.84 Specific causes of injury include clip place- 
ment on a duct, ischemia from injury of adjacent 
arteries. and inadvertent duct ligation. 

fluid collection, and nonvisualization of a bile duct 
segment that may suggest injury.86 The Bismuth clas- 
sification of traumatic bile duct injury (Box 2-3) is 
helpful for surgical planning because the length of the 
intact common duct distal to the bifurcation dictates 
whether the patient requires choledochojejunostomy, 
hepaticojejunostomy, or additional reconstruc- 
tion.84,87,88 Roux-en-Y hepaticojejunostomy is the most 
commonly performed surgical procedure with the best 
long-term results for treatment of posttraumatic bile 
duct s t r i c t ~ r e . ~ ~ , ~ ~  

MRCP EVALUATION AFTER LIVER TRANSPLANTATION 
A variety of biliary-related complications can occur 
after liver transplantation (13% to 35% of patients) 
and require prompt diagnosis and treatment to 
ensure allograft survival (Box 2-4).90,91 In addition to 
being able to reveal a biliary-enteric anastomosis, 
MRI and MRCP can accurately depict stone and 
sludge disease, biliary stricture and obstruction, and 
bile leaks.90,92~93 The patient's T-tube or plastic 
biliary stent does not result in artifact on MRCP.90 

Biliary obstruction is the second most common 
cause of liver dysfunction after rejection and is usually 
secondary to a ~ t r i c t u r e . ~ ~  Most strictures occur after 
1-3 months following transplant surgery and affect 
between 5% and 15% of  allograft^.^^ Nonanastomotic 
strictures are usually due to ischemia-related biliary 
changes such as those occurring with hepatic artery 
occlusion. MRCP can depict the level and degree of 

Anssfomofic Leek; Bilome (Most 
MRCP provides more inform>tion than ERCP or Biliary duct obstruction (15%) 

conventional cholangiography because it can depict Biliar~ stricture (5943-15s) 
the entire biliary tree proximal and distal to the steno- Anastomotic (extrahepatic biliary tree) 
sis regardless of whether it is high grade or complete."" (most common) 
Postsurgical strictures tend to be smooth with gradu- Nonanastomotic (confluence or right and left 

donor ducts) 
ally tapered narrowing. Postoperative bile duct injury Inflammatory ampullary stenosis (rare) 
can be classified as a leak, stricture, or complete tran- . ~ i l ~  duct sludge lithiasis (casts) (100/0-15%) 
section with possible biliary obstruction. Pertinent Bile duct stones (57*10%) 
findings to assess on MRCP include presence or Sphincter of Oddi dysfunction (5%) 
absence of biliary duct dilatation, stricture, free fluid, 



obstruction and also the ducts above and below the 
stricture. In cases of end-to-end anastomoses, the 
diameter of the donor common bile duct is normally 
twice that of the recipient common bile duct and 
should not be interpreted as a stricture.93 Intrahepatic 
ducts greater than 2 mm and extrahepatic ducts 
greater than 7 mm are considered dilated. MRCP 
tends to overestimate anastomotic strictures and can- 
not always characterize the stricture although this is 
less of an issue in the setting of liver transplantation 
since strictures generally are not malignant.90,93 
Distinguishing between dilation and functional 
obstruction can be challenging. A CE-MRCP or follow- 
up MRCP may be of value to assess for progressive 
ductal d i l a t a t i ~ n . ~ ~  

Anastomotic leaks and bilomas are common 
complications that occur within the first 30 days fol- 
lowing transplantation. Bilomas are subhepatic fluid 
collections that are usually secondary to an anasto- 
motic leak. Small amounts of peri-anastomotic 
ascites without an active leak are common 3 months 
after surgery, but the presence of bile leakage cannot 
be definitively diagnosed on MRI and requires fur- 
ther evaluation if there is strong clinical suspicion.93 
CE-MRCP that uses an agent with biliary excretion 
can document the presence and location of bile leaks 
in patients who have undergone cholecystectomy.29 
This same technique can be used to evaluate for a 
suspected anastomotic leak after liver transplanta- 
tion. Biliary sludge and stones are precipitated by 
altered bile composition (cyclosporine-induced) and 
mechanical factors (dysfunctional T-tube; untreated 
obstruction of larger bile ducts) and are more com- 
mon in the common bile duct and proximal 
intrahepatic d ~ c t s . ~ ~ , ~ ~  

MIRIZZI SYNDROME 
Mirizzi syndrome is a complication of stone disease 
that can increase the risk of bile duct injury by 
obscuring the visualization of ductal structures dur- 
ing laparoscopic cholecystectomy and is considered 
by some surgeons to be a contraindication to using 
laparoscopic technique.95 The syndrome refers to a 
partial mechanical obstruction of the common 
hepatic duct caused by a stone impacted in the adja- 
cent cystic duct. The presence of a long parallel cystic 
duct predisposes patients to this syndrome. The com- 
mon bile duct can then be mistaken for the cystic 
duct and transected. Preoperative identification of 
this entity changes the surgical approach during 
cholecystectomy to avoid bile duct injury.95 MRCP 
can noninvasively assess the location of the gall- 
stone, level of ductal obstruction, and presence of 
inflammatory changes around the gallbladder.96 

Cholangitis 

Primary sclerosing cholangitis (PSC) is a chronic and 
progressive disease of the biliary tree characterized 
by inflammation, destruction, and fibrosis of the 
intra- and extrahepatic bile ducts. Seventy percent of 
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patients are men and are diagnosed in the fourth to 
fifth decades. Seventy-five percent of patients with 
PSC have inflammatory bowel disease (80% to 90% 
ulcerative colitis; 10% to 20% Crohn's diseaseXg7 
Conversely, 2% to 10% of patients with ulcerative 
colitis have PSC.98 Most patients with PSC are 
asymptomatic at the time of diagnosis but eventually 
develop signs and symptoms attributable to cholesta- 
sis such as jaundice and pruritus. Bile ducts do not 
regenerate, and the inflammation ultimately pro- 
gresses to cirrhosis, portal hypertension, and liver 
failure. Cirrhosis develops after a median period of 
10-12 years after d iagnos i~ .~~ Treatment is usually 
palliative with medical therapy and dilatation of 
strictures, but the only curative therapy is liver 
t ran~plantat ion.~~ Cholangiocarcinoma occurs with 
an incidence of 5% to 15% in patients with PSC, is 
unpredictable, and is difficult to d i a g n o ~ e . ~ ~ J ~ ~  

ERCP is considered the gold standard in evaluat- 
ing the duct changes in patients with PSCIO1; 
however, MRCP displays similar cholangiographic 
findings with sensitivity and specificity of 88% and 
97%, respectively, and along with conventional MRI 
may be useful in following disease status.lo2J03 While 
ERCP depicts more ductal stenoses, MRCP can bet- 
ter depict dilated intrahepatic ducts peripheral to 
high-grade strictures that may not be revealed on 
ERCP.101,103-105 MRI can also add information regard- 
ing hepatic lobar atrophy, cirrhosis, splenomegaly, 
and other sequelae of portal hypertension. The most 
common MRCP finding is dilatation of the intra- and 
extrahepatic ducts, while the second most common 
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findings are multifocal, irregular strictures of the intra- 
and extrahepatic duds that are out of proportion to the 
degree of proximal dilatation (Fig. 2-7).lo1Jo5 If the 
ducts proximal to the strictures are very dilated, coex- 
isting ascending cholangitis or cholangiocarcinoma 
must be considered.lo6 The strictures of PSC are short 
and tend to alternate with normal or dilated ducts, 
giving a "beaded" appearance.lo5 Isolated peripheral 
dilated ducts without a visible connection to the 
dilated central ducts are another suggestive finding.lo5 
"Pruning" refers to the presence of dilated intrahe- 
patic ducts without dilated side branches; the latter 
are not shown because they are obliterated by fibrosis, 
thereby giving the appearance that the peripheral 
biliary tree is t r u n ~ a t e d . ~ ~ ~ , ~ ~ ~  

Since MRCP evaluates only abnormalities of the 
duct lumen, TI,  T2, and CE-MR are used to evaluate 
the duct wall and hepatic parenchymal changes of 
PSC.lo5,107 The extrahepatic ducts often show wall 
thickening greater than 2 mm and wall enhancement 
greater than that of muscle or pancreas.lo5 Hepatic 
parenchymal abnormalities include peripheral 
wedge-shaped areas of increased SI relative to adja- 
cent liver and a fine reticular pattern of increased SI 
on T2-WI thought to be secondary to vascular or lym- 
phatic involvement by periductal i n f l a r n m a t i ~ n . ~ ~ ~ , ~ ~ ~  
Periportal edema is depicted as hyperintense T2 
SI present alongside portal venous branches.lo5 
CE-MR imaging shows peripheral areas of increased 
enhancement that can persist on delayed imag- 
ing owing to a combination of increased arterial 
blood flow from inflammation and f i b r o s i ~ . ~ ~ ~ J ~ ~  
Frequently seen morphologic changes include hyper- 
trophy of the caudate lobe (up to 70% of patients; see 
Fig. 1-12) and segmental atrophy of the right or left 

Figure 2-7 = Axial slab MRCP image in a patient with 
primary sclerosing cholangitis reveals mild irregular intrahepatic 
duct dilation (arrows). A structure of the pancreatic duct (curued 
arrow) with peripheral duct dilation (small arrows) is also present. 
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hepatic lobes (up to 60% of patients).lo5 Periportal 
and portocaval lymphadenopathy is present in three 
fourths of patients and is not necessarily a sign of 
malignan~y.~O~J~~ 

Inflammatory strictures of PSC can be difficult 
to distinguish from malignant strictures secondary 
to cholangiocarcinoma. Potential malignant imaging 
features include progressive biliary duct dilatation 
on serial examinations and the presence of an 
enhancing ductal-periductal mass with adjacent liver 
invasion.log Neither ERCP nor MRCP can always dif- 
ferentiate between PSC and secondary cholangitis 
caused by infection, AIDS, and ischemic bile duct 
damage. Other potential limitations of MRCP 
include artifact from biliary stents, inability to accu- 
rately characterize bile ducts in their physiologic 
nondistended state (which may overestimate the 
extent of a stricture if it is collapsed peripheral to a 
high-grade stricture), inability to provide detailed 
information on the morphology of a stricture, diffi- 
culty in making the diagnosis of PSC in the setting of 
cirrhosis, and poor spatial resolution that may not 
allow for the detection of early changes of PSC such 
as minimal irregularity of the duct contour or subtle 
 stricture^.^^^-^^^ 

Infectious or ascending bacterial cholangitis is caused 
by partial or complete biliary obstruction of benign 
or malignant etiology in conjunction with an ascend- 
ing infection from the bowel.llO~lll Predisposing 
conditions include choledocholithiasis, stricture, 
hepaticojejunostomy, choledochojejunostomy, and 
ERCP. Symptoms of abdominal pain, jaundice, and 
sepsis are present in 70% of patients, who may have 
mild disease that can be treated with antibiotics or a 
fulminant infection that requires biliary drainage.l1° 
Imaging is helpful in evaluating the level and etiol- 
ogy of obstruction and evaluating for the presence of 
complicating peribiliary abscess (see Fig. 1-9). MRCP 
can evaluate for the presence of extrahepatic biliary 
duct dilatation (>7 mm or >10 mm postcholecystec- 
tomy), intrahepatic duct dilatation (>3 mm), and 
stones (see Figs. 1-9 and 2-l).lll The most consistent 
finding is biliary ductal dilatation in the central liver 
as opposed to dilatation in the peripheral third of the 
liver as occurs in PSC. The "beading" and "pruning" 
of the intrahepatic bile ducts that occur with PSC 
usually are absent.ll1 

T2-WI reveals periportal high SI and wedge-shaped 
areas hyperintense to liver, reflecting parenchymal 
edema secondary to the inflammation. CE-MR imag- 
ing depicts corresponding wedge-shaped areas of 
increased enhancement in the liver parenchyma, 
hepatic abscesses (see Fig. 1-9), smooth and symmet- 
ric intrahepatic bile duct wall thickening (>2 mm), 
and duct wall enhancement.ll1 Biliary obstruction 
and cholangitis can occur prior to visible duct dilata- 
tion. Therefore, the absence of ductal dilatation does 
not exclude mechanical obstruction or cholangitis 
and the degree of ductal dilatation does not correlate 
with symptom severity.l1° 



Recurrent pyogenic cholangitis, also known as oriental 
cholangiohepatitis or hepatolithiasis, is characterized 
by intrahepatic bile duct strictures and bile-pigmented 
stones. Patients have signs and symptoms of recur- 
rent abdominal pain, jaundice, and fever and require 
removal of the stones and debris from the biliary 
tract to help treat the infection and restore normal 
bile f l o ~ . ~ ~ ~ , ~ ~ ~  The cause of recurrent pyogenic 
cholangitis is unclear; epidemiologic studies have 
implicated chronic infestation with intrahepatic 
parasites such as Clonorchis sinensis and Ascaris 
lumbricoides. Clonorchis is a flatworm endemic to 
Asia that enters the human body via ingestion of raw 
or undercooked fish and migrates to the intrahepatic 

Fibrosis of the bile duct walls and inflam- 
mation of the portal tracts result in calculi and 
periductal a b s c e ~ s e s . l l ~ ~ ~ ~ ~  Bile duct strictures may be 
related to the fibrosis that results from transmural 
ductal injury and portal venous sepsis. 

The MRCP-MRI imaging hallmark of recurrent 
pyogenic cholangitis is complete obstruction of the 
intrahepatic ducts secondary to a stricture or impacted 
s t ~ n e . l ~ ~ J l ~  Unlike PTC and ERCP, MRCP can local- 
ize the level of the obstruction and depict the biliary 
tree proximal and distal to the level of obstruction.113 
An "arrowhead" appearance has been described in 
which there is abrupt tapering of the peripheral duct 
secondary to stenosis. Another suggestive imaging 
feature of recurrent pyogenic cholangitis is a dispro- 
portionately severe degree of extrahepatic bile duct 
dilatation proximal and distal to the stones.l12 Bile- 
pigmented stones are present in 80% of patients with 
recurrent pyogenic cholangitis and are hypointense 
on MRCP and have variable SI on TI-WI.l12 

AIDS CHOLANGIOPATHY 
Acquired immunodeficiency syndrome (AIDS) can 
affect the biliary tree in one of two ways: infectious 
cholangiopathy or biliary obstruction secondary to 
extrinsic compression by periportal lymph nodes 
from AIDS-related lymphoma.l16 AIDS cholangiopa- 
thy is usually the result of bile infection by either 
Cytomegalovirus or Cryptosporidium. The imaging 
features of AIDS cholangiopathy include moderate 
biliary duct dilatation with irregular mural thicken- 
ing and nodules, ampullary stenosis, and gallbladder 
sludge.l16 Intrahepatic duct findings such as focal 
stenoses with segmental dilatation ("beaded" appear- 
ance) simulate primary sclerosing cholangitis. The 
extrahepatic duct abnormalities present in PSC such 
as saccules and high-grade strictures are not present 
in AIDS cholangiopathy.l16 

Cholangiocarcinoma 

Cholangiocarcinoma is a biliary carcinoma that 
arises from the intra- and extrahepatic bile ducts and 
accounts for 2% of all cancers. In 2004 it is estimated 
that 6,950 people in the U. S. will develop cancer of 
the gallbladder and extrahepatic bile ducts, resulting 
in 3,540 deaths.l17 Cholangiocarcinoma affects men 

and women equally. Most patients with cholangio- 
carcinoma are diagnosed over age 65 years (peak in 
the eighth decade)l18 Symptoms at presentation 
include abdominal pain, anorexia, weight loss, pruri- 
tus, and jaundice secondary to biliary obstruction. 
Superimposed cholangitis is uncommon at the time 
of initial diagnosis unless the patient has had prior 
biliary intervention.lls 

Several biliary tract diseases are associated with 
an increased incidence of cholangiocarcinoma. There 
is a 5% to 15% incidence of cholangiocarcinoma in 
patients with PSC that may be multifocal. Medical or 
surgical treatment of coexisting ulcerative colitis 
does not alter the subsequent risk for developing bil- 
iary c a r c i n ~ m a . l l ~ - ~ ~ ~  There is also an increased risk 
of cholangiocarcinoma in patients with congenital 
biliary cystic disease such as choledochal cyst or 
Caroli's disease. The incidence can increase to 20% in 
patients not treated until after 20 years of age or pre- 
viously treated with cyst drainage rather than 
e x c i ~ i o n . l l ~ , ~ ~ ~  In far eastern countries, 5% to 10% 
of patients with recurrent pyogenic cholangitis 
(hepatolithiasis) and chronic infestation with biliary 
parasites such as Clonorchis (liver fluke) develop 
cholangiocarcinoma.118~11g 

Cholangiocarcinoma can be classified as three 
subtypes based on anatomic location. Peripheral 
tumors that arise from intrahepatic bile ducts distal to 
the second order branches account for 10% of cholangio- 
carcinomas and are discussed in Chapter 1 (see 
Fig. 1-5). Hilar (Klatskin) cholangiocarcinomas origi- 
nate from the right and left first order ducts or their 
confluence and comprise 60% of tumors (see Figs. 2-4 
and 2-5). Extrahepatic cholangiocarcinomas of the 
common hepatic or common bile ducts account for the 
remaining 30% of lesions.11~119,121 More than 90% of 
cholangiocarcinomas are adenocarcinomas of the 
sclerosing subtype.l18 Infiltrative (circumferential) 
longitudinal spread along the duct wall and periductal 
soft tissue is a pathologic hallmark of hilar and extra- 
hepatic tumors. The full extent of tumor may be 
underestimated by imaging studies, necessitating 
frozen section analysis during r e s e c t i ~ n . l l ~ ~ ~ ~ ~ , ~ ~ ~  

Hilar and extrahepatic cholangiocarcinoma 
spreads circumferentially along the bile ducts and 
can be difficult to delineate on unenhanced TI- and 
T2-WIs. Less commonly, a hilar or extrahepatic 
cholangiocarcinoma will present as a small (<5 cm) 
mass-like lesion (see Fig. 2-5).121J22 On MRCP, hilar 
and extrahepatic cholangiocarcinomas are indirectly 
revealed as an abrupt biliary obstruction with pro- 
gressive dilatation of the ducts proximal to the tumor 
(see Figs. 2-4 and 2-5).lZ3 MRCP can show the mor- 
phology and length of the stricture, presence of 
hepatolithiasis, degree of ductal dilatation, and ducts 
both caudal and cephalad to the s t r i c t ~ r e . l ~ ~ - ~ ~ ~  

However, MRCP alone will not show subtle 
asymmetry of the duct wall, mural irregularities, 
extraductal tumor extension, vascular encasement, 
and nodadistant metastases. These entities require 
the addition of TI- and T2-WI as well as CE images. 
Cholangiocarcinoma appears hypointense to isointense 
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imaging (see Fig. 1-5). Extrahepatic circumferential Tis carcinoma in situ 
tumors show the greatest degree of and T1 Tumor -. invades subepithelial . . connective tissue 
conspicuity on 1-- to 5-minute delayed scans.59J21J22 
Delayed enhancement corresponds to intratumoral 
fibrosis and is suggestive of a diagnosis of cholangio- 
carcinoma.120,122,126 

Duct wall thickness greater than 5 mm has tra- 
ditionally been used to determine the presence of 
m a l i g n a n ~ y . l ~ ~ J ~ ~  However, cholangiocarcinoma can 
present with ductal wall thickness of less than 5 mm 
and cholangitis can manifest with ductal enhance- 
ment and wall thickness of more than 5 mm. The 
presence of mild duct wall thickening in the setting 
of disproportionate intrahepatic biliary dilatation is 
more suggestive of cholangiocarcinoma.121 Enlarged 
lymph nodes (especially hepatoduodenal ligament 
and portocaval) are present in 70% of patients 
with cholangiocarcinoma and are best depicted on 
fat-suppressed T2-WI and CE T1-WI.lZ1 However, the 
presence of lymphadenopathy should not be 
considered malignancy unless proven histologically, 
because enlarged inflammatory lymph nodes are 
present in patients with biliary stents and 
pSC.108,118,119,127 

Most patients with cholangiocarcinoma will have 
unresectable disease at diagnosis or at  laparotomy.lZ8 
MR should be used in conjunction with MRCP to 
assess the four major determinants of resectability: 
extent of tumor in the biliary tree, vascular invasion, 
hepatic lobar atrophy, and metastatic d i ~ e a s e . l l ~ , l ~ ~ J ~ ~  
Boxes 2-6 and 2-7 provide the TNM staging for 
cholangiocarcinoma and the accepted criteria for 
unresectable disease, many of which are based 
on imaging findings. Vascular invasion is defined as 
tumor abutting and either distorting or focally nar- 
rowing the vessel or causing encasement or occlusion 
of the v e ~ s e l . ' ~ ~ - ' ~ ~  

Hepatic lobar atrophy ipsilateral to the tumor is 
characterized by a small, often hypoperfused lobe 
with crowding of dilated intrahepatic ducts and may 

be secondary to either central lobar obstruction or 
portal vein o c c l ~ s i o n . ~ ~ ~ ~ ~ ~ ~  When lobar atrophy is 
present, the apex should be evaluated to determine 
whether the etiology is a cholangiocarcinoma, benign 
stricture, or portal vein occlusion. The presence 
of regional lymphadenopathy on imaging is not a 
contraindication for exploration unless there is 

Local Disease (Stage IVA) 
Bilateral tumor extension into second order intrahepatic biliary radicles 
Encasement or occlusion of main portal vein proximal to its bifurcation or occlusion 
Involvement of both branches of the portal vein or simultaneous involvement of one 
other side of portal vein 
Atrophy of hepatic lobe with encasement of contralateral portal vein branch 
Atrophy of hepatic lobe with contralateral secondary biliary radicle involvement 

N2 Lymph Node Disease (Stage 111) 

Distant Metastatic Disease (Stage IVB) 



Type I Lesions involve only the cnmj 
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histopathologic proof of tumor involvement of the N2 
level lymph nodes that are considered unresectable. 
Peritoneal spread of cholangiocarcinoma can appear 
as enhancing nodular masses or sheet-like areas of 
soft tissue in the greater omentum and along the 
p e r i t ~ n e u m . l ~ ~ J ~ ~  

Five-year survival rates for cholangiocarcinoma are 
very low and depend on the TNM stage.131 Prognostic 
factors that predict long-term survival include absence 
of multifocal disease, negative proximal bile dud  mar- 
gins, and a Bismuth type I or I1 1esi0n.l~~ The 
Bismuth-Corlette system stratifies patients based on 
the extent of biliary ductal involvement but does 
not account for lobar atrophy or vascular invasion 
(Box 2-8).133 Untreated cancer results in a 10-month 
median survival secondary to hepatic failure or compli- 
cations of biliary obs t ru~t ion . l l~ ,~~~ 

The range of treatment for cholangiocarcinoma 
extends from curative liver resection (and possibly 
liver transplantation) to palliative therapies such as 
surgical biliary bypass or percutaneous/surgical bil- 
iary stent p l a ~ e m e n t . l l ~ , ~ ~ ~  Five-year survival even 
after potentially curative resection ranges from 0% to 
30% and ultimately depends on the stage of disease 
and the presence of negative surgical mar- 
gins.118,131J34,135 More extensive surgery including 
extended right or left lobectomy, caudate lobectomy 
and hepaticojejunostomy is suggested in the setting of 
vascular i n v ~ l v e m e n t . ~ ~ ~ ~ ~ ~ ~  Left-sided tumors almost 
always involve the major caudate lobe ducts that drain 
into the left hepatic ducts system and require caudate 
lobectomy.l18 No data support the routine use of adju- 
vant chemotherapy or radi~therapy.l~~J~" 

Ampullary Lesions 

Papillary dysfunction and ampullary (papillary) 
stenosis are disorders centered at the ampulla of 
Vater that can cause symptoms of intermittent bil- 
iary obstruction. Ampullary stenosis results from 
acute or chronic inflammation of the ampulla of 

Vater and is most commonly due to passage of bile 
duct stones. Sphincteric Oddi (papillary) dysfunction 
results in a functional stenosis at the ampulla that 
may be related to spasm of the sphincter and abnor- 
mal frequency of sphincteric peristalsis.17 Clinical 
findings include upper abdominal pain and abnormal 
liver function tests. Common bile duct dilatation and 
delayed drainage of contrast from the common bile 
duct are present on ERCP.17 

MRCP can depict duct dilatation with the transi- 
tion point in the region of the ampulla as well as the 
presence or absence of a distal common bile duct 
stone. Additional MR sequences can exclude an 
ampullary mass as a cause of the biliary obstruction. 
Dynamic MRCP (kinematic imaging) with secretin 
can depict the range of contraction of the sphincter 
of Oddi.17,137 The lack of relaxation of the sphincteric 
segment of the distal common bile duct on kinematic 
MRCP has sensitivity of 88% and specificity of 100% 
for ampullary and periampullary lesions and indi- 
cates the need for intervention to relieve the biliary 
obstruction. 138 

Ampullary carcinomas are adenocarcinomas that 
arise from the glandular epithelium of the ampulla of 
Vater within the medial wall of the second portion of 
the duodenum, where the common bile duct and 
main pancreatic duct drain.139J40 Patients are usually 
male (2: 1) in the sixth to seventh decades of life. 
Patients with familial adenomatous polyposis syn- 
dromes or with adenocarcinomas elsewhere in the 
gastrointestinal tract are at increased for the devel- 
opment of ampullary t ~ m 0 r s . l ~ ~  Almost all patients 
are symptomatic due to either biliary obstruction or 
intestinal bleeding, resulting in an early diagnosis 
when tumor size is small (<3 cm).141 

Cross-sectional imaging will depict pancreatico- 
biliary duct dilatation but not necessarily the mass 
itself. When an ampullary lesion becomes enlarged 
and extends into the duodenal lumen, it will often be 
revealed at imaging against the distended fluid or 
air-filled d u o d e n ~ m . ~ ~ ~ J ~ ~  MRCP can depict dilata- 
tion of both the common bile duct and pancreatic 
duct to the level of the ampulla (double duct sign); 
however, the pancreatic duct need not be dilated if 
the mass is small and does not obstruct the duct ori- 
fice or if there are ductal variants such as a 
persistent accessory duct or pancreas d i v i ~ u m ~ ~ , l ~ ~  
(Fig. 2-8). If there is dilation of side branches of the 
pancreatic duct, this favors a low pancreatic head 
primary cancer over a primary ampullary tumor.142 
If no mass is revealed, it may not be possible to distin- 
guish ampullary carcinoma from ampullary stricture, 
stone, or inflammation. Discernible ampullary carci- 
nomas are usually of low SI (relative to pancreas) on 
TI- and T2-WIs, are hypoenhancing to pancreatic 
parenchyma on immediate enhanced images, and 
show heterogeneous enhancement with variable rim 
enhancement on delayed postcontrast sequences.140 
The decreased T2 SI and delayed enhancement 
reflect the desmoplastic nature of these carcinomas. 
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Figure 2-8 . MR-MRCP illustration of an ampullary carcinoma in a man with obstructive jaundice. 
A and B, Single-slice thin-section (A) and thick-section slab (B) MRCP show a "double duct" sign that terminates in 
the region of an ampullary mass (arrow). C and D, Coronal (C) and axial (Dl CE TI-WIs show a hypoenhancing 
ampullary tumor (arrow) that protrudes into the duodenum. A segment of the dilated pancreatic duct (curved arrow) is 
also present. 

The differential diagnosis of an ampullary mass 
includes ampullary adenoma and other peri- 
ampullary lesions such as pancreatic carcinoma, 
cholangiocarcinoma, villous adenomas, primary 
duodenal adenocarcinoma, leiomyoma, and carci- 
noid.139J42 Small tumors may be difficult to 
distinguish from impacted stones, ampullary fibrosis, 
and dysfunction of the sphincter of Oddi.59 The diag- 
nosis of small ampullary carcinomas can be difficult 
with MRCP because of the difficulty in evaluating 
the short transmural segment of the pancreatico- 
biliary tree that contains little or no fluid. It has been 
suggested that ERCP should still be performed after 
a negative MRCP when there is a high suspicion of 

ampullary carcinoma because early detection allows 
for curative re~ec t i0n . l~~ The standard operation is 
the Whipple procedure (pancreaticoduodenectomy) 
and results in overall 5-year survival rates approach- 
ing 50%, which is better than for the more common 
pancreatic adenocar~inoma.~~~ 

MR OFTHE GALLBLADDER 

MR Technique 

MR sequences used to evaluate the gallbladder are 
similar to other abdominal MR imaging protocols 
and include axial TI-W breath-hold GRE chemical 



Figure 2-9 . MR findings of acute cholecystitis and gallstones. A, Axial T2-WI shows two gallstones and a thick- 
ened hyperintense gallbladder wall. B and C, In-phase (B) and opposed-phase (C) TI-WIs show hypointense gallstones 
and hyperintense bile. The bile does not lose SI on chemical shift imaging, indicating a paucity of lipid-containing 
cholesterol. D, CE TI-WI shows diffuse mural enhancement of the gallbladder wall. 

shift imaging, T2-WIs, MRCP, and if needed CE 
TI-W sequences. It  is recommended that patients 
fast for a minimum of 4 hours prior to the MRI in 
order to promote gallbladder filling and gastric 
emptying.6J44 The ability of chemical shift imag- 
ing to exploit differences in behavior between lipid 
and water protons (see Chapter 3) allows for 
the evaluation of the relative concentration of bile 
(concentrated vs. dilute).31 Gallstones may be 
revealed on TI-WIs depending on the SI of the 
surrounding bile. 

Both T2-W and MRCP sequences yield important 
information about the gallbladder and related struc- 
t u r e ~ . ~ ~ ~  Gallstones including even small calculi 
appear as low SI foci against the higher SI of bile 
(Fig. 2-9; see Fig. 5-12). Gallbladder wall edema and 
pericholecystic fluid are hyperintense on both 
sequences because of their fluid content. MRCP can 
better depict the cystic duct and potential anatomic 
variants because nonfluid soft tissues have very low SI 
on heavily T2-WI, thereby highlighting bile-containing 
s t r~c tures . '~~  Lymph nodes and tumor extension into 
the liver are better depicted on T2-WI.31 

CE breath-hold fat-suppressed TI-WI are well 
suited to the evaluation of the gallbladder and adjacent 

hepatic paren~hyma.1~~ Dynamic gadolinium-enhanced 
MR imaging may also play a role in differentiating 
benign and malignant gallbladder masses based on 
early and delayed enhancement  pattern^.'^^,^^^ 
Enhanced MRI cannot be used to evaluate gallblad- 
der function, because standard extracellular 
gadolinium agents are distributed exclusively in the 
intravascular and interstitial space and cleared from 
the body by glomerular filtration with very little bil- 
iary excretion. Several liver-specific TI-shortening 
agents have biliary e x ~ r e t i o n . ~ ~ , ~ ~  By providing infor- 
mation on the temporal course of hepatobiliary 
excretion, MR hepatobiliary contrast agents may 
potentially be used like cholescintigraphic agents.2s 
Lack of excretion into the gallbladder lumen would 
imply cystic duct obstruction, which in conjunction 
with other morphologic abnormalities, could be used 
to diagnose cholecystitis. 

Normal Appearance of the Gallbladder 
(BOX 2-9) 

Gallbladder contents show high SI on T2- and heav- 
ily T2-WIs (MRCP) because of the static fluid content 
of bile. The SI of bile on TI-WI varies according to 
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from an increased fraction of water molecules bound 
to macromolecules (see Fig. 2-9).'""13 After stimula- 
tion with food, dilute bile enters the gallbladder that 

Bile on TI-WI Variable SI has since e m ~ t i e d  much of its concentrated bile into --.~. .--- - - - 

Concentrated bile Hyperintense to liver and fat the duodenuA. The low T1 SI dilute bile floats upon 
Dilute bile Hypointense to liver and fat; the residual high SI contents of the gallbladder, caus- 

Bile on T2-WI 
"layering may be seen ing a "layering effect."'" On chemical shift imaging, High SI 

Normal wall $3 mm the loss of bile SI from an in-phase to out-of-phase 
thickness image establishes the presence of lipid in the bile and 

Cystic duct High SI on T2; normal is indicative of normal gallbladder function in a fast- 
diameter 1-5 mm ing patient (see Figs. 2-32 and 5-12). The lack of 

change in SI could-reflect recent ingestion of food 
especially if associated with a contracted gallbladder. 
The normal gallbladder wall is of low SI on TI- and 
T2-WIs and can be imperceptible or measure up to 
3 mm in t h i c k n e s ~ . ' ~ ~ , ~ ~ ~  

the patient's fasting state, bile viscosity, and bile salt The cystic duct connects the gallbladder to the 
and protein concentration. In the fasting state, 90% extrahepatic common bile duct and usually enters 
of water is removed from the bile as a solution of from the right halfway between the porta hepatis 
inorganic electrolytes with a resultant increase in and the ampulla of Vater (Figs. 2-10 and 2-ll).146 The 
the concentration of phospholipids, cholesterol, and cystic duct insertion separates the common hepatic 
bile salts.150 The concentrated bile can be hyper- duct proximally from the common bile duct distally. 
intense to liver and fat on TI-WI due to T1 shortening The cystic duct is 2 to 4 cm in length, has a normal 



Figure 2-1 1 Coronal MRCP slab image (slice thickness = 
40 mm) shows a cystic pancreatic head mass that results 
in extrinsic compression on the common bile duct (arrow) 
and pancreatic duct (arrow). There are dilated pancreatic side 
branches in keeping with chronic pancreatitis. A normal cystic 
duct is present (curved arrow). There is aberrant hepatic duct 
anatomy; the posterior segment right hepatic duct (triple arrow) 
drains into the left hepatic duct (small curved arrow). On the basis 
of this single image alone it is difficult to differentiate among 
pseudocyst, cystic pancreatic mass, and side branch intraductal 
papillary mucinous tumor. 

diameter of 1 to 5 mm, and often has a tortuous 
course. The duct contains spiral valves of Heister, 
which are crescent-shaped folds of mucosa that proj- 
ect into the 1 ~ m e n . l ~ ~  The cystic duct is best depicted 
on MRCP and T2-WIs because of its high SI bile 
~ 0 n t e n t . l ~ ~  The coronal plane is helpful in showing 
the course of the cystic duct and its insertion into the 
common bile duct. 

Hepatic steatosis with focal fatty sparing around 
the gallbladder fossa should not be mistaken for a 
space-occupying lesion. The focal fatty sparing in the 
liver surrounding the gallbladder is attributed to the 
decreased portal blood supply to the pericholecystic 
hepatocytes that results in decreased delivery of lipids. 
The regional decrease of portal blood flow is a response 
to increased tissue blood pressure that occurs when a 
cystic vein or artery carries blood from the gallbladder 
wall directly to the liver parenchyma.154 This region of 
liver may present as a high SI pseudolesion adjacent to 
the gallbladder on out-of-phase T1-W GRE images. 
However, this same region will not be visible on in- 
phase images and will follow normal liver SI on 
T2-WIs. A more complete discussion of hepatic steato- 
sis and focal fatty sparing is presented in Chapter 1. 

related to gallbladder hypomotility and hypersecre- 
tion of cholesterol-laden bile.156 Women are affected 
more commonly than men although the prevalence 
increases with age in both sexes.157 A history of obesity 
and multiparity are correlated with cholelithiasis. 
The most common symptom of cholelithiasis is bil- 
iary colic that results from transient obstruction of 
the cystic duct by a ga1lst0ne.l~~ Complications with 
asymptomatic gallstones are uncommon (<l%/yr) 
and include acute cholecystitis, acute pancreatitis, 
and choledocholithiasis and the less common biliary 
fistula, gallstone ileus, and Mirizzi ~ y n d r o m e . l ~ ~ , l ~ ~  
Although MR is as sensitive as ultrasound for the 
detection of gallstones, it is not used as a primary 
modality for the diagnosis of cholelithiasis, since 
sonography is the imaging modality of ~ h o i ~ e . ~ ~ ~ , ~ ~ ~  

Cholesterol is the main component in 80% of 
stones and makes up less than 25% of bilirubin pig- 
ment stones.l5I MR can depict calculi independently 
of their composition. MR reveals gallstones by their 
characteristic low SI on T1- and T2-WIs compared 
with surrounding bile (Fig. 2-12; see Fig. 2-9).31 
Calculi may be difficult to detect on TI-WIs if the bile 
is of low SI but are conspicuous on T2-WIs or on 
TI-WIs of a fasting patient who has high SI concen- 
trated bile. Even small stones are identified on 
thin-section MRCP because of the high contrast 
between the calculi and surrounding high SI bile.31 

In vitro T2-WI of gallstones at  1.5 T reveals cen- 
tral high SI fluid-filled clefts. Additionally, portions 
of calcium bilirubinate and black pigment gallstones 
show high SI on TI-WI secondary to the paramag- 
netic properties of concentrated copper, iron, and 
manganese within the ~ t 0 n e s . l ~ ~  High SI stones on 
TI-WI have also been attributed to a high fatty acid 

Cholelithiasis Figure 2-1 2 . MR illustration of uncomplicated gallstones. 
Axial breath-hold T2-WI (TE = 180) shows multiple small gall- 

cholelithiasis has a prevalence of in the U. s.  stones without gallbladder wall thickening or pericholecystic 
edema. Because this image was acquired in less than 1 s, motion 

and Western Europe and is symptomatic in 20% to artifact is minimal. The gallstones are depicted without motion- 
30% of individuals.155 The risk of developing stones is induced blurring. 



content147 or concentrated bilirubin160; thus, the 
presence of high T1 SI structures in the gallbladder 
lumen does not necessarily exclude a diagnosis of 
cholelithiasis. 

Cholecystitis 

Acute cholecystitis occurs when outflow of bile is pre- 
vented by occlusion of the cystic duct, often by a 
gallstone impacted in the gallbladder neck or cystic 
duct. If the obstruction is unrelieved, the bile will 
cause mucosal inflammation and gallbladder wall 
edema that can progress to empyema, gangrene, and 
perforation.l61 A diagnosis of acute cholecystitis is first 
suspected on the basis of clinical findings and usually 
confirmed by sonography or choles~intigraphy.~~~ 

Although not used as a screening test for acute 
cholecystitis, MRI may be used as a primary modality 
for diagnosis in certain patients with a confusing 
clinical presentation or equivocal sonographic or 
cholescintigraphic findings. Early diagnosis of chole- 
cystitis is important so that appropriate treatment, 
such as cholecystectomy, can be performed. In high- 
risk patients with comorbidities, percutaneous 
cholecystostomy is a feasible temporizing nonsurgical 
inter~ent i0n. l~~ 

Morphologic features are used to establish the 
MR diagnosis of acute cholecystitis. The presence of 

cholelithiasis, pericholecystic fluid in the absence of 
ascites, gallbladder wall thickening (>3 mm), and 
gallbladder wall edema on T2-WI suggest a diagnosis 
of acute cholecystitis (see Fig. 2-9).153,1M However, 
wall thickening and pericholecystic fluid in them- 
selves are nonspecific findings and can also occur in 
the setting of hypoalbuminemia, hepatitis, chronic 
cholecystitis, cirrhosis, and renal disease. 

CE-MR imaging can help confirm a diagnosis 
of acute cholecystitis by showing hyperemia (>80% 
enhancement) of the gallbladder wall and transient 
hyperenhancement of the adjacent hepatic paren- 
~ h y m a . l ~ ~  Pericholecystic enhancement is present in 
greater than 70% of patients with acute cholecystitis 
and may extend into the medial segment of the left 
hepatic lobe. Pericholecystic enhancement is second- 
ary to increased hepatic arterial flow in response to 
local inflammation of the gallbladder and should not 
be mistaken for a hypervascular n e o p l a ~ m . ' ~ ~ , ~ ~ ~  The 
MR finding of pericholecystic enhancement differs 
from the "rim sign" of cholescintigraphy in which 
increased radiotracer activity adjacent to an acutely 
inflamed gallbladder results from delayed clearance 
secondary to impaired hepatocyte function from the 
spread of inflamrnation.l6'j Functional MR cholangiog- 
raphy that utilizes contrast agents which are excreted 
into the biliary tree could provide similar information 
as biliary scintigraphy to confirm functional obstruc- 
tion in a patient with suspected acute ch01ecystitis.l~~ 

Gangrenous cholecystitis can be present in up to 
30% of patients who present with acute cholecystitis. 
Older men with cardiovascular disease are at  
increased risk of developing gangrene in the setting of 
acute cholecystitis and are more likely to require an 
open cholecystectomy. The MR finding of segmental 
absence of mucosal enhancement on CE-MR imaging 
can suggest a diagnosis of complicating gangrene in 
patients with suspected acute ch01ecystitis.l~~ 

Chronic cholecystitis can present as a small and 
irregularly shaped gallbladder with a thickened gall- 
bladder ~ a 1 1 . ~ ~ ~ , ~ ~ ~  Fibrosis in the gallbladder wall 
shows delayed e n h a n ~ e m e n t . l ~ ~ J ~ ~  However, the 
degree of wall enhancement is significantly lower 
than that present in acute cholecystitis. Transient 
pericholecystic enhancement is not present in 
chronic cholecystitis, a feature that can help differ- 
entiate between the two d i~0rders . l~~  

ISCHEMIC-CHEMICAL CHOLECYSTITIS 
One subtype of acute cholecystitis is ischemic or 
chemical cholecystitis, a potential complication of 
chemoembolization of liver tumors. The cystic artery 
originates from the right hepatic artery in more 
than 95% of patients; thus, the gallbladder can be 
subjected to high-dose chemotherapeutic agents 
that reflux from the hepatic artery into the cystic 
artery.169,170 Most patients with this entity are asymp- 
tomatic, but some have nonspecific abdominal pain 1 
to 2 weeks after intra-arterial chemotherapy. 
Fortunately, chemical cholecystitis is self-limited 



and cholecystectomy is rarely indicated. MR imaging 
reveals gallbladder distension, marked wall edema with 
increased enhancement, and transient pericholecystic 
hepatic enhan~emen t .~ l J~~  

ACALCULOUS CHOLECYSTITIS 
Acalculous cholecystitis is another subtype of acute 
cholecystitis that typically occurs in critically ill 
patients and in patients recovering from trauma or 
major surgery. Patients often have persistent unex- 
plained sepsis and can have a more fulminant course 
of cholecystitis, including the development of gall- 
bladder empyema, gangrene, and perforation. The 
pathogenesis of acalculous cholecystitis is multifacto- 
rial but is attributed to systemic sepsis, ischemia, 
and biliary stasis.171 Imaging findings include gall- 
bladder wall thickening, marked gallbladder 
distension, pericholecystic fluid, subserosal edema, 
and pericholecystic abscess.171 The diagnosis of acal- 
culous cholecystitis can be challenging because the 
clinical and imaging findings are nonspecific. 
Percutaneous cholecystostomy can confirm a diagno- 
sis of acalculous cholecystitis in the setting of 
unexplained sepsis when patients exhibit a dramatic 
improvement in clinical status (defervescence and 
decrease in white blood count) following the proce- 
dure. Percutaneous gallbladder aspiration and bile 
cultures are not so useful in establishing the diagno- 
sis, because many of these patients are on antibiotic 
therapy that renders bile cultures negative for 
 microorganism^.^^^ 

HEMORRHAGIC CHOLECYSTITIS 
Hemorrhagic cholecystitis is a rare subtype, usually 
associated with cholelithiasis and high mortality. 
The mechanism is thought to be gallstone-induced 
mucosal ulceration, inflammation, and necrosis that 
progress to hemorrhage and clot formation in the 
gallbladder wall and lumen. Sonography reveals 

heterogeneous, echogenic bile that can mimic pus, 
thick sludge, or even a mass.172 Although blood is of 
high attenuation on CT, the differential diagnosis 
of high-density bile also includes vicarious excretion 
of contrast and milk of calcium bile.172 MRI can more 
specifically reveal the presence of blood degradation 
products in the gallbladder lumen and wall because 
subacute hemorrhage appears as high SI methemo- 
globin on T1-WI.31,147 Fat-saturated TI-WI or 
chemical shift imaging can readily distinguish 
between blood and lipid-rich bile. 

Gallbladder Varices 

Gallbladder varices are venous collaterals located 
within the gallbladder wall and pericholecystic bed 
that represent portosystemic shunts linking the cys- 
tic vein branch of the portal vein to systemic anterior 
abdominal veins or to intrahepatic portal venous 
branches.173 Although an unusual manifestation of 
portal hypertension, gallbladder varices can develop 
in the setting of extrahepatic portal vein thrombosis, 
where they form collateral pathways around the 
thrombosed portal vein.174,175 Dilation of the parabil- 
iary venous plexus also occurs when the extrahepatic 
portal vein is thrombosed and is referred to as 
"cavernous t ran~formation."~~~ The incidence of gall- 
bladder varices ranges from 12% to 30% in patients 
with portal hypertension, cirrhosis, or portal vein 
t h r o r n b o ~ i s . l ~ ~ J ~ ~  

On CE-MR imaging these varices appear as con- 
trast-filled, serpiginous, dilated venous structures in 
and around the gallbladder wall (Fig. 2-13) that vary 
in diameter from 1 to 8 mm and can extend from the 
gallbladder to the anterior abdominal ~ a l l . l ~ 3 J 7 ~  
Pericholecystic collaterals do not impair gallbladder 
function or contractility. A priori knowledge of these 
varices is important to the surgeon in order to mini- 
mize intra-operative blood loss if the patient is to 

Figure 2-1 3 . Enhanced MR appearance of gallbladder varices in a man with portal hypertension. A and 
B, Axial (A) and coronal (B) MIP images show enhancing serpiginous varices (arrows) around the gallbladder (curved 
arrow) and liver capsule. Patent superior mesenteric (S) and portal (P) veins are present in B. 
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layer, and extension of mucosa into the thickened gall- 
bladder wall, forming intramural diverticula known as 
Rokitansky-Aschoff sinuses.17s Adenomyomatosis is 

Clinical present more often in women than in men, has a mean 
Female > male; age 20-70 years (mean 50 years) age of presentation of 50 years, and is revealed inci- 
Incidentally revealed in up to 20% of patients with dentally in up to 20% of patients who undergo 

cholec~stecto~y for biliary symptoms such as right 
~~- 

Pathology upperhuadrant pain. 179~1d0 

Overgrowth of gallbladder mucosa The etiology of the hyperplasia and intramural 
Hypertrophy of the muscular layer diverticula is unknown but may represent an abnor- 
Extension of mucosa into the thickened mality of muscle c~n t rac t ion . '~ '  The resulting 

gallbladder wall forming intramural diverticula increased intracystic pressure results in invagination 
(Rokitansky-Aschoff sinuses) of the mucosa through the muscularis as intramural 

undergo cholecystectomy or liver tran~p1antation.l~~ 
Gallbladder varices can be a rare cause of recurrent 
and massive gastrointestinal bleeding in the setting 
of portal hypertension and may require surgery or 
enteroscopic sclerotherapy. 177 

Adenomyomatosis (Box 2-1 1) 

diverticula. ~denomiomatosis is classified into three 
subtypes: localized (most common and usually 
located in the gallbladder fundus), diffuse (thickened 
wall throughout the gallbladder), and segmental 
(segmental stricture composed of a thickened wall 
that divides the gallbladder lumen into separate 
interconnected c ~ m p a r t r n e n t s ) . ~ ~ ~ ~ ~ ~ ~  

Segmental or localized adenomyomatosis can 
be difficult to distinguish from gallbladder carcinoma 
on imaging, since the presence of gallbladder wall 
thickening, intraluminal mass, and gallstones can 
be present with both entities.178 MR diagnosis of 
adenomyomatosis is based on demonstration of 
Rokitansky-Aschoff sinuses (Fig. 2-14). The thick- 
ened gallbladder wall appears hypointense on T2-WI, 
while the intramural diverticula are revealed as dis- 
crete, linearly arranged, smoothly marginated, 
intramural cyst-like structures that are isointense to 
bile on ~2-VSij[ and MRCP.ls3,1s4 The appearance of the 
ring-like distribution of intramural cysts has been 
termed the "pear necklace sign."lg5 Breath-hold or 
breathing-independent T2-WI minimizes motion arti- 
fact and can better depict small intramural diverticula 
com~ared with breathing-averaged T2-WI. On CE 
~ l - k ,  the gallbladder wall is seugmentally thickened 
and hyperintense, whereas the Rokitansky-Aschoff 

Gallbladder adenomyomatosis is characterized by sinuses-do not e r ~ h a n c e . ~ ~ ~ ~ ~ ~ ~  A study of 20 patients 
overgrowth of mucosa, hypertrophy of the muscularis comparing the accuracy of ultrasound (US), CT, and 

Figure 2-1 4 MR findings of gallbladder adenomyomatosis. A and B, Fat-suppressed T2-WI (A) and heavily 
T2-WI (B; TE = 180) show a thickened gallbladder wall. Multiple hyperintense foci (arrows) that remain of high SI in 
B represent the intramural diverticula. 



MRI in the preoperative diagnosis of adenomyomato- 
sis revealed that MRI had a higher accuracy (93%) 
than did CT (75%) or US (66%).ls6 

Adenomyomatosis does not show malignant 
potential,ls7 and cholecystectomy has not been rec- 
ommended in asymptomatic patients. However, 
coexistent gallbladder carcinoma has been associated 
with both the segmental and localized forms of ade- 
nomyomatosi~.~~~ Thus, close imaging follow-up or 
prophylactic cholecystectomy is suggested if the 
diagnosis of adenomyomatosis is equivocal or if coex- 
istent carcinoma cannot be excluded.ls3 Since it is 
impractical to recommend cholecystectomy for 
all patients with adenomyomatosis detected "by 
chance,"180 sonographic surveillance could be per- 
formed every 6 months as has been suggested for 
gallbladder polyps.1as 

Gallbladder Polyps 

Polypoid lesions of the gallbladder correspond to any 
elevated lesion of the mucosal surface of the gall- 
bladder wall and often are incidental findings on 
imaging evaluation of abdominal pain. The differen- 
tial diagnosis of polypoid lesions is large and has 
resulted in the establishment of a classification sys- 
tem (Box 2-12).ls9 The prevalence of gallbladder 
polyps on sonography in healthy patients is 4% to 
7%190,191 while the range in cholecystectomy speci- 
mens is 1% to 12%.lg2 Polyps are more common in 
women in the fourth to sixth decades.ls8 The major- 
ity (60% to 70%) of resected lesions are cholesterol 
polyps that have no malignant p ~ t e n t i a l . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  

The clinical significance of an incidentally discov- 
ered gallbladder polyp is dificult to predict. However, 
if a lesion cannot be proved to be a cholesterol polyp 
on imaging, it could potentially represent a premalig- 
nant adenomatous polyp or cancer. Polyp size is a 
significant predictor of malignant potential with a 
40% to 88% prevalence of malignancy in polyps 
greater than 10 mm.lg2 Asymptomatic patients with 
gallbladder polyps that are less than 10 mm have a 
low likelihood of malignant transformation.lg0Jg3 

hiamyoma (rare) 
Lipoma (rare) 

Pseuclotumors 
Cholesterol polyp (very coma 
Adcnom yomatosis {common 1 
Heterotopia (unmmmon) 

Malignant 
Adenocarcinoma (uncommon) 
Metastases (rare) 

Sonography is the preferred imaging test for 
polyp diagnosis and evaluation. Sonographic findings 
of a cholesterol polyp include a round, pedunculated, 
nonshadowing, hyperechoic, immobile mass that is 
attached to the gallbladder wa11.190,194 On MRI, polyps 
are depicted as focal lesions that arise from the gall- 
bladder wall and are contrasted against the high SI 
bile on T2-WI. They enhance after contrast because 
they are vasc~ la r i zed ,~~~  a finding best depicted on 
fat-suppressed TI-WI. Polyps are distinguished from 
gallstones by their fxation to the gallbladder wall, 
location (can be on the nondependent wall), and 
enhancement.147 Chemical shift imaging may help 
establish the diagnosis of a cholesterol polyp by show- 
ing loss of SI on out-of-phase TI-WI relative to 
in-phase images, reflecting the presence of lipid-laden 
macrophages within the polyp.lg6 

Factors that increase the chances of a gallbladder 
polyp being malignant include size greater than 
10 mm, presence of a solitary polyp, age greater than 
60 years, sessile lesion (regardless of size), coexistence 
of gallstones, and rapid growth rate.18sJ92J94J95 Based 
on these findings, several recommendations for the 
management of gallbladder polyps have been estab- 
lished (Box 2-13).1s8,193,197 

Gallbladder Carcinoma 

Gallbladder carcinoma is an uncommon aggressive 
malignancy, with an estimated 6,950 new cases 
(including carcinomas of the extrahepatic bile ducts) 
and 3,540 deaths occurring in 2004.117 The disease 
predominantly affects females (3 : 1 over males) with 
a mean age of 65.156,198 Tumors are asymptomatic in 
early stages199~200 and revealed incidentally during 
cholecystectomy for presumed benign d i s e a ~ e . ~ ~ ~ ~ ~ O ~  
Symptoms are present in the setting of advanced dis- 
ease and include anorexia, weight loss, abdominal 
pain, and j a u n d i ~ e . ~ ~ ~ , ~ ~ ~  

Although less than 1% of patients with cholelithi- 
asis develop gallbladder cancer, gallstones are present 
in up to 90% of patients with cancer.156,201-202 There 
is increased risk for patients who have chronic 
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cholelithiasis because long-standing inflammation 
results in mucosal dysplasia that can progress to 
carcinoma.201,203~204 Cancer is associated with the 
presence of larger gallstones (z3 cm) because of a 
greater risk of mucosal i r r i t a t i ~ n . ~ ~ ~ , ~ ~ ~  Other associa- 
tions include gallbladder polyps (as previously 
discussed), segmental adenomyomatosis, and anom- 
alous junction of the pancreaticobiliary junction 
(APBJ).36,156,198,206 Porcelain gallbladder (calcification 
in the wall of a chronically inflamed gallbladder) has 
been associated with 10% to 25% of gallbladder can- 
c e r ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ ;  however, other studies have shown no 
association, making this a controversial risk factor.208 

More than 90% of primary gallbladder cancers 
are moderate to well-differentiated adenocarcino- 
mas.199,201,209 Because of the advanced stage at the 
time of initial diagnosis, the prognosis for gallbladder 
carcinoma, is poor with an overall 5-year survival of 
less than 5%.156,201 For patients with disease confined 
to the gallbladder, the 5-year survival is 35% to 45% 

T-Primary Tumor 
T1 Tumor invades lamina propria or muscle layer 

T l a  Tumor invades lamina propria 
T lb  Tumor invades muscle layer 

T2 Tumor invades perimuscular connective tissue; 
no extension beyond serosa or into liver 

T3 Tumor perforates serosa (visceral peritoneum) or 
directly invades into one adjacent organ or both 
(extension 2 cm or less into liver) 

T4 Tumor extends more than 2 cm into liver andlor 
into two or more adjacent organs (stomach, 
duodenum, colon, pancreas, omentum, extra- 
hepatic bile ducts, any involvement of liver) 

N-Regional Lymph Nodes 
NO No regional lymph node metastasis 
N1 Metastasis in cystic duct, pericholedochal, andlor 

hilar lymph nodes 
N2 Metastasis in peripancreatic (head only), 

periduodenal, periportal, celiac, and/or superior 
mesenteric lymph nodes 

M-Distant Metastasis 
MO No distant metastasis 
M1 Distant metastasis 

Stage Grouping 

but decreases to 15% for regional disease and to 3% 
for distant m e t a s t a s e ~ . ~ ~ ~ , ~ ~ ~  The most important 
prognostic factors are histologic grade and tumor 
stage, which determine treatment options.156,199,201 
The TNM staging predicts patient outcome because 
of the importance of extent of disease at the time of 
diagnosis (Box 2-14).136,156,200 

The most common mode of spread is direct inva- 
sion into the liver, which is facilitated by the 
gallbladder's thin wall and discontinuous muscular 
layer and by the gallbladder's attachment to the 
undersurface of hepatic segments IVa and V.209-213 
Tumor can also directly invade the duodenum, colon, 
and pancreas.201 Other pathways of spread include 
lymphatic invasion (second most common route of 
spread) and hematogenous and peritoneal dissemina- 

The presence of lymph node metastases 
is strongly correlated with the depth of invasion of 
the primary tumor with nodal metastases present in 
60% to 70% of patients with T3 lesions and more 
than 80% of patients with T4  lesion^.^^^!^^^ Tumor 
extension to the aortocaval and para-aortic lymph 
nodes is considered M1 disease.215 The most common 
sites of hematogenous spread in advanced disease are 
the liver, lung, and brain and less frequently the kid- 
ney, adrenal gland, pancreas, and bones.201,212 

Three patterns of gallbladder carcinoma are 
revealed with imaging (Box 2-15).2018213%216,217 Whether 
it is an infiltrative mass, irregular wall thickening, or 
polypoid mass extending into the gallbladder lumen, 
a primary gallbladder cancer is hypointense to liver 
on TI-WI and slightly hyperintense to liver on 
T2-WI (Fig. 2-15).213,217 T2-W and MRCP images may 
depict gallstones surrounded by the tumor mass.217 

Differential Diagnosis of Mass Filling or Replacing 
Gallbladder (40%-60%) 
Gallbladder carcinoma (most common) 
Hepatocellular carcinoma (uncommon) 
Pericholecystic abscess (uncommon) 

Differential Diagnosis of Irregular Thickening 
of Gallbladder Wall (20%-30%) 

Abscess (uncommon) 
Blood clot (rare) 
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Calcification in the wall of the gallbladder (porcelain 
gallbladder) may be difficult to discern on MRI and is 
better depicted on CT (Fig. 2-16) or radiography. 
Direct liver invasion appears as an ill-defined tumor 
mass of the adjacent hepatic parenchyma contiguous 
with the primary tumor. Both direct liver invasion 
and distant liver metastases have the same SI as the 
primary tumor and are best depicted on T2-WI and 

CE T1-WI.147,217 Tumor extension into the hepato- 
duodenal ligament and para-aortic region appears as 
nodular or infiltrative masses that are hypointense 
to fat and best delineated on TI-WI, where there is 
excellent tissue contrast between tumor, fat, vessels, 
and pancreas.217 

Dynamic CE-MR imaging can demonstrate 
whether a lesion invades the serosa, thus defining 
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whether a tumor is T2 or T3. Arterial-phase 
enhancement that extends beyond the gallbladder 
wall correlates with the pathologic finding of serosal 
invasion. Enhancement limited to the gallbladder 
wall suggests invasion of the subserosa but not into 
or beyond the s e r 0 ~ a . l ~ ~  MRI can also depict portal 
vein encasement and biliary duct dilation at the level 
of the porta hepatis, a common finding due to extrin- 
sic compression by lymphadenopathy or to direct 
spread of tumor along the cystic duct to the common 
bile d ~ ~ t . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  CT and MRI are not reliable in 
depicting all histologically proved regional lymph 
node metastases; however, the identification of 
lymph nodes greater than 10 mm in AP diameter 
with ring-like or heterogeneous enhancement sug- 
gests lymphatic spread.215 

The increased use of laparoscopic cholecystec- 
tomy has resulted in a larger number of patients 
with incidentally discovered gallbladder cancers that 
may recur owing to the increased risk of rupture of 
the gallbladder during the procedure, which results in 
inadvertent dissemination of tumor. The recurrence 
can present as peritoneal carcinomatosis or as an 

anterior abdominal wall mass located along the tro- 
car sites with extension into the subjacent omental 
fat (Fig. 2-17).212,219 

The imaging differential diagnosis of gallbladder 
cancer can be quite extensive because of the nonspe- 
cific appearance of many gallbladder lesions (see 
Box 2-15).149j201 Malignant polypoid lesions show early 
and persistent enhancement, whereas benign lesions 
show early enhancement with immediate washout. In 
cases of diffuse wall thickening, malignant lesions 
show early and prolonged enhancement, while 
benign lesions show late and prolonged enhance- 
ment.149 Dynamic CE-MR imaging may distinguish 
between cancer and chronic cholecystitis. Chronic 
cholecystitis demonstrates smoothly delineated arte- 
rial enhancement of a thickened gallbladder wall, 
whereas tumors show irregular areas of arterial 
e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  In general, gallbladder wall thick- 
ening that is irregular and greater than 10 mm raises 
concern for malignancy or complicated cholecy~tit is.~~~ 
Although infiltrating gallbladder carcinoma can some- 
times be difficult to distinguish from hepatocellular 
carcinoma, metastases, and complicated ~holecystitis,2~~ 



Figure 2-1 7 MR findings of residual and recurrent gallbladder cancer in a 71-year-old woman 2 months 
after invasive cholecystectomy. A and B, TI-WI (A) and fat-suppressed T2-WI (B) show residual infiltrating gall- 
bladder cancer within the surgical bed. A peritoneum-based nodule is present adjacent to the liver (arrows). C-F, Four 
consecutive CE fat-suppressed TI-WIs show heterogeneous enhancing tumor within the gallbladder fossa and also within 
abdominal wall a t  site of prior laparoscopic port incisions (arrows). 

it should be suspected in the setting of a focal 
gallbladder mass with associated lymphadenopathy, 
hepatic metastases, and biliary obstruction at the porta 
hepatis. 

Therapeutic options for gallbladder cancer are 
limited because most patients are at an advanced 
stage of the disease at diagnosis. Although surgery 
is considered the mainstay of treatment, there is 

controversy over the extent of resection for each 
stage. The most potentially curable neoplasms are 
those found incidentally during cholecystectomy for 
symptomatic gal1~tones.l~~ Radical re-resection is re- 
commended when T2 or T3 tumors are discovered 
incidentally at cholecystectomy and involves resec- 
tion of the adjacent liver and regional lymph 
nodes.212,221 If the patient has undergone laparoscopic 
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cholecystectomy, re-exploration must also include 
assessment and resection of the laparoscopic port 
sites, since gallbladder carcinoma has a great propen- 
sity for seeding these t r a ~ t s . ~ l ~ > ~ l ~  

In patients with localized disease, complete surgi- 
cal resection is performed for long-term 
Simple cholecystectomy is adequate for stage 0. Radical 
resection is recommended for stage I1 disease because 
of improved s ~ r v i v a l ~ ~ ~ , ~ ~ ~  and includes cholecystec- 
tomy; wedge resection of adjacent liver; en bloc 
resection of regional lymph nodes including those in 
the hepatoduodenal ligament, those in the porta 
hepatis, and those adjacent to the posterosuperior 
aspect of the pancreatic head; and occasionally resec- 
tion of the suprapancreatic segment of the 
extrahepatic bile d ~ ~ t . ~ ~ ~ , ~ ~ ~  The extent of hepatic resec- 
tion depends on the extent of hepatic invasion and 
degree of vascular involvement (portal vein or hepatic 
artery invasion) and may range from resection of 
hepatic segments IVa and V to lobectomy or even 
trisegmente~tomy.~~~ The presence of N l  and N2 nodes 
(see Box 2-14) is a poor prognostic factor but not a con- 
traindication to radical resection, which is also 
advocated for stages I11 and IVA disease.210,212,224 
However, the presence of discontiguous liver metas- 
tases, vascular or biliary involvement not amenable to 
reconstruction, distant nodal metastases (para-aortic 
or aortocaval), peritoneal metastases, or pulmonary 
metastases classifies these tumors as unrese~table .~~~ 

Gallbladder carcinoma was originally thought to 
be radioresistant, but studies have shown that there 
is slight improvement in survival with stage IVA dis- 
ease (9% to 10% 3-year survival versus 0% to 3% with 
surgery alone) when radiotherapy is combined with 
radical surgery.224 Although advanced cancer usually 
is unresponsive to chemotherapy, preliminary stud- 
ies have shown some response to gemcitabine and 
5-fluorouracil and to trimodality therapy that com- 
bines surgery with adjuvant chemotherapy and 
radiotherapy.214 

Other Gallbladder Malignancies 

Gallbladder involvement by malignancies other than 
primary gallbladder carcinoma is rare. The gallblad- 
der can be a target site for melanoma and breast 
metastases with malignant melanoma being the most 
common cause of metastasis.225 Melanoma can present 
as a focal mass that may have high SI on TI-WI 
depending on its melanin content and the presence of 
intratumoral hemorrhage.l4I Primary non-Hodgkin's 
lymphoma (NHL) of the gallbladder is a rare entity 
characterized by a poor p r o g n o ~ i s ~ ~ ~ , ~ ~ ~  and presents as 
nonspecific circumferential thickening of the gallblad- 
der wall with moderate wall enhancement.147 

MR OFTHE PANCREAS 

MR Appearance of the Normal Pancreas 

The pancreas is a nonencapsulated retroperitoneal 
organ composed of a head, uncinate process, neck, 

body, and tail. On TI-WI, the normal pancreas reveals 
higher SI than does other nonfatty tissue such as 
liver and muscle (see Fig. 2-6).228,229 The relative 
hyperintensity of normal pancreas is secondary to 
aqueous proteins in the glandular elements of the 
pancreas, intracellular paramagnetic substances 
such as manganese, and abundant endoplasmic retic- 
ulum in the pancreatic exocrine ~ e l l s . ~ ~ ~ , ~ ~ ~  The relative 
SI of the pancreas increases on fat-suppressed TI-WI 
owing to reduced motion and chemical shift artifact 
and an increase in the dynamic range of remaining 
SIs. Normal pancreatic parenchyma is only slightly 
hyperintense to muscle on T2-WI. On fat-suppressed 
T2-WI, there is minimal contrast between the 
normal pancreas and the surrounding suppressed fat 
(see Figs. 2-6 and 2-22).2298230 

The pancreas is a highly vascular organ and shows 
maximum enhancement 30-45 seconds after a bolus 
contrast i n j e ~ t i o n . ~ ~ l - ~ ~ ~  Maximal pancreatic parenchy- 
mal enhancement occurs 15 seconds after gadolinium 
arrival in the abdominal aorta. Normal pancreatic 
parenchyma shows a homogeneous capillary blush on 
arterial-phase images (see Fig. 1-14D)229,231 that is 
hyperintense to liver and fat and shows diminished SI 
by 3 minutes. 

The main pancreatic duct is normally 2-3 mm in 
diameter and increases slightly in caliber from the tail 
to the head.21,236 Short side branches (20-35) enter the 
main duct at right angles but usually are not revealed 
on MRCP unless dilated.236 Although there are great 
variations in the course of the duct, in 50% of cases it 
courses cephalad from the pancreatic head, takes a 45" 
to 90" turn in the neck, and continues horizontally in 
the body and tail.21,236 In 90% of individuals, the main 
drainage route of the exocrine pancreas is a result of 
the fusion that occurs at 7 weeks of gestation between 
the duct draining the pancreatic body and tail and the 
duct draining the inferior pancreatic head and unci- 
nate process (duct of Wirsung). The duct of Wirsung 
then joins the common bile duct at the ampulla of 
Vater to drain into the duodenum. In approximately 
40% of individuals, the accessory duct (duct of 
Santorini) persists and drains through the minor 
papilla with primary drainage still occurring through 
the duct of Wirsung. In lo%, the duct of Santorini pro- 
vides the sole drainage of the pancreatic body and tail 
(see Figs. 1-5 and 2-6). 

The main pancreatic duct is routinely visualized 
as high SI on T2-WI and MRCP because of its high 
fluid ~ o n t e n t . ~ ~ ~ , ~ ~ ~  The pancreatic duct may not 
always be depicted in its entirety on a single MRCP 
image owing to its curvilinear course. Reviewing the 
source images or creating an MIP image aids in the 
visualization and evaluation of the entire du~ t .~ l ,~3"  
The delineation of the pancreatic duct on MRCP is 
also improved by the exogenous administration of 
secretin, an enzyme that stimulates the pancreatic 
secretion of fluid and bicarbonate, thereby increasing 
the volume of fluid in the duct and transiently 
increasing duct caliber. The normal pancreatic duct 
enlarges during the first minute after secretin 
administration, reaches a maximum diameter at 



23 minutes, and returns to baseline after 5 minutes 
as pancreatic juices drain into the d~odenum.~38-~~O 

MR Techniques for Imaging the Pancreas 

The pancreas is best imaged on a high-field strength 
system (= 1.0 T) with an adequate fat-water frequency 
shift for chemically selective fat suppression229 and 
high-performance gradients that enable the use of 
fast MR sequences. An optimized protocol for imaging 
the pancreas includes axial TI-WI with and without 
fat suppression that can take the form of a breath- 
hold GRE or breathing-averaged SE s e q u e n ~ e s . ~ ~ ~ , ~ ~ ~  
Fat-suppressed TI-WIs provide the greatest contrast 
between high SI normal parenchyma and low SI 
abnormal pancreatic tissue (see Fig. 2-6) that 
increases the sensitivity of detecting small pancreatic 
neoplasms or focal p a n ~ r e a t i t i s . ~ ~ ~ , ~ ~ ~  TI-WIS without 
fat suppression are ideal for showing extrapancreatic 
extension of inflammatory and neoplastic diseases 
and are useful for determining vessel encasement by 
malignant tumors (see Fig. 2-17).230,243 Fat-suppressed 
T2-WIs are useful for depicting ducts, peripancreatic 
fluid collections, liver metastases, cystic lesions, and 
islet cell tumors.243 

Two- or three-dimensional fat-suppressed dynamic 
CE-MR imaging aids in the evaluation of the pancreas 
and peripancreatic  tissue^.^^^^^^ CE-MRA provides 
information about vascular encasement or thrombosis 
by malignant tumors, whereas the "pancreatic" phase 
of CE helps detect and characterize mass lesions and 
assess diffuse inflammatory processes such as pancre- 
atitis. Imaging at 15 and 35-45 seconds after the 
arrival of contrast in the abdominal aorta is an effec- 
tive method of obtaining high-quality images of the 
pancreatic parenchyma and peripancreatic vessels.234 
The time required for contrast to reach the abdominal 
aorta can be determined by test-bolus injection, MR 
fluoroscopy, or triggering software (see Chapter 11). 
These are preferred methods of obtaining arterial- 
phase images of the pancreas over arbitrarily 
imaging 20 to 40 seconds after contrast injec- 
tion,233,2",245 since aortic transit time is dependent on 
a patient's cardiac output and circulation time and 
can vary by as much as 9 to 29 seconds. Maximum 
enhancement of the liver and peripancreatic vessels 
(superior mesenteric artery and vein) occurs 25 sec- 
onds or later after contrast arrival in the aorta.234 

The addition of MRCP helps evaluate ductal 
anomalies or obstruction of the pancreaticobiliary 
tree that can occur with pancreatic neoplasms and 
inflammatory disease. MR pancreatography uses 
heavily T2-WI that exploits the fluid content of the 
pancreatic d ~ ~ t ~ ~ ~ , ~ ~ ~  and can take the form of a 2D or 
3D breathing-a~eraged~l.2~" or breath-hold FSE 
sequence.240 Because the pancreatic duct is suscepti- 
ble to respiratory motion, breath-hold imaging is 
preferred and data can be acquired in the axial, coro- 
nal, and oblique coronal planes as a thick-slab 
projection image or as a thin-section multislice acqui- 
sition (see above).236 Breath-hold MRCP can also 

depict the multilocular nature of cystic pancreatic 
lesions to better advantage because of the elimina- 
tion of blurring from respiratory motion.246 

Secretin-enhanced MRCP can improve the visual- 
ization of the normal pancreatic duct and anatomic 
variants and assess pancreatic exocrine function and 
may be most helpful in patients with suspected pan- 
creatic disease who have no abnormalities revealed on 
standard MRCP. Breath-hold thick-slab 2D projection 
sequences are preferred for acquiring data with good 
temporal resolution that will depict the pancreatic 
duct, common bile duct, and duodenum on one image. 
Once the appropriate coronal or oblique coronal posi- 
tion has been determined, images are acquired before 
secretin administration and then every 15 to 30 sec- 
onds for 10 to 15 minutes after a dose of 1 mL110 kg 
body weight is administered in t raveno~s ly .~~~ A T2 
negative oral contrast agent can be used to mask high 
SI fluid in the bowel that may overlap with the pan- 
creatic duct. In the absence of obstruction, stricture, 
stone, or mass, prolonged dilation of the main duct or 
side branches and reduced duodenal filling are some of 
the findings that can suggest impairment of pancre- 
atic exocrine f u n ~ t i o n . ~ ~ ~ , ~ ~ ~  

Congenital/Developmental Anomalies 

Annular pancreas is a rare congenital anomaly char- 
acterized by a ring of normal pancreatic tissue that 
partially or completely encircles the duodenum. 
Annular pancreas results from abnormal migration 
and rotation of the ventral anlagen of the pancreatic 
head during e m b r y o g e n e s i ~ . ~ ~ ~ , ~ ~ ~  Most patients with 
annular pancreas present during infancy with signs 
or symptoms of gastric outlet obstruction. Infants 
with symptomatic annular pancreas can have associ- 
ated anomalies such as trisomy 21, duodenal atresia, 
and tracheoesophageal fistula. Adults with annular 
pancreas may present with peptic ulcer disease and 
p a n ~ r e a t i t i s . ~ ~ ~ , ~ ~ ~  

The diagnosis of annular pancreas can be estab- 
lished on ERCP by showing an aberrant pancreatic 
duct that encircles the duodenum and joins the main 
pancreatic duct. These findings have also been 
reported using MRCP.250 Demonstration of a ring of 
high SI pancreatic tissue that surrounds the duode- 
num on fat-suppressed TI-WI is another method of 
establishing an MR d i a g n o ~ i s . ~ ~ ~ , ~ ~ ~  Treatment of 
symptomatic annular pancreas consists of gastro- or 
duodenojejunostomy in order to bypass the obstructed 
duodenal segment. Primary resection of the annulus is 
not performed because of the high incidence of com- 
plications such as fistula formation and pancreatic 
l a ~ e r a t i o n . ~ ~ ~ , ~ ~ ~  

Pancreas divisum is the most common congenital 
variant of the pancreatic duct, affecting 5% to 14% of 
the population, and represents the failure of fusion of 
the ducts of the dorsal and ventral p a n ~ r e a s . ~ ~ ~ , ~ ~ ~  



In most patients, absence of fusion is complete and 
there is no connection between the ducts. The clinical 
relevance of pancreas divisum is controversial, since 
most patients are asymptomatic. However, in a subset 
of patients with recurrent pancreatitis or abdominal 
pain, the pathogenesis is thought to be a hndional 
stenosis at the minor papilla with an outflow obstruc- 
tion of exocrine juices that results in high intraductal 
pressure, d u d  distension, and pancreat i t i~.~~~ This 
theory has been supported by the detection of a 
"Santorinicele" in some patients with pancreas divisum 
and recurrent pancrea t i t i~ .~~~,2~~ The "Santorinicele" 
(analogous to ureterocele or choledochocele) is a focal 
dilatation of the terminal portion of the dorsal duct just 
proximal to the minor papilla that results from a com- 
bination of relative obstruction and weakness of the 
dud  all.^^^,^^ Such patients may benefit from endo- 
scopic or surgical drainage of the minor papilla.255 

Evaluation of the ducts is limited on ERCP 
because only the ventral duct is opacified during can- 
nulation of the major papilla. MRCP can noninvasively 
depict the two independent ductal systems: the dorsal 
dud  (Santorini), which is anterior and superior to the 
ventral dud (Wirsung) (see Figs. 1-6 and 2-6). The 
dominant dorsal duct extends from the pancreatic tail 
to the head and crosses anterior to the common bile 
dud  to empty into the duodenum at the minor (acces- 
sory) papilla, while the ventral dud  joins the common 
bile duct to empty into the major papilla.21,236*237,252 
Using the axial plane improves the visualization of 
the pancreatic ducts and increases the diagnostic 
accuracy of MRCP.252 Administration of secretin 
during MRCP can improve the detection of pancreas 
divisum and may also reveal the presence of an occult 
''Santorinicele. "256,257 

Solid Neoplasms of the Pancreas 

Adenocarcinoma of the exocrine pancreas is the most 
common pancreatic malignancy (95% of all pancreatic 
malignant tumors) and is estimated to account for 
2% of new cancers diagnosed in 2004 and 5% to 6% of 
cancer deaths.l17 In 2003, 31,860 individuals were 
estimated to develop pancreatic adenocarcinoma and 
31,270 to die of the disease.l17 The disease predomi- 
nantly affects the elderly population, with 80% of 
patients diagnosed above age 60 years and the peak 
age occurring between 70 and 79 years.25s-260 Of the 
tumors 70% are located in the pancreatic head, 20% 
in the pancreatic body, and 10% in the tai1.261,262 
Symptoms and signs of pancreatic head tumors 
include jaundice, weight loss, pain, and nausea. 
Tumors of the body and tail tend to present late with 
symptoms of weight loss, abdominal pain radiating to 
the back, and anorexia.263 Serum tumor markers 
such as CA 19-9 (carbohydrate antigen 19-9) and 
CEA (carcinoembryonic antigen) are being used 
increasingly in the diagnosis of pancreatic cancer 
owing to their improved sensitivity and specificity 
(75% and 96%, r e s p e ~ t i v e l y ) . ~ ~ ~ , ~ ~ ~  
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Obstruction of the main pancreatic duct is one of 
the most common findings in adenocarcinoma. 
Contiguous obstruction of the pancreatic and common 
bile ducts by a pancreatic head mass is known as the 
"double duct" sign and is highly suggestive of malig- 
n a n ~ y . ~ ~ ~  Pancreatic adenocarcinomas are typically 
hypointense to pancreatic parenchyma on TI-WI 
(Figs. 2-18 and 2-19).265-267 Fat suppression helps 
increase the conspicuity of the low SI tumor against 
the higher SI of the normal parenchyma.268 Tumors 
have variable SI on T2-WI depending on the degree of 
hemorrhage, necrosis, and inflammatory changes. In 
general, T2-WIs are less helpful, since there is poor 
contrast between the mass and normal pancreas in 
most patients.266,267,269-271 Pancreatic cancer is usually 
hypovascular to the normal glandular tissue on arte- 
rial-phase imaging and then shows gradual 
enhancement on delayed imaging, reflecting its 
desmoplastic  ont tent.^^^,^^^ Immediate CE imaging is 
the most sensitive for detecting adenocarcinomas, 
especially non-border deforming  lesion^.^^^,^^^ 

When adenocarcinoma is superimposed on under- 
lying chronic pancreatitis, the tumor can be difficult 
to detect because both the tumor and surrounding 
pancreas may have similar low SI (see Fig. 2-19).229j272 
However, immediate CE images may still be able to 
delineate the size and extent of cancers that tend to 
enhance less than adjacent chronically inflamed tis- 

In general, the diagnosis of pancreatic 
adenocarcinoma is straightforward and the role of 
imaging is to determine resectability. In some 
patients, an inflammatory mass cannot be distin- 
guished from a pancreatic adenocarcinoma because 
both processes can result in focal pancreatic enlarge- 
ment, distortion of the normal contour, ductal 
dilatation, and abnormal enhancement.273 

The overall 5-year survival rate is 24% for patients 
receiving surgical therapy compared with 5% for those 
not receiving any cancer-directed treatment.25s The 
presence of positive surgical margins is a significant 
factor in overall survival. 

Therapeutic options for pancreatic adenocarci- 
noma depend on the stage (Box 2-16) and resectability 
at the time of diagnosis. Complete surgical resection is 
the only treatment associated with long-term survival 
and possibility of cure. Only 10% to 20% of patients 
are candidates for resection, and 60% of patients have 
metastatic disease at presentation.260 Criteria for 
unresedable tumor (Box 2-17) include invasion of 
adjacent tissues other than the duodenum, vascular 
encasement, lymph node metastases, liver metastases, 
and omental or peritoneal implants. 

The five major vessels that are evaluated for vas- 
cular invasion are celiac artery, superior mesenteric 
artery (SMA), hepatic artery, portal vein, and superior 
mesenteric vein (SMV). Splenic artery and vein 
involvement does not preclude resection, because 
splenectomy can be performed along with resection of 
a pancreatic body or tail tumor. The absence of inva- 
sion is defined as tumor confined to the pancreas 
with preservation of the perivascular fat planes.274j275 



Figure 2-18 MR demonstration of unresectable pancreatic adenocarcinoma with superior mesenteric 
artery encasement and a thrombosed splenic vein in a man with abdominal pain. A and B, Axial in-phase (A) 
and opposed-phase (B) TI-WIs show normal SI liver and spleen. There is an infiltrative process involving the pancreatic 
neck that extends posteriorly to encase the right side of the superior mesenteric artery (curved arrow). C, Axial fat- 
suppressed CE TI-WI obtained at  a slightly higher level reconfirms an infiltrative hypovascular adenocarcinoma that 
extends to superior mesenteric artery (long curved arrow). Other images (not shown) identified encasement of the splenic 
artery. Mildly atrophic, enhancing pancreatic parenchymal tissue is present peripheral to the mass (double curved arrow) 
and surrounds a nonenhancing dilated distal pancreatic duct. Segments of a collateral vessel are revealed in cross section 
(curved arrows). D, MIP image from the venous phase of a fat-suppressed 3D CE T1-W sequence shows that the collat- 
eral vessel represents an enlarged gastrocolic trunk (arrow) that drains into the superior mesenteric vein (curued arrow). 
No flow is identified in the expected location of the splenic vein, indicating encasement andlor thrombosis. 

A vessel is considered encased when tumor has oblit- 
erated the fat plane within 5 mm of the vessel and 
surrounds greater than half its circumference or 
demonstrates focal reduction in ~ a l i b e r . ~ ~ ~ - ~ ~ ~  Mere 
contiguity of tumor to vessel does not automatically 
signify vascular i n v a s i ~ n . ~ ~ ~ , ~ ~ ~  For example, the ante- 
rior and lateral margins of the SMV may be directly 
contiguous with normal pancreatic tissue, and tumor 
involving this part of the pancreas can be contiguous 
with the vein without invasion (see Fig. 2-19). 
Traditionally, portal or superior mesenteric vein 
involvement was considered a contraindication to 
tumor resection. However, some surgeons perform 
segmental resection of the involved venous segments 

at the time of the primary tumor removal without sig- 
nificant morbidity or decrease in overall 

Lymph nodes are best shown on fat-suppressed 
T2-WI, where they reveal moderately high SI com- 
pared with suppressed fat and low SI pancreatic 
parenchyma.280 Lymph nodes measuring greater 
than 10 mm in short axis are considered suspicious 
for malignancy.266 Nodal staging of pancreatic cancer 
with imaging is inaccurate because even 1- to 2-mm 
peripancreatic nodes can contain metastases. The 
liver should also be included in the field-of-view in 
order to evaluate for liver metastases. Peritoneal 
implants are the most difficult to detect on preoper- 
ative imaging but are best revealed on CE 
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Figure 2-1 9 MR illustration of a resectable pancreatic 
carcinoma. A-C, In-phase (A) and opposed-phase (B) TI-WIs 
and a heavily T2-WI (C) (TE = 180) show a subtle non-border- 
deforming lesion of the pancreatic neck (arrow) with peripheral 
parenchymal atrophy and pancreatic duct dilation (curved arrow). 
Both the distal pancreatic parenchyma and pancreatic cancer are 
of low T1 SI compared with liver (L) and uninvolved pancreatic 
head (not shown). D-E, Fat-suppressed 3D TI-WIs obtained 
before (D) and during (E) the arterial and portal phases (E) of CE 
reveal decreased enhancement of the pancreatic cancer (arrow) 
compared with the peripheral atrophic pancreatic parenchyma 
(curved arrow). Tumor approaches but does not invade the supe- 
rior mesenteric vein (small arrow). 

I 
fat-suppressed T1-WI.281,282 TO date the greatest 
limitations of staging pancreatic cancer with state- 
of-the-art MR and multidetector CT is in the false 
negative findings of small liver metastases, the pres- 
ence of cancer in normal sized nodes, and small 
peritoneal implants.283 

The standard operative technique for pancreatic 
head lesions is the Whipple procedure, also known as 
pancreaticoduodenectomy. The surgery involves 
resection of at least the head and neck of the pan- 
creas, most or all of the duodenum, common bile duct, 

and regional lymph nodes, followed by reanastomosis 
of the stomach or duodenal bulb, pancreas, and bil- 
iary tract to the j e j u n ~ m . l ~ ~ , ~ ~ ~  Lesions in the body and 
tail undergo resection of the involved pancreas but 
sometimes may require total pancreatect~my.~~~ 

Of patients with pancreatic adenocarcinoma 80% 
to 90% have advanced disease that is not amenable to 
resection (35% to 40% have locally advanced disease 
and 50% have distant m e t a s t a ~ e s ) . ~ ~ ~ , ~ ~ ~  Locally 
advanced pancreatic adenocarcinoma is defined as 
tumor confined to the pancreas (including involvement 
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of the superior mesenteric artery and vein), adjacent 
regional lymph nodes, and contiguous organs, or dis- 
ease that can be included in a 10 cm X 10 cm 
radiation field.285 Treatment usually consists of 
chemotherapy and radiation therapy and is asso- 
ciated with a median survival of approximately 
9 months.285 The current standard therapy for patients 
with metastatic disease to distant sites such as the 
liver, distant lymph nodes, pleura, peritoneum, and 
omentum is the use of a systemic chemotherapeutic 
agent such as gemcitabine that results in a 1-year 
survival rate of 20% to 25%.286 Palliative strategies 
for patients with unresectable or metastatic disease 
include pain control (percutaneous celiac blockade), 
biliary decompression for obstructive jaundice, and 
possible gastric bypass for patients with mechanical 
gastric outlet obstruction.261 
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PANCREATIC NEURQENWCRINE TUMORS 
Neuroendocrine (islet cell) tumors are uncommon, 
slow-growing pancreatic or pmipancreatic masses that 
either semlt in symptomatic hormonal overproduction 
(functiond) or show no ckinical findings of hormone endocrine tumors 

common nypenunctioning neuroendocrine zumr~r 
secretion (nonfunctional). The overall incidence of ,ic h-vpogl 
pancreatic neuroendocrine tumors is 1-1.5 per 100,000 
in the general pop~ la t ion .~~  Islet cell tumors are well 
depicted on MRl because of the high contrast between ~genoua mmses, mean size 2 
normal high ST, pancreas and the hypointense tumors r e  b~nign  

on TI-W and bemuse of their typical hypmasdar  re single lesions 

enhancement (Figs. 2-20 and 2-21).22q 2 w 2 H V a t -  .. . ". 
suppressed T2-Wls onen reveal hgh SI components SI on TI-WI relative to pant 
within pancreatic neumendorrine tumors compared High SI on T2-TAT relative to pant 
with adjacent pancreas (see Fig. 2-21).290 m1 Less Homogenous and hyperintense d 
commonly, tumors may have T2 hypointense or iso- 
intense to pancreas because of increased fibrous tissue 
c ~ n t e n t . ~ ~ ~ ~ ~ ~  

Functioning neuroendocrine tumors manifest 
early owing t o  symptoms of hormone overproduction diffidt owing to their s d  size and lack of both maas 
and are named according to the hormone they produce, effect and duct dilation. However, most insulinomas 
hsulinoma is the most common functional idet cell can be revealed during surgical exploration with the 
tumor and manifests as symptomatic hypoglycemia aid of intraoperative ultrasound. Nine* percent of 
secondary to  insdin secretion (Box 2-18).292b2w inadmomas are benign. Treatment for cure consists of 
Insulinomas are usually solitary (40%), smaller than surgical  section.^*^-^^^ 
2 cm, and distributed uniformly throughout the Gastrinomas are the second most common func- 
panmalS.2922%4.SUL tional Islet cell tumor (Box 2-19). The increase in 

Insulinomas show homogeneous low SI on fat- gastrin secretion results in fulminant peptic ulcer 
suppressed TI-WI, homogenous high SE on T2-WI, and disease known as Zdinger-EIlison Of 
intense enhancement (greater than that of pmcras) gastrinomaa 70% to 7570 are sporahc and 20% to 
on dynamic CE images (see Fig. 2-20).229.28*-"0.281-296-2q7 25% ocmr as part of the multiple endocrine neoplasia 
Preoperative localization of some insulinomas can he [MEN)-I syndrome. Tumors generally are small 

Figure 2-20 m MR mwtrakion of a functioning h d i n o m a  
in a woman with sighs and symptoms of indin excesa. 
A, M a 1  1'2-W1 shows a subtle mass of the pancres {arrow) that 
has slightly higher St than adjacent parenchyma. No pertpheral 
pancreatic atrophy or duct dilatren is present. B, hxinl fat-sup- 
prosaed TI-WI shows a well-crrcumscribed low SI lesion (arrow) of 
the pancreatic body. There is normal, high SI w i t h  the liver (L), 
panmas (P) and ~ w n a l  cortex (curved m w j .  C, Arterial-phase CE 
TI-WI showa homogeneous mtense tumoral enhancement (arrow) 
that ia hyperintern to  b d h  pancreas and liver. The enhancing 
structure poskrior to the insuIinoma rcnrwd m w ~  is the qlenic 
artery imaged in short axis. The splenic artery a h m d  a low SI flow 
void in A and B. 

I 



(<4 cm), and up to 50% are not localized preopera- 
tively.287,296 Most gastrinomas are located in the 
"gastrinoma triangle" that is bounded bv the 
cystic duct, second and third portions of duodenum, 
and neck of pancreas. Of sporadic gastrinomas 50% 
to 60% occur in the pancreas, 35% to 40% are local- 
ized to the duodenal wall (Fig. 2-22), and the 
remainder are located within the stomach and lymph 
nOdes.287,292,298 

Gastrinomas typically show low SI on TI-WI, 
high SI on T2-WI, and rim enhancement with smooth 
margins on CE images (see Fig. 2-22).229,291,296,299,300 
Sixty to eighty percent of gastrinomas are malignant 
but follow a protracted and indolent course.295 
Sporadic pancreatic gastrinomas are treated by enu- 
cleation or partial pancreatectomy. Intraoperative 
endoscopy and duodenotomy are performed to detect 
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duodenal lesions, which are then locally resected. 
Approximately 40% of patients with MEN-1 syn- 
drome have multiple gastrinomas and are less likely 
to achieve a biochemical cure after resection. The gas- 
trinomas that develop in patients with MEN-1 are 
almost always duodenal in origin and spread to adja- 
cent lymph nodes.301 The pancreatic neuroendocrine 
tumors that are present in MEN-1 patients are usu- 
ally nonhyperfun~tioning~~~; these individuals are 
managed nonsurgically unless they have a clearly 
depicted mass greater than 3 cm on imaging.287,293 

Glucagonomas, VIPomas (from vasoactive intes- 
tinal polypeptide), and somatostatinomas are 
functional neuroendocrine tumors that manifest late 

in the disease course, in part because the signs and 
symptoms of hormonal overproduction can be non- 
specific. Glucagonomas secrete glucagon, which 
results in diabetes, dermatitis, and painful glossi- 
tis.2s7,292 VIPomas result in a syndrome of watery 
diarrhea, hypokalemia, and achlorhydria (WDHA), 
and individuals with somatostatinomas have symp- 
toms of abdominal pain, diarrhea, cholelithiasis, and 
diabetes.287 The majority (50% to 70%) of these less 
common functional neuroendocrine tumors are 
malignant and have a mean diameter of 3-5 cm at the 
time of diagnosis; this makes preoperative localization 
less of a ~ h a l l e n g e . ~ ~ ~ , ~ ~ ~  Of glucagonomas larger than 
5 cm, 60% to 80% are malignant and most of these 
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patients have metastatic disease at the time of imag- 
ing.287,295 These three tumors show similar T1 and T2 
imaging features and reveal heterogeneous solid 
enhancement after ~ o n t r a s t . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  Surgery may be 
the only chance for cure and requires resection of the 
primary tumor and liver and lymph node metastases 
if possible.293 

Nonhnctioning islet cell tumors may be discov- 
ered incidentally, or the patient may have abdominal 
pain secondary to mass effect or metastatic disease292 
(Box 2-20). Nonhyperfunctioning neuroendocrine 
tumors are typically large (6-10 cm) and show foci of 
cystic degeneration and necrosis on T2-WI with associ- 
ated heterogeneous enhancement (see Fig. 2-21).289J03 
Greater than 50% of tumors are malignant, show local 
invasion and distant metastases, and have a poorer 
prognosis than hyperfunctioning t ~ m o r s . ~ ~ ~ * ~ ~ ~  

Most patients with functioning islet cell tumors 
are diagnosed on clinical grounds, and the role of 
imaging is to localize and stage the lesion. However, 
larger nonfunctioning tumors can be shown in 
asymptomatic patients and have a wide differential 
diagnosis that includes adenocarcinoma, mucinous 
cystic tumor, metastases, and solid pseudopapillary 
tumor of the pancreas (SPT). Certain distinguishing 
imaging and clinical features of the tumors may help 
characterize such lesions.292~304-309 

Islet cell tumors most commonly metastasize to 
the liver, bones, and adjacent lymph n o d e ~ . ~ l ~ , ~ l l  
Variables associated with a poorer prognosis include 
liver metastases (most significant factor), lack of 
complete resection of the primary tumor, lymph node 
metastases, local invasion of the tumor, primary 
tumor size of 3 cm, and nonfunctioning tumor.295 
Patients without metastatic disease are medically 
stabilized prior to undergoing surgery. Initial man- 
agement for patients with metastatic disease is 
expectant observation and control of hormonal 
sympt0rns.~87 The primary tumor and hepatic meta- 
stases in asymptomatic patients are followed with 
serial imaging every 3 to 6 months. Hepatic artery 
embolization, surgical resection, radiotherapy, and 
chemotherapy can be considered for patients with 

uncontrollable pain, hormonal symptoms, or rapid 
tumor p r o g r e s ~ i o n . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  

Acinar cell carcinoma of the pancreas is a rare malig- 
nancy, accounting for 1% of pancreatic exocrine 
tumors and occurring predominantly in men.313 The 
neoplasm is occasionally associated with a syndrome 
of subcutaneous and intraosseous fat necrosis and pol- 
yarthralgia secondary to the release of lipase that 
results in hydrolysis of fat.313-315 OSS~OUS lesions of 
metastatic fat necrosis manifest as multiple lytic foci 
of the distal extremities.314 Imaging findings of the pri- 
mary tumor are nonspecific and can range from a 
large mass with an enhancing capsule and areas of 
necrosis to a hyperenhancing mass similar to a func- 
tioning neuroendocrine Acinar cell 
carcinomas are aggressive but survival rates are 
slightly better than those of ductal adeno~arcinorna.~~~ 

Unlike Hodgkin's disease, which rarely spreads out- 
side the lymphatic system, non-Hodgkin's lymphoma 
(NHL) frequently involves extranodal sites such as 
the gastrointestinal tract. In 30% of NHL patients 
with extranodal disease, the pancreas is secondarily 
involved in the setting of confluent retroperitoneal 
and periaortic lymphadenopathy (Fig. 2-23). Isolated 
primary pancreatic lymphoma is rare and accounts 
for less than 1% of extranodal non-Hodgkin's lym- 
phomas arising in the pancreas.318 Diagnostic criteria 
for primary pancreatic lymphoma include predomi- 
nantly a pancreatic mass, no hepatic or splenic 
involvement, no mediastinal or superficial palpable 
lymphadenopathy, and a normal leukocyte count.319 

The most common MR finding of pancreatic 
lymphoma is that of extensive abdominal lym- 
phadenopathy with direct extension and infiltration 
of the pancreas. The lymph nodes and infiltrated 
pancreas have similar SI and enhancement patterns, 
showing lower SI than normal pancreas on TI-W, 
variable SI on T2-W, and less enhancement than nor- 
mal pancreatic parenchyma (see Fig. 2-23).229,319,320 
Both tumors can cause ductal obstruction and 
involve the fat around the celiac and superior mesen- 
teric arteries.320 However, the degree of ductal 
dilation is not so marked in lymphoma,319 and lymph- 
adenopathy below the level of the renal veins is more 
indicative of pancreatic l y m p h ~ m a . ~ ~ ~ . ~ ~ ~  

Distinguishing between an intrinsic pancreatic 
lymphoma and pancreatic invasion from adjacent 
lymphadenopathy can be challenging but is not an 
important clinical distinction because treatment is 
similar for both.320 However, differentiating between 
lymphoma and pancreatic adenocarcinoma is clini- 
cally relevant, since lymphoma has a better 
prognosis; almost one third of patients with pancre- 
atic lymphoma have a successful response to 
chemotherapy.319 Nonsurgical biopsy is ideal to 
establish a diagnosis of pancreatic lymphoma 
because, unlike adenocarcinoma, lymphoma does not 
require surgical staging or a Whipple p r o ~ e d u r e . ~ l ~ , ~ l ~  
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Figure 2-23 . MR findings of lymphomatous infiltration of the pancreas, liver, gallbladder, and kidneys 
in a 28-year-old man. A, Axial in-phase TI-WI shows mild diffuse enlargement of the pancreas (arrows) that has abnor- 
mal, low SI. Abnormal soft tissue also is present anterior to the gallbladder (curved arrow) and within the anterior aspect 
of the left kidney (*). B-D, Three axial fat-suppressed T2-WIs show diffuse high SI of the portal veins and periportal soft 
issues (arrows in B), pancreas, (arrows in C and D), pericholecystic soft tissues (curued arrows) and right perirenal fat, 
and anterior aspect of the parenchyma of both left and right kidneys (* in D). This patient also had disseminated lym- 
phoma of bone marrow and central nervous system. 

PANCREATIC METASTASES 
Metastatic lesions to the pancreas are uncommon and 
may appear long after the primary malignancy is diag- 
nosed. The most frequently involved tumors are those 
with hematogenous spread such as renal cell carci- 
noma (30% of cases); bronchogenic, breast, and colon 
carcinoma; and m e l a n ~ m a . ~ ~ ~ , ~ ~ ~  Solitary metastases 
are more characteristic of renal cell carcinoma, 
whereas lung cancer and melanoma tend to diflksely 
involve the pancreas.321 Distinguishing between metas- 
tasis and primary adenocarcinoma is important 
.because the former has a better prognosis. Metastases 
tend to enhance homogeneously or heterogeneously, 
whereas primary pancreatic adenocarcinomas are rela- 
tively hypovascular due to their desmoplastic content. 
Arterial encasement from extrapancreatic extension of 
metastatic tumor is also relatively uncommon com- 
pared with primary pancreatic carcinoma.305 

Certain metastases have MR imaging findings 
that are highly suggestive of the diagnosis especially 
in the setting of a known primary malignancy. 

Melanoma lesions can reveal high T1 SI owing to the 
presence of intratumoral hemorrhage or the paramag- 
netic properties of melanin (see Fig. 5-1).322 Metastases 
from clear cell renal carcinoma may show loss of SI on 
opposed-phase GRE images compared with correspond- 
ing in-phase images, indicating the presence of 
intracellular lipid, which can be present in primary or 
metastatic clear cell renal cancer but not in primary 
pancreatic malignancies (Fig. 2-24).306 Pancreatic renal 
cell cancer, metastases reveal high T2 SI, show hyper- 
intensity on dynamic MR imaging, and may be difficult 
to distinguish from nonfunctioning neuroendocrine 
tumors.304 However, the presence of a hypervascular 
pancreatic tumor (especially with loss of SI on chemi- 
cal shift MRI) in a patient with a history of renal cell 
cancer should be considered metastasis until proved 
otherwise. 

Cystic Lesions of the Pancreas 

Cystic lesions of the pancreas are frequently 
revealed on abdominal MR examinations (Box 2-21). 



Figure 2-24 rn Chemical shift MR findings of metastatic clear cell carcinoma of the pancreas in a woman 
with prior left nephrectomy and established metastatic renal cell carcinoma at other sites (same patient 
as in Fig. 3-8). A, Fat-suppressed T2-WI shows a large heterogeneous pancreatic head mass (black arrow) and a simi- 
lar-appearing right renal mass (white arrow). The pancreatic tumor has a similar appearance to a neuroendocrine tumor 
(see Fig. 2-21). B and C, In-phase and opposed-phase TI-WIs show the loss of SI within the mass (arrows) in C. This 
establishes the presence of the intratumoral lipid. On adjacent images (not shown), the renal lesion also showed loss of 
SI, in keeping with clear cell renal cell carcinoma. D, Postprocessed subtraction image (in phase - opposed phase) pro- 
vides a map of those voxels that contain both water and lipid protons. High SI is present within the solid portions of the 
pancreatic metastases (arrows) and within bone marrow (M). 

Nonneoplastic Cysts 
Pseudocysts (very common; 807e909 of all 

for 75% to 85% of pancreatic ~ y s t s . ~ ~ ~ - ~ ~ ~  Congenital 
true cvsts (having true e~ithelium lining the inner 
surface) tend to hue multiple and are associated with 
hereditary dis0rders.3~~ Cystic neoplasms are less 
common and account for only 10% to 15% of all cys- 
tic ~ancreatic masses. While not a pancreatic lesion, 
duddenal diverticula occasionally mimic a cystic pan- 
creatic mass.327 The presence of intralesional gas and 
typical paraduodenal location allow distinction from 
a pancreatic cyst in most instances. 

SEROUS CYSTADENOMA (BOX 2-22) 
Serous cystadenomas (microcystic adenomas) are 
benign pancreatic neoplasms composed of a central 
fibrous scar and multiple predominantly small (< 2 cm), 
thin-walled cysts lined by glycogen-rich serous 
~ells.~~a,329 Serous cystadenomas comprise approxi- 
mately 25% of cystic neoplasms and mainly affect 



older women although an association does exist with 
von Hippel-Lindau disease.325,32s,330,331 Eighty percent 
of patients are 60 years of age or older at  the time of 
diagnosis. The majority are asymptomatic. However, 
some may have signs or symptoms such as abdominal 
pain, weight loss, or palpable abdominal mass.246,32s 
Tumors are well circumscribed and range in size 
from 1 to 13 cm (average 5 cm).246 Serous cystadeno- 
mas are distributed throughout the pancreas with a 
slight predilection for the pancreatic head.328 They 
are hypervascular secondary to a rich subepithelial 
capillary network and show no arterial encase- 
ment.332 While uncommon,333 the pancreaticobiliary 
tree can be displaced or obstructed by the tumor 
secondary to mass effect.328 

The MR appearance of a typical serous cystade- 
noma is that of a round, well-circumscribed pancreatic 
mass that is composed of more than six cysts, each 
less than 2 cm, with very high T2 and low T1 SI 
(Figs. 2-25 and 2-26; see also cover of t e ~ t ) . ~ ~ ~ , ~ ~ ~ - ~ ~ ~  
Spontaneous hemorrhage within some of the cysts is 
uncommon but may result in foci of high SI on T1-WI.336 
The small cysts and intervening septa look like a 
"cluster of grapes7' on T2-WI. The intratumoral septa 
are most clearly depicted on breathing-independent 
T2-WI owing to the elimination of blurring that can 
occur with breathing-averaged T2-W sequences.246 
The tumor septations and cyst wall usually show 
minimal enhancement on early and delayed gadolin- 
ium-enhanced images. The central fibrous scar is 
hypointense on TI-WI and shows variable enhance- 
ment that can persist on delayed (3-5 min) CE 
imaging.335,336 Calcification within the central scar is 
present in 25% of tumors and is better depicted by CT 
than MR.246337338 

Patients with a serous cystadenoma who develop 
symptoms such as abdominal pain, jaundice, or recur- 
rent pancreatitis should probably undergo surgical 
resection.329 A serous cystadenocarcinoma is rare and 
cannot be differentiated from its more common 

benign counterpart unless local invasion or distant 
metastases are present. Thus, some suggest that typ- 
ical serous cystadenomas on imaging be surgically 
removed if the patient is an operative candidate.339 
Others suggest that serous cystadenomas that are 
well characterized on imaging studies be followed 
with imaging if the patient is a s y m p t o m a t i ~ . ~ ~ ~ , ~ ~ ~  

Mucinous cystic neoplasms are uncommon primary 
cystic tumors of the pancreas that are considered 
potentially malignant and surgically treated lesions. 
Histologically, they represent a continuum ranging 
from benign mucinous cystadenoma to borderline 
tumor with malignant potential to frankly malignant 
mucinous cystadenocarcinoma. They are composed 
of mucin-producing columnar cells and an overlying 
ovarian-type stroma that can have thick fibrous 
walls with papillary p r o j e c t i o n ~ . ~ ~ ~ , ~ ~ l - ~ ~ ~  Mutinous 
cystic neoplasms predominantly affect women (>95% 
of cases) at  an earlier age (fourth to sixth decades) 
than do serous cystadenomas.246~325,3299341 Mutinous 
cystic neoplasms have an average diameter of 6 to 
10 cm and three fourths of lesions are located in the 
pancreatic body or tai1.246,329,332,341-344 Patients can be 
asymptomatic or have symptoms of mass effect that 
include abdominal pain, fullness, and anorexia. Some 
patients have a history of pancreatitis, resulting in 
misdiagnosis of the neoplasm as a p s e u d ~ c y s t . ~ ~ ~ , ~ ~ ~  

On MR a mucinous cystic tumor appears as a 
unilocular cyst (Fig. 2-27) or a multilocular cystic 
mass with individual cysts measuring greater than 
2 cm (Fig. 2-28).246,334 TI-WIs show variable SI 
with simple fluid showing low SI while hemorrhagic 
or proteinaceous/mucinous fluid reveals varying 
degrees of higher SI.332,335,336,341 T2-WIs depict the 
cysts as high SI and internal septations and papillary 
projections as lower in SI.332,336 Just as for serous CYS- 

tadenomas, the septations of mucinous tumors are 
best visualized on breathing-independent T2-WI.246 
MRCP can show that mucinous cystic neoplasms do 
not communicate with the pancreatic d ~ ~ t . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  
The septa, cyst wall, papillary projections, and solid 
mural nodules enhance.246z332,336,346 

If calcification is present, it is located peripher- 
ally in the wall or septa of the lesion and is better 
shown on CT.335,341,342 Certain imaging features are 
more predictive of malignancy and include a thick 
wall or septa, calcifications in the wall or septa, and 
solid mural n o d ~ l e s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  Obstruction of the pan- 
creatic duct is more common with malignant cystic 
lesions.333 Adjacent organ invasion or hepatic metas- 
tases are more specific for malignancy.346 A large 
unilocular or multilocular cystic mass in the pancre- 
atic body or tail in a middle-aged woman without a 
history of pancreatitis is characteristic of a mucinous 
cystic neoplasm (see Figs. 2-27 and 2-28). 

The differential diagnosis of mucinous cystic 
neoplasm includes all cystic masses of the pancreas, 
but the most important diagnostic consideration is a 
pseudocyst that represents up to 85% of all cystic 
pancreatic lesions. Pseudocysts usually change in 



appearance over time and are associated with peri- 
pancreatic inflammatory changes and characteristic 
ductal abnormalities, but these ancillary findings can 
coexist with mucinous t ~ m o r s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~ , ~ ~ ~  If misdiag- 
nosed as a pseudocyst and drained, a mucinous cystic 
neoplasm will recur or metastasize.344 

If imaging or serum tumor markers (e.g., CA 
19-9, which has sensitivity of 75% and specificity of 
96% in detecting mucinous tumors and pancreatic 

adenocarcinoma) cannot establish a diagnosis, then 
cyst aspiration may help differentiate a mucinous 
cystic neoplasm from other lesions.264~329~334,350 
Cytologic assessment of mucin-containing epithelium 
has sensitivity of 48% and specificity of 100% in 
distinguishing a mucinous cystic tumor from 
a pseudocyst and often is accompanied by cyst fluid 
biochemical analysis.264 The presence of mucin, high 
relative viscosity (compared with that of serum), and 
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Figure 2-26 MR findings of a microcystic adenoma in an 84-year-old woman. Diagnosis was established by aspiration cyto- 
logic study. Surgical excision was avoided. A, T1-WI shows a multilocular mass of the pancreatic body (arrows). The lowest SI component 
is present along the lateral margin (*). Renal cysts are present. B and C, Axial breath-hold heavily T2-WIs (TE = 180 msec in B and 500 
msec in C) reveal a cystic mass (arrows) of the pancreatic body that contains innumerable cysts measuring < 2  cm and multiple internal 
septations. The adjacent "cyst" (*) along the lateral margin of the mass represents a dilated peripheral pancreatic duct (confirmed on 
other images). The duct dilation is due to extrinsic compression and is not secondary to communication with the duct. Bilateral renal cysts 
(C) are present. D, CE fat-suppressed TI-WI shows internal septal enhancement of the septa. The close approximation of the internal 
septa (arrows) explains why serous microcystic adenomas may appear solid on sonography or CT. 

ClinicaUPathology Once the diagnosis of a mucinois cystic neoplasm of 
F:M=4:1 the pancreas is suggested, complete operative resec- 

- - 

Age range: fourth to sixth decades tion is indicated because of the known malignant 
Size range: 3-36 cm, median size 6-10 cm potential of mucinous neoplasms.246.="341134L 

.... -. 
Variable SI on TI-W due to protein/mucin or 

hemorrhage 
Septa, cyst ;all, papillary projections, solid nodule 

enhance 
Peripheral calcification (better revealed by CT) 

of mucinous cells lining the main pancreatic diet or 
side branches. It is a premalignant disorder that is 
also called mucinous ductal ectasia, ductectatic 
cystadenoma, and intraductal mucin-hypersecreting 
t ~ m o r . ~ ~ ~ , ~ ~ ~  However, the term IPMT is thought to 
reflect its main morphologic features of intradudal 
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Figure 2-27 . MR findings of a unilocular mucinous cys- 
tadenoma. Neither pathologic studies nor follow-up imaging 
suggest malignant disease. A and B, Axial opposed-phase (A) and 
in-phase (B) T1-WIs show normal SI liver (L), spleen (S), and 

C A  pancreas (P). There is susceptibility artifact from surgical clips in 
the gallbladder fossa (white *). A unilocular cyst (arrow) is present 
in the pancreatic tail without internal hyperintensity, solid com- 
ponents, or adjacent abnormalities of the pancreatic parenchyma. 
C, Breath-hold T2-WI reveals a nonaggressive unilocular cyst 
(arrow) without internal debris or solid components. No solid or 
suspect enhancement was revealed after contrast (not shown). 
Microscopic mucinous cell and ovarian stroma were present in the 
lining of the cyst a t  subsequent surgery. Because there were no 
imaging findings of acute or chronic pancreatitis, pseudocyst was 
not diagnosed at imaging. A renal cyst (black *) is present. 

papillomatous growth and excess mucin s e c r e t i ~ n . ~ ~ ~ , ~ ~ ~  findings of chronic pancreatitis. There is no 
IPMT has two subtypes: main duct IPMT and side gender predilection, and the peak age is in the 
branchIPMT. sixth decade. Patients may have abdominal pain or 

IPMT of the main pancreatic duct can be difficult recurrent episodes of acute pancreatitis secondary 
to diagnose because it mimics the clinical and imaging to duct obstruction by thick mucin or 

The main pancreatic duct can be diffusely or seg- 
mentallv involved with ~rog~essive duct dilation and 

Main Duct 
M = F  
Peak age in sixth decade 
MRVMRCP 

parencGymal atrophy.- EECP findings include a 
bulging or patulous orifice of the papilla of Vater 
with secretion of mucin through this orifice, muci- 
nous filling defects, and dilated main duct and side 
branches in the absence of an obstructing stric- 
t ~ r e . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  Thick mucous can prevent adequate 
evaluation of the ducts on ERCP. 

MRCP-MRI has been shown to be more effective 
than ERCP and CT in depicting the entire ductal 
system and demonstrating septa and mural nodules 
in patients with IPMT (Fig. 2-29).347J54J57-362 
The enlarged major papilla may be shown to pro- 
trude into the duodenal lumen on MRI.363 The 
mucin-filled, dilated ducts show high T2 and variable 
T1 ST that depends on the hydration of the m u c i r ~ . ~ ~ ~  
Main duct tumors can result in moderate dilation 
of the entire pancreatic duct to the level of 
the a r n p ~ l l a . ~ ~ ~ , ~ ~ ~  Low SI filling defects on MRCP 
sequences represent papillary projections or mural 
nodules (see Fig. 2-29); extracellular mucin 
tends to have SI similar to that of pancreatic 
juice.359,360,362,364,365 Contrast is useful because 
mural nodules enhance whereas mucin does not (see 
Fig. 2-29).365 The detection of the mural nodules 
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Figure 2-28 MR illustration of a multilocular mucinous cystadenocarcinoma of the pancreas in a 
41-year-old woman with abdominal pain. This cystic pancreatic lesion required surgery for the following reasons: 
<6 loculi, thick enhancing septa, peripheral pancreatic duct dilation, and presence of pain. A, Coronal thick-slab single- 
slice MRCP shows a cystic mass of the pancreatic body (M) with peripheral pancreatic duct dilation (curved arrow). The 
cystic structure adjacent to the duodenum was shown to represent a duodenal diverticulum (Dl on other images and did 
not represent an additional cystic pancreatic mass. The central pancreatic duct (arrow) and common bile duct are nor- 
mal. B, Thin-slice MRCP better reveals the internal architecture of the cyst, showing thick septa (arrows) and cyst SI 
that is hypointense to fluid within the common bile duct and the adjacent duodenal diverticulum. C, Fat-suppressed 
T2-WI redemonstrates the multilocular pancreatic cyst (arrow) and peripheral duct dilation (curved arrow). There is poor 
contrast between the normal pancreatic parenchyma and adjacent suppressed fat. A subcentimeter left renal cyst is pres- 
ent (arrow). D, Corresponding heavily T2-WI (TE = 180) obtained without fat saturation shows that the cyst contents 
do not follow the SI of normal fluid. There is better contrast between normal pancreas and surrounding fat, since fat 
suppression was not used. Volume averaging of an exophytic 3-mm renal cyst is present (arrow). (Continued) 

can help distinguish IPMT from focal duct dilation of 
chronic p a n c r e a t i t i ~ . ~ ~ ~  

At the time of diagnosis, 30% to 40% of patients 
with main duct IPMT have invasive malignancy and 
the remainder have atypia, dysplasia, or carcinoma 
in  sit^.^^^,^^^,^^^ Any suspected main branch IPMT 
should be resected. Specifically, the presence of 
mural nodules, size larger than 3 cm, interval 
growth, or main pancreatic duct dilation greater 

than 7 mm within any IPMT is suspicious for malig- 
nancy and necessitates surgical e ~ c i s i o n . ~ ~ ~ , ~ ~ ~  

Side branch IPMTs appear as cystic masses that 
are frequently located in the pancreatic headlunci- 
nate process and demonstrate a macrocystic or 
microcystic pattern (Fig. 2-30).358,369 Mucin distends 
the side branch duct to create the cystic lesion, and 
the adjacent parenchyma atrophies to become the 
capsule of the mass.343 IPMTs occur more commonly 



in men aged 60 to 70 years.348 The microcystic pat- 
tern consists of a cluster of 1- to 2-mm cvsts 
separated by thin septa, resembling a serous cys- 
tadenoma. Demonstrating a communication between 
the mass and the main duct suggests a diagnosis of 
an IPMT.359 The macrocystic form has a unilocular or 
multilocular architecture that can mimic a rnucinous 
cystic neoplasm or pseudocyst (see Fig. 2-30). An 
IPMT, however, communicates with the main pan- 
creatic duct, which distinguishes it from a rnucinous 
cystic tumor, and may contain enhancing papillary 
projections, which differentiates it from a pseudo- 
cyst.363 

In the early stages of disease, the mass is small 
and lobulated and often eccentric in position with 
respect to the visualized or expected location of the 
main pancreatic If the lesion seeds the main 
duct, the typical findings of main dud  IPMT develop 
including diffuse main and side branch duct dilation 
and bulGng of the papilla into the duodenum. In gen- 
eral, the side branch lesions are associated with less 
aggressive histologic features.371 

With the advent of high-resolution cross-sectional 
imaging, small (<25 mm) cystic pancreatic lesions are 
not uncommonly detected when imaging is performed 
for clinical indications not referable to the pancreas. 

Although the differential diagnosis of a cystic lesion 
can be extensive, it has been suggested that the 
majority of these small lesions represent side branch 
IPMTs.370J72,373 However, a history of acute or chronic 
pancreatitis should be elicited to ensure that a lesion 
does not represent a small pseudocyst. An IPMT 
smaller than 2.5 cm with a thin wall and normal- 
appearing main pancreatic duct can be monitored 
safely by serial imaging.363,370.374-376 In one series of 
resected IPMTs, all side branch lesions that were less 
than 3 cm and lacked mural nodules were benign.377 
If follow-up imaging shows growth, solid compo- 
nents, or main duct involvement, then surgical 
resection should be considered.370 

SOLID-PSEUDOPAPILLARY TUMOR 
OF THE PANCREAS (BOX 2-25) 
Solid-pseudopapillary tumor of the pancreas (SPT) is 
an uncommon low-grade malignant neoplasm found 
predominantly in young women (especially African 
American and Asian).309s378,379 The mean age of pres- 
entation is 25 years of age with 85% of lesions 
presenting by 30 years.309,379,380 Macro~copically, 
the tumor is a large (3-17 cm, mean of 9 cm), well- 
encapsulated mass with an internal architecture that 
varies from solid to a mixture of solid and cystic to a 



7 --. - 
Chapfer2 MRI of the Bile Duets, Gallbladder, and Pancreas 

thick-walled ~ y s t . ~ ~ ~ , ~ ~ ~  A suggestive imaging and his- mass as being of high SI on TI-WI and of variable SI 
tologic feature is that of intratumoral hemorrhage on T2-WI, reflecting the presence of blood degrada- 
followed by cystic degeneration secondary to disrup- tion products such as m e t h e m o g l ~ b i n . ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~  
tion of a delicate intratumoral vascular n e t w ~ r k . ~ ~ ~ , ~ ~ ~  Hemorrhagic cystic degeneration can also present as 

MR imaging shows the complex internal archi- a fluid-debris level (hematocrit effect).309 The tumor 
tecture of an SPT and depicts areas of hemorrhagic is surrounded by a fibrous capsule that is of low SI on 
necrosis in either the solid or cystic component of the T1- and T2-WI.308,309,378 Infrequent peripheral calcifi- 

cation is better shown on CT.30933783380 These tumors 
have no preferential location in the pancreas. 

The most common imaging and gross histologic 
finding of SPT is that of a mixed solid and cystic 
lesion with areas of hemorrhagic necrosis (Fig. 2-31). 

resection can ensure cure before potential malignant - - 
Predominantly affects young women, aged 20-30 

Hereditary Conditions Involving the Pancreas 

CYSTIC FIBROSIS 
Cystic fibrosis is an autosomal recessive disease char- 
acterized bv exocrine gland dysfunction that results - 

Areas of high SI on TI-WI = hemorrhage necrosis in pulmonary infections and progressive pancreatic 
Fluid-debris or fluid-fluid levels insufficiency in 85% of' affected children."' 

Precipitation of secretions in the small pancreatic 
ducts result in fatty and fibrous degeneration that 



leads to the exocrine dysfunction.381 The resultant T1 
SI of the pancreas depends on the proportions of fat 
(which has a short TI) and mature fibrosis (which 
has a long TI) that have replaced the parenchyma. 
The most common pattern is that of diffuse fatty 
replacement in an enlarged, lobulated pancreas (Fig. 
2-32).3s1-383 Rarely, the pancreas is markedly enlarged 
by multiple nodular fatty masses, an entity referred 
to as lipomatous pseudohypertr~phy.~~~,~~~ 

Pancreatic cysts are common in cystic fibrosis 
and tend to be small (1-3 mm). Small calcific concre- 
tions present within dilated ducts are better depicted 
on CT.3s4 Associated abnormalities involving the bil- 
iary system include bile duct strictures, cystic duct 
stenosis or atresia, and mi~rogallbladder.~~~ 

Hemochromatosis is an autosomal recessive disorder 
of iron storage in which there is progressive accumu- 
lation of iron in parenchymal organs, such as the 
liver (hepatocytes) and pancreas, and to a lesser 
extent in the endocrine glands and myocardium, 

Figure 2-30 . MR illustration of a side branch intrapap- 
illary mucinous tumor. A and B, Two axial T2-WIs (TE = 188) 
show a multilocular cystic mass of the medial aspect of the low 
pancreatic head (arrows) that communicates with a dilated pan- 
creatic duct depicted in cross section (*). A patent accessory duct 
also is present (curved arrow). C, Projection MRCP (slice thick- 
ness = 40 mm, TE = 780) shows the diffuse dilated pancreatic 
duct (*), accessory duct (curved arrow), and separate cystic low 
pancreatic head mass (open arrows). Fluid is present within the 
gallbladder (GI. A cystic mucinous neoplasm or microcystic 
cystadenoma was considered less likely because of the communi- 
cation with the pancreatic duct. The lack of intracystic protein, 
hemorrhage, or debris and lack of interval change for 1 year (prior 
study not shown) argue against a pseudocyst. Because the patient 
had pain and neoplasm could not be excluded, surgery was per- 
formed that confirmed a side branch IPMT. The remainder of the 
pancreas revealed chronic pancreatitis. No neoplastic seeding was 
seen within the main pancreatic duct. 

resulting in organ dysfunction (see Chapter 
The reticuloendothelial system of the liver (Kupffer 
cells), spleen, and bone marrow are normal and do 
not accumulate excess iron. This is in contrast to 
transfusional iron overload in which there is reticu- 
loendothelial iron deposition and sparing of the 
parenchymal organs. 

Just as in the liver, the pancreas can show 
decreased SI (less than that of skeletal muscle) on 
T2- or TI-WI secondary to the paramagnetic effects 
of iron. The presence of iron can be confirmed as low 
SI in the gland on an iron-sensitive T2"-weighted 
GRE sequence (see Fig. 1-22B).386,387 In patients with 
genetic hemochromatosis, the iron is deposited in the 
beta cells of the pancreas and can result in glucose 
intolerance and overt diabetes.38s The spleen, how- 
ever, is of normal SI because the reticuloendothelial 
cells do not accumulate iron, even in the setting of 
total body iron overload.386 A pancreas of low SI, 
cirrhotic liver of low SI, and spleen of normal SI on 
T2-WI are suggestive of genetic hemochromatosis 
(see Fig. 1-22).385,387 
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VON HIPPEL-LINDAU DISEASE 
Von Hippel-Lindau (VHL) disease is an autosomal 
dominant disease characterized by central nervous 
system hemangioblastomas and visceral tumors 
including renal cell carcinomas (see Chapter 41, 
pheochromocytomas (see Chapter 3), solid and cystic 
pancreatic lesions, and epididymal cy~tadenomas .~~~ 
Most pancreatic lesions are asymptomatic and dis- 
covered during screening of family members and 
may precede any other manifestation of VHL disease 
by several years.389,390 The two most common pancre- 
atic lesions in patients with VHL disease are benign 
and include true cysts (single or multiple), and serous 
cystadenomas (discussed above). Less common 
pancreatic neoplasms include neuroendocrine 
t ~ m o r s ~ ~ ~ , ~ ~ ~ , ~ ~ ~ , ~ ~ ~  and metastatic renal cell carcinoma. 
Multiple pancreatic cysts are highly suggestive of 
VHL disease, especially in light of a positive family 
history, and occur in more than 70% of affected 
patients.392 The pancreatic cysts in VHL disease can 
replace or enlarge the gland (Fig. 2-33). 

Nonfunctional neuroendocrine tumors occur in 
approximately 15% of patients with VHL disease. A 
solid, enhancing pancreatic mass in a patient with 
VHL disease is likely to be a neuroendocrine neo- 
plasm.330,392 The most common imaging findings of 
neuroendocrine tumors in the patient with VHL dis- 
ease is that of a less than 3 cm solid, enhancing mass 

of the pancreatic head.391 Although the cystic pancre- 
atic disease of VHL is benign, the solid islet cell 
tumors can exhibit malignant behavior when larger 
than 3 ~ m . ~ ~ ~ , ~ ~ ~  Presumed pancreatic neuro- 
endocrine tumors in patients with VHL disease that 
are about 1 cm are followed every 12 months by 
cross-sectional imaging. Lesions between 1 and 3 cm 
are managed depending on location (pancreatic head 
lesions are removed if they reach 2 cm and bodyltail 
lesions can be resected when they reach 2-3 cm). 
Masses greater than 3 cm and symptomatic lesions 
undergo resection with an enucleation procedure 
when possible.392 

Pancreatitis 

Pancreatitis is the most common benign disease 
affecting the pancreas and is classified as acute or 
chronic on the basis of clinical, morphologic, and his- 
tologic criteria. Acute pancreatitis is a complex 
disease with a clinical spectrum varying from mild 
inflammation to fulminant disease that may be com- 
plicated by necrosis, hemorrhage, and infection. 
Abdominal pain and elevated serum amylase and 
lipase suggest the diagnosis. There are a variety of 
causes but the most common include alcohol abuse 
and cholelithiasis. 



Figure 2-32 . MR findings of fat replacement of the pancreas, focal pancreatitis, and splenic varices in a 
25-year-old man with cystic fibrosis. A-D, T1-WIs (A and B) and T2-WIs (C and D) obtained without (A and C) and 
with (B and D) fat saturation show moderate-to-marked splenomegaly (S), a nodular cirrhotic liver (L), and flow voids 
within splenic varices (*). The pancreatic body (P) shows high SI before fat saturation and low SI after fat saturation, in 
keeping with fatty replacement. The pancreatic head (arrow) is poorly defined and not well depicted. It has low SI 
on all images. E, CE T1-WI shows enhancing splenic varices (*) that formed a spontaneous spleno-renal shunt. 
F, Nonenhanced CT scan also shows the fat-replaced pancreatic body (P) and better reveals the enlarged calcified pan- 
creatic head (arrows). CT is superior to MR for detection and characterization of calcium. 
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Figure 2-33 . MR illustration of multiple pancreatic cysts, renal cell carcinoma, and renal cysts in a 
woman with von Hippel-Lindau disease. A and B, Axial T2-WI (A) and CE fat-suppressed T1-WI (B) show multi- 
ple nonenhancing pancreatic cysts (.). A large, infiltrative right renal cell carcinoma (arrow) and portion of a left renal 
cyst (C) are present. 

The role of imaging is not so much to diagnose 
acute pancreatitis as to detect a possible cause or 
complication. For example, MRCP can be used to 
detect gallstones or choledocholithiasis and, in 
patients with recurrent acute idiopathic pancreatitis, 
can evaluate for an etiology such as pancreas divisum 
or congenital Occasionally, the diagnosis 
of pancreatitis may initially be made on imaging 
studies if the cause of abdominal pain is unclear. 
However, the presence of a normal-appearing pancreas 
on CT or MR does not exclude the diagnosis of acute 
pancreatitis, especially in light of abnormal laboratory 
data. Complications of acute pancreatitis include pan- 
creatic necrosis, acute peripancreatic fluid collections, 
pseudocyst, pancreatic abscesses, pseudoaneurysm, 
and venous thrombosis. 

Acute pancreatitis is classified as mild or severe 
based on clinical and laboratory findings as well as 
severity of pathologic changes (Atlanta classification 
system).394 Assessing the presence and degree of pan- 
creatic and peripancreatic inflammation, fluid 
collections, and pancreatic necrosis on imaging studies 
provides additional prognostic information. In very 
mild pancreatitis, the gland may maintain its normal 
shape and SI characteristics.3g5 In more advanced 
cases of acute pancreatitis, thickening of the left ante- 
rior pararenal fascial plane and enlargement of 
the gland are present. The inflamed pancreas 
shows decreased SI on fat-suppressed T1-WI.396,397 
Peripancreatic edema is better revealed on TI-WI as 
low SI strands within the high SI retroperitoneal fat 
or on fat-suppressed T2-WI as areas of high SI.397,398 
In severe pancreatitis, the pancreas shows enlarge- 
ment, heterogeneous decreased enhancement, and 
loss of definition of its normal boundaries on CE 
imaging (Fig. 2-34).22833952396,398 

In more than half of cases of moderate to severe 
pancreatitis, acute fluid collections develop in the pan- 
creas, peripancreatic region, lesser sac, and paracolic 

gutters and represent a serous or exudative reaction 
to pancreatic inflammation. Acute fluid collections 
tend to be multiple, are irregular in shape, do not com- 
municate with the pancreatic duct, and lack a 
well-defined wall of granulation tissue or sharp inter- 
face with adjacent organs. While more than 50% of 
these acute fluid collections regress spontaneously in 
4 to 6 weeks, 10% to 15% of these fluid collections that 
persist for more than 3 weeks may develop a capsule 
and eventually form a pseudocy~ t .~~~  

Approximately 75% to 85% of cystic pancreatic 
lesions are pseudocysts that are localized fluid collec- 
tions within or adjacent to the pancreas enclosed by a 
well-defined nonepithelialized cyst wall. Pseudocysts 
are round or oval and often communicate with the 
pancreatic duct.399 T2-WIs are sensitive in showing 
fluid collections and are more accurate than CT 
for discriminating between fluid and solid debris; 
the presence of the latter occurs more frequently in 
complicated pseudocysts that require percutaneous 
drainage.396P98,400 

Uncomplicated pseudocysts are of low T1 SI, 
high T2 SI, and do not enhance.395 Up to 40% of 
pseudocysts smaller than 6 cm and without commu- 
nication with the pancreatic duct will spontaneously 
regress. Complicated pseudocysts are heterogeneous 
on MR because of hemorrhage and proteinaceous 
material and show high SI on fat-suppressed TI-WI 
and variable T2 SI (Figs. 2-35 and 2-36).401 Indications 
for drainage of a pseudocyst includes mass effect, 
enlargement of the cyst, and complications such as 
infection or hemorrhage.399 The presence of solid 
necrotic debris in a fluid collection can result in 
secondary infection if endoscopic or percutaneous 
drainage procedures are performed and instead 
requires an open surgical approach. T2-WI and 
MRCP techniques are superior to CT in identifying 
solid debris and can help assess the drainability of 
a p s e ~ d o c y s t . ~ ~ ~  



Figure 2-34 MR findings of acute pancreatitis. A and B, In-phase (A) and opposed-phase (B) TI-WIs show low 
SI of the distal pancreas (P) and more normal SI pancreas proximally. There is abnormal, low SI of the fat in the left 
anterior pararenal space (arrows) that represents peripancreatic edema and phlegmon. The normal loss of SI of gall- 
bladder bile (G) in B indicates lipid content. C and D, Fat-suppressed T2-WI (C) and CE TI-WI (D) show high SI edematous 
distal pancreas (P) that enhances less than the adjacent proximal pancreas. Patchy enhancement of the edematous 
peripancreatic fat (arrows) is present. 

Pancreatic necrosis is a complication of severe 
acute pancreatitis in which there are focal or diffuse 
areas of nonviable parenchyma. Necrosis occurs in 
20% of patients with pancreatitis who fail to respond 
to medical treatment. Pancreatic necrosis usually 
requires surgical debridement to prevent abscess for- 
mation, which can increase mortality from 20% to as 
much as 60%.39694023403 Ductal disruption with leakage 
of pancreatic enzymes into the gland and adjacent 
tissue can occur with severe necrosis and contributes 
to high morbidity.395 Patients with greater than 75% 
necrosis or progression of necrosis on serial imaging 
are more likely to require necrosectomy because of 
the high mortality rate.402 Percutaneous drainage 
also is possible if there has been complete liquefac- 
tion without remaining solid necrotic debris.400 

CE-CT is the traditional test of choice to diag- 
nose pancreatic necrosis. Necrotic parenchyma shows 
decreased or absent enhancement and is usually 
sharply demarcated from the normally enhancing 
viable pancreas. Necrosis tends to affect the body 
and tail, sparing the pancreatic head because of its 
abundant vascular supply.402 Necrotic tissue eventually 

liquefies and forms an intrapancreatic fluid collec- 
tion or pseudocyst that can become secondarily 
infected.399 CE-MR imaging detects the presence and 
extent of necrosis as well as CT does and shows non- 
viable parenchyma as having absent enhancement 
that is sharply demarcated from normal pancreas 
(see Fig. 2-35).396239s~401 The administration of gadolin- 
ium is important in detecting necrosis because the SI 
of necrosis on unenhanced MRI may not significantly 
differ from that of inflamed pancreas (see Fig. 2-35).404 
MR can also characterize peripancreatic fat necrosis 
with hemorrhage. Persistent high SI within the peri- 
pancreatic fat on a fat-suppressed TI-WI suggests a 
diagnosis of hemorrhagic fat necrosis and is more 
likely to be present in patients with more severe 
inflammatory changes.405 

An uncommon but potentially fatal cause of gastro- 
intestinal and intraperitoneal bleeding is rupture of 
a pseudoaneurysm caused by pancreatitis. The fre- 
quency of pseudoaneurysm formation has been 
reported to be as high as 10% in patients with 
pancreatitis, with a mortality rate of up to one third if 
rupture and hemorrhage occur.406 Leakage of pancreatic 
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Figure 2-35 MR illustration of an evolving, complicated pseudocyst: pancreatic necrosis in a woman that 
developed after endoscopic retrograde cholangiopancreatography. Chronic pain necessitated distal pancrea- 
tectomy, which confirmed necrotic and hemorrhagic debris without viable parenchymal tissue. A and B, Opposed-phase 
(A) and in-phase (B) TI-WIs show replacement of the pancreatic body and tail by a process with two separate compo- 
nents. Low SI is present anteriorly (*I. The dependent portion of the pseudocyst shows intermediate-to-high SI in A 
(TE = 2.3) and low SI in B (TE = 4.6). The loss of SI is secondary to susceptibility effects due to hemorrhage. The adja- 
cent pancreatic parenchyma (arrows) is hypointense to liver, in keeping with pancreatitis. C and D, Fat-suppressed 
T2-WI (C) and heavily T2-WI (D) show simple fluid (*) within the anterior component and low SI-dependent hemor- 
rhageidebris. E and F, Fat-suppressed 3D TI-WIs obtained before (El and after (F) contrast show no pseudocyst 
enhancement. The use of fat suppression and a short TE (0.8 msec) provide ideal T1 contrast to reveal the hyperintense 
proteinaceous and hemorrhage components within the pseudocyst. 
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Figure 2-37 MR depiction of a splenic artery pseudoaneurysm as a complication of pancreatitis. A and 
B, Fat-suppressed TI-WIs obtained before (A) and after (B) contrast show a focal hyperenhancing mass (arrow). The sur- 
rounding pancreas in A shows abnormal, low SI, in keeping with pancreatitis. C and D. Axial MIP image obtained during 
the MRA (C) better depicts the aneurysm neck (curved arrow) and the remainder of the splenic artery, while the delayed 
image (D) reveals nonenhancing mural thrombus (black arrow). 

enzymes from an inflamed pancreas can cause autodi- 
gestion of arterial walls, with a resultant p e r i v d a r  
blood leak and pseudoaneurysm f o r m a t i ~ n . ~ ~  Pancreatic 
pseudocysts may also erode into a visceral artery and 
convert a pseudocyst into a p~eudoaneurysm.~~~ 
The most commonly involved artery is the splenic 
artery, followed by the pancreaticoduodenal and gas- 
troduodenal arteries.402 

During the arterial phase of an enhanced MR, 
a pseudoaneurysm will appear as a circumscribed 
oval or round structure lying outside the normal 
confines of a vessel in the peripancreatic region and 
display enhancement that may approach that of 
the abdominal aorta.402,406 Three-dimensional MRA 
techniques (see Chapter 11) allow for multiplanar 
reformations that can readily locate the vessel of 
origin (Fig. 2-37). Percutaneous angiographic 
embolization is advocated as the initial treatment 
for pseudoaneurysms in hemodynamically stable 
patients.408 

Venous thrombosis is the most common venous 
complication of acute pancreatitis and may be related 
to spasm or to mass effect from adjacent inflamma- 
tory pancreatic and peripancreatic tissue. The splenic 

vein is most commonly affected because of its 
proximity to the pancreatic body and tail, but the 
superior mesenteric, splenoportal confluence, and 
portal veins also can be i n v o l ~ e d . ~ ~ ~ , ~ ~ ~  Venous 
thrombosis is diagnosed when an enhanced vessel 
wall surrounds a central, low SI clot on CE Tl-WI.410 
A diagnosis of splenic vein thrombosis can be 
inferred when there is enlargement of the gastroepi- 
ploic and gastrocolic collateral veins (see Fig. 1-27), 
which drain into the SMV.411 Isolated superior 
mesenteric venous thrombosis is rare in acute pan- 
creatitis but does not necessarily indicate a poor 
prognosis as it often resolves without ~ e q u e l a e . ~ ~ ~  

CHRONIC PANCREATITIS 
Chronic pancreatitis represents a continuing inflam- 
matory disease of the pancreas characterized by 
irreversible morphologic changes in the parenchyma 
and pancreatic duct that cause pain or permanent loss 
of exocrine and endocrine f ~ n c t i o n . ~ l ~ , ~ l ~  Alcohol abuse 
is the main cause of chronic pancreatitis, but 30% of 
cases have no clear etiology and are classified as idio- 
pathic. In the recent literature, additional variants 
such as autoimmune pancreatitis and nonalcoholic 
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Figure 2-38 rn MRCP findings of chronic pancreatitis. A Whipple procedure performed for chronic pain confirmed 
the diagnosis and excluded a neoplasm. A, Single-slice MIP T2-W MRCP shows dilated pancreatic duct side branches 
(curved arrows), main pancreatic duct (arrow), common bile duct (upper arrow), and gallbladder (G). B, MIP image 
obtained on 3D fat-suppressed TI-WI after contrast shows "black bile" cholangiography. The unenhanced bile and pan- 
creatic secretions are well contrasted with enhancing adjacent liver and pancreatic parenchyma. 

duct-destructive chronic pancreatitis have been 
described as having specific pathogenesis and imaging 
f e a t u r e ~ . ~ l ~ , ~ l ~  Fibrosis and atrophy of the gland are 
hallmarks of chronic pancreatitis and decrease the pro- 
teinaceous fluid content of the gland, which results in 
low SI on fat-suppressed TI-WI. Fibrosis attenuates 
the vascularity of the pancreas and results in decreased 
enhancement on immediate CE imaging.228,272s273,416 
Parenchymal calcification is the most pathognomonic 
feature of chronic pancreatitis, occurs late in the dis- 
ease, and is better revealed on CT. 

Pancreatic duct changes in chronic pancreatitis 
include dilation of the main pancreatic duct and side 
branches, stenoses, stricture formation, intraductal 
calculi, and in severe cases marked dilation of the 
side branches, resulting in a "chain of lakes" or 
"string of pearls" a p p e a r a n ~ e . ~ " ~ ~ ~ , ~ ~ ~  MRCP has mod- 
erate to high diagnostic accuracy as compared with 
ERCP in depicting pancreatic duct dilation, strictures, 
and filling defects such as calculi (Fig. 2-38).lh4l7 
Stenoses associated with pancreatitis are shorter, 
smoother, and more symmetrical than those second- 
ary to n e ~ p l a s m s . ~ ~  MRCP can also depict the 
number, size, and location of pseudocysts and confirm 
their continuity to the pancreatic duct, which is help- 
ful in planning appropriate i r ~ t e r v e n t i o n . ~ ~ , ~ ~ ~  

MRCP has limited application in the early stages 
of chronic pancreatitis because of its inability 
to show subtle side branch involvement and irregu- 
larity of the wall of the main pancreatic duct, which 

can be detected at ERCP.1a,21 Secretin stimulation 
during dynamic MRCP improves visualization of 
the main pancreatic duct and side branches and 
assesses duodenal filling, which allows for an earlier 
and more accurate MR diagnosis of chronic pan- 
creatitis in patients with suspected pancreatic 
d i s e a ~ e . ~ ~ ~ , ~ ~ ~  

Focal chronic pancreatitis can be difficult to differ- 
entiate from pancreatic adenocarcinoma because both 
demonstrate low SI on TI-WI, are associated with due- 
tal obstruction, and show more gradual progressive 
enhancement on dynamic MR imaging than does nor- 
mal pancreas. The similar imaging findings are 
attributed to the large amounts of fibrosis present in 
both disease p r o ~ e s s e s . ~ ~ ~ , ~ ~ ~  When fibrosis is distrib- 
uted uniformly throughout the gland, no discrete mass 
is seen and the diagnosis of chronic pancreatitis is usu- 
ally evidenL419 When fibrosis occurs in a mass-like 
distribution, distinction between focal pancreatitis and 
resectable adenocarcinoma can be difficult and may 
require biopsy. 

Other Lesions of the Pancreas 

A pancreatic lipoma is a benign mesenchyrnal neo- 
plasm usually discovered as an incidental finding. The 
mass is well circumscribed and composed almost 
entirely of fat with a few scattered vessels or septa. The 
lipoma is isointense to peripancreatic fat on TI- and 
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Figure 2-39 MR illustration of focal fatty change of the pancreas as revealed on chemical shift MR. MR 
was requested to confirm the diagnosis of pancreatic tumor of the low pancreatic head, which was depicted as a hypoat- 
tenuating mass on CT. Focal fatty change or focal fatty sparing of the pancreas can mimic a mass on imaging. A and B, 
Enhanced CT (A) and fat-suppressed CE (B) T1-WIs show hypoattenuating (A), hypointense (B) pancreatic tissue 
(arrow) that abuts the lateral margin of the superior mesenteric vein (curued arrow). On the basis of these images alone 
it would be difficult to exclude an occult neoplasm. C and D, In-phase (C) and opposed-phase (D) T1-WIs show normal, 
hyperintense pancreas (C) that loses SI on opposed-phase imaging (D) (arrow). Pancreatic cancer does not appear hyper- 
intense on TI-WIs and does not reveal lipid on chemical shift imaging. 

T2-WI.420 The key to establishing a definitive diagnosis 
of macroscopic fat within the lipoma is to compare 
TI-WI performed with and without fat saturation (see 
Figs. 1-19A, 1-19D, and 3-1).241 These MR techniques 
are discussed in greater detail in Chapter 3. Complete 
fatty replacement diffusely aff'ects the gland, and 
localized lipomatosis (focal fatty infiltration) does not 
appear as a round, encapsulated mass.421 Pancreatic 
lipomas are managed conservatively if there is no mass 
effect on the pancreaticobiliary tree. 

Diffuse fatty infiltration or replacement of the pan- 
creatic ~arenchvma is a common Drocess in older 
individials and Yappears as a heterogeneous decrease 
in SI of the pancreatic parenchyma on opposed-phase 
TI-W GRE images (Fig 2-39).422 The lipid is confined 
to the interstitial stroma of the pancreas and is of no 

chronic p a n c r e a t i t i ~ . ~ ~ ~ , ~ ~ ~  Occasionally, focal fatty 
change can mimic a hypoattenuating neoplasm on 
CE-CT. Focal fatty change more commonly occurs in 
the posterior pancreatic head and uncinate process 
owing to differences in fat content between the dorsal 
(body, tail, and anterior and superior pancreatic head) 
and ventral (posterior and inferior pancreatic head 
and uncinate process) pancreatic anlagen.424,425 
Chemical shift MR imaging can establish a diagnosis 
of fatty change and exclude malignancy by depicting 
the lesion as having normal or high SI on in-phase 
imaging and loss of SI on a corresponding opposed- 
phase image.423 Based on similar pathogenetic 
mechanisms, fatty change of the pancreas can spare a 
segment of parenchyma. Focal fatty sparing can be 
characterized using similar chemical shift techniques 
as for focal fatty change. 

clinical import, since the endocrine and exocrine cells Pancreas Transplantation 
are not affected.423 Com~lete fattv re~lacement has 
also been associated with'eystic fibposisisee Fig. 2-32), Pancreas transplantation is used to manage certain 
obesity, corticosteroid therapy, diabetes mellitus, and cases of complicated type 1 diabetes mellitus. 



Figure 2-40 Normal pancreatic transplant vasculature as revealed by CE-MRA. A, MIP-MRA (magnetic 
resonance angiography) image depicts normal arterial graft segments of a donor iliac (arrow) and splenic artery 
(curved arrow) to supply a right-sided pancreatic transplant. A normal-appearing left lower quadrant renal transplant and 
artery (lower arrow) are present. B, MIP-MRV (magnetic resonance venography) shows a normal segment of splenic vein 
(arrow) that drains into the superior mesenteric vein (curved arrow). Normal pancreatic parenchymal enhancement 
is present (PI. 

Traditional surgery employs systemic diversion of 
pancreatic venous outflow and drainage of exocrine 
secretions into the bladder (systemic-bladder) but 
can be complicated by hyper ins~ l inemia .~~~ A newer 
technique employs portal venous drainage of the 
allograft and enteric drainage of the exocrine secre- 
tions (portal-enteric) to promote physiologic glucose 
m e t a b o l i ~ m . ~ ~ ~ , ~ ~ ~  Both techniques use a similar 
method of arterial reconstruction in which the 
splenic and superior mesenteric arteries of the donor 
pancreas are anastomosed to the internal and exter- 
nal branches of a donor iliac artery Y-graft. The 
allograft is implanted in the recipient through an 
end-to-side anastomosis between the common iliac 
portion of the Y-graft and the recipient's common or 
external iliac artery (Fig. 2-40).427 

The systemic-bladder technique places the allo- 
graft in the pelvis and diverts venous drainage into 
the systemic circulation through an anastomosis 
between the portal vein of the allograft and the recip- 
ient's common or external iliac vein. Exocrine 
secretions are drained through a segment of donor 
duodenum that communicates with the bladder. The 
portal-enteric technique places the allograft verti- 
cally and intraperitoneally in the right side of the 
abdomen and establishes venous drainage through 
an anastomosis between the portal vein of the allo- 
graft and the recipient's superior mesenteric vein428 

(see Fig 2-40). Exocrine secretions drain into the 
donor duodenum that is anastomosed to a Roux-en-Y 
limb formed from the recipient's jejunum.427 

The pancreas transplant is enlarged and inho- 
mogeneous in the immediate postoperative period 
but decreases in size after 4 weeks.429 Subsequently, 
normal parenchyma is hyperintense to adjacent 
organs and fat on TI-WI with fat suppression and 
enhances avidly and uniformly, similarly to native 
p a n c r e a ~ . ~ ~ ~ , ~ ~ ~  The allograft is susceptible to a vari- 
ety of postoperative complications the most common 
of which are arterial and venous thrombosis, allo- 
graft rejection, and transplant pancreatitis. Vascular 
thrombosis is suspected when a patient has rising 
serum glucose and a normal creatinine, reflecting 
impaired venous drainage of insulin from the allo- 
graft.428 Venous or arterial thrombosis is diagnosed 
when the transplant vessel shows absent enhance- 
ment, stenosis, or a central, low SI clot surrounded 
by enhanced vessel wall. Absent enhancement of the 
allograft in the setting of thrombosis represents graft 
infarction and necessitates explantation to prevent 
superinfection (Fig 2-41).410,428,431 Imaging diagnosis of 
graft rejection is difficult but is suggested by abnor- 
mally low SI on TI-WI and decreased enhancement.432 
Transplant pancreatitis is no different from native 
pancreatitis and manifests as pancreatic enlargement 
and peripancreatic edema.428,430 
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Figure 2-41 Pancreatic transplant artery thrombosis and pancreatic necrosis as revealed by MR. 
A, Coronal fat-suppressed TI-WI shows a left lower quadrant renal (arrow) and right lower quadrant pancreatic trans- 
plant (P, curved arrow). Normal pancreatic parenchyma should be hyperintense to muscle on TI-WIs. B, MIP image 
during an arterial-phase MR shows occlusion of the proximal segment of the iliac arterial graft (arrow). C, Subtraction 
image of a venous-phase CE TI-WI shows normal renal enhancement but absent pancreatic parenchymal enhancement. 

REFERENCES 

1. Wallner B, Schumacher K, Weidenmaier W, Friedrich J. Dilated 
biliary tract: evaluation with MR cholangiography with a 
T2-weighted contrast-enhanced fast sequence. Radiology 
1991;181:805-808. 

2. Loperfido S, Angelina G, Benedetti G. Major early complications 
from diagnostic and therapeutic ERCP: a prospective multicenter 
study. Gastrointest Endosc 1998;48:1-10. 

3. Varghese J, Farrell M, Courtney G, Osborne H, Murray F, Lee M. 
Role of MR cholangiopancreatography in patients with failed or 
inadequate ERCP. Am J Roentgenol 1999;173:1527-1533. 

4. Soto J, Yucel E, Barish M, Chuttani R, Ferrucci J. MR cholangiopan- 
creatography after unsuccessful or incomplete ERCP. Radiology 
1996;199:91-98. 

5. Outwater E, Mitchell D. MR imaging techniques for evaluation of the 
pancreas. Top Magn Reson Imaging 1996;8:248-264. 

6. Taourel P, Bret PM, Reinhold C, Barkun AN, Atri M. Anatomic 
variants of the biliary tree: diagnosis with MR cholangiopancreatog- 
raphy. Radiology 1996;199:521-527. 

7. Vitellas K, Keogan M, Spritzer C, Nelson R. MR cholangiopancrea- 
tography of bile and pancreatic duct abnormalities with emphasis 
on the single-shot fast spin-echo technique. Radiographics 2000;20: 
939-957. 

8. Chan J, Tsui E, Yuen M, et al. Gadopentetate dimeglumine as an oral 
negative gastrointestinal contrast agent for MRCP. Abdom Imaging 
2000;25:405-408. 

9. Barish M, Soto J. MR cholangiopancreatography: techniques and 
clinical applications. Am J Roentgenol 1997;169:1295-1303. 

10. Macaulay S, Schulte S, Sekijima J, et al. Evaluation of a non-breath-hold 
MR cholangiography technique. Radiology 1995;196:227-232. 



Sugiyama M, Atomi Y. Anomalous pancreaticobiiiary junction 
without congenital choledochal cyst. Br J Surg 1998;85:911-916. 
Savader SJ, Benenati JF, Venbrux AC, et al. Choledochal cysts: 
classification and cholangiographic appearance. Am J Roentgenol 

Barish M, Yucel E, Soto J,  Chuttani R, Ferrucci J. MR cholangio- 
pancreatography: efficacy of three-dimensional turbo spin-echo 
technique. Am J Roentgenol 1995;165:295-300. 
Yamashita Y, Abe Y, Tang Y, Urata J,  Sumi S, Takahashi M. In vitro 
and clinical studies of image acquisition in breath-hold MR 
cholangiopancreatography: single-shot projection technique versus 
multislice technique. Am J Roentgenol 1997;168:1449-1454. 
Holzknecht N, Gauger J, Sackmann M, et al. Breath-hold MR 
cholangiography with snapshot techniques: prospective comparison with 
endoscopic retrograde cholangiography. Radiology 1998;206:657-664. 
Ichikawa T, Nitatori T, Hachiya J,  Mizutani Y. Breath-held MR 
cholangiopancreatography with half-averaged single shot hybrid 
rapid acquisition with relaxation enhancement sequence: 
comparison of fast GRE and SE sequences. J Comput Assist 
Tomogr 1996;20:798-802. 
Miyazaki T, Yamashita Y, Tsuchigame T, Yamamoto H, Urata J,  
Takahashi M. MR cholangiopancreatography using HASTE 
(half-Fourier acquisition single-shot turbo spin-echo) sequences. 
Am J Roentgenol 1996;166:1297-1303. 
Kim T, Han J,  Kim S, Bae S, Choi B. MR cholangiopancreatography: 
comparison between half-Fourier acquisition single-shot turbo 
spin-echo and two-dimensional turbo spin-echo pulse sequences. 
Abdom Imaging 1998;23:398-403. 
Takehara Y. Fast MR imaging for evaluating the pancreaticobiliary 
system. Eur J Radiol 1999;29:211-232. 
Takehara Y, Ichijo K, Tooyama N, et al. Breath-hold MR 
cholangiopancreatography with a long-echo-train fast spin-echo 
sequence and a surface coil in chronic pancreatitis. Radiology 
1994;192:73-78. 
Fulcher A, Turner M. Pitfalls of MR cholangiopancreatography 
(MRCP). J Comput Assist Tomogr 1998;22:845-850. 
Watanabe Y, Dohke M, Ishimori T, et al. Diagnostic pitfalls of MR 
cholangiopancreatography in the evaluation of the biliary tract and 
gallbladder. Radiographics 1999;19:415-429. 
Larena J,  Astigarraga E, Saralegui I, Merino A, Capelastegui A, 
Calvo M. Magnetic resonance cholangiopancreatography in the 
evaluation of pancreatic duct pathology. Br J Radiol 1998;71: 
1100-1104. 
Kim M-J, Mitchell DG, Ito K, Outwater EK. Biliary dilatation: 
Differentiation of benign from malignant causes: value of adding 
conventional MR imaging to MR cholangiopancreatography. 

1991;156:327-331. 
Matos C, Nicaise N, Deviere J, et al. Choledochal cysts: comparison 
of findings at MR cholangiopancreatography and endoscopii 
retrograde cholangiopancreatography in eight patients. Radiology 
1998:209:443-448. 
Kim OH, Chung HJ, Choi B, Gil. Imaging of the choledochal cyst. 
Radiographics 1995;15:69-88. 
Weyant MJ, Maluccio MA, Bertamolli MM. Dab JM. Choledochal 
cysts in adults: a report of two c&es and review of the literature. 
Am J Gastroenterol 1998;93:2580-2583. 
Irie H, et al. Value of MR cholangiopancreatography in evaluating 
choledochal cysts. Am J Roentgenol 1998;171:1381-1385. 
Fieber SS, Nance FC. Choledochal cyst and neoplasm: 
a comprehensive review of 106 cases and presentation of two 
original cases. Am Surg 1997;63:982-987. 
Kim S, Lim J, Yoon H, Han B, Lee S, Kim Y. Choledochal cyst: 
comparison of MR and conventional cholangiography. Clin Radiol 
2000;55:378-383. 
Brine D, Soulen R. Pancreaticobiliary carcinoma associated with 
a laree choledochal cvst: role of MRI and MR cholamio~ancreato~raohv 

- a "  

in di-agnosis and assessment. Abdom &&ing 
1999:24:292-294. -... 7- - -  - 

Kim M, Han S, Yoon C, et al. Using MR cholangiopancreatography 
to reveal anomalous pancreaticobiliary ductal union in infants and 
children with choledochal cysts. Am J Roentgenol 2002;179:209-214. 
Todani T, Watanabe Y, Narusue M, Tabuchi K, Okajima K. 
Congenital bile duct cysts: classification, operative procedures, 
and review of thirty-seven cases including cancer arising from 
choledochal cyst. Am J Surg 1977;134:263-269. 
De Backer A, Van den Abbeele K, De Schepper A, Van Baarle A. 
Choledochocele: diagnosis by magnetic resonance imaging. 
Abdom Imaging 2000;25:508-510. 
Miller WJ, Sechtin AG, Campbell WL, Pieters PC. Imaging findings 
in Caroli's disease. Am J Roentgenol 1995;165:333-337. 
Asselah T, Ernst 0 ,  Sergent G, 11Hermin6 C, Paris J-C. Caroli's 
disease: a magnetic resonance cholangiopancreatography diagnosis. 
Am J Gastroenterol 1998;93:109-110. 
Guy F, Cognet F, Dranssart M, Cercueil JP, Conciatori L, Krause D. 
Caroli's disease: magnetic resonance imaging features. Eur Radiol 
2002;12:2730-2736. 
Davidoff AM, Pappas TN, Murray EA, et al. Mechanisms of major 
biliarv iniurv during la~aroscouic cholecvstectomv. Ann Surg 

Radiology 2000;214:173-181. 
Takehara Y. Can MRCP replace ERCP? J Magn Reson Imaging - - 
1998;8:517-534. 

24. Lee V, Rofsky N, Morgan G, et al. Volumetric mangafodipir 
trisodium-enhanced cholangiography to define intrahepatic biliary 
anatomy. Am J Roentgenol 2001;176:906-908. 

25. Fayad LM, Holland GA, Bergin D, et al. Functional magnetic 
resonance cholangiography (fMRC) of the gallbladder and biliary 
tree with contrast-enhanced magnetic resonance cholangiography. 
J Magn Reson Imaging 2003;18:449-460. 

26. Mitchell D, Alam F. Mangafcdipir trisodium: effects on T2- and 
TI-weighted MR cholangiography. J Magn Reson Imaging 
1999;9:366-368. 

27. Runge V. A comparison of two MR hepatobiliary gadolinium 
chelates: Gd-BOPTA and Gd-EOB-DTPA. J Comput Assist Tomogr 

" .  
1992;ilG1&-202. 

- 
Martin RF, Rossi RL. Bile duct injuries: spectrum, mechanisms of 
injury, and their prevention. surg Clin ~ 6 r t h  Am 1994;74:781-803. 
Mortele K, Ros PR. Anatomic variants of the biliary tree: MR 
cholangiographic findings and clinical applications. Am J Roentgenol 
2001;177:389-394. 
Vanheckevoort D, Van Hoe L, Ponette E, et al. Imaging of 
gallbladder and biliary tract before laparoscopic cholecystectomy: 
comparison of intravenous cholangiography and the combined use of 
HASTE and single-shot MR imaging. J Belge Radiol 1997;80:6-8. 
Hirao K Miyazaki A, Fujimoto T, Isomoto I, Hayashi K. Evaluation 
of aberrant bile duds before laparoscopic cholecystectomy: helical CT 
cholangiography versus MR cholangiography. Am J Roentgenol 
2000;175:713-720. 
Magnuson T, Bender J, Duncan M. MRCP in biliary obstruction: 
a useful test? Am J Gastroenterol2000;95:3646-3649. 
Guibaud L, Bret PM, Reinhold C, Atri M, Barkun AN. Bile duct 
obstruction and choledocholithiasis: diagnosis with MR 
cholangiography. Radiology 1995;197:109-115. 
Schwartz LH, Coakley FV, Sun Y, Blumgart LH, Fong Y, 
Panicek DM. Neoplastic pancreaticobiliary dud obstruction: 
evaluation with breath-hold MR cholangiopancreatography. Am J 
Roentgenol 1998;170:1491-1495. 
Soto JA, Alvarez 0 ,  Lopera JE, Munera F, Restrepo JC, Correa G. 
Biliary obstruction: findings at MR cholangiography and 
cross-sectional MR imaging. Radiographics 2000;20:353-366. 
Schwartz LH, Lefkowitz RA, Panicek DM, et al. Breath-hold 
magnetic resonance cholangiopancreatography in the evaluation 
of malignant pancreaticobiliary obstruction. J Comput Assist Tomogr 

1998;22:643-650. 
Bollow M, Taupitz M, Hamm B, Staks T, Wolf K, Weinmann H. 
~ a d o l i n i u m - e t h o ~ ~ b e n z ~ l - ~ ~ ~ ~  as a hepatobiliary contrast agent 
for use in MR cholangiography: results of an in vivo phase-I clinical 
evaluation. Eur Radiol 1997;7:126-132. 
Vitellas K, El-Dieb A, Vaswani K, et al. Using contrast-enhanced MR 
cholangiography with IV mangafodipir trisodium (Teslascan) to 
evaluate bile duct leaks after cholecystectomy: a prospective study of 
11 patients. Am J Roentgenol 2002;179:409-416. 
Carlos R, Hussain H, Song J ,  Francis I. Gadolinium-ethoxybenzyl- 
diethylenetriamine pentaacetic acid as an intrabiliary contrast agent: 
preliminary assessment. Am J Roentgenol 2002;179:87-92. 
Adusumilli S, Siegelman E. MR imaging of the gallbladder. J Magn 
Reson Imaging Clin North Am 2002;10:165-184. 
Rizzo RJ, Szucs RA, Turner MA. Congenital anomalies of the 
pancreas and biliary tree in adults. Radiographics 1995;15:49-68. 
Dohke M, Watanabe Y, Okumura A, et al. Anomalies and anatomic 
variants of the biliary tree revealed by MR cholangiopancreatography, 
Am J Roentgenol 1999;173:1251-1254. 
Tang Y, Yamashita Y, Abe Y, Namimoto T, Tsuchigame T, 
Takahashi M. Congenital anomalies of the pancreaticobiliary tract: 
findings on MR cholangiopancreatography (MRCP) using haf- 
Fourier-acquistion single-shot turbo spin-echo sequence (HASTE). 
Comput Med Imaging Graph 2001;25:423-431. 
Sugiyama M, Baba M, Atomi Y, Hanaoka H, Mizutani Y, Hachiya J. 
Diagnosis of anomalous pancreaticobiliary junction: value of 
magnetic resonance cholangiopancreatography. Surgery 1998; 
123:391-397. 

2003;27:307-314. 
Courbiere M, Pilleul F, Henry L, Ponchon T, Touzet S, Valette PJ. 
Value of magnetic resonance~cholangi~gra~h~ in benign and 
malignant hiliary stenosis: comparative study with direct 
cholangiography. J Comput Assist Tomogr 2003;27:315-320. 
Adamek HE, Albert J, Breer H, Weitz M, Schilling D, Riemann JF. 
Pancreatic cancer detection with magnetic resonance cholangiopan- 
creatography and endoscopic retrograde cholangiopancreatography: 
a prospective controlled study. Lancet 2000;356:190-193. 



Chapter 2 
- -- 

MRl of t#m Blle Ducts, Gallbladder, and Pancreas 121 

Materne R, Van Beers B, Gigot J ,  et al. Extrahepatic biliary 
obstruction: Magnetic resonance imaging compared with endoscopic 
ultrasonography. Endoscopy 2000;32:3-9. 
Liu TH, Consorti ET, Kawashima A, et al. The efficacy of magnetic 
resonance cholangiography for the evaluation of patients with 
suspected choledocholithiasis before laparoscopic cholecystectomy. 
Am J Surg 1999;178:480-484. 
Dwerryhouse S, Brown E, Vipond M. Prospective evaluation of 
magnetic resonance cholangiography to detect common bile 
duct stones before laparoscopic cholecystectomy. Br J Surg 
1998;85: 1364-1366. 
Cohen S, Siege1 J, Kasmin F. Complications of diagnostic and 
therapeutic ERCP. Abdom Imaging 1996;21:285-394. 
Kim J ,  Kim M, Park S, et al. MR cholangiography in symptomatic 
gallstones: diagnostic accuracy according to clinical risk group. 
Radiology 2002;224:410-416. 
Gallix B, RBgent D, Bruel J .  Use of magnetic resonance 
cholangiography in the diagnosis of choledocholithiasis. Abdom 
Imaging 2001;26:21-27. 
Becker CD, Grossholz M, Becker M, Mentha G, de Peyer R, 
Terrier F. Choledocholithiasis and bile duct stenosis: Diagnostic 
accuracy of MR cholangiopancreatography. Radiology 1997; 
205:523-530. 
Boraschi P, Neri E, Braccini G, et al. Choledocholithiasis: 
Diagnostic accuracy of MR cholangiopancreatography. Three-year 
experience. Magnetic Resonance Imaging 1999;17:1245-1253. 
Varghese J ,  Liddell R, Farrell M, Murray F, Osborne D, Lee M. 
Diagnostic accuracy of magnetic resonance cholangiopancreatography 
and ultrasound compared with direct cholangiography in the 
detection of choledocholithiasis. Clin Radiol 2000;55:25-35. 
Soto JA, Barish MA, Alvarez 0, Medina S. Detection of 
choledocholithiasis with MR cholangiography: comparison of 
three-dimensional fast spin-echo and single- and multisection 
half-Fourier rapid acquisition with relaxation enhancement 
sequences. Radiology 2000;215:737-745. 
Reinhold C, Taourel P, Bret PM, et al. Choledocholithiasis: 
evaluation of MR cholangiography for diagnosis. Radiology 
1998;209:435-442. 
Sugiyama M, Atomi Y, Hachiya J .  Magnetic resonance 
cholangiography using half-Fourier acquisition for diagnosing 
choledocholithiasis. Am J Gastroenterol 1998;93:1886-1890. 
Stiris M, Tennoe B, Aadland E, Lunde 0. MR cholangiopanc 
reaticography and endoscopic retrograde cholangiopancreaticography 
in patients with suspected common bile duct stones. Acta Radiologica 
2000;41:269-272. 
Soto JA, Alvarez 0 ,  Munera F, Valez SM, Valencia J, Ramirez N. 
Diagnosing bile duct stones: comparison of unenhanced helical 
CT, oral contrast-enhanced CT cholangiography, and MR 
cholangiography. Am J Roentgenol 2000;175:1127-1134. 
Regan F, Fradin J ,  Khazan R, Bohlman M, Magnuson T. 
Choledocholithiasis: Evaluation with MR cholangiography. 
Am J Roentgenol 1996;167:1441-1445. 
Kim T, Kim B, Kim J ,  et al. Diagnosis of intrahepatic stones: 
superiority of MR cholangiopancreatography over endoscopic 
retrograde cholangiopancreatography. Am J Roentgenol 
2002;179:429-434. 
Chan Y, Lam W, Metreweli C, Chung S. Detectability and appearance 
of bile duct calculus on MR imaging of the abdomen using axial 
TI- and T2-weighted sequences. Clin Radiol 1997;52:351-355. 
Chan Y-1, Chan AC, Lam WW, et al. Choledocholithiasis: comparison 
of MR cholangiography and endoscopic retrograde cholangiography. 
Radiology 1996;200:85-89. 
Fulcher A, Turner M, Capps G, Zfass A, Baker K. Half-Fourier 
RARE MR cholangiopancreatography: experience in 300 subjects. 
Radiology 1998;207:21-32. 
Irie H. Honda H. Kuroiwa T. et al. Pitfalls in MR cholaneio- - ~ -  
pancreatographic interpreta;ion. Radiographic~ 2001;21:23-37. 
Pavone P, Laghi A, Catalano C, et al. MR cholangiography in 
the examination of patients with biliary-enteric anastomoses. 
Am J Roentgenol 1997;169:807-811. 
Lillemoe KD, Pitt HA, Cameron JL. Current management of benign 
bile duct strictures. Adv Surg 1992;25:119-173. 
Yeh T, Jan Y, Tseng J,  Hwang T, Jeng L, Chen M. Value of magnetic 
resonance cholangiopancreatography in demonstrating major bile 
duct injuries following laparoscopic cholecystectomy. Br J Surg 
1999;86:181-184. 
Khalid TR, Casillas VJ, Montalvo BM, Centeno R, Levi JU. 
Using MR cholangiopancreatography to evaluate iatrogenic bile 
duct injury. Am J Roentgenol 2001;177:1347-1352. 
Chartrand-Lefebvre C, Dufresne M, Lafortune M, Lapointe R, 
Dagenais M, Roy A. Iatrogenic injury to the bile duct: a working 
classification for radiologists. Radiology 1994;193:523-526. 
Moossa A, Mayer A, Stabile B. Iatrogenic injury to the bile duct: 
who, how, where? Arch Surg 1990;125:1028-1030. 

89. Lillemoe K, Martin S, Cameron J,  et al. Major bile duct injuries 
during laparoscopic cholecystectomy: follow-up after combined 
surgical and radiologic management. Ann Surg 1997;225:459-468. 

90. Laghi A, Pavone P, Catalano C, et al. MR cholangiography of late 
biliary complications after liver transplantation. Am J Roentgenol 
1999;172:1541-1546. 

91. Greif F, Bronsther 0 ,  Van Thiel D, et al. The incidence, timing, 
and management of biliary tract complications after orthotopic liver 
transplantation. Ann Surg 1994;219:40-45. 

92. Fulcher AS, Turner MA. Orthotopic liver transplantation: 
evaluation with MR cholangiography. Radiology 1999;211:715-722. 

93. Boraschi P, Braccini G, Gigoni R, et al. Detection of biliary 
complications after orthotopic liver transplantation with MR 
cholangiography. Magnetic Resonance Imaging 2001;19:1097-1105. 

94. Starzl TE, Putnam CW, Hansbrough JF, Porter KA, Reid H. 
Biliary complications after liver transplantation: With special 
reference to the biliary cast syndrome and techniques of secondary 
duct repair. Surgery 1977;81:212-22 1. 

95. Matthews BD, Sing RF, Heniford BT. Magnetic resonance 
cholangiopancreatographic diagnosis of Mirizzi's syndrome. 
J Am Coll Surg 2000;190:630. 

96. Kim PN, Outwater EK, Mitchell DG. Mirizzi syndrome: evaluation 
by MR imaging. Am J Gastroenterol 1999;94:2546-2550. 

97. Lee Y-M, Kaplan MM. Primary sclerosing cholangitis. N Engl J Med 
1995;331:924-933. 

98. Olsson R, Danielsson A, Jarnerot G, et al. Prevalence of primary 
sclerosing cholangitis in patients with ulcerative colitis. 
Gastroenterology 1991;100:1319-1323. 

99. Ponsioen C, Tytgat G. Primary sclerosing cholangitis: a clinical 
review. Am J Gastroenterol 1998;93:515-523. 

100. Chalasani N, Baluyut A, Ismail A, et al. Cholangiocarcinoma in 
patients with primary sclerosing cholangitis: a multi-center 
case-control study. Hepatology 2000;31:7-11. 

101. Ernst 0 ,  Asselah T, Sergent G, et al. MR cholangiography in primary 
sclerosing cholangitis. Am J Roentgenol 1998;171:1027-1030. 

102. Vitellas KM, Enns RA, Keogan MT, et al. Comparison of MR 
cholangiopancreatographic techniques with contrast-enhanced 
cholangiography in the evaluation of sclerosing cholangitis. 
Am J Roentgenol 2002;178:327-334. 

103. Fulcher AS, Turner MA, Franklin KJ, et al. Primary sclerosing 
cholangitis: evaluation with MR cholangiography: a case-control 
study. Radiology 2000;215:71-80. 

104. Angulo P, Pearce DH, Johnson CD, et al. Magnetic resonance 
cholangiography in patients with biliary disease: its role in primary 
sclerosing cholangitis. J Hepatology 2000;33:520-527. 

105. Ito K, Mitchell D, Outwater E, Blasbalg R. Primary sclerosing 
cholangitis: MR imaging features. Am J Roentgenol 1999; 
172:1527-1533. 

106. Vitellas KM, Keogan MT, Freed KS, et al. Radiologic manifestations 
of sclerosing cholangitis with emphasis on MR cholangio- 
pancreatography. Radiographics 2000;20:959-975. 

107. Revelon G, Rashid A, Kawamoto S, Bluemke DA. Primary 
sclerosing cholangitis: MR imaging findings with pathologic 
correlation. Am J Roentgen01 1999:173:1037-1042. 

108. Outwater E, Kaplan MM, B ~ ~ ~ O R M S .  Lymphadenopathy in 
sclerosing cholangitis: pitfall in the diagnosis of malignant biliary 
obstruction. ~as6oin tes t  Radiol 1992;<7:157-160. - 
Campbell WL, Peterson MS, Federle MP, Sigueira ES, et al. 
Using CT and cholangiography to diagnose biliary tract carcinoma 
complicating primary sclerosing cholangitis. Am J Roentgenol 
2001;177:1095-1100. 
Balthazar EJ, Birnbaum BA, Naidich M. Acute cholangitis: 
CT evaluation. J Comput Assist Tomogr 1993;17:283-289. 
Bader TR, Braga L, Beavers KL, Semelka RC. MR imaging findings 
of infectious cholangitis. Magn Reson Imaging 2001;19:781-788. 
Kim M-J, Cha S-W, Mitchell DG, Chung J-J, Park S, Chung JB. 
MR imaging findings in recurrent pyogenic cholangitis. 
Am J Roentgenol 1999;173:1545-1549. 
Park M-S, Yu J-S, Kim KW, Kim M-J, et al. Recurrent pyogenic 
cholangitis: comparison between MR cholangiography and direct 
MR cholangioma~hv. Radiolow 2001:220:677-682. - -  . "  
See1 D, Park Y. Oriental infesyationai cholangitis. Am J Surg 
1983;146:366-370. 
Lim J. Oriental cholangiohepatitis: pathologic, clinical, and 
radiologic features. A&J ~ o l n t ~ e n o l  1991;i57:1-8. 
Miller FH, Gore RM, Nemcek AA, Fitzgerald SW. Pancreaticohiliary 
manifestations of AIDS. Am J Roentgenol 1996;166:1269-1274. 
Jemal A, Tiwari RC, Murray T, et al. Cancer Statistics, 2004. 
CA Cancer J Clin 2004;54:8-29. 
Jarnagin WR, Fong Y, Blumgart LH. The current management of 
hilar cholangiocarcinoma. Adv Surg 1999;33:345-373. 
Lee WF, Kim HK, Fang KM, et al. Radiologic spectrum of 
cholangiocarcinoma: emphasis on unusual manifestations and 
differential diagnosis. Radiographics 2001;21:S97-S116. 



120. Campbell WL, Ferris JV, Holbert BL, Thaete FL, Baron RL. 
Biliary tract carcinoma complicating primary sclerosing cholangitis: 
evaluation with CT, cholangiography, US, and MR imaging. 
Radiology 1998;207:41-50. 

121. Worawattanakul S, Semelka RC, Noone TC, Calvo BF, Kelekis NL, 
Woosley JT. Cholangiocarcinoma: spectrum of appearances on 
MR images using current techniques. Magn Reson Imaging 
1998;16:993-1003. 

122. Guthrie JA, Ward J ,  Robinson PJ. Hilar cholangiocarcinomas: 
T2-weighted spin-echo and gadolinium-enhanced FLASH MR 
imaging. Radiology 1996;201:347-335. 

123. Pavone P, Laghi A, Passariello R. MR cholangiopancreatography 
in malignant biliary obstruction. Semin Ultrasound CT MR 
1999;20:317-323. 

124. Fulcher AS, Turner MA. HASTE MR cholangiography in the 
evaluation of hilar cholaneiocarcinoma. Am J Roenteenol - - 
1997;169:1501-1505. 

125. Yeh T-S, Jan Y-Y, Tseng J-H, et al. Malignant perihilar biliary 
obstruction: Magnetic resonance cholan~opancreatographic 
findings. Am J Gastroenterol2000;95:432-440. 

126. Keogan MT, Seabourn JT, Paulson EK, McDermott VG, 
Delong DM, Nelson DR. Contrast-enhanced CT of intrahepatic 
and hilar cholangiocarcinoma: delay time for optimal imaging. 
Am J Roentgenol 1997;169:1493-1499. 

127. Burke EC, Jarnagin WR, Hochwald SN, Pisters PW, Fong Y, 
Blumgart LH. Hilar cholangiocarcinoma: patterns of spread, the 
importance of hepatic resection for curative operation, and a 
presurgical clinical staging system. Ann Surg 1998;228:385-394. 

128. Jarnagin WR, Fong Y, DeMatteo RP, et al. Staging, resectability, 
and outcome in 225 patients with hilar cholangiocarcinoma. 
Ann Surg 2001;234:507-519. 

129. Cha J ,  Han J ,  Kim T, et al. Preoperative evaluation of Klatskin 
tumor: accuracy of spiral CT in determining vascular invasion as 
a sign of unresectability. Abdom Imaging 2000;25:500-507. 

130. Tillich M, Mischinger H-J, Preisegger K-H, Rabl H, Szolar DH. 
Multi~hasic helical CT in diaenosis and staeine of hilar 
cholaAgiocarcinoma. Am J ~ i e n t ~ e n o l  1998;171:651-658. 

131. Launois B, Terblanche J ,  Lakehal M, et al. Proximal bile duct 
cancer: high resectability rate and 5-year survival. Ann Surg 
1999;230:266-275. 

132. Gerhards MF, van Gulik TM, Bosma A, et al. Long-term survival 
after resection of proximal bile duct carcinoma (Klatskin tumors). 
World J Surg 1999;23:91-96. 

133. Bismuth H, Corlette M. Intrahepatic cholangioenteric anastomosis 
in carcinoma of the hilus of the liver. Surg Gynecol Obstet 
1975;140:170-178. 

134. Zidi S, Prat F, Le Guen 0 ,  Rondeau Y, Pelletier G. Performance 
characteristics of magnetic resonance cholangiography in the 
staging of malignant hilar strictures. Gut  2000;46:103-106. 
~illemoe K, C-eron J .  Surgery for hilar cholangiocarcinoma: the 
Johns Hopkins approach. J Hepatobiliary Pancreat Surg 
2000;7:115-121. 
Anderson CD, Pinson CW, Berlin J ,  Chari RS. Diagnosis and 
treatment cholangiocarcinoma. Oncologist 2004;9:43-57. 
Koike S, Ito K, Honjo K, Takano K, Yasui M, Matsunaga N. 
Oddi sphincter and common channel: evaluation with pharmaco- 
dynamic MR cholangiopancreatography using fatty meal and 
secretin stimulation. Radiat Med 2000;18:115-122. 
Kim J,  Kim M, Park S, et al. Using kinematic MR cholangio- 
pancreatography to evaluate biliary dilatation. Am J Roentgenol 
2002;178:909-914. 
Buck JL, Elsayed AM. Ampullary tumors: radiologic-pathologic 
correlation. Radiographics 1993;13:193-212. 
Semelka RC, Kelekis NL, Gesine J ,  Ascher SM, Burdeny D, 
Siegelman ES. Ampullary carcinoma: demonstration by current 
MR techniques. J Magn Reson Imaging 1997;7:153-156. 
Karl R, Carey L. Staging of pancreatic cancer: impact on treatment. 
Endoscopy 1993;25:69-74. 
Kim JH, Kim MJ, Chung JJ,  Lee WJ, Yoo HS, Lee JT. Differential 
diagnosis of periampullary carcinomas at MR imaging. Radiographics 
2002;22:1335-1352. 
Geier A, N a y e n  H, Matern S. MRCP and ERCP to detect small . - -  . 
ampullary carcinoma. Lancet 2000;356:1607-1608. 
Cohen-Sold C, Parquet M, Tiffon B, Volk A, Laurent M, Lutton C. 
Magnetic resonance imaging for the visualization of cholesterol 
gallstones in hamster fed a new high sucrose lithogenic diet. 
J Hepatol 1995;22:486-494. 
Fulcher AS, Turner MA, Capps GW. MR cholangiography: 
technical advances and clinical applications. Radiographics 
1999;19:25-41. 
Turner MA, Fulcher AS. The cystic duct: normal anatomy and 
disease processes. Radiographics 2001;21:3-22. 
Kelekis N, Semelka R. MR imaging of the gallbladder. Top Magn 
Reson Imaging 1996;8:312-320. 

Demachi H, Matsui 0 ,  Hoshiba K, et al. Dynamic MRI using a 
surface coil in chronic cholecystitis and gallbladder carcinoma: 
radiologic and histopathologic correlation. J Comput Assist Tomogr 
1997;21:643-651. 
Yoshimitsu K, Honda H, Kaneko K, et al. Dynamic MRI of the 
gallbladder lesions: differentiation of benign from malignant. 
J Magn Reson Imaging 1997;7:696-701. 
Demas B, Hricak H, Moseley M, et al. Gallbladder bile: an 
experimental study in dogs using MR imaging and proton MR 
spectroscopy. Radiology 1985;157:453-455. 
Hricak H, Filly R, Margulis A, Moon K, Crooks L, Kaufman L. 
Work in progress: nuclear magnetic resonance imaging of the 
gallbladder. Radiology 1983;147:481-484. 
Loud P, Semelka R, Kettritz U, Brown J ,  Reinhold C. MRI of acute 
cholecystitis: comparison with the normal gallbladder and other 
entities. Magn Reson Imaging 1996;14:349-355. 
Hakansson K, Leander P, Ekberg 0 ,  Hakansson H. MR imaging 
in clinically suspected acute cholecystitis: a comparison with 
ultrasonography. Acta Radiologica 2000;41:322-328. 
Tochio H, Kudo M, Okabe Y, Morimoto Y, Tomita S. Association 
between a focal spared area in the fatty liver and intrahepatic 
efferent blood flow from the gallbladder wall: evaluation with color 
Doppler sonography. Am J Roentgenol 1999;172:1249-1253. 
Abou-Saif A, Al-Kawas F. Complications of gallstone disease: 
Mirizzi syndrome, cholecystocholedochal fistula, and gallstone ileus. 
Am J Roentgenol 2002;97:249-254. 
Lazcano-Ponce E, Miquel J ,  Munoz N, et al. Epidemiology and 
molecular pathology of gallbladder cancer. CA Cancer J Clin 
2001;51:349-364. 
Bortoff G, Chen M, Ott D, Wolfman N, Routh W. Gallbladder 
stones: imaging and intervention. Radiographics 2000;20:751-766. 
Calvo M, Bujanda L, Heras I, et al. Magnetic resonance 
cholangiography versus ultrasound in the evaluation of the 
gallbladder. J Clin Gastroenterol 2002;34:233-236. 
Ukaji M, Ebara M, Tsuchiya Y, et al. Diagnosis of gallstone 
composition in magnetic resonance imaging: in vitro analysis. 
Eur J Radio1 2002;41:49-56. 
Gabata T, Kadoya M, Matsui 0 ,  Kobayashi T, Sanada J, Mori A. 
Intrahepatic biliary calculi: correlation of unusual MR findings 
with pathologic findings. Abdom Imaging 2000;25:266-268. 
Park M, Yu J ,  Kim Y, et al. Acute cholecystitis: comparison of MR 
cholangiography and US. Radiology 1998;209:781-785. 
Trowbridge RL, Rutkowski NK, Shojania KG. Does this patient 
have acute cholecystitis? JAMA 2003;289:80-86. 
Pate1 M, Miedema B, James M, Marshall J .  Percutaneous 
cholecystostomy is an effective treatment for high-risk patients 
with acute cholecystitis. Am Surg 2000;66:33-37. 
Regan F, Schaefer D, Smith D, Petronis J ,  Bohlman M, 
Magnuson T. The diagnostic utility of HASTE MRI in the 
evaluation of acute cholecystitis: half-Fourier acquisition 
single-shot turbo SE. J Comput Assist Tomogr 1998;22:638-642. 
Yamashita K, Jin M, Hirose Y, et al. CT finding of transient focal 
increased attenuation of the liver adjacent to the gallbladder in 
acute cholecystitis. Am J Roentgenol 1995;164:343-346. 
Brachman M, Goodman M, Waxman A. The rim sign in acute 
cholecystitis. Comparison of radionuclide, surgical, and pathologic 
findings. Clin Nucl Med 1993;18:863-866. 
Kim KW, Park MS, Yu JS, et al. Acute cholecystitis at T2-weighted 
and manganese-enhanced TI-weighted MR cholangiography: 
preliminary study. Radiology 2003;13:13. 
Pedrosa I, Guarise A, Goldsmith J ,  Procacci C, Rofsky NM. The 
intenupted rim sign in acute cholecystitis: a method to identify the 
gangrenous form with MRI. J Magn Reson Imaging 2003;18:360-363. 
Ottery F, Scupham R, Weese J .  Chemical cholecystitis after 
intrahepatic chemotherapy: the ease for prophylactic cholecystectomy 
during pump placement. Dis Colon Rectum 1986;29:187-190. 
Carrasco C, Freeny P, Chuang V, Wallace S. Chemical cholecystitis 
associated with hepatic artery infusion chemotherapy. Am J 
Roentgenol 1983;141:703-706. 
Kalliafas S, Ziegler D, Flancbaum L, Choban P. Acute acalculous 
cholecystitis: incidence, risk factors, diagnosis, and outcome. 
Am Surg 1998;64:471-475. 
Jenkins M, Golding R, Cooperberg P. Sonography and computed 
tomography of hemorrhagic cholecystitis. Am J Roentgenol 
1983;140:1197-1198. 
West M, Garra B, Horii S, et al. Gallbladder varices: imaging 
findings in patients with portal hypertension. Radiology 
1991;179:179-182. 
Gabata T, Matsui 0 ,  Kadoya M, et al. Gallbladder varices: 
demonstration of direct cokmunication to intrahepatic portal veins 
by color doppler sonography and CT during arterial portography. 
Abdom Imaging 1997;22:82-84. 
Chawla Y, Dilawari J ,  Katariya S. Gallbladder varices in portal vein 
thrombosis. Am J Roentgenol 1994;162:643-645. 



Chapter 2 
-7 

MRI OI th. Bile Duds, Gaflbladder, and Pancreas ' I 123 

Malkan G, Bhatia S, Bashir K, et al. Cholangiopathy associated with 
portal hypertension: diagnostic evaluation and clinical implications. 
Gastrointest Endosc 1999;49:344-348. 
Getzlaff S, Benz C, Schilling D, Riemann J.  Enteroscopic 
cyanoacrylate sclerotherapy of jejunal and gallbladder varices in a 
patient with portal hypertension. Endoscopy 2001;33:462-464. 
Hwang J ,  Chou Y, Tsay S, et al. Radiologic and pathologic 
correlation of adenomyomatosis of the gallbladder. Abdom Imaging 
1998;23:73-77. 
Ram M, Midha D. Adenomyomatosis of the gallbladder. Surgery 
1975;78:224-229. 
Aldridge M, Gruffaz F, Castaing D, Bismuth H. Adenomyomatosis of 
the gallbladder: a premalignant lesion? Surgery 1991;109:107-110. 
Williams I, Slavin G, Cox A, Simpson P, de Lacey G. Diverticular 
disease (adenomyomatosis) of the gallbladder: a radiological- 
pathological survey. Br J Radiol 1986;59:29-34. 
Ootani T, Shirai Y, Tsukada K, Muto T. Relationship between 
gallbladder carcinoma and the segmental type of adenomyomatosis 
of the gallbladder. Cancer 1992;69:2645-2652. 
Kim M, Oh Y, Park Y, et al. Gallbladder adenomyomatosis: findings 
on MRI. Abdom Imaeing 1999:24:410-413. 

184. ~ ish imi tsu  k - ~ o n d i  H: ~i: M, et al. MR diagnosis of adeno- 
myomatosis of the gallbladder and differentiation from gallbladder 
carcinoma: importance of showing Rokitansky-Aschoff sinuses. 
Am J Roentgenol 1999;172:1535-1540. 
Haradome H, Ichikawa T, Sou H, et al. The pearl necklace sign: 
an imaging sign of adenomyomatosis of the gallbladder at  MR 
cholangiopancreatography. Radiology 2003;227:80-88. 
Yoshimitsu K, Honda H, Aibe H, et al. Radiologic diagnosis of 
adenomyomatosis of the gallbladder: comparative study among MRI, 
helical CT, and transabdominal US. J Comput Assist Tomogr 
2001;25:843-850. 
Berk R, van der Vegt J, Lichtenstein J. The hyperplastic 
cholecystoses: cholesterolosis and adenomyomatosis. Radiology 
1983;146:593-601. 
Mainprize K, Gould S, Gilbert J .  Surgical management of polypoid 
lesions of the gallbladder. Br J Surg 2000;87:414-417. 
Christensen A, Ishak K. Benign tumors and pseudotumors 
of the gallbladder: report of 180 cases. Arch Path01 Lab Med 
1970;90:423-432. 
Collett J, Allan R, Chisholm R, Wilson I, Burt M, Chapman B. 
Gallbladder polyps: prospective study. J Ultrasound ~ e d  
1998;17:207-211. 
Jorgensen T, Jensen K. Polyps in the gallbladder: a prevalence 
study. Scand J Gastroenterol 1990;25:3. 
Terzi C, Sokmen S, Seckin S, Albayrak L, Ugurlu M. Polypoid 
lesions of the gallbladder: report of 100 cases with special reference 
to operative indications. Surgery 2000;127:622-627. 
Csendes A, Burgos A, Csendes P, Smok G, Rojas J. Late follow-up 
of polypoid lesions of the gallbladder smaller than 10 mm. Ann Surg 
2001;234:657-660. 
Sugiyama M, Atomi Y, Kuroda A, Muto T, Wada N. Large 
cholesterol polyps of the gallbladder: diagnosis by means of US 
and endoscopic US. Radiology 1995;196:493-497. 
Furukawa H, Kosuge T, Shimada K, et al. Small polypoid lesions of 
the gallbladder: differential diagnosis and surgical indications by 
helical computed tomography. Arch Surg 1998;133:735-739. 
Levy A, Murakata L, Abbott R, Rohrmann CJ. From the archives of 
the AFIP: benign tumors and tumorlike lesions of the gallbladder 
and extrahepatic bile ducts: radiologic-pathologic correlation. 
Armed Forces Institute of Pathology. Radiographics 2002;22: 
387-413. 
Tublin M. Question and answer. Sonographic follow-up of patients 
with gallbladder polyps. Am J Roentgen01 2001;177:467. 
Sheth S, Bedford A, Chopra S. Primary gallbladder cancer: 
recognition of risk factors and the role of prophylactic 
cholecystectomy. Am J Gastroenterol2000;95:1402-1410. 
Donohue J, Stewart A, Menck H. The National Cancer Data Base 
report on carcinoma of the gallbladder, 1989-1995. Cancer 
1998;83:2618-2628. 
North JJ,  Pack M, Hong C, Rivera D. Prognostic factors for 
adenocarcinoma of the gallbladder: an analysis of 162 cases. 
Am Surg 1998;64:437-440. 
Levy A, Murakata L, Rohrmann CJ. Gallbladder carcinoma: 
radiologic-pathologic correlation. Radiographics 2001;21:295-314. 
Moerman C, Lagerwaard F, Bueno de Mesquita H, van Dalen A, 
van Leeuwen M. Schrover P. Gallstone size and the risk of 
gallbladder cancer. Scand J Gastroenterol 1993;28:482-486. 

203. Yamaguchi K, Enjoji M. Carcinoma of the gallbladder: a clinico- 
pathology of 103 patients and a newly proposed staging. Cancer 
1988;62:1425-1432. 

204. Okamoto M, Okamoto H, Kitahara F, et al. Ultrasonographic 
evidence of association of polyps and stones with gallbladder 
cancer. Am J Gastroenterol 1999;94:446-450. 

205. Lowenfels A, Walker A, Althaus D, Townsend G, Domellof L. 
Gallstone growth, size, and risk of gallbladder cancer: an interracial 
study. Int J Epidemiol 1989;18:50-54. 

206. Sasatomi E, Tokunaga 0 ,  Miyazaki K. Precancerous conditions of 
gallbladder carcinoma: overview of histopathologic characteristics 
and molecular genetic findings. J Hepatobiliary Pancreat Surg 
2000;7:556-567. 

207. Roa I, Araya J ,  Villaseca M, et al. Preneoplastic lesions and 
gallbladder cancer: an estimate of the period required for 
progression. Gastroenterology 1996;111:232-236. 

208. Towfizh S. McFadden D. Cortina G. et al. Porcelain gallbladder is ~ - -  

not asiociated with gallbladder carcinoma. Am ~urg5001;67:7-10. 
209. Levin B. Gallbladder carcinoma. Ann Oncol 1999;10:129-130. 

Tsukada K, Hatakeyama K, Kurosaki I, et al. Outcome of radical 
surgery for carcinoma of the gallbladder according to the TNM 
stage. Surgery 1996;120:816-821. 
Yoshimitsu K, Honda H, Kuroiwa T, et al. Liver metastasis from 
gallbladder carcinoma: anatomic correlation with cholecystic venous 
drainage demonstrated by helical computed tomography during 
injection of contrast medium in the cholecystic artery. Cancer 
2001;92:340-348. 
Fong Y, Malhotra S. Gallbladder cancer: recent advances and 
current guidelines for surgical therapy. Adv Surg 2001;35:1-20. 
Schwartz L, Black J, Fong Y, et al. Gallbladder carcinoma: findings 
at  MR imaging with MR cholangiopancreatography. J Comput 
Assist Tomogr 2002;26:405-410. 
Sasson A, Hoffman J ,  Ross E, et al. Trimodality therapy for 
advanced gallbladder cancer. Am Surg 2001;67:277-283. 
Ohtani T, Shirai Y, Tsukada K, Muto T, Hatakeyama K. Spread 
of gallbladder carcinoma: CT evaluation with pathologic correlation. 
Abdom Imaging 1996;21: 195-201. 
Pandey M, Sood B, Shukla R, Aryya N, Singh S, Shukla V. 
Carcinoma of the gallbladder: role of sonography in diagnosis 
and staging. J Clin Ultrasound 2000;28:227-232. 
Sagoh T, Itoh K, Togashi K, et al. Gallbladder carcinoma: evaluation 
with MR imaging. Radiology 1990;174:131-136. 
Kim JH, Kim TK, Eun HW, et al. Preoperative evaluation of 
gallbladder carcinoma: efficacy of combined use of MR imaging, 
MR cholangiography, and contrast-enhanced dual-phase 
three-dimensional MR angiography. J Magn Reson Imaging 
2002;16:676-684. 
Winston C, Chen J ,  Fong Y, Scbwartz L, Panicek D. Recurrent 
gallbladder carcinoma along laparoscopic cholecystectomy port 
tracks: CT demonstration. Radiology 1999;212:439-444. 
Wilbur A, Sagireddy P, Aizenstein R. Carcinoma of the gallbladder: 
color Doppler ultrasound and CT findings. Abdom Imaging 
1997;22:187-189. 
Bartlett D, Fong Y, Fortner J ,  Brennan M, Blumgart L. Long-term 
results after resection for gallbladder cancer. Implications for 
staging and management. Ann Surg 1996;224:639-646. 
Muratore A, Polastri R, Capussotti L. Radical surgery for gallbladder 
cancer: current options. Eur J Surg Oncol2000;26:438-443. 
Shirai Y, Yoshida K, Tsukada K, Muto T, Watanabe H. Radical 
surgery for gallbladder carcinoma: long-term results. Ann Surg 
1992;216:565-568. 
Todoroki T, Kawamoto T, Otsuka M, et al. Benefits of combining 
radiotherapy with aggressive resection for stage IV gallbladder 
cancer. Hepatogastroenterology 1999;46:1585-1591. 
Holloway B, King D. Ultrasound diagnosis of metastatic melanoma 
of the gallbladder. Br J Radiol 1997;70:1122-1125. 
Mitropoulos F, Angelopoulou M, Siakantaris M, et al. Primary 
non-Hodgkin's lymphoma of the gall bladder. Leuk Lymphoma 
2000;40:123-131. 
Chatila R, Fiedler P, Vender R. Primary lymphoma of the 
gallbladder: case report and review of the literature. 
Am J Gastroenterol 1996;91:2242-2244. 
Semelka RC, Kroeker MA, Shoenut JP, Kroeker R, Yaffe CS, 
Micflikier AB. Pancreatic disease: prospective comparison of CT, 
ERCP, and 1.5-T MR imaging with dynamic gadolinium 
enhancement and fat suppression. Radiology 1991;181:785-791. 
Semelka RC, Ascher SM. MR imaging of the pancreas. Radiology 
1993;188:593-602. 
Winston CB, Mitchell DG, Outwater EK, Ehrlich SM. Pancreatic 
signal intensity on TI-weighted fat saturation MR images: clinical 
correlation. J Magn Reson Imaging 1995;5:267-271. 
Hamed MM, Hamm B, Ibrahim ME, Taupitz M, Mahfouz AE. 
Dynamic MR imaging of the abdomen with gadopentetate 
dimeglumine: normal enhancement of the liver, spleen, stomach, 
and pancreas. Am J Roentgenol 1992;158:303-307. 
Brailsford J ,  Ward J ,  Chalmers A, Ridgway J, Robinson P. 
Dynamic MRI of the pancreas-gadolinium enhancement in normal 
tissue. Clin Radiol 1994;49:104-108, 
Lu DS, Vedantham S, Krasny RM, Kadell B, Berger W, Reber HA. 
Two-phase helical CT for pancreatic tumors: pancreatic versus 



hepatic phase enhancement of tumor, pancreas, and vascular 
stmctures. Radiology 1996;199:697-701. 
Kanematsu M, Shiratori Y, Hoshi H, Kondo H, Matsuo M, 
Moriwaka H. Pancreas and peripancreatic vessels: effect of 
imaging delay on gadolinium enhancement at dynamic gradient- 
recalled-echo MR imaging. Radiology 2000;215:95-102. 
McNulty NJ, Francis IR, Platt JF, Cohan RH, Korobkin M, 
Gebremariam A. Multi-detector row helical CT of the pancreas: 
effect of contrast-enhanced multiphasic imaging on enhancement 
of the pancreas, peripancreatic vasculature, and pancreatic 
adenocarcinoma. Radiology 2001;220:97-102. 
Fulcher AS, Turner MA. MR pancreatography: a useful tool for 
evaluating pancreatic disorders. Radiographics 1999;19:5-24. 
Soto JA, Barish MA, Yucel EK, et al. Pancreatic duct: MR 
cholangiopancreatography with a three-dimensional fast spin-echo 
technique. Radiology 1995;196:459-464. 
Matos C, Metens T, Deviere J,  et al. Pancreatic duct: morphologie 
and functional evaluation with dynamic MR pancreatography after 
secretin stimulation. Radiology 1997;203:435-441. 
Cappeliez 0 ,  Delhaye M, Deviere J ,  et al. Chronic pancreatitis: 
evaluation of pancreatic exocrine function with MR pancreatography 
after secretin stimulation. Radiology 2000;215:358-364. 
Matos C, Winant C, Deviere J. Magnetic resonance pancreatography. 
Abdom Imaging 2001;26:243-253. 
Siegelman E, Outwater E, Vinitski S, Mitchell D. Fat suppression 
by saturation/opposed-phase hybrid technique: spin echo versus 
gradient echo imaging. Magn Reson Imaging 1995;13:545-548. 
Chan T, Listerud J ,  Kressel H. Combined chemical-shift and 
phase-selective imaging for fat suppression: theory and initial 
clinical experience. Radiology 1991;181:41-47. 
Mitchell DG, Winston CB, Outwater EK, Ehrlich SM. Delineation 
of pancreas with MR imaging: Multiobserver comparison of five 
pulse sequences. J Magn Reson Imaging 1995;5:193-199. 
Gohde SC, Toth J,  Krestin GP, Debatin JF. Dynamic 
contrast-enhanced FMPSPGR of the pancreas: Impact on 
diagnostic performance. Am J Roentgenol 1997;168:689-696. 
Hollet M, Jorgensen M, Jeffrey RJ. Quantitative evaluation of 
pancreatic enhancement during dual-phase helical CT. Radiology 
1995;195:359-361. 
Balci NC, Semelka RC. Radiologic features of cystic, endocrine, 
and other panceatic neoplasms. Eur J Radiol 2001;38:113-119. 
Khalid A, Peterson M, Slivka A. Secretin-stimulated magnetic 
resonance ~ancreaticoeram to assess ~ancreatic duct outflow - 
obstruction in evaluation of idiopathic acute recurrent pancreatitis: 
a pilot study. Dig Dis Sci 2003;48:1475-1481. 
urayama S, ~ o & e k  R, Ball T, et al. Presentation and treatment 
of annular pancreas in an adult population. Am J Gastroenterol 
1995;90:995-999. 
Jadvar H, Mindelzun R. Annular pancreas in adults: imaging 
features in seven patients. Abdom Imaging 1999;24:174-177. 
Hidaka T, Hirohashi S, Uchida H, et al. Annular pancreas diagnosed 
by single-shot MR cholangiopancreatography. Magn Reson Imaging 
1998;16:441-444. 
Desai MB, Mitchell DG, Munoz SJ. Asymptomatic annular pancreas: 
detection by magnetic resonance imaging. Magn Reson Imaging 
1994;12:683-685. 
Bret PM, Reinhold C, Taourel P, Guibaud L, Atri M, Barkun AN. 
Pancreas divisum: evaluation with MR cholangiopancreatography. 
Radiology 1996; 19999-103. 
Seibert DG, Matulis SR. Santorinicele as a cause of chronic 
pancreatic pain. Am J Gastroenterol 1995;90:121-123. 
Eisen G, Schutz S, Metzler D, Baillie J, Cotton PB. Santorinicele: 
new evidence for obstmction in pancreas divisum. Gastrointest 
Endosc 1994;40:73-76. 
Boerma D, Huibregtse K, Gulik T, Rauws E, Obertop H, Gouma D. 
Long-term outcome of endoscopic stent placement for chronic 
pancreatitis associated with pancreas divisum. Endoscopy 
2000;32:452-455. 
Manfredi R, Costamagna G, Brizi MG, et al. Pancreas divisum and 
"Santorinicele": Diagnosis with dynamic MR cholangiopancrea- 
tography with secretin stimulation. Radiology 2000;217:403-408. 
Matos C, Metens T, Deviere J ,  Delhaye M, Le Monie 0 ,  Cremer M. 
Pancreas divisum: evaluation with secretin-enhanced magnetic 
resonance cholangiopancreatography. Gastrointest Endosc 
2001;53:728-733. 
Sener SF, Fremgen A, Menck HR, Winchester DP. Pancreatic 
cancer: a report of treatment and survival trends for 100,313 
patients diagnosed from 1985-1995 using the National Cancer 
Database. J Am Coll Surg 1999;189:1-7. 
Delcore R, Rodriguez FJ, Forster J ,  Hemreck AS, Thomas JH. 
Significance of lymph node metastases in patients with pancreatic 
cancer undergoing curative resection. Am J Surg 1996;172:463-469. 
Tamm EP, Silverman PM, Charnsangavej C, Evans DB. Diagnosis, 
staging, and surveillance of pancreatic cancer. AJR Am J 
Roentgenol 2003;180:1311-1323. 

Molinari M, Helton W, Espat NJ. Palliative strategies for locally 
advanced unresectable and metastatic pancreatic cancer. Surg Clin 
North Am 2001;81:651-665. 
Brennan MF, Moccia RD, Klimstra D. Management of 
adenocarcinoma of the body and tail of the pancreas. Ann Surg 
1996;223:506-512. 
Balci NC, Semelka RC. Radiologic diagnosis and staging of pancre- 
atic ductal adenocarcinoma. Eur J Radiol 2001;38:105-112. 
Sperti C, Pasquali C, Guolo P, Polverosi R, Liessi G, Pedrazzoli S. 
Semm tumor markers and cyst fluid analysis are useful for the 
diagnosis of pancreatic cystic tumors. Cancer 1996;78:237-243. 
Catalano C, Pavone P, Laghi A, et al. Pancreatic adenocarcinorna: 
combination of MR imaging, MR angiography, and MR cholan- 
giopancreatography for the diagnosis and assessment of 
resectability. Eur Radiol 1998;8:428-434. 
Obuz F, Dicle 0 ,  Coker A, Ozgiil S, Karademir S. Pancreatic 
adenocarcinorna: detection and staging with dynamic MR imaging. 
Eur J Radiol 2001;38:146-150. 
Gabata T, Matsui 0 ,  Kadoya M, et al. Small pancreatic 
adenocarcinomas: efficacy of MR imaging with fat suppression 
and gadolinium enhancement. Radiology 1994;193:683-688. 
Semelka RC, Simm FC, Recht MP, Deimling M, Lenz G, Laub GA. 
MR imaging of the pancreas at high field strength: comparison of 
six sequences. J Comput Assist Tomogr 1991;15:966-971. 
Ichikawa T, Haradome H, Hachiya J,  et al. Pancreatic ductal 
adenocarcinoma: Preoperative assessment with helical CT versus 
dynamic MR imaging. Radiology 1997;202:655-662. 
Vellet AD, Romano W, Bach DB, Passi RB, Taves DH, Munk PL. 
Adenocarcinoma of the pancreatic ducts: comparative evaluation 
with CT and MR imaging at 1.5 T. Radiology 1992;183:87-95. 
Piironen A, Kivasaari R, Laippala P, Poutanen V-P, Kivasaari L. 
Pancreatic carcinoma and fast MR imapine: technical ., - 
considerations for signal intensity difference measurements. 
Eur J Radiol 2001;38:137-145. 

272. Semelka RC, Shoenut JP, Kroeker MA, Micflikier AB. Chronic 
pancreatitis: MR imaging features before and after administration 
of gadopentetate dimeglumine. J Magn Reson Imaging 1993;3: 
79-82. 
Johnson PT, Outwater EK. Pancreatic carcinoma versus chronic 
pancreatitis: dynamic MR imaging. Radiology 1999;212:213-218. 
Lu DS, Reber HA, Krasny RM, Kadell BM, Sayre J. Local staging 
of pancreatic cancer: criteria for unresectabiiity of major vessels as 
revealed by pancreatic-phase, thin-section helical CT. Am J 
Roentgenol 1997;168:1439-1443. 
Sironi S, De Cobelli F, Zerbi A, Balzano G, Di Carlo V, Del 
Maschio A. Pancreatic carcinoma: MR assessment of tumor invasion 
of the peripancreatic vessels. J Comput Assist Tomogr 1995;19: 
739-744. 
Imbriaco M, Megibow AJ, Camera L, et al. Dual-phase versus 
single-phase helical CT to detect and assess resectability of 
pancreatic carcinoma. Am J Roentgenol 2002;178:1473-1479. 
Valls C, Andia E, Sanchez A, et al. Dual-phase helical CT of 
pancreatic adenocarcinorna: assessment of resectability before 
surgery. Am J Roentgenol 2002;178:821-826. 
Nakayama Y, Yamashita Y, Kadota M, et al. Vascular encasement 
by pancreatic cancer: correlation of CT findings with surgical and 
pathologic results. J Comput Assist Tomogr 2001;25:337-342. 
van Greenen RC, ten Kate FJ, de Wit LT, van Gulik TM, 
Obertop H, Gouma DJ. Segmental resection and wedge 
excision of the portal or superior mesenteric vein during 
pancreatoduodenectomy. Surgery 2001;129:158-163. 
Low RN, Semelka RC, Worawattanakul S, Alzate GD. Extrahepatic 
abdominal imaging in patients with malignancy: comparison of MR 
imaging and helical CT in 164 patients. J Magn Reson Imaging 
2000;12:269-277. 
Low RN, Semelka RC, Worawattanakul S, Alzate GD, Sigeti JS. 
Extrahepatic abdominal imaging in patients with malignancy: 
comparison of MR imaging and helical CT with subsequent surgical 
correlation. Radiology 19%;210:625-632. 

282. Chou C, Liu G, Su J, Chen L, Sheu R, Jaw T. MRI demonstration 
of peritoneal implants. Abdom Imaging 1994;19:95-101. 

283. Vargas R, Nino-Murcia M, Tmeblood W, Jeffrey RB, Jr. 
MDCT in pancreatic adenocarcinoma: prediction of vascular 
invasion and resectability using a multiphasic technique with 
curved planar reformations. AJR Am J Roentgenol 
2004;182:419-425. 

284. Di Carlo V, Zerbi A, Balzano G, Corso V. Pylorus-sparing 
pancreaticoduodenectomy versus conventional Whipple operation 
World J Surg 1999;23:920-925. 

285. Kozuch P, Petryk M, Evans A, Bruckner HW. Therapy for 
regionally unresectable pancreatic cancer. Surg Clin North Am 
2001;81:691-697. 

286. Kozuch P, Petryk M, Evans A, Bruckner HW. Treatment of 
metastatic pancreatic adenocarcinorna. Surg Clin North Am 
2001;81:683-690. 



287. Brentjens R, Saltz L. Islet cell tumors of the pancreas: the medical 
oncologist's perspective. Surg Clin North Am 2001;81:527-542. 

288. Thoeni RF, Mueller-Lisse UG, Chan R, Do NK, Shyn PB. Detection 
of small, functional islet cell tumors in the pancreas: selection of 
MR imaging sequences for optimal sensitivity. Radiology 
2000;214:483-490. 

289. Owen N, Sohaib S, Peppercorn P, et al. MRI of pancreatic 
neuroendocrine tumours. Br J Radiol 2001;74:968-973. 

290. Mori H, Fukuda T, Nagayoshi K, et al. Insulinoma: correlation of 
short-TI inversion-recovery (STIR) imaging and histopathologic 
findings. Abdom Imaging 1996;21:337-341. 

291. Semelka RC. Custodio CM. Balci NC. Wooslev JT. Neuroendocrine 
tumors of the pancreas: spectrum of appearances on MRI. J Magn 
Reson Imaging 2000;11:141-148. 
Buetow PC, Miller DL, Parrino TV, Buck JL. Islet cell tumors of the 
pancreas: clinical, radiologic, and pathologic correlation in diagnosis 
and localization. Radiographics 1997;17:453-472. 
Azimuddin K, Chamberlain RS. The surgical management of 
pancreatic neuroendocrine tumors. Surg Clin North Am 
2001;81:511-525. 
Buetow PC, Parrino TV, Buck JL, et al. Islet cell tumors of the 
pancreas: pathologic-imaging correlation among size, necrosis, and 
cysts, calcification, malginant behavior, and functional status. 
Am J Roentgenol 1995;165:1175-1179. 
Madeira I, Terris B, Voss M, et al. Prognostic factors in patients 
with endocrine tumors of the duodenopancreatic area. Gut 
1998;43:422-427. 
Semelka RC, Cumming MJ, Shoenut JP, et al. Islet cell tumors: 
comparison of dynamic contrast-enhanced CT and MR imaging with 
dynamic gadolinium enhancement and fat suppression. Radiology 
1993;186:799-802. 
Catalano C, Pavone P, Laghi A, et al. Localization of pancreatic 
insulinomas with MR imaging at 0.5 T. Acta Radiologica 
1999;39:644-648. 
Pipeleers-Marichal M, Donow C, Heitz P, Kloppel G. Pathologic 
aspects of gastrinomas in patients with Zollinger-Ellison syndrome 
with and without multiple endocrine neoplasia type I. World J Surg 
1993;17:481-488. 
Tham RTT, Falke TH, Jansen JB, Lamers CB. CT and MR imaging 
of advanced Zollinger-Ellison syndrome. J Comput Assist Tomogr 
1989;13:821-828. 
Mitchell DG, Cruvella M, Eschelman DJ, Miettinen MM, 
Vernick JJ. MRI of pancreatic gastrinomas. J Comput Assist 
Tomogr 1992;16:583-585. 
Mignon M, Ruszniewski P, Podevin P, et al. Current approach 
to the management of gastrinoma and insulinoma in adults with 
multiple endocrine neoplasia type I. World J Surg 1993;17:489-497. 
Tham RTT, Jansen JB, Falke TH, Lamers CB. Imaging features of 
somatostatinoma: MR, CT, US, and angiography. J Comput Assist 
Tomogr 1994;18:427-431. 
Moore N, Rogers C, Britton B. Magnetic resonance imaging of 
endocrine tumours of the pancreas. Br J Radiol 1995;68:341-347. 
Kelekis NL, Semelka RC, Siegelman ES. MRI of pancreatic 
metastases from renal cancer. J Comput Assist Tomogr 
1996;20:249-253. 
Klein KA, Stephens DH, Welch TJ. CT characteristics of metastatic 
disease of the pancreas. Radiographics 1998;18:369-378. 
Carucci LR, Siegelman ES, Feldman MD. Pancreatic metastasis 
from clear cell renal carcinoma: diagnosis with chemical shift MRI. 
J Comput Assist Tomogr 1999;23:934-936. 
Takeshita K, Furui S, Makita K, et al. Cystic islet cell tumors: 
radiologic findings in three cases. Abdom Imaging 1994;19:225-228. 
Procacci C, Graziani R, Bicego E, et al. Papillary cystic neoplasm of 
the pancreas: radiological findings. Abdom Imaging 1995;20: 
554-558. 
Buetow PC, Buck JL, Pantongrag-Brown L, Beck KG, Ros PR, 
Adair CF. Solid and papillary epithelial neoplasm of the pancreas: 
imaging-pathologic correlation in 56 cases. Radiology 1996;199: 
707-711. 
Carlson B, Johnson CD, Stephens DH, Ward EM, Kvols LK. MRI 
of pancreatic islet cell carcinoma. J Comput Assist Tomogr 
1993;17:735-740. 
Debray M, Geoffroy 0, Laissy J ,  et al. Imaging appearances of 
metastases from neuroendocrine tumours of the pancreas. Br J 
Radio1 2001;74:1065-1070. 
Henn AR, Levine EA, McNulty W, Zagoria RJ. Percutaneous 
radiofrequency ablation of hepatic metastases for symptomatic 
relief of neuroendocrine syndromes. AJR Am J Roentgenol 
2003;181:1005-1010. 
Klimstra DS, Heffess CS, Oertel JE, Rosai J .  Acinar cell carcinoma 
of the pancreas. A clinicopathologic study of 28 cases. Am J Surg 
Pathol 1992;16:815-837. 
Radin DR, Colletti PM, Forrester DM, Tang WW. Pancreatic acinar 
cell carcinoma with subcutaneous and intraosseous fat necrosis. 
Radiology 1986;158:67-68. 

.r .r 7- 

MRJ of t b  Bile Ducts, Gallbladder, end Pancreas ' 125 

315. Ashley SW, Lauwers GY. Case records of the Massachusetts 
General Hospital, Weekly Clinicopathological Exercises, 
Case 37-2002: a 69-year-old man with painful cutaneous 
nodules, elevated lipase levels, and abnormal results on abdominal 
scanning. N Engl J Med 2002;347:1783-1791. 

316. Lim J. Chune K. Cho 0. Cho K. Acinar cell carcinoma of the - .  
pancreas: ultrasonography and computed tomography findings. 
Clin Imaging 1990;14:301-304. 

317. Mustert BR, StaffordJohnson DB, Francis IR. Appearance of acinar 
cell carcinoma of the pancreas on dual-phase CT. Am J Roentgenol 
1998;171:1709. 

318. Bouvet M, Staerkel GA, Spitz FR, et al. Primary pancreatic 
lymphoma. Surgery 1998;123:382-390. 

319. Merkle EM, Bender GN, Brambs H-J. Imaging findings in 
pancreatic lymphoma: differential aspects. Am J Roentgenol 
2000;174:671-675. 

320. Van Beers B, Lalonde L, Soyer P, et al. Dynamic CT in pancreatic 
lymphoma. J Comput Assist Tomogr 1993;17:94-97. 

321. Boudghene FP, Deslandes PM, LeBlanche AF, Bigot JMR. US and 
CT imaging features of intrapancreatic metastases. J Comput Assist 
Tomogr 1994;18:905-910. 

322. Enochs W, Petherick P, Bogdanova A, Mohr U, Weissleder R. 
Paramagnetic metal scavenging by melanin: MR imaging. Radiology 
1997;204:417-423. 

323. Zhang X-M, Mitchell DG, Dohke M, Holland GA, Parker L. 
pancreatic cysts: Depiction on single-shot fast spin-echo MR images. 
Radiology 2002;223:547-553. 

324. Ros PR. Hamrick-Turner JE. Chiechi MV. Ros LH. Gallego P. 
~ u r t o n ' ~ ~ .  Cystic masses of the pancreas.' Radiographics- 
1992;12:673-686. 

325. Box JC, Douglass HO. Management of cystic neoplasms of the 
pancreas. Surg 2000;66:&35-501. 

326. Demos TC, Posniak HV, Harmath C, Olson MC, Aranha G. 
Cystic lesions of the pancreas. AJR Am J Roentgenol 2002;179: 
1375-1388. 

327. Macari M, Lazarus D, Israel G, Megibow A. Duodenal diverticula 
mimicking cystic neoplasms of the pancreas: CT and MR imaging 
findings in seven patients. AJR Am J Roentgenol 2003;180:195-199. 

328. Buck JL, Hayes WS. Microcystic adenoma of the pancreas. 
Radiographics 1990;10:313-322. 

329. Sarr MG, Kendrick ML, Nagorney DM, Thompson GB, Farley DR, 
Farnell MB. Cystic neoplasms of the pancreas: benign to malignant 
epithelial neoplasms. Surg Clin North Am 2001;81:497-509. 

330. Binkovitz L, Johnson C, Stephens D. Islet cell tumors in von 
Hippel-Lindau disease: increased prevalence and relationship to 
the multiple endocrine neoplasias. Am J Roentgenol 1990;155: 
501-505. 
Choyke PL, Glenn GM, Walther MM, Patronas NJ, Linehan WM, 
Zbar B. von Hippel-Lindau disease: genetic, clinical, and imaging 
features. Radiology 1995;194:629-642. 
Minami M, Itai Y, Ohtomo K, Yoshida H, Yoshikawa K, Iio M. 
Cystic neoplasms of the pancreas: comparison of MR imaging 
with CT. Radiology 1989;171:53-56. 
Gazelle GS, Mueller PR, Raafat N, Halpern EF, Cardenosa G, 
Warshaw AL. Cystic neoplasms of the pancreas: evaluation 
with endoscopic retrograde pancreatography. Radiology 
1993;188:633-636. 
Iselin C, Meyer P, Hauser H, Kurt A, Vermeulen B, Rohner A. 
Computed tomography and fine-needle aspiration cytology for 
preoperative evaluation of cystic tumours of the pancreas. 
Br J Surg 1993;80:1166-1169. 
Itai Y, Ohtomo K. Cystic tumours of the pancreas. Eur Radiol 
1996;6:844-850. 
Mergo PJ, Helmberger TK, Buetow PC, Helmberger RC, Ros PR. 
Pancreatic neoplasms: MR imaging and pathologic correlation. 
Radiographics 1997;17:281-301. 
Soyer P, Rabenandrasana A, Van Beers B, et al. Cystic tumors of 
the pancreas: dynamic CT studies. J Comput Assist Tomogr 
1994;18:420-426. 
Procacci C, Graziani R, Bicego E, et al. Serous cystadenoma of the 
pancreas: report of 30 cases with emphasis on the imaging findings. 
J Comput Assist Tomogr 1997;21:373-382. 
Strobel 0 ,  Z'Graggen K, Schmitz-Winnenthal FH, et al. Risk of 
malignancy in serous cystic neoplasms of the pancreas. Digestion 
2003;68:24-33. 
Nodell CG, Freent PC, Dale DH, Ryan JA. Serous cystadenoma 
of the pancreas with a metachronous adenocarcinoma. Am J 
Roentgenol 1994;162:1352-1354. 
Buetow PC, Rao P, Thompson LD. Mucinous cystic neoplasms of 
the pancreas: radiologic-pathologic correlation. Radiographics 
1998;18:433-449. 
Thompson LD, Becker RC, Przygodzki RM, Adair CF, Heffess CS. 
Mucinous cystic neoplasm (mutinous cystadenocarcinoma of 
low-grade malignant potential) of the pancreas: a clinicopathologic 
study of 130 cases. Am J Surg Pathol 1999;23:1-16. 



Grogan JR, Saeian K, Taylor AJ, Quiroz F, Demeure MJ, 
Komorowski RA. Making sense of mucin-producing pancreatic 
tumors. Am J Roentgenol 2001;176:921-929. 
Le Borne  J. de Calan L. Partenskv C. Association FS. - ,  " ,  
Cystadenomas and cystadenocarcinomas of the pancreas: 
a multiinstitutional retrospective study of 398 cases. Ann Surg 
1999;230:152-161. 
S h v  Y-M, Su C-H, Tsay S-H, Lui W-Y. Mucin-producing neoplasms 
of the pancreas: intradudal papillary and mucinous cystic 

- 

neoplasms. Ann Surg 1996;223:141-146. 
Scott J ,  Martin I, Redhead D, Hammond P, Garden 0. Mucinous 
cystic neoplasms of the pancreas: imaging features and diagnostic 
difficulties Clin Radiol 2000;55:187-192. 
Koito K, Namieno T, Ichimura T, et al. Mucin-producing pancreatic 
tumors: comparison of MR cholangiopancreatography with endo- 
scopic retrograde cholangiopancreatography. Radiology 1998;208: 
231-237. 
Albert J ,  Schilling D, Breer H, Jungius K, Riemann J,  Adamek H. 
Mucinous cystadenomas and intraductal papillary rnucinous tumors 
of the pancreas in magnetic resonance cholangiopancreatography. 
Endoscopy 2000;32:472-476. 
Procacci C, Carbognin G, Accordini S, et al. CT features of 
malignant rnucinous cystic tumours of the pancreas. Eur Radiol 
2001;11:1626-1630. 
Lewandrowski KB, Southern JF, Pins MR, Compton CC, 
Warshaw AL. Cyst fluid analysis in the differential diagnosis of 
pancreatic cysts. Ann Surg 1993;217:41-47. 
Warshaw AL, Brugge WR, Lewandrowski KB, Pitman MB. 
Case records of the Massachusetts General Hospital, Weekly 
Clinicopathological Exercises, Case 35-2003: a 75-year-old man with 
a cystic lesion of the pancreas. N Engl J Med 2003;349:1954-1961. 
Azar C, Van de Stadt J ,  Devi6re J ,  et al. Intraductal papillary 
mucinous tumours of the pancreas: clinical and therapeutic issues 
in 32 patients. Gut 1996;39:457-464. 
Procacci C. Metribow AJ. Carboenin G, et al. Intraductal ~ a ~ i l l a r v  " 

rnucinous tumor of the pancreas: a pidorial essay. Radiographics 
1999; 19: 1447-1463. 
Taouli B, Vilgrain V, O'Toole D, Vullierme M-P, Terris B, 
Menu Y. ~ntraductal papillary rnucinous tumors of the pancreas: 
features with multimodality imaging. J Comput Assist Tomogr 
2002;26:223-231. 
Tenner S, Carr-Locke DL, Banks PA, et al. Intraductal 
mucin-hypersecreting neoplasm "mucinous ductal ectasia": 
endoscopic recognition and management. Am J Gastroenterol 
1996;91:2548-2554. 
Pavone E, Mehta SN, Hilzenrat N, et al. Role of ERCP in the 
diagnosis of intraductal papillary rnucinous neoplasms. 
Am J Gastroenterol 1997;92:887-890. 
Fukukura Y, Fujiyoshi F, Hamada H, et al. Intraductal papillary 
rnucinous tumors of the pancreas: comparison of helical CT and MR 
imaging. Ada Radiol 2003;44:464-471. 
Sugiyama M, Atomi Y, Kuroda A. Two types of mucin-producing 
cystic tumors of the pancreas: diagnosis and treatment. Surgery 
1997;122:617-625. 
Sugiyama M, Atomi Y, Hachiya J. Intraductal papillary tumors 
of the pancreas: evaluation with magnetic resonance cholangiopan- 
creatography. Am J Gastroenterol 1998;93:156-159. 
Fukukura Y, Fujiyoshi F, Sasaki M, et al. HASTE MR 
cholangiopancreatography in the evaluation of intraductal 
papillary-mucinous tumors of the pancreas. J Comput Assist 
Tomogr 1999;23:301-305. 
Arakawa A, Yamashita Y, Namimoto T, et al. Intradudal papillary 
tumors of the pancreas. Histopathologic correlation of MR 
cholangiopancreatography findings. Ada Radiologica 2000;41:343-347. 
Silas AM, Morrin MM, Raptopoulos V, Keogan MT. Intradudal 
papillary rnucinous tumors of the pancreas. Am J Roentgenol 
2001;176:179-185. 
Procacci C, Biasiutti C, Carbognin G, et al. Characterization of 
cvstic tumors of the nancreas: CT accuracv. J Com~ut  Assist 
'fornogr 1999;23:906:912. 
Onaya H, Itai Y, Niitsu M, Chiba T, Michishita N, Saida Y. 
~uctectatic rnucinous cystic neoplasms of the pancreas: evaluation 
with MR cholangiopancreatography. Am J Roentgenol 1998; 
171:171-177. 
1rie H, ~ o n d a  H, Aibe H, et al. MR cholangiopancreatographic 
differentiation of benign and malignant intraductal mucin-producing 
tumors of the pancreas. Am J Roentgenol 2000;174:1403-1408. 
Loftus EVJ, Olivares-Pakzad BA, Batts KP, et al. Intraductal 
papillary-mucinous tumors of the pancreas: clinicopathologic 
features, outcome, and nomenclature. Gastroenterology 
1996;110:1909-1918. 
Seki M, Yanagisawa A, Ohta H, et al. Surgical treatment of 
intraductal papillary-mucinous tumor (IPMT) of the pancreas: 
operative indications based on surgico-pathologic study focusing on 

invasive carcinoma derived from IPMT. J Hepatobiliary Pamea t  
Surg 2003;10:147-155. 
Sugiyama M, Izumisato Y, Abe N, Masaki T, Mori T, Atomi Y. 
Predictive fartors for malignancy in intraductal papillary-mucinous 
tumours of the pancreas. Br J Surg 2003;90:1244-1249. 
Procacci C, Graziani R, Bicego E, et al. Intradudal mucin-producing 
tumors of the pancreas: imaging findings. Radiology 1996;198: 
249-257. 
Megibow A, Lombardo F, Guarise A, et al. Cystic pancreatic masses: 
cross-sectional imaging observations and serial follow-up. Abdom 
Imaging 2001;26:640-647. 
Terris B, Ponsot P, Paye F, et al. Intraductal papillary rnucinous 
tumors of the pancreas confined to secondary ducts show less 
aggressive pathologic features as compared with those involving the 
main pancreatic duct. Am J Surg Pathol 2000;24:1372-1377. 
Krinsky G. Letter to the editor. N Engl J Med 2001;344:141. 
Anon. Case records of the Massachusetts General Hospital, Weekly 
Clinicopathological Exercises, Case 26-2000: a 47-year-old man was 
admitted to the hospital because of recurrent abdominal pain and a 
pancreatic lesion. N Engl J Med 2000;343:563-570. 
Irie H, Yoshimitsi K, Aibe H, et al. Natural history of pancreatic 
intradudal papillary rnucinous tumor of branch dud  type. 
J Comput Assist Tomogr 2004;28:117-122. 
Wakabayashi T, Kawaura Y, Morimoto H, et al. Clinical 
management of intraductal papillary rnucinous tumors of the 
pancreas based on imaging findings. Pancreas 2001;22:370-377. 
Obara T, Maguchi H, Saitoh Y, et al. Mucin-producing tumor of 
the pancreas: natural history and serial pancreatogram changes. 
Am J Gastroenterol 1993;88:564-569. 
Bernard P, Scoazec JY, Joubert M, et al. Intraductal 
papillary-mucinous tumors of the pancreas: predictive criteria of 
malignancy according to pathological examination of 53 cases. 
Arch Surg 2002;137:1274-1278. 
Ohtomo K, Furui S, Onoue M, et al. Solid and papillary epithelial 
neoplasm of the pancreas: MR imaging and pathologic correlation. 
Radiology 1992;184:567-570. 
Coleman KM, Doherty MC, Bigler SA. Solid-pseudopapillary tumor 
of the pancreas. Radiographics 2003;23:1644-1648. 
Savci G, Kilidurgay S, Sivri Z, Parlak M, Tuncel E. Solid and 
papillary epithelial neoplasm of the pancreas: CT and MR findings. 
Eur Radiol 1996;6:86-88. 
Murayama S, Robinson A, Mulvihill D, et al. MR imaging of 
pancreas in cystic fibrosis. Pediatr Radiol 1990;20:536-539. 
Tham RTT, Heyerman HG, Falke TH, et al. Cystic fibrosis: 
MR imaging of the pancreas. Radiology 1991;179:183-186. 
Ferrozzi F, Bova D, Campodonico F, et al. Cystic fibrosis: MR 
assessment of pancreatic damage. Radiology 1996;198:875-879. 
King U, Scurr ED, Murugan N, Williams SG, Westaby D, 
Healy JC. Hepatobiliary and pancreatic manifestations of cystic 
fibrosis: MR imaging appearances. Radiographics 2000;20:767-777. 
Jager H, Mehring U, Gotz G, et al. Radiologic features of the 
visceral and skeletal involvement of hemochromatosis. Eur Radiol 
1997:7:1199-1206. - . . . - - - - - - 

siegi1man ES, Mitchell DG, Outwater E, Munoz SJ, Rubin R. 
Idiopathic hemochromatosis: MR imaging findings in cirrhotic 
andirecirrhotic patients. Radiology 69%;188:637-641. 
Siegelman ES, Mitchell DG, Semelka RC. Abdominal iron 
deposition: metabolism, MR findings, and clinical importance. 
Radiology 1996;199:13-22. 
Lu J, Hayashi K. Selective iron deposition in pancreatic islet B cells 
of transfusional iron-overloaded autopsy cases. Pathol Int 1994;44: . ~ 

194-199. 
Hough DM, Stephens DH, Johnson CD, Binkovitz LA. Pancreatic 
disease in von Hippel-Lindau disease: Prevalence, clinical 
significance, and CT findings. Am J Roentgenol 1994;162:1091-1094. 
Hammel PR, Vilgrain V, Terris B, Penfornis A, et a]. Pancreatic 
involvement in von Hippel-Lindau disease. Gastroenterology 
2000;119:1087-1095. 
Marcos HB, Libutti SK, Alexander HR, et al. Neuroendocrine 
tumors of the pancreas in von Hippel-Lindau disease: spectrum 
of appearances at CT and MR imaging with histopathologic 
comparison. Radiology 2002;225:751-758. 
Libutti SK, Choyke PL, Bartlett DL, et al. Pancreatic 
neuroendocrine tumors associated with von Hippel-Lindau disease: 
Diagnostic and management recommendations. Surgery 
1998;124:1153-1159. 
Levy MJ, Geenen JE. Idiopathic acute recurrent pancreatitis. 
Am J Gastroenterol2001;96:2540-2555. 
Bradley EL 111. A clinically based classification system for acute 
pancreatitis: summary of the International Symposium on Acute 
Pancreatitis, Atlanta, GA, Sept 11-13, 1992. Arch Surg 
1993;128:586-590. 
Piironen A. Severe acute pancreatitis: contrast-enhanced CT and 
MRI features. Abdom Imaging 2001;26:225-233. 



.. . ,- -- 
Chapter 2 Pancreas 127 

396. Ward J ,  Chalmers A, Guthrie A, Larvin M, Robinson P. T2-weighted 416. Zhang XM, Shi H, Parker L, Dohke M, Holland GA, Mitchell DG. 
and dynamic enhanced MRI in acute pancreatitis: comparison with Suspected early or mild chronic pancreatitis: enhancement patterns 
contrast enhanced CT. Clin Radio1 1997;52:109-114. on gadolinium chelate dynamic MRI. J Magn Reson Imaging 

397. Ammo Y, Oishi T, Takahashi M, Kumazaki T. Nonenhanced 2003;17:86-94. 
magnetic resonance imaging of mild acute pancreatitis. Abdom 417. Sica GT, Braver J, Cooney MJ, Miller FH, Ch JL, Adams DF. 
Imaging 2001;26:59-63. Comparison of endoscopic retrograde cholangiopancreatography 

398. Saifuddin A, Ward J, Ridgway J,  Chalmers A. Comparison of MR with MR cholangiopancreatography in patients with pancreatitis. 
and CT scanning in severe acute pancreatitis: initial experiences. Radiology 1999;210:605-610. 
Clin Radio1 1993;48:111-116. 418. Manfredi R, Costamagna G, Brizi MG, et al. Severe chronic 

399. Pitchumoni C, Agarwal N. Pancreatic pseudocysts: when and how pancreatitis versus suspected pancreatic disease: dynamic MR 
should drainage be performed? Gastroenterol Clin North Am cholangiopancreatography after secretin stimulation. Radiology 
1999;28:615-639. 2000;214:849-855. 

400. Morgan DE, Baron TH, Smith JK, Robbin ML, Kenney PJ. 419. Kim T, Murakami T, Takamura M, et al. Pancreatic mass due to 
Pancreatic fluid collections prior to intervention: evaluation with MR chronic pancreatitis: correlation of CT and MR imaging features 
imaging compared with CT and US. Radiology 1997;203:773-778. with pathologic findings. Am J Roentgen01 2001;177:367-371. 

401. Lecesne R, Taourel P, Bret PM, Atri M, Reinhold C. Acute 420. Katz DS, Nardi PM, Hines J ,  et al. Lipomas of the pancreas. 
pancreatitis: interobserver agreement and correlation of CT Am J Roentgen01 1998;170:1485-1487. 
and MR cholangiopancreatography with outcome. Radiology 421. Di Maggio EM, Solcia M, Dore R, et al. Intrapancreatic lipoma: 
1999;211:727-735. first case diagnosed with CT. Am J Roentgen01 1996;167:56-57. 

402. Paulson EK, Vitellas KM, Keogan MT, Low VH, Nelson RC. Acute 422. Ito K, Koike S, Matsunaga N. MR imaging of pancreatic diseases. 
pancreatitis complicated by gland necrosis: spectrum of findings on Eur J Radio1 2001;38:78-93. 
contrast-enhanced CT. Am J Roentgen01 1999;172:609-613. 423. Isserow JA, Siegelman ES, Mammone J.  Focal fatty infiltration of 

403. Vitellas KM, Paulson EK, Enns RA, Keogan MT, Pappas TN. the pancreas: MR characterization with chemical shift imaging. 
Pancreatitis complicated by gland necrosis: evolution of findings on Am J Roentgen01 1999;173:1263-1265. 
contrast-enhanced CT. J Comput Assist Tomogr 1999;23:898-905. 424. Jacobs JE, Coleman BG, Arger PH, Langer JE. Pancreatic sparing 

404. Piironen A, Kivasaari L, Pitkaranta P, et al. Contrast-enhanced of focal fatty infiltration. Radiology 1994;190:437-439. 
magnetic resonance imaging for the detection of acute haemorrhagic 425. Matsumoto S, Mori H, Miyake H, et al. Uneven fatty replacement of 
necrotizing pancreatitis. Eur Radio1 1997;7:17-20. the pancreas: evaluation with CT. Radiology 1995;194:453-458. 

405. Martin DR, Karabulut N, Yang M, McFadden DW. High signal 426. Gaber AO, Shokouh-Amiri MH, Hathaway DK, et al. Results of 
peripancreatic fat on fat-suppressed spoiled gradient echo imaging pancreas transplantation with portal venous and enteric drainage. 
in acute pancreatitis: preliminary evaluation of the prognostic Ann Surg 1995;221:613-624. 
significance. J Magn Reson Imaging 2003;18:49-58. 427. Shokouh-Amiri M, Gaber AO, Gaber L, et al. Pancreas 

4U6. Waslen T, Wallace K, Burbridge B, Kwauk S. Pseudoaneurysm transplantation with portal venous drainage and enteric exocrine 
secondary to pancreatitis presenting as GI bleeding. Abdom Imaging diversion: a new technique. Transplant Proc 1992;24:776-777. 
1998;23:318-321. 428. Heyneman LE, Keogan MT, Tuttle-Newhall JE, Porte RJ, 

407. Stabile B, Wilson S, Debas HT. Reduced mortality from bleeding Leder RA, Nelson RC. Pancreatic transplantation using portal 
pseudocysts and pseudoaneurysms caused by pancreatitis. Arch venous and enteric drainage: the postoperative appearance of a new 
Surg 1983;118:45-51. surgical procedure. J Comput Assist Tomogr 1999;23:283-290. 

408. Carr JA, Cho J-S, Shepard AD, Nypaver TJ, Reddy DJ. Visceral 429. Yuh WT, Hunsicker LG, Nghiem DD, et a]. Pancreatic transplants: 
pseudoaneurysms due to pancreatic pseudocysts: rare buth lethal evaluation with MR imaging. Radiology 1989;170:171-177. 
complications of pancreatitis. J Vascular Surg 2000;32:722-730. 430. Dachman AH, Newmark GM, Thistlethwaite JR, Oto A, Bruce DS, 

409. Crowe P, Sagar G. Reversible superior mesenteric vein thrombosis in Newel1 KA. Imaging of pancreatic transplantation using portal 
acute pancreatitis: the CT appearance. Clin Radio1 1995;50:628-633. venous and enteric exocrine drainage. Am J Roentgen01 

410. Eubank WB, Schmiedl UP, Levy AR, Marsh CL. Venous thrombosis 1998;171:157-263. 
and occlusion after pancreas transplantation: evaluation with 431. Krebs TL, Daly B, Wong JJ ,  Chow CC, Bartlett ST. Vascular 
breath-hold gadolinium-enhanced three-dimensional MR imaging. complications of pancreatic transplantation: MR evaluation. 
Am J Roentgen01 2000;175:381-385. Radiology 1995;196:793-798. 

411. Marn CS, Glazer GM, Williams DM, Francis IR. CT-angiographic 432. Krebs TL, Daly B, Cheong JJ,  Carroll K, Bartlett ST. Acute 
correlation of collateral venous pathways in isolated splenic vein pancreatic transplant rejection: evaluation with dynamic 
occlusion: new obsewations. Radiology 1990;175:375-380. contrast-enhanced MR imaging compared with histopathologic 

412. Fernandez-del Castillo CF, Sahani DV, Lauwers GY. Case records of analysis. Radiology 1999;210:437-442. 
the Massachusetts General Hospital, Weekly Clinicopathological 433. Soulen MC, Zerhouni EA, Fishman EK, Gayler BW, Milligan F, 
Exercises, Case 27-2003: a 36-year-old man with recurrent Siegelman SS. Enlargement of the pancreatic head in patients 
epigastric pain and elevated amylase levels. N Engl J Med with pancreas divisum. Clin Imaging 1989;13:51-57. 
2003;349:893-901. 434. Chan TW, Listerud J ,  Kressel HY. Combined chemical-shift and 

413. Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis, phase-selective imaging for fat suppression: theory and initial 
classification, and new genetic developments. Gastroenterology clinical experience. Radiology 1991;181:41-47. 
2001;120:682-707. 435. Siegelman ES, Outwater EK, Vinitski S, Mitchell DG. Fat suppres- 

414. Irie H, Honda H, Baba S, et al. Autoimmune pancreatitis: CT and sion by saturatiodopposed-phase hybrid technique: spin echo versus 
MR characteristics. AJR Am J Roentgen01 1998;170:1323-1327. gradient echo imaging. Magn Reson Imaging 1995;13:545-548. 

415. Van Hoe L, Gryspeerdt S, Ectors N, et al. Nonalcoholic duct- 436. Bluemke DA, Wolf RL, Tani I, Tachiki S, McVeigh ER, 
destructive chronic pancreatitis: imaging findings. Am J Roentgen01 Zerhouni EA. Extremity veins: evaluation with fast-spin-echo 
1998;170:643-647, MR venography. Radiology 1997;204:562-565. 





MRI of the Adrenal Glands

Normal Anatomy of the Adrenal Gland
Ct:!emieal Shift Imaging Techniques
Neoplasms ot the- Adrenal Cortex

Ac;lrenocortlcal Adenomas
Nonhypersecreting AdrenoQor,tical Adenomas
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NORMAL ANATOMY OF THE ADRENAL GLAND

The adrenals are paired retroperitoneal endocrine
glands composed of an outer cortex and inner medulla.
The adrenal cortex is derived from the mesoderm
and is respon ible for the secretion of aldosterone
cortisol, and androgens, while the adrenal medulla is
derived from neural crest cells and secretes norepi
nephrine and epinephrine. 1 The normal adrenal
medulla and cortex are not routinely distinguished on
routine MR imaging. On high-resolution T2-W ex vivo
images, the adrenal medulla is a hyperintense band
compared with the adrenal cortex.2

CHEMICAL SHIFT IMAGING TECHNIQUES

The two most common neoplasms involving the adre
nal gland are adrenocortical adenomas and metastatic
disease. The adrenocortical cells that comprise adeno
mas contain intracellular lipid. The ability to detect
and characterize intracellular lipid makes chemical
shift MR an ideal imaging technique for evaluating
adrenal masses and distinguishing between metastatic
disease and benign cortical adenomas. The following
is a brief discussion of chemical shift methods.

The term "chemical shift" when applied to clinical
lVIR imaging refers to the difference in behavior oflipid
and water protons when placed in a magnetic field. The
chemical shift of lipid and water protons is 3.5 parts
per million (ppm); water protons precess at a slightly
higher frequency. According to the Larmor equation,
at 1.5 tesla (T) protons precess at approximately
63 million times per second. Therefore, the chemical
shift difference between lipid and water protons at

Metastases to the Adrenal Gland
Adrenal Pheochromocytoma
Adrenal Myelolipoma
Adrenal Hematoma
Adrenal Cysts
Summary

1.5 T is approximately 220 hertz (Hz; 63 x 3.5 ppm).
Thus, at 1.5 T, lipid protons precess at a frequency of
63 million times per second and water protons precess
at 63 million 220 times per second. A 220-Hz frequency
corresponds to a period of once every 4.2 msec.

Imagine the precessing lipid and water protons
within a voxel of tissue in a 1.5 T magnet as individu
als running around a racetrack. Every 4.2 msec both
the lipid and water protons would cross the fInish line
at the same instant, even though they were running
(precessing) at different speeds (frequencies). At 1.5 T
gradient echo (GRE) sequences with echo times of
4.2 msec result in the addition of signal intensities
(SIs) from lipid and water protons contained within
the same voxel ("in phase"). With an echo time of
2.1 mse<: (and odd multiples of 2.1) the SIs of lipid
and water protons are at opposite sides of the race
track· thus their SIs will be destructive, not additive.
These GRE sequences are termed 'opposed phase."

Spin-echo (SE) and fast spin-echo (FSE) sequences
are in-phase techniques because they u e 1800 refo
cusing pulses that are applied halfway before an echo
is sampled. For example, a T1 SE sequence with an
echo time of 10 msec employs a 1800 refocusing pulse
at 5 msec. Thus, any "lead' that the water protons have
accumulated at 5 msec is converted to an equivalent
"loss" because the 1800 refocusing pulse places the
water protons on the opposite side of the racetrack.
Conversely, the lower lipid protons are given an
equivalent "head start" at the beginning of the sec
ond half of the echo time. During the second half of
the race (the second 5 mse<:), the water protons catch
up to the lipid protons so that at 10 mSe<:, when the
echo is sampled, there is a "photo finish" and the pro
tons are in phase. GRE sequences lack 1800 refocusing
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pulses and thus this difference in behavior between 
water protons and lipid can be exploited to generate 
both in-phase and opposed-phase images by selection 
of the appropriate echo times to sa~nple.~ 

Another type of chemical shift effect is to some 
extent present on all MR images and is secondary to 
the inherent difference in precessional frequency 
between lipid and water protons (e.g., 220 Hz at 1.5 T). 
When acquiring GRE or SE sequences there is a 
frequency encoding and phase encoding direction that 
allows the MR system to reconstruct an image using 
Fourier transformation. A gradient is applied across 
the frequency-encoding axis during the read-out 
period. This enables the magnet's receiver to deter- 
mine what column (assuming the frequency encoding 
direction was the x-y plane) of tissue protons origi- 
nate based on its precessional frequency. However, 
since water protons precess faster than lipid protons, 
the signal from water protons is shifted by a few 
pixels because the receiver cannot determine if a 
change in precessional frequency is due to lipid-water 
chemical shift differences or to gradient-induced 
changes in the frequency-encoding axis. This type of 
chemical shift (Fig. 3-1) is more accentuated when 
low bandwidth techniques (which are commonly used 

on low-field-strength magnets as a method of 
increasing signal to noise) are used. Before the imple- 
mentation of chemical shift and fat saturation 
methods, identification of this chemical shift band 
was used to establish that a boundary between two 
tissues was a fat-water interface. 

NEOPLASMS OF THE ADRENAL CORTEX 

Adrenocortical Adenomas 

Adrenocortical adenomas are benign neoplasms of 
the adrenal cortex. Between 2% and 9% of autopsies 
reveal adrenal tumors4 and 1% to 2% of patients have 
incidental adrenal masses discovered at cross- 
sectional imagir~g.~-~ The majority of these masses are 
nonhyperfunctioning adrenocortical adenomas that 
are benign and require no treatment. Demonstration 
of loss of signal intensity (SI) within an adrenal mass 
on an opposed-phase image when compared with a 
corresponding in-phase image establishes the presence 
of intracellular lipid and a presumptive diagnosis 
of adrenal a d e n ~ m a ~ , ~  (Figs. 3-2 and 3-3 and Box 3-1; 
see Fig. 3-l).1° If one wanted to use quantitative 

Figure 3-1 . Chemical shift imaging findings of a right 
adrenal adenoma and pancreatic lipoma in an asymptomatic 
woman. A and B, In-phase (A) and opposed-phase (B) TI-WIs show 
that a right adrenal mass (arrow) loses SI in B, indicating the pres- 
ence of lipid and water protons within the same voxel. The loss of SI 
is secondary to the presence of intracellular lipid within an adenoma. 
A pancreatic body mass (arrow in B) is present that is isointense to fat 
in A and minimally loses SI in B. There is a low SI "India ink or 
"etching" artifact along the right border of the mass and the adjacent 
pancreatic parenchyma (curved arrow). From right to left (the fre- 
quency-encoding axis of this image), the etching artifact is prominent 
a t  water-fat interfaces and absent a t  fat-water interfaces (see open 
arrows on the medial and lateral aspects of the left kidney). Since the 
adjacent pancreas is composed of water, the mass must be composed of 
fat. This chemical shift phenomenon is explained in the text. C, Water- 
saturated TI-WI shows very high SI within the pancreatic lipoma and 
mild-high SI within the adrenal adenoma, reflecting the difference 
in appearance between macroscopic fat and intracellular lipid. 



Figure 3-2 Chemical shift imaging characterization of an adrenal adenoma in an asymptomatic man. 
A and B, In-phase (A) and opposed-phase (B) TI-WIs show a 4.5 cm right adrenal mass (arrow) that loses SI in B, indi- 
cating the presence of intracellular lipid. Normal high SI pancreas is present (P) on the in-phase imaging. In A, the 
heterogeneous regions of low and high SI in and around the border of the pancreas (arrows) is from opposed-phase effects 
secondary to the presence of pancreatic parenchyma and peripancreatic fat within the same voxels. C and D, Corresponding 
fat-suppressed in-phase (C) and opposed-phase (Dl TI-WIs shows fair suppression of the fat anterior to the pancreas (F) 
but poor saturation of the fat posterior to the adrenal glands (*I. Incomplete fat saturation of the posterior superior 
retroperitoneum is secondary to susceptibility effects from the adjacent lung base. There is moderate loss of signal within 
the right adrenal mass (arrow). The fat-suppressed opposed-phase image (Dl better suppresses SI within adipose tissue 
when compared with fat-suppressed in-phase sequences. The moderate SI loss within the adenoma on this image is poten- 
tially misleading. In typical adrenal adenomas, greater SI loss is expected on opposed-phase images compared with 
fat-suppressed opposed-phase images. Had the resultant fat suppression been optimal, no signal from lipid protons within 
the adenoma would have been present to oppose the signal from water protons within the mass. In this case, the incom- 
plete fat saturation resulted in residual lipid signal within the adenoma that was available to cancel the signal from 
adjacent intratumoral water protons. E, Water-suppressed TI-WI reveals subtle residual signal within the adenoma 
(arrow), indicating the presence of intracellular lipid. This technique is ideal for demonstrating small amounts of macro- 
scopic fat (such as in myelolipomas, angiomyelolipomas, and cystic teratomas). In-phase and opposed-phase imaging 
(A and B) are best for characterizing intracellular lipid within lesions such as adrenal adenoma. 



Figure 3-3 . MR illustration of an adrenal adenoma with lipid-rich and lipid-poor components in a 
37-year-old woman. A, Noncontrast CT obtained through the right adrenal gland shows two zones: a subcentimeter 
focus of higher attenuation (curved arrow) surrounded by lower attenuation adenoma. B and C, Corresponding in-phase (B) 
and opposed-phase (C) TI-WIs obtained at a similar level as in A show a similar two-zone adrenal gland with a subcen- 
timeter focus of lower SI tissue (curued arrow) in B that does not lose SI in C. The apparent decrease in SI of this lipid-poor 
region when comparing this opposed-phase image with the corresponding in-phase image with a longer TE of 4.6 (B) was 
not confirmed on quantitative ROI analysis and is attributable to differences in dynamic range. The remainder of the 
adrenal gland does lose SI in keeping with an adenoma. D, Fat-suppressed respiratory-triggered T2-WI shows normal soft 
tissue contrast with low-to-intermediate SI liver (L), intermediate to high SI spleen (S) and very high SI intensity CSF 
(arrow). There is dilation of the pancreatic d u d  (small arrows), in keeping with chronic pancreatitis. The SI of the lipid- 
rich adrenal adenoma is isointense to minimally hyperintense to liver and hypointense to spleen. Although relative 
isointensity of an adrenal mass to liver on T2-WI is suggestive of an adenoma (and was the MR method of choice for 
characterization before the clinical implementation of chemical shift imaging of the adrenal gland), it is not sufficient to 
establish that diagnosis. The lipid-poor segment of the adenoma is of relative high SI (curved arrow). Given the lack of a 
known primary and the absence of signs or symptoms of pheochromocytoma, this lipid-poor focus is unlikely to represent a 
"collision tumor."lol 

measurements to diagnose a cortical adenoma, a 
chemical shift index [(SI of adrenal lesion on in-phase 
image - SI on o ~ ~ o s e d - ~ h a s e  imageJ/(SI on in-~hase 
irnaie)] of >0.i5 has high speckcity and p&itive 
predictive value.ll The amount of intracellular lipid 
within adenomas corresponds to the amount of SI loss 
on chemical shift imaging12 and could be used to quan- 
titate the amount of lipid within adenomas. 

Certain clinical and MR imaging features are 
helpful in distinguishing adenomas from metastases 
independently of the loss of SI on chemical shift and 
appearance on T2-WI. Adenomas tend to be smaller, 
to reveal homogeneous SI on all pulse sequences, and 
to be well marginated, whereas adrenal metastases 
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tend to be larger, heterogeneous, poorly marginated 
and occur in patients with known primary malignan- 
cies (Box 3-1). Before the widespread implementation 
of chemical shift imaging, both qualitative and quan- 
titative measurements of adrenal gland SI on T2-WI 
were used to distinguish adenomas from nonadeno- 
mas.13-l5 Such techniques were only 80% accurate 
and thus cannot be used in isolation to establish the 
diagnosis of a benign adrenal mass. T2-WIs are still of 
value to detect and characterize potential metastatic 
disease elsewhere in the abdomen. 

Chemical shift imaging and unenhanced CT are 
not complimentary in the characterization of adrenal 
adenomas, since both examinations will likely char- 
acterize the same subset of lipid-rich adenomas 
(see Fig. 3-3h7 Thus, if chemical shift MR cannot 
establish the lipid content of an adrenal mass, it would 
be unlikely that a nonenhanced CT would reveal an 
HU value of less than 10, which is the accepted CT 
criterion for characterizing an adenoma.16 

Referring physicians should perform a patient his- 
tory and physical examination in an attempt to elicit 
signs or symptoms of hormonal hypersecretion in 
individuals who have an adrenal adenoma detected 
at i m a g i ~ ~ g . ~ , ~ ~  In a 1990 New England Journal of 
Medicine article, Ross and Aron suggested keeping 
additional laboratory and imaging studies to a mini- 
mum. However, subsequent literature indicates an 
increasing prevalence of cortisol- and aldosterone- 
secreting adenomas in patients who do not present 
with classic signs and symptoms of Cushing's or 
Conn's syndromes (see next sections). 
Cushing's syndrome. MR cannot accurately distin- 
guish between hypersecreting and nonhypersecreting 
adrenocortical adenomas in most patients. One imag- 
ing clue, which is present only in some patients with 
Cushing's syndrome, is relative atrophy of the con- 
tralateral adrenal gland secondary to feedback 
inhibition of pituitary ACTH secretion by a hyper- 
functioning adrenal adenoma.18 In the absence of this 
imaging sign, one must again rely on the history and 
physical examination. 

The absence of obesity and hypertension excludes 
a diagnosis of Cushing's syndrome with a high speci- 
ficity, and thus additional testing is not necessary.17 
However, given the presence of hypertension, obesity, 
or type 2 diabetes, a dexamethasone suppression 
test should be performed to determine whether there 
is autonomous cortisol production by the adrenal 
gland.lg 

Subclinical Cushing's syndrome is more common 
than classic Cushing's syndrome and may be present 
in up to 25% of patients who have adrenocortical ade- 
nomas detected at imaging.20 Even though such 
patients do not have overt signs and symptoms of 
classic Cushing's syndrome, they may still benefit 
from adrenalectomy. One author considers surgery 
for younger patients (<50 yr) and for those with 
recent onset of weight gain, obesity, hypertension, 

diabetes, or osteopenia.lg Affected patients are 
treated with perioperative hormones in order to 
prevent a postoperative addisonian crisis. A prospec- 
tive study has yet to be performed to determine 
whether medical therapy or adrenalectomy is the 
optimal therapy in patients with subclinical Cushing's 
syndrome. 
Conn's syndrome. Primary hyperaldosteronism is the 
most common etiology of secondary renal hyperten- 
sion.21 Two thirds of patients with hyperaldosteronism 
have a single aldosterone-secreting adrenocortical 
adenoma; these patients would benefit from adrena- 
lectomy. The remaining third of patients have forms 
of adrenal hyperplasia that do not benefit from sur- 
gery and are best treated medi~al ly .~~ If an imaging 
study detects a single adrenal adenoma in a patient 
with clinically suspected Conn's syndrome, then 
adrenalectomy can be performed with the expecta- 
tion that most patients wall benefit.23*25 A patient with 
primary aldosteronism who has enlarged adrenal 
glands without a focal mass is likely to have hyper- 
plasia and not a single, hypersecreting a d e n ~ m a . ~ ~  In 
equivocal patients, adrenal vein renin sampling is rec- 
ommended to detect an occult unilateral aldosterone- 
producing a d e n ~ r n a . ~ ~  

Previously it was advocated that only those 
hypertensive patients with hypokalemia be further 
evaluated for Conn's syndrome when an adrenocorti- 
cal adenoma was detected at imaging. However, 
more than half of patients with Conn's syndrome 
have normal potassium levels.27 Thus, hypertensive 
patients with an adrenocortical adenoma should 
have laboratory evaluation of aldosterone and 
plasma renin activity in order to identify a greater 
number of individuals who may benefit from adrena- 
lectomy or targeted antihypertensive therapy.28 
Selective adrenal artery embolization is an alternative 
treatment to surgery in the management of unilateral 
aldosteronomas.29 When MR is performed for renal 
artery stenosis, chemical shift imaging should be 
included to detect an adrenal mass that may be a 
cause of the hypertension. In a series of 77 patients 
referred for MR angiography, four had adrenal masses 
that were the cause of the hyper tens i~n .~~ 

NONHYPERSECRETING ADRENOCORTICAL 
ADENOMAS 

Even with the recent insights into subclinical Cushing's 
syndrome and hypertensive patients with normal 
serum potassium that have aldosterone-producing 
adenomas, the nonhypersecreting adrenocortical 
adenoma is still the most commonly encountered adre- 
nal mass at cross-sectional imaging." Although recent 
reviews have emphasized the importance of exclud- 
ing a pheochromocytoma,31~32 such an evaluation is 
unnecessary if MR has demonstrated the presence of 
lipid within an adrenal mass. Pheochromocytomas 
originate from the adrenal medulla and do not lose SI 
on chemical shift imaging. 



If MR does not demonstrate loss of SI on chemical 
shift imaging, then follow-up imaging can be considered 
(primary malignancies are discussed in later sec- 
tions; see Fig. 3-3). The physician could obtain a 
contrast-enhanced CT as a means of evaluating a 
lipid-poor or nonlipid-containing adrenal mass 
revealed at MR1.I CT studies have shown that lipid- 
poor adenomas (as well as the more common 
lipid-containing adenomas) show a greater degree of 
washout of iodinated contrast at 15 minutes com- 
pared with nonaden0mas.~3-35 Similar MR gadolinium 
washout patterns have been d e ~ c r i b e d . ~ ~ , ~ ~  However, 
a quantitative analysis has not been standardized, 
and measurements of adrenal SI depend on the type of 
TI-W pulse sequence used. The CT washout sign should 
not be considered pathognomonic of a cortical adenoma. 
Pheochromocytomas that exhibit similar washout 
curves as cortical adenomas have been reported.38 

If a chemical shift MR or CT examination 
establishes a diagnosis of a cortical adenoma and ini- 
tial testing does not reveal signs, symptoms, or 
laboratory findings of cortical hyperfunction, then 
conservative observation can be performed. Some 
recommend "ignoring" the lesion and not obtaining 
follow-up imaging.31 A study that followed 75 
patients with adrenal incidentaloma found that an 
initial size of more than 3 cm was associated with an 
increased probability that an adenoma would become 
hyperfun~tioning.~~ 

Adrenocortical Carcinoma 

Adrenocortical carcinoma is a rare aggressive malig- 
nancy with an estimated annual incidence of one per 
million (Box 3-2).40 There is a bimodal age distribu- 
tion of adrenocortical carcinomas with an initial 
peak in the pediatric population and a second peak in 
the fourth to fifth decades of life.40141 Patients with 
hyperfbndioning cancers present with signs and symp- 
toms of cortisol or androgen excess. Nonhypersecreting 
tumors either are discovered incidentally or are found 
secondary to localized mass effect or symptomatic 
metastatic disease. 

Three pathologic features that predict poor prog- 
nosis include large tumor size (>I2 cm), intratumoral 
hemorrhage, and high mitotic rates.42 There are con- 
flicting data concerning the prognostic implications of 
the functional status of the tumor, with centers report- 
ing both a poorer prognosis41 and improved survival.43 
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Patients who have successful resection of a loca- 
lized tumor have the best long-term o u t ~ o m e . ~ ~ , ~ ~ , ~ ~  
Individuals who have a complete resection have a 
median survival rate of 74 months, while those who 
have an incomplete primary resection have a median 
survival of only 12 months.45 

MR can often detect adrenocortical carcinomas, 
localize the masses to the adrenal gland, and evalu- 
ate for local extension and metastatic disease (Figs. 
3-4 and 3-5). On TI,  T2, and contrast-enhanced 
scans, adrenocortical carcinomas appear aggressive 
and infiltrative. High SI on TI-WIs that persists 
on fat-saturated TI-WIs represents intratumoral 
hemorrhage. MR can detect growth of adrenocortical 
carcinoma tumor thrombus into the left renal vein, 
inferior vena cava, or right atrium (see Fig. 3-5).46 

Chemical shift imaging of adrenocortical carcino- 
mas reveals that some masses may focally lose SI.47,48 
This finding reflects the tumor's origin from the 
adrenal cortex. This should not create confusion with 
an adrenal adenoma because adrenocortical carcino- 
mas are usually large (>5 cm), are heterogeneous, 
and have only small foci of lipid. Unusual examples 
of degenerated large adrenocortical adenomas have 
been d e ~ c r i b e d ~ ~ , ~ ~  that are indistinguishable from 
adrenocortical carcinoma on imaging. Fortunately, 
these benign adrenocortical neoplasms with atypical 
imaging findings are uncommon. Surgical removal is 
still required, with the determination of benignancy 
vs. malignancy to be made by the pathologist. 

METASTASES TO THE ADRENAL GLAND 

The adrenal gland is a common site of metastatic 
disease. Approximately one fourth of patients with 
epithelial malignancies have adrenal metastases at 
autopsy.51 Primary tumors that commonly metastasize 
to the adrenal gland include lung, breast, and renal cell 
carcinomas and m e l a n ~ m a . ~ ~ , ~ ~  Benign adrenal masses 
are common not only in the general population7 but 
also in patients with cancer. For example, in patients 
with lung cancer, fewer than half of adrenal masses are 
rnetastase~.~~ It is important to differentiate adrenal 
metastases from benign adrenal masses, as this may 
determine whether patients can undergo curative 
resection of their primary tumor. 

Adrenal adenomas and metastatic adrenal lesions 
have different MR imaging features (as described 
above and outlined in Box 3-1). Most adrenocortical 
adenomas lose SI on chemical shift imaging, whereas 
metastatic lesions do not (Figs. 3-6 and 3-7). Clear cell 
renal cell carcinoma is the one primary tumor that 
can develop metastatic adrenal masses containing 
intracellular lipid (Fig. 3-8). These cases are rare and 
reportable54 and usually coexist with other imaging 
findings of metastatic renal cell carcinoma. 

If a patient has other findings of metastatic dis- 
ease, then the characterization of an adrenal mass 
usually does not alter therapy. However, in patients 
with bilateral adrenal metastases signs or symptoms of 
Addison's disease should be identified and treated with 
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Figure 3-4 . 1MR depiction of a left adrenocortical carcinoma in a 55-year-old woman with signs and 
symptoms of hyperaldosteronism. Hepatic steatosis, focal nodular hyperplasia, and a 3-mm liver cyst are also present. 
A and B, In-phase (A) and opposed-phase (B) TI-WIs show a large left adrenal mass (A) that is isointense to spleen (S) 
and does not lose SI on chemical shift imaging. The liver loses SI on opposed-phase imaging, indicating hepatic steatosis. 
There is a well-circumscribed lesion of the right lobe of the liver (L) that is hyperintense to liver on the opposed-phase 
image (arrow) and isointense to liver on the in-phase image. The isointensity to liver indicates that it is hepatocellular in 
origin. A low SI central scar is present. Focal nodular hyperplasia (FNH) is the most common hepatocellular lesion that 
has a central scar. C, Breath-hold heavily T2-WI (TE = 185 msec) shows low SI liver and spleen because of the long echo 
time. The liver shows minimal SI because fat suppression was not used and the patient has steatosis. The adrenal mass 
is heterogeneous and shows foci of intermediate SI. The lack of high SI does not exclude pheochromocytoma, but this was 
excluded at  surgery. The FNH is relatively isointense to liver. A 3-mm high SI lesion (curved arrow) of the lateral seg- 
ment of the left lobe that is isointense to cerebral spinal fluid represents a benign cyst. Liver metastases would be 
expected to be isointense to spleen. The fact that this liver lesion is visualized on this sequence is supportive of a non- 
solid benign lesion such as a cyst or hemangioma. D, Delayed CE fat-suppressed TI-WI (slice thickness = 8 mm) shows 
heterogeneous enhancement of the adrenal mass (A) and enhancement of the central scar of the FNH (arrow). The SI 
within the 3-mm cyst (curved arrow) is from volume averaging with adjacent enhanced liver parenchyma. Heavily 
T2-WIs often outperform enhanced TI-WIs in both detecting and characterizing subcentimeter renal, pancreatic, and 
hepatic cysts. 

hormone repla~ement.~~ How should the physician 
approach a patient with a known primary and no 
metastatic disease who has an adrenal mass 
that does not lose SI on chemical shift imaging? 
Documenting lesion stability by obtaining prior cross- 
sectional imaging studies is the most cost-effective 
method. If an adrenal lesion has not grown for more 
than 6 months, an occult metastasis with high nega- 
tive predictive value is excluded.35 Interval growth of a 
lesion is suspicious for metastatic disease (see Fig. 
3-6). If prior imaging studies are not available, the 
physician can consider obtaining an enhanced CT scan 
with delayed imaging. Lipid-poor adenomas show 

similar washout CT kinetics to lipid-containing adeno- 
mas.33,34 Alternatively one can consider performing an 
image-guided needle bi0psy5~-~~ or laparoscopic adren- 
e l e ~ t o m y ~ ~  in order to prove a diagnosis of metastatic 
disease and thus guide appropriate therapy. In patients 
who have isolated adrenal metastases, laparoscopic 
removal may be therape~t ic .~~ 

ADRENAL PHEOCHROMOCYTOMA 

Pheochromocytomas are catecholamine-producing 
neoplasms that originate from the sympathetic 



Figure 3-5 . MR depiction of left renal vein and inferior vena cava (IVC) tumor thrombus in two different 
patients with left adrenal cortical carcinomas. A, Coronal T2-WI depicts a left adrenal mass (A) that displaces the 
left kidney (K) inferiorly. Tumor thrombus (*) is present within the visualized segment of left renal vein and intrahepatic 
IVC. Normal flow voids are present within the celiac (black arrow) and superior mesenteric arteries. B and C, In-phase 
(B) and opposed-phase (C) axial TI-WIs shows no change in SI within the left adrenal mass (A) posterior to the pancreas 
(P). The tumor thrombus within the IVC (I) and the primary tumor has similar SI. There is loss of SI within the gall- 
bladder bile (arrow) because of its cholesterol content. D, Fat-suppressed CE T1-WI shows heterogenous enhancement 
within the primary adrenal cancer and the tumor thrombus. Some flow is revealed within the IVC as high SI (curved 
arrowi. (Continued) 

nervous system. Patients can present with signs or 
symptoms of excess catecholamines. If a clinician 
suspects a pheochromocytoma, the initial screening 
test of choice is measurement of the plasma free 
metanephr ine~.~~ Approximately 85% to 90% of 
pheochromocytomas are located within the adrenal 
medulla (Box 3-3) and 10% to 15% outside of the 
adrenal gland. Extra-adrenal pheochromocytomas, 
termed paragangliomas, can occur anywhere from 
the bladder to the brain.62-64 These tumors are more 
aggressive and are malignant in 40% of cases, 
whereas orthotopic pheochromocytomas are malig- 
nant in 10% to 15%. Often it is the radiologist and 
not the pathologist who determines whether the pri- 
mary tumor is benign or malignant based on the 
presence or absence of metastatic disease. 

Pheochromocytomas can occur sporadically or a 
part of a hereditary syndrome (Box 3-4). Hereditary 
pheochromocytoma is associated with four syndromes: 
multiple endocrine neoplasia (MEN) type IIA (Fig. 3-9), 
von Hippel-Lindau disease,65 neurofibromatosis, and 
isolated familial pheochr~mocytorna.~~ A hereditary 
syndrome should be suspected when bilateral pheochro- 
mocytomas are revealed, since this may be the initial 
finding in patients with von Hippel-Lindau disease and 
MEN type IIA. Twenty-five percent (and not the widely 
quoted 10%) of patients with sporadic pheochromocy- 
tomas are found to have one of four responsible genetic 
 mutation^.^^,^^ Although it is not feasible to perform 
genetic testing on all individuals with suspected 
pheochromocytoma, a detailed family history should be 
obtained and first-degree relatives evaluated. 
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Figure 3-5 . Cont'd E and F, Two sequential coronal CE T1-WIs (TR = 12, TE = 2.5, flip angle = 30") in a different 
patient show a hypoenhancing left adrenal mass (A) that inferiorly displaces the left kidney (K). Thrombus within the 
intrahepatic IVC (*) has similar SI as the primary tumor and represents tumor thrombus. Lower SI nonenhancing thrombus 
located peripherally within the IVC (curved arrow) represents bland thrombus. 

The treatment of choice for pheochromocytoma 
is laparoscopic a d r e n a l e c t ~ m y . ~ ~ , ~ ~  Before surgery, 
patients are treated with alpha blockers to prevent a 
potential hypertensive crisis. Intra-operative control of 
the adrenal vein prior to manipulation-removal of the 
tumor itself is important to prevent hypertensive com- 
plications during surgery.I1 In a patient with hereditary 
pheochromocytoma and an identifiable unilateral adre- 
nal mass, prophylactic contralateral adrenaledomy is 
not recommended because of the long interval for those 
individuals who do develop a second pheochromocy- 
toma. In patients who have bilateral adrenalectomy, 
heterotopic autotransplantation of medullary free 
adrenocortical tissue can preclude steroid replacement 
therapy and a potential postprocedural addisonian cri- 
s i ~ . ~ ~  Preserving adrenocortical tissue in an orthotopic 
location is not recommended because it is associated 
with a higher rate of recurrent disease.66 

The MR appearance of pheochromocytomas 
was initially described as a "light bulb" because 
lesions revealed homogeneous high SI on T2-WIs 
(Fig. 3-10).73,74 However, with refined MR techniques 
most pheochromocytomas show heterogeneous low, 
intermediate, and high SI on T2-WIs and the light bulb 
sign is neither sensitive nor specific (see Fig. 3-10).75,76 
Tumor heterogeneity is, in part, secondary to intra- 
tumoral hemorrhage and cyst formation. Some 
pheochromocytomas are mostly cystic (Fig. 3-11).77 

Almost all pheochromocytomas do not contain 
intracellular lipid and do not reveal loss of SI on chem- 
ical shift MR. One pheochromocytoma has been 
reported to have intracellular lipid within the neoplas- 
tic medullary cells38; however, this should be considered 
a rare exception. Given a patient with signs or symp- 
toms of a pheochromocytoma, MR is an ideal imaging 
modality for pheochromocytoma detection and localiza- 
tion, with detection rates approaching 

ADRENAL MYELOLIPOMA 

Myelolipomas are uncommon, benign encapsulated 
neoplasms composed of variable amounts of mature 
fat and bone marrow elements.I9 Most myelolipomas 
originate within the adrenal gland. Unusual extra- 
adrenal myelolipomas have been reported in the 
retroperitoneum and liver on MR.80fi1 Most myelolipo- 
mas are asymptomatic and are followed conservatively 
when a diagnosis can be established with i r n a g i ~ ~ g . ~ ~ - ~ ~  
Symptomatic myelolipomas are secondary to localized 
mass effect or extracapsular hemorrhages5 and are 
treated with surgical excision. Some advocate elective 
surgical resection of larger myelolipomas because of 
the unknown risk of catastrophic hern~r rhage .~~  

Detection and characterization of macroscopic 
fat within an adrenal mass establishes a diagnosis of 
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Figure 3-6 . MR findings of metastatic colon cancer to the right adrenal gland and hepatic steatosis. 
A, Axial fat-suppressed T2-WI shows a poorly marginated right adrenal mass (arrow) that is closely associated with the 
adjacent right lobe of the liver. The mass is intermediate in SI between liver and spleen. On the basis of this image alone, 
no specific diagnosis is possible. B and C, In-phase (B) and opposed-phase (C) TI-Wls show that the adrenal mass (arrow) 
remains isointense to spleen and thus does not contain detectable intracellular lipid. The liver (L) loses SI compared with 
spleen (S) on the opposed-phase image (C), indicating the presence of hepatic steatosis. When performing qualitative 
visual analysis of change in SI of the adrenal gland on chemical shift imaging, the adrenal gland should be compared with 
the adjacent spleen. Comparing the SI of an adrenal mass and liver could potentially result in a false-negative diagnosis 
of an adenoma if there was greater loss of hepatic SI secondary to steatosis. The spleen does not develop fatty change and 
thus is a suitable reference tissue. Alternatively, when duel-echo GRE images are obtained, direct comparison of adrenal 
mass SI without reference to other tissues is possible. A subtraction image could be processed (in phase - opposed phase; D) 
that would display a map of voxels that contained both lipid and water protons. D, Subtraction image confirms the pres- 
ence of signal within the liver, indicating hepatic steatosis. Normal marrow (M) of the lumbar spine also contains lipid. 
Because "pure fat" such as the posterior pararenal fat and the fat within the gastrohepatic interval contains water pro- 
tons (e.g., within membranes and lysosomes), these tissues show some signal on this image. The adrenal metastasis does 
not contain lipid and thus shows no signal. E, Opposed-phase T1-WI performed 3 months earlier reveals a 4-mm mass 
(arrow) of the lateral limb of the right adrenal gland. The presence of prior imaging examinations is invaluable in the eval- 
uation of an indeterminate adrenal mass. The interval enlargement of the mass over 3 months without the presence of 
intratumoral hemorrhage is very suggestive of metastatic disease. 



Figure 3-7 rn MR depiction of bilateral hemorrhagic adre- 
nal metastases secondary to melanoma in a 35-year-old 
woman. Coronal opposed-phase TI-WI shows heterogeneous high 
SI adrenal masses (A). The left kidney is being displaced and 
rotated inferiorly (arrow). Two findings indicate that these masses 
are not fat-containing myelolipomas: (1) the SI within the lesions is 
hyperintense to adjacent retroperitoneal fat (F) and (2) an etching 
artifact is present at the interface between the right adrenal mass 
and the right perinephric fat (curved arrows), indicating a fat- 
water interface. Thus, the high SI within the mass must be derived 
from water protons, in this instance from the TI-shortening effects 
of methemoglobin and/or melanin. 

myelolipoma with high diagnostic ~ e r t a i n t y . ~ ~ , ~ ~  
Macroscopic fat can be revealed on MR by showing 
loss of SI on a fat-suppressed sequence when com- 
pared with an identical sequence obtained without 
fat saturation (Figs. 3-12 and 3-13). It is not unusual 
to see adipocyte-rich and adipocyte-poor regions 
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within the same myelolipoma. Adipocyte-rich regions 
reveal similar SI changes on chemical shift imaging 
when compared with the "pure fat" within the adja- 
cent retroperitoneum. Adipocyte-poor regions (where 
adipocytes and marrow elements are contained 
within the same voxel) can have identical chemical 
shift imaging findings to those of an adrenal 
adenoma. Alternatively, a water-suppressed gradient 
echo image can be used to depict the presence of 
fat.88sg Large foci of macroscopic fat show very high 
SI, while smaller amounts of fat and intracellular 
lipid show some SI but are not so hyperintense (see 
Figs. 3-1, 3-2, and 3-13). The unusual complication of 
peritumoral hemorrhage will appear as high SI on 
TI-WIs that persists with fat saturation secondary to 
the TI-shortening effects of methernogl~bin.~~*~~ 

ADRENAL HEMATOMA 

Adrenal hemorrhagelhematoma can have either 
traumatic or nontraumatic etiologies. Traumatic 
causes include severe abdominal trauma, right-sided 
hepatic surgery, and child a b u ~ e . ~ ~ . ~ ~  Nontraumatic 
causes include disorders of coagulation (Fig. 3-14), 
stress, and hemorrhage into an underlying adrenal 
neoplasm (see Fig. 3-7).93 When hematomas are bilat- 
eral, the physician should evaluate for signs and 
symptoms of adrenal failure (Addison's disease), 
which often is not diagnosed, resulting in unnecessary 
morbidity and mortality.94 

The specific MR imaging finding of a subacute 
hematoma is the presence of a high SI rim sign, indi- 
cating the presence of methemoglobin within the 
periphery of the hematoma (see Fig. 3-14).95,96 In the 
absence of a known primary tumor, it is very unusual 
to detect an adrenal hematoma as the initial finding 
of occult metastatic disease. In questionable cases, 
follow-up imaging should reveal a decrease in size of 
a benign hematoma (see Fig. 3-14). 

ADRENAL CYSTS 

Adrenal cysts are rare and have been categorized as 
endothelial, epithelial, parasitic, and pseudocy~tic.~,~~ 
The majority are asymptomatic and can be managed 
with observationg8 or a~p i r a t ion .~~  Symptomatic adre- 
nal cysts or cysts larger than 5 cm can be removed 
laparos~opically.~~~ Adrenal pseudocysts are the result 
of prior hemorrhage into either a normal adrenal 



Figure 3-8 MR illustration of metastatic clear cell renal carcinoma to the adrenal gland that reveals loss 
of SI on chemical shift imaging. Metastatic lesions of clear cell carcinoma may contain intracellular lipid, similarly 
to the primary tumor. A, Fat-suppressed T2-WI shows a heterogeneous right adrenal mass (arrow) that has SI similar to 
that of the spleen (S). A liver metastasis (curved white arrow) is also present. B and C, In-phase and opposed-phase 
T1-WIs show that the right adrenal mass (arrow) loses SI on the opposed-phase image relative to the spleen. There is an 
incisional hernia that contains right-sided colon segments (curved black arrows). Gas-containing colon has lower SI on the 
longer TE in-phase image secondary to susceptibility effects. D, Postprocessed subtraction image (in phase-opposed phase) 
shows the highest SI within the lumbar marrow (M). The subcutaneous fat (F) and the adrenal metastases (arrow) have 
equal SI. The subcutaneous fat has approximately 90% lipid and 10% water, while the clear cell carcinoma metastasis 
is comprised of 10% lipid and 90% water. Because both tissues lose approximately 20% of their SI, they have a similar 
appearance on this subtraction image. 

Figure 3-9 MR findings of proven bilateral subcentimeter pheochromocytomas in a man with multiple 
endocrine neoplasia type IIA. A, Opposed-phase TI-WI shows bilateral small adrenal masses (arrows). Neither 
adrenal mass lost SI relative to spleen (S) when compared with the corresponding in-phase image (not shown). 
B, Fat-suppressed T2-WI shows that both the masses (arrows) are hyperintense to liver (L) but hypointense to adjacent 
bile in the common bile duct (curved arrow). 
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Figure 3-1 0 . MR illustration of a surgically proven left adrenal pheochromocytoma in a 36-year-old man 
with episodic hypertension and headaches. A, Fat-suppressed T2-WI shows a left adrenal mass (A) that is hyper- 
intense to liver (L) and isointense to adjacent left kidney (K). The term "MR light bulb sign" was used in the past to 
describe the relative high SI of pheochromocytoma on moderately T2-WIs. B, Corresponding heavily T2-WI (TE = 240) 
shows no high SI within the adrenal mass, thus excluding the diagnosis of an adrenal cyst or intratumoral cyst forma- 
tion~liquefactive necrosis. Chemical shift imaging (not shown) did not reveal intratumoral lipid. C and D, TI-WIs 
obtained before (C) and dynamically after (D) contrast show moderate-to-marked adrenal mass enhancement. Note the 
normal arterial enhancement of the pancreas (P) and renal cortex (K). Although the relative T2 SI, lack of intratumoral 
lipid, and hyperenhancement all suggest pheochromocytoma, the diagnosis has to be confirmed by correlating with clin- 
ical signs and symptoms and analysis of urinary catecholamines. 

gland or a gland that contained a benign neoplasm.87 
MR reveals an adrenal mass with fluid SI content. 
Wall calcification is better revealed by CT than by 
MR (Fig. 3-15). 

SUMMARY 

MR imaging can detect adrenal masses and poten- 
tially characterize many subtypes of adrenal masses. 
The presence of intracellular lipid within an adrenal 
mass revealed with chemical shift imaging techniques 
establishes a diagnosis of adrenocortical neoplasm. 
Most of these lesions will be nonhyperfunctioning 

cortical adenomas. Hyperfunctioning cortisol and 
aldosterone-producing adenomas are diagnosed more 
on the basis of clinical evaluation than of MR 
findings. Pure fat within an adrenal mass is diagnos- 
tic for a myelolipoma. MR imaging findings are not 
diagnostic for pheochromocytoma, and an imaging 
and clinical diagnosis must be confirmed by 
metanephrine measurements. An adrenal mass in a 
patient with a primary malignancy can be either a 
metastasis or a cortical adenoma. If chemical shift 
imaging cannot show the presence of intratumoral 
lipid, then an enhanced CT with washout images or 
tissue sampling should be considered when patient 
management is affected. 
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Figure 3-12 MR demonstration of the varying lipid content within an asymptomatic myelolipoma and 
hepatic steatosis in a 70-year-old man. A, In-phase T1-WI shows normal SI liver (L) and spleen (S). A left adrenal 
mass shows components with two different SIs. Most of the mass is isointense to liver. Two 3-mm foci of higher SI 
(arrows) are isointense to surrounding retroperitoneal fat. B, Fat-suppressed T2-WI shows that most of the mass has het- 
erogeneous low-to-intermediate SI and the two 3 mm foci are of very low SI (white arrows). On the basis of this image 
and the in-phase image, a diagnosis of macroscopic fat cannot definitely be established, since protein or hemorrhage could 
have a similar appearance on both TI- and T2-WIs. C, Opposed-phase TI-WI shows moderate-to-marked loss of SI within 
the right adrenal mass, indicating its lipid content. There also is loss of signal within the liver (L) secondary to hepatic 
steatosis. There has been no appreciable loss of SI within the two subcentimeter hyperintense adrenal foci. However, 
there is an "India ink," or "etching," artifact a t  the right-sided interface of these foci and the adjacent adrenal gland, 
indicating a fat-water interface (arrows). Similar etching artifacts (curved arrows) are present a t  the left-sided border of 
the left adrenal gland and both kidneys with the perinephric fat. Thus, the residual SI within the adrenal gland is from 
water protons and the high SI foci represent the macroscopic fat within the myelolipoma. [See the text for an explana- 
tion of the asymmetric etching artifact in the frequency-encoding axis that appears wider on the left side of the spleen 
and left kidney (curved arrow) and is not perceptible on the right-sided interface.] D, Opposed-phase, fat-saturated 
T1-WI shows two types of lipid suppression. In the voxels of the two intratumoral foci that are entirely composed of 
adipocytes there is marked loss of SI (arrows), similar to the drop in SI of the adjacent perinephric fat. There is a lower 
degree of lipid suppression within the remainder of the myelolipoma, where both lipid and nonlipid protons are present 
within the same voxels. 



Figure 3-1 3 MR depiction of a fat-containing myelolipoma and hepatic steatosis revealed with chemical 
shift and water saturation techniques in an asymptomatic 44-year-old woman. An outside CT scan had sug- 
gested an angiomyelolipoma of the upper pole of the right kidney. A and B, In-phase (A) and opposed-phase (B) TI-WIs 
show a right retroperitoneal mass that focally loses SI with chemical shift imaging (*), indicating its lipid content. Other 
portions of the tumor do not lose SI. There is loss of SI of the liver (L) secondary to hepatic steatosis. There is an "India 
ink," or "etching," artifact (arrow) at  the interface of the right side of the mass (which has persistent high SI) and the 
adjacent liver. Thus, the intratumoral foci of high SI represent macroscopic fat. C, Water-suppressed TI-WI shows vary- 
ing degrees of high SI within the mass, indicating the various lipid components. The highest SI foci represent regions of 
fat (arrows). Hepatic steatosis (L) shows less SI. It  is easier to establish the presence of steatosis by comparing the 
in-phase and opposed-phase images. D, Water-suppressed coronal TI-WI shows that the mass displaces the right kidney 
@lack arrow) inferiorly. Thus, the mass represents a right adrenal myelolipoma and not a renal angiomyelolipoma. The 
hyperintense components within the mass (white arrows) indicate macroscopic fat. 
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Figure 3-14 rn MR illustration of a left adrenal hematoma 
in a 68-year-old man with a history of arrhythmia and 
anticoagulant therapy. A, Enhanced CT image shows an 
enlarged intermediate-to-high attenuation lesion of the left adre- 
nal gland (arrow). B and C, In-phase (B) and opposed-phase (C) 
images performed 6 months later show moderate-to-marked 
decrease in size of the left adrenal gland (arrow). The hyperin- 
tense rim within the periphery of the adrenal is specific for a 
hematoma. The low SI posterior rim on the opposed-phase image 
(curved arrow in C) is in part secondary to etching artifact at a 
fat-water interface. The low SI rim present on the in-phase image 
(arrow in B) is secondary to the T2 shortening affects of maturing 
hemorrhage. Hemorrhagic metastases would have been expected 
to grow. 

Figure 3-15 rn MR illustration of an adrenal pseudocyst in a man with treated thyroid cancer. The lesion 
has been stable on cross-sectional imaging for >5 years. A, Axial T2-WI shows a lobulated cyst (arrow) that was localized 
to the adrenal gland. B, Enhanced CT scan better illustrates segmental calcification of the cyst wall (curved arrow). Since 
this patient was asymptomatic, surgical excision was not performed. 
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RENAL MR IMAGING TECHNIQUES

MRI protocols for evaluation of patients with known
or suspected renal disease have evolved, with
advancements in pulse sequences, surface coils and
gradients. 1,2 Renal MR examinations are best per
formed on high-field systems, using a phased-array
surface coil centered at the level of the kidneys. The
use of surface coils enhances the signal-to-noise ratio
(SNR) and allows for the use of smaller fields of view
to obtain high-resolution renal images (Box 4·1).

Initial coronal and sagittal breath-hold T2-W
sequences allow selection of an appropriate center
and field ofview for the remainder of the examination.
The localizer sequences may reveal findings (e.g., soli
tary kidney, metastatic disease) that would change
the focus or modify the techniques used for the sub
sequent MR examination. T1-W gradient ecbo (GRE)
images can replace T1-WSE images for MR imaging
of the liver and are also ideal for imaging extrahepatic
abdominal structures. The repetition time (TR) is
adjusted based on the patient's ability to breath-hold.
The field of view is adjusted based on body habitus
and the focus of the examination. Both in-phase and
opposed-phase T1-WIs are acquired in order to obtain
chemical shift imaging (see Chapter 3) information
that enables detection of lipid and fat in renal or
adrenal lesions (Figs. 4-1 to 4-4).

For T2-WI, an axial fat-suppressed, respiratory
triggered fast spin-echo (FSE) sequence provide high
SNR images with reasonable acquisition times. The
field of view and slice thickness are similar to those of

Renal MRI

Renal Trauma
Pyelonephritis
MRI and Renal Transplantation

Evaluation of Potential Renal Donors
Evaluation of Renal Transplant

Gomplications
Post-transplantation Lymphoproliferatlve

Disorder (PTLD)
Renal Artery Stenosis/Renovascular

Hypertension

the Tl-WI. Additional precontrast sequences can be
performed. If for example, an angiomyolipoma is sus
pected, frequency selective fat-saturated T1-GRE or
water-saturated T1-GRE images can be obtained,
maintaining the TR of the original in-phase and
opposed-phase T1-WIs. These sequences allow defini
tive detection and characterization of the macroscopic
fat present in most angiomyolipomas (see Fig. 4-4 and
Box 4-1).

The coronal plane is generally chosen for the
CE images because it allows dynamic evaluation
of kidneys, renal vessels inferior vena cava (NC),
and spine in the smallest number of slices or slabs.
Exophytic polar lesions that are not well depicted on
axial images generally are well displayed on coronal
images (see Fig. 4-4). For characterization of a
specific renal mass, the plane that best displays the
lesion sbould be chosen; for exophytic anterior and
posterior lesions, this may be the sagittal or axial
plane.

The CE portion of the examination may be per
formed as either a two-dimensional (2D) or three
dimensional (3D) sequence. 3D images allow for
simultaneous evaluation of renal parenchyma and
the renal vessels. When primarily evaluating the renal
parenchyma, a flip angle of 100 to 120 is used to min
imize soft tissue saturation and optimize renal mass
detection and characterization. When primarily eval
uating the renal arteries, the flip angle is increased
to 30° to 600 to increase soft tissue saturation and
optimize the contrast between enhanced vessels and
adjacent renal parenchyma.3
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3D sequences are postprocessed to generate pro- 
jection images of the renal arteries, renal veins, and 
IVC. Analogous to the 2D examination, a breath-hold 
precontrast set of images and three CE sequences are 
acquired to evaluate the renal vasculature in both arte- 
rial and venous phases and to depict the renal 
parenchyma in both corticomedullary and nephro- 
graphic phases. The patient's arms are elevated above 
the head to decrease phase wrap when imaging in 
the coronal plane. Delayed, axial, 2D, fat-saturated 
T1-WIs are then obtained as the final sequence, imag- 
ing from the top of the hemidiaphragms to the iliac 
crests. 

MR urography (MRU) is unnecessary in the rou- 
tine evaluation of a renal mass although it can be 
very useful in the evaluation of suspected transi- 
tional cell carcinoma, for renal donor evaluation, and 
for imaging of renal transplants (see Box 4-1).4,5 For 
enhanced, TI-weighted MRU, 10 mg of furosemide is 
injected with the gadolinium  hel late.^,^ Dynamic 
enhanced 2D or 3D images of the kidneys are acquired 
as above, and then the field of view is increased in the 
z plane to include the kidneys, ureters, and urinary 
bladder. Coronal 3D, breath-hold, thin-slab (2 mm 
interpolated to 1 mm) fat-suppressed TI-GRE images 
are then acquired after a delay of several minutes. The 
delay optimizes washout of the contrast from the vas- 
culature and parenchymal tissues and wash-in of the 
contrast into the collecting systems (Figs. 4-5 to 4-7).s 

A second MRU technique for evaluating the 
collecting system is MR hydrography with heavily 
T2-WIs (see Fig. 4-7).7-10 This sequence is identical 
to that used in the liver to characterize hepatic cysts 
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and hemangiomas and, when combined with 
contrast-enhanced images, can be used to character- 
ize subcentimeter renal cysts and demonstrate 
hydronephrosis. T2-W MRU can be useful in depicting 
an obstructed collecting system in a nonfunctioning 
kidney. If renal excretory function is still present, 3D 
TI-WIs of the excreted gadolinium are preferred for 
MR detection and characterization of ureteral calculi 
and urothelial neoplasms. 

Renal transplants can be evaluated using 
sequences similar to those outlined above, with an 
appropriately placed pelvic surface coil.ll Axial and 
coronal T2-WIs are helpful in evaluating for 
hydronephrosis and demonstrating the relationship 
between the transplant and possible pelvic fluid 
collections. Coronal or oblique coronal 3D CE MR 
angiography (MRA) imaging is useful, since the 
transplant renal vessels are most commonly anasto- 
mosed to the native external iliac vessels and the 
anastomoses are often oriented in the coronal plane. 
In the future, MR techniques will be increasingly 
used to obtain functional renal information including 
glomerular filtration rate, blood flow, oxygenation, 
and tubular concentration and transit.12 

RENAL NEOPLASMS 

Renal Cell Carcinoma (RCC) 

EPIDEMIOLOGY 

In 2004 in the United States, approximately 35,710 new 
cases of renal cell carcinoma (RCC) will be diagnosed 
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and 12,480 people will die of the disease.13 In 2004 Known risk factors for RCC include cigarette 
RCC will account for 3% of new cancers diagnosed in smoking, exposure to petroleum products or asbestos, 
American men and result in 3% of cancer-related hypertension, and obesity.'"RCC is approximately 
deaths.13 Although less common than prostate or blad- twice as common in men as in women and slightly 
der carcinoma, RCC is more commonly fatal than more common in African Americans than in people of 
other urinary tract neoplasms. More than one third European descent. Most affected patients are more 
of affected individuals die of their disease.14 than 40 years of age, and persons in the seventh and 



eighth decades of life are most commonly affected. 
Individuals with acquired cystic kidney disease 
(ACKD) and hereditary conditions including von 
Hippel-Lindau syndrome (VEIL), hereditary papillary 
renal cancer (HPRC), tuberous sclerosis (TS), and 
sickle cell trait are also at increased risk. 

RENAL LESION DETECTION 
Improved imaging detection of renal masses by ultra- 
sound (US), CT, and MRI has led to smaller average 

size of neoplasm at time of initial detection,16 and 
most of these incidentally discovered renal cell carci- 
nomas are of low stage and tumor grade.17 In prior 
decades, nearly all patients with RCC had hematuria 
or other signs and symptoms related to the renal 
tumor. Currently, however, approximately 30% of all 
renal cell carcinomas are incidentally identified on 
imaging studies performed for other purposes.ls 

Sonography detects the vast majority of renal 
masses larger than 2.5 cm. The sensitivity of 
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Figure 4-2 Cont'd D and E,  Coronal T2 (Dl and fat-suppressed (E) CE TI-WIs reveal intermediate T2-SI thrombus 
in the right renal vein and infrahepatic IVC (white arrows). The superior segment of the intrahepatic IVC shows normal 
flow void (*I. Benign thrombus located within the infrarenal IVC does not enhance (*), whereas tumor thrombus does 
enhance (curved arrows). 

Figure 4-3 MR illustration of multiple bilateral angio- ---- 
myolipomas that contain intermixed fattv and nonfattv L-"- 

- - 

- ---.. 

elements. The patient has a history of tubero;s sclerosis. A-6, 
Axial in-whase (A). oooosed-ohase iR) and nnntnmre~sorl ~ ~ ~ h t r a r -  , , , . ~ & ~  - - - -- \-,, ---- r---r- ----- -- --wuA-- 

tion image (in phase-apposed phase, C) TI-WIs show multiple 
angiomyolipomas (arrows) as hyperintense to renal parenchymain 
the in-phase image and hypointense on the opposed-phase image. 
The subtraction image (C) shows high SI within the renal l~cinnq.  - .  - - - - -. . .... - .- - - - - -- ---A - A 

I this implies they are composed of tissue that contains both lipid and 
water. D and E, TI-WIs obtained with fat suppression (D) and 
water suppression (El show corresponding foci of low and high SI, 
respectively. Because this patient's lesions had admixed fat and \- 7 
water, there was greater loss of SI on the opposed-phase image than E --- 
on the fat-suppressed image (see Chapter 3). 



sonography, however, greatly decreases for smaller is a mainstay of pediatric renal imaging owing to the 
masses, and only 25% of masses 10 to 15 mm in size absence of ionizing radiation and lack of need for 
are detectable by US.19 Sonography is excellent at patient sedation. 
detecting and characterizing simple cysts, but its CT with thin-section (5 mm or thinner), pre- and 
ability to differentiate benign from malignant solid postcontrast images can characterize most renal neo- 
masses is limited. Despite this limitation, sonography plasms larger than 1 cm. Many renal masses detected 
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Figure 4-5 . Normal contrast-enhanced TI-W MR urogram (CE MRU) in a potential renal donor. 
A, Coronal maximum intensity projection (MIP) reformatted image of an excretory phase, 3D T1-WI shows normal collecting sys- 
tems and solitary bilateral ureters. B, Right anterior oblique projection optimizes depiction of the distal left ureter farrow). 

on CT, however, will be found on enhanced studies The ability of dedicated renal CT and MRI to 
performed for nonrenal indications when precontrast detect and characterize renal lesions greater than 
images were not carried out. As such, many of these 1 cm is similar although MRI is superior in the 
masses will not be adequately characterized, because detection of small polar lesions owing to its ability 
the degree of renal enhancement cannot be assessed. to image directly in nonaxial planes.20 MRI is the 
Further evaluation with dedicated renal CT or MRI examination of choice for the characterization of 
may be required. renal masses in patients with limited renal function 



Figure 4-6 MR urography depiction of a collection sys- 
tem in a potential renal donor. Coronal MIP reformatted 
image of an excretory phase, 3D CE MRU reveals normal excre- 
tion from both moieties of a horseshoe kidney. Enhancing renal 
parenchymal tissue is present within the isthmus that connects 
the lower poles of both kidneys. 

(creatinine >2.0 mg/dL) and severe allergy to iodi- 
nated contrast or for masses not adequately 
characterized by other imaging modalities. 

Ideally, diagnostic imaging would unequivocally sep- 
arate malignant renal lesions from benign ones. 
Unfortunately, this is not entirely possible, since 
oncocytomas and lipid-poor angiomyolipomas may 
have imaging appearances that may be indistin- 
guishable from RCC (Box 4-2). The realistic goal of 
renal lesion characterization by CT or MRI, then, is to 
separate surgical lesions (renal cell carcinoma, cystic 
renal cell carcinoma, oncocytoma) from nonsurgical 
lesions (cyst, hemorrhagic cyst, angiomyolipoma, 
pseudotumor) (Boxes 4-3 and 4-4). 

RCC has a highly variable appearance on MR imag- 
ing owing to the existence of multiple RCC histologic 
featuresz1 and to variability in internal necrosis, 
hemorrhage, or intratumoral lipid. On MRI, RCC most 
commonly appears hypointense or isointense to renal 
parenchyma on TI-WI, heterogeneously hyperintense 

on T2-WI, and enhanced following contrast administra- 
tion. Variability is the rule, however, and lesions may 
be primarily hyperintense, hypointense, or isointense to 
normal renal parenchyma on both TI- and T2-WIs. 
RCCs tend to enhance less than normal renal 
parenchyma and are often most easily identified on 
postcontrast dynamic T1-WI.zz If quantitative criteria 
are used, it has been suggested that any mass that 
enhances by greater than 15% should be considered a 
solid renal neoplasm.z3 

A subset of clear cell RCCs, the most common sub- 
type of RCC, may focally lose signal on opposed-phase 
GRE images because of the presence of microscopic 
intratumoral lipid (see Figs. 4-1 and 4-2).24*25 Thus, 
the presence of intracellular lipid in a renal lesion is 
not diagnostic of an angiomyolipoma (AML). The 
presence of macroscopic fat within a renal lesion, 
however, remains very specific for AML. It is only the 
extremely rare and reportable renal cell carcinoma 
that contains fatZ6sz7 and often is secondary to osseous 
metapla~ia .~~ 

Differentiation between adrenal cortical adenomas 
and adrenal metastases is discussed in Chapter 2. 
Rarely, clear cell renal cell carcinoma can metastasize 
to an adrenal gland or other organs and reveal loss 
of SI on chemical shift imaging (see Figs. 2-24 and 
3-8).29,30 In the authors' experience, this uncommon 
subtype of patients usually has findings of metastatic 
disease elsewhere and so clinical care is not affected. 

A thin pseudocapsule, a compressed band of 
normal renal parenchyma surrounding an expansile 
mass, surrounds some renal neoplasms. MRI is supe- 
rior to CT for detection of pseudocapsules, and T2-WIs 
are the most sensitive for pseudocapsule detection (see 
Fig. 4-1DX31 However, pseudocapsules are not specific 
for RCC and can surround any slow-growing solid 
mass. When a pseudocapsule is revealed in association 
with RCC, the tumor is generally of lower grade and 
lower stage at time of d e t e c t i ~ n . ~ ~ , ~ ~  

Individuals with RCC may occasionally have a 
spontaneous perirenal hematoma and have pain or 
hematuria. This finding is not specific, however, as 
patients with angiomyolipomas, autosomal dominant 
polycystic kidney disease (ADPCKD), trauma (Fig. 4-8), 
and coagulopathies may also develop perinephric hem- 
orrhage. The presence of perirenal blood, however, 
should prompt an evaluation for an underlying lesion.33 

STAGING OF RCC BY MRI 
Since RCC is relatively resistant to both radiother- 
apy and chemotherapy, surgical procedures have 
long been the mainstay of therapy. Accurate staging 
is critical in directing appropriate approach and 
resection for maximal disease control. Staging also is 
critical in determining prognosis, as tumor stage at 
time of diagnosis correlates directly with average 
survival. RCC is most commonly staged using the 
Robson cla~sification,~~ although the TNM system 
may also be employed (Box 4-5). 

Both CT and MRI are 80% to 90% accurate in 
staging RCC.35,36 MRI appears to be superior for 
evaluation of tumor involvement of the perinephric 



Figure 4-7 . MR illustration of developmental right-sided ureteropelvic (UPJ) obstruction and retroaor- 
tic left renal vein. A, Coronal heavily T2-WI (TE = 180 msec) reveals dilated right calyces and renal pelvis (white 
arrows). The normal undistended left-sided collecting system and ureter are not visualized. T2-W MR urography is ide- 
ally suited to evaluate dilated or obstructed urinary tracks but poorly depicts normal ureters. (B and C) ,  Coronal MIP 
(B) and axial (C) CE TI-WIs show a retroaortic left renal vein (arrows), marked right renal parenchymal atrophy, and 
absent contrast within the right renal pelvis (*). D, Delayed CE TI-W MR urogram shows the normal left renal pelvis 
and ureters (arrows) and nonvisualization of the right collecting system. 

fat, renal vein, IVC, and adjacent organs.37 Sonography 
is limited in its ability to stage RCC because of diffi- 
culty in assessing retroperitoneal lyrnphaden~pathy.~~ 
High accuracy for staging of advanced RCC has also 
been reported for 18F-fluorodeoxyglucose positron 
emission tomography (FDG PET),39 although few 
such investigations have been performed. Cross- 
sectional imaging of the pelvis is not cost effective for 
staging patients with known RCC.40 

CT cannot reliably differentiate Robson stage I dis- 
ease (tumor confined by the renal capsule) from Robson 
stage I1 disease (tumor spread to the perinephric fat). 
Historically this distinction has not been critical, 
since the perinephric fat is excised as part of a radical 
nephre~tomy.~~ If, however, partial nephrectomy is 
contemplated, the presence of tumor in the adjacent 
perinephric fat might affect the surgical approach. 
The negative predictive value of MRI appears to be 
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Figure 4-8 MR illustration of a perinephric hematoma in a 52-year-old man with flank pain following 
trauma. A and B, Coronal fat-suppressed TI-WI (A) and axial (B) T2-WI show soft tissue (*) in a subcapsular portion of 
the left kidney that extends inferiorly (arrow) along the plane of the psoas muscle. The T1 hyperintense rim of the 
hematoma is secondary to methemoglobin. C and D, CE fat-suppressed coronal (C) and axial (D) TI-WIs show no enhance- 
ment within the hematoma or an occult adjacent renal parenchymal neoplasm. Follow-up imaging documented resolution 
of the hematoma (.). 
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high; in 38/38 cases (100%) in which the perinephric 
fat was thought to be uninvolved by tumor on MRI, 
this finding was confirmed at  pathologic ~ec t i on ing .~~  

Although tumor thrombus may be suspected on 
TI- and T2-WI, CE MRA can be used to con fm the 
presence of renal vein or IVC thrombus (see Fig. 4-2).43 
Venous phase CE MRA is 88% to 100% sensitive in 
detection of a malignant tumor renal vein throm- 
b ~ s . ~ ~ , ~ ~  RCC involves the IVC in 5% to 10% of patients. 
In evaluation of the IVC, the second or third set of 
enhanced coronal images is ideal for detection and 
characterization of the extent of thrombus within 
the renal veins and IVC. In general, tumor thrombus 
enhances whereas benign thrombus does not (see 
Figs. 3-4 and 6-7).45,46 

MRI is the modality of choice for the determina- 
tion of the superior extent of IVC thrombus. The 
cephalad extent of tumor thrombus does not appear 
to affect expected survival, but it has a significant 
impact on surgical a p p r o a ~ h . ~ ~ , ~ ~  Level I thrombus 
extends into the IVC, no more than 2 cm above 
the renal vein confluence with the NC,  and can be 
removed through either a standard flank approach 
or an anterior approach. Level I1 thrombus extends 
more than 2 cm above the renal veins but remains 
inferior to the hepatic veins and requires an anterior 
approach through bilateral subcostal transperitoneal 
or thoracoabdominal incisions. Level I11 thrombus 
involves the intrahepatic IVC but remains below the 

diaphragm; the surgical approach is transperitoneal 
and thoracoabdominal, similarly to level 2 thrombus, 
but may additionally require cardiac bypass and 
hypothermic circulatory arrest. Level N thrombus 
involves the supradiaphragmatic IVC or right atrium. 
Excision of level 4 thrombus requires a median ster- 
notomy, cardiac bypass, and hypothermic circulatory 
arrest, in addition to a transabdominal incision. 

DISEASES ASSOCIATED WITH RCC 
Patients with acquired cystic kidney disease (ACKD) 
and several hereditary syndromes (Box 4-6) are at  
increased risk for development of RCC.49 The high 
prevalence of both benign and malignant renal 
lesions in patients with these conditions presents a 
challenge for the diagnostic imager. No increased 
risk of renal cell carcinoma has been reported in 
patients with autosomal dominant or autosomal 
recessive polycystic kidney disease, provided they do 
not have ACKD. Hepatic findings in patients with 
autosomal dominant polycystic kidney disease are 
discussed in Chapter 1. 
Acquired cystic kidney disease. Patients with ACKD 
generally are receiving dialysis or have end-stage renal 
disease and have small kidneys to with numerous 
cysts (see front cover).50 Hemorrhage within cysts 
is not uncommon and may cause flank pain or 
hematuria. Affected patients are at  approximately 
six times baseline risk for development of renal cell 
c a r ~ i n o m a , ~ ~  and tumors are frequently bilateral 
(9%) and multicentric (50%).52 The limited or absent 
renal function of these individuals and the presence 
of numerous simple and complex cysts make MRI an 
excellent modality for evaluation of potential renal 
malignancies, although CE CT may also be used if 
patients are receiving dialysis. 

Screening those with ACKD for RCC is contro- 
versial because many of these individuals have short 
expected life spans on dialysis, are poor surgical can- 
didates, and are asymptomatic from their renal 
tumors.53 Annual imaging surveillance has not been 
shown to have a significant effect on patient out- 
come.50 Some authors have advocated screening only 



the youngest and healthiest dialysis patients, who 
are most likely to realize survival benefit from tumor 
excision.54 
Hereditary renal cancers. Multiple syndromes are 
associated with hereditary renal cancers (see 
Box 4-6).49,55 These syndromes are more likely to 
present at  a younger age and to be multifocal com- 
pared with sporadic tumors (Box 4-7). The four most 
common hereditary syndromes are described here. 
Several less common hereditary syndromes are 
detailed e l ~ e w h e r e . ~ ~ , ~ ~  
Von Hippel-Lindau (VHL) disease. Von Hippel-Lindau 
(VHL) disease (see Box 4-6) is autosomal dominant, 
with near 100% penetrance (see Box 4-10). VHL affects 
approximately 1 in 40,000 to 50,000 individuals in 
the U. S.56,57 Cysts are the most common renal mani- 
festation of the syndrome, but approximately 25% 
to 45% of affected patients will develop clear cell RCC 
(Figs. 4-9 and 4-10; see Fig. 2-33).49,58 Patients with 

VHL tend to develop RCC in the fourth or fifth 
decade of life, younger than the average for sporadic 
cases.59 Patients with VHL and HPRC are also likely 
to develop synchronous or metachronous RCC, and 
imaging surveillance with CT or MRI at  6- to 12- 
month intervals, depending on tumor growth rate, is 
warranted.60 Since patients with VHL and HPRC tend 
to develop multiple low-grade RCCs in the course of 
their life, they are managed, when possible, with 
multiple partial nephrectomy or other nephron- 
sparing therapy in order to preserve renal function 
for as long as possible.61 A threshold of 3 cm usually 
is used for resection, as distant metastases from 
RCCs smaller than this are rare.'j0>'j1 
Hereditary Papillary Renal Cancer (HPRC). HPRC (see 
Box 4-6) is a recently described autosomal dominant 
hereditary cancer syndrome caused by a single gene 
m u t a t i ~ n ~ ~ , ~ ~  that results in an abnormality of the 
tyrosine kinase transmembrane receptor. Affected 
individuals develop multiple papillary renal cell car- 
cinomas (which make up approximately 15% of all 
RCCs), which on both CT and MRI tend to enhance 
uniformly, grow slowly, and enhance less than clear 
cell carcinomas of similar size.49,64 Because patients 
with HPRC develop well-differentiated, type 1 papil- 
lary tumors, they often present later than those with 
VHL and can die of other causes.49 
Tuberous Sclerosis (TS). Tuberous sclerosis (see 
Box 4-6) displays autosomal dominant inheritance but 
with variable penetrance. Sporadic cases occur in more 
than half of patients.'j5 The prevalence of TS is esti- 
mated to be between 116,000 and 1/10,000 indi~iduals .~~ 
Most affected individuals develop bilateral renal cysts 
and angiomyolipomas (see Fig. 4-3).'j6 Approximately 
1% to 2% of those with TS develop RCC.49z67,6s Failure 
to demonstrate macroscopic fat in an enhancing solid 
renal lesion in a patient with TS raises the possibility 
of RCC. 
Medullary carcinoma of the kidney. Medullary carci- 
noma of the kidney is a rare, aggressive malignancy 
that almost exclusively develops in patients with 
sickle cell trait.'j9 Patients often have metastatic 
disease at  time of presentation, and the prognosis 
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6th to 2nd to 6th 

M > F  M < F  
Single Multiple 
Absent Often 

present 
96% 4% 



Figure 4-9 rn MR illustration of renal cysts and renal cell carcinomas in a 26-year-old man with von 
Hippel-Lindau disease. A and B, Coronal T2 (A) and fat-suppressed CE (B) TI-WIs reveal renal cysts (*) and several 
solid RCCs (arrows). One of the centrally located right renal tumors (curved arrow) is poorly depicted in B because it 
has similar SI as the surrounding renal medulla. This potential pitfall of dynamic enhanced imaging of RCCs has been 
documented in CT. The patient subsequently had 12 RCCs removed by wedge resection. Three years after surgery MR 
shows residual growing lesions, none of which measure >2 cm. 

is poor, with a median survival of 4 months.70 It is Americans) is so low, other unknown factors must 
hypothesized that chronic hypoxia of the renal contribute to the development of this rare tum0r.~9 
medulla contributes to tumor development. Since the 
frequency of medullary carcinoma in those with SuRGlcAL THERAplES 4-8) 
sickle cell trait (which affects 1 in 12 African Radical nephrectomy, which involves resection of 

the entire kidney, proximal ureter, and ipsilateral 
adrenal gland, was for many years the sole surgical 
therapy offered to patients with RCC. Recently, 
~ a r t i a l  ne~hrectomv has been ~erformed for selected 
renal neoplasms, namely, those which occur in soli- 
tary kidneys, synchronously in both kidneys, or in 
those patients with poor renal function. Reported 
rates of local tumor recurrence following partial 
nephrectomy range from 4% to 10%,15,71 but overall 
patient survival has not significantly differed from 
that of patients with similar stage disease who have 
undergone radical n e p h r e c t ~ m y . ~ ~ , ~ ~  Many institu- 
tions now perform "elective" partial nephrectomy in 
patients with small renal neoplasms and normal con- 
tralateral kidneys, and studies demonstrate no 

Surgical options 
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Open partial nephrectomy 
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Figure 4-10 rn MR depiction of multiple bilateral renal ~ ~ ~ ~ ~ ~ g i ~ ~ l  therapies (evolving) 
cysts and renal cell carcinomas in a 23-year-old woman 
with von Hippel-Lindau disease. Several years prior to this Cf lyo thera~~ 

examination she had undergone bilateral partial nephrectomies hdiofrequenc~ ablation 
for RCCs. A coronal T2-WI reveals interval growth of multiple Focused US ablation 
lesions (arrows). 



difference in patient 5- or 10-year s u r v i ~ a l ~ ~ , ~ ~  or in 
patient quality of life.I6 Open partial nephrectomy 
may carry a slightly lower surgical complication rate 
than radical nephrectomy, although both procedures 
have relatively low morbidity and m ~ r t a l i t y . ~ ~  

Imaging parameters suggesting that a renal lesion 
can be successfully and completely removed by partial 
nephrectomy include small (<4 cm) tumor size; periph- 
eral location; lack of invasion of the renal sinus fat, 
perinephric fat, and renal collecting system; presence 
of a pseudocapsule; lack of renal vein involvement; and 
absence of lymphadenopathy or distant metastase~.~~ 
Larger tumorsT8 and lesions that focally invade the 
renal sinus fat, renal collecting system, or perinephric 
fat may be removed by partial nephrectomy if there 
are compelling reasons (i.e., limited renal function, 
bilateral renal malignancies, or tumor in a solitary 
kidney). The presence of tumor thrombus or adjacent 
organ invasion excludes the possibility of curative 
partial nephrectomy. 

An evolving alternative to open surgery is laparo- 
scopic partial nephre~tomy.79,8~ Although previously 
applied solely to benign disease such as chronic 
pyelonephritis or calculus disease, the technique has 
now been advocated for small, indeterminate renal 
masses.81 This is generally performed on lesions that 
measure <2 cm and is associated with very low mor- 
bidity and mortality. Other minimally invasive 
therapies for RCC include tumor cryoablation, 
radiofrequency ablation, focused ultrasound, and 
microwave the rap^.^^-^^ Although technical proce- 
dural success has been reported, it has not yet been 
established whether these new therapies will achieve 
tumor cure rates similar to those of open radical and 
partial nephrectornie~.~~ 

Some institutions have performed MR-guided 
interventions on open configuration MR systems.89 
Advantages of combining real-time MR imaging with 
focused tumor ablation are the ability to show the RF 
electrode or cryoablation device within the tumor 
and potentially to confirm adequate tumor treatment 
by real-time imaging. As the number of interven- 
tional MR systems increases and image quality 
improves, the frequency of such procedures is likely 
to increase. 

~MAGING FOLLOW-UP FOR RCC 
Authors' recommendations differ for imaging follow-up 
of surgical treatment for RCC, although recurrence 
rates are related to the size, histologic grade, and 
stage of the primary neoplasm.g0 In a retrospective 
study of 200 patients with RCC treated with radical 
or partial nephrectomy, no patient with a T1 neoplasm 
smaller than 4 cm had tumor recurrence at mean 
follow-up of 47 months.g1 Thus, patients with such 
tumors may not require routine imaging follow-up. 
Patients with larger tumors, high tumor grade, or 
advanced stage may be followed with semiannual chest 
CT and with abdominal CTgl or MRI. Local tumor 
recurrence following complete resection is less than 2% 
at 5 years, but it carries a poor prognosis, with 28% 
survival at  5 years.92 

Few studies have been performed on imaging 
following focal laparoscopic ablation of renal neo- 
plasms. The MR appearance of most cryoablated 
tumors (95%) is isointense to hypointense to normal 
parenchyma on T2-WI. A minority of lesions displays 
a thin hypointense rim on T2-WI. Serial imaging 
demonstrates interval decrease in size of the cryoab- 
lation site.93 

Renal Cysts and Cystic Neoplasms 

SIMPLE CYSTS, COMPLICATED CYSTS, AND CYSTIC RCC 
Approximately 10% to 15% of RCCs display some 
cystic c o m p ~ n e n t . ~ ~ , ~ ~  The architectural features and 
enhancement characteristics of nonsimple cystic renal 
lesions are important in determining lesion manage- 
ment. MR features of cystic renal lesions that are 
highly associated with malignancy include mural irreg- 
ularity, nodules, and intense mural enhan~ement .~~ 

Although Bosniak's classification system for 
cystic renal lesions was described for CT,97 the mor- 
phologic features described in the various categories 
can be applied to MR, with the limitation that 
calcification is difficult to detect on MRI (Box 4-9). 
Category I lesions are simple cysts. Simple renal 
cysts are common and are present in greater than 
10% of patients who have renal sonograms and more 
than half of patients who have abdominal MRI.98,99 
Simple cysts are twice as common in men as in women 
and are more common in older patients. Simple renal 
cysts grow approximately 3 mmlyr if they are followed 
with serial imaging. Heavily T2-WI, MR hydrographyg 
can both detect and characterize renal cysts as small 
as 1 to 2 mm.99J00 Just as in hepatic imaging, a focal 
lesion that has persistent high SI on a heavily T2-W 
sequence should be an uncomplicated cyst. 

Lesions with a single thin septation or with fine 
mural calcification are probably benign (category 11). 
Also included in category I1 are CT "hyperdense" 
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cysts, which contain internal protein or hemorrhage 
(Fig. 4-11). The MR equivalent of the CT hyperdense 
cyst is hyperintense to normal renal parenchyma on 
TI-WI, has variable SI of T2-WI, and does not enhance 
after contrast (see Fig. 4-11). Cystic renal lesions with 
uniform wall thickening and/or thicker septa or multi- 
ple septa are indeterminate (category 111) (Fig. 4-12). 
Approximately 60% of Bosniak category I11 lesions 
represent cystic renal cell c a r c i n ~ m a . ~ ~ ~ , ~ ~ ~  Some have 
suggested that biopsy of Bosniak I11 lesions is appro- 
priate. Those individuals with positive biopsies can be 
treated and those with negative biopsies can be fol- 
lowed by imaging and avoid unnecessary treatment.lo2 
Lesions with enhancing mural solid nodules (category 
IV) should be excised, and the majority of these lesions 
will be cystic renal cell carcinomas. Surgical cure rates 
for cystic renal cell carcinomas are high.lo3 
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A fifth category of cystic lesion is termed IIF 
("F" = follow-up). These renal cysts have minimal wall 
thickening or an increased number of septa; most are 
benign. If follow-up imaging shows no increase in septa 
or progressive wall thickening, then the patient can be 
managed conservatively. The optimal frequency and 
duration of follow-up imaging studies have yet to be 
determined.lo4 The amount and distribution of calcifi- 
cation within a cystic renal mass are less predictive of 
malignancy than is the amount of solid enhancing tis- 
sue.lo4 Thus, although calcification is more accurately 
revealed on CT than on MR, it is of less clinical impor- 
tance in the evaluation of complex cystic renal masses. 

Most cystic neoplasms that require surgery will 
enhance greater than 20 Hounsfield units (HU) on CT, 
and enhancement of less than 12 HU probably is not 
significant in the absence of other lesion features 



suspicious for malignancy.lo5 Many CT scanners may 
erroneously increase postcontrast attenuation values 
in simple cysts, a process termed pseudoenhance- 
ment.lo6 Pseudoenhancement is most pronounced 
in lesions smaller than 1.5 cm, measured during maxi- 
mal parenchymal enhancement on multidetector 
 machine^.^^^-'^^ Renal cyst pseudoenhancement has not 
been reported on MR. However, the absence of an 
absolute scale of intensity in MR imaging makes it dif- 
ficult to quantify degree of enhancement, although an 
ROI increase of greater than 15% is suspicious for 
malignancy.23 Pre- and postcontrast MR images should 
always be obtained in the same scanning series with 
identical imaging parameters, so that meaningful com- 

1 parisons of SI can be made (see Figs. 4-11 and 4-12). 

MULTILOCULAR CYSTIC NEPHROMA (MLCN) 
In the differential diagnosis of complex cystic renal 
lesions is the multilocular cystic nephroma (Box 4-10). 
This complex cystic renal lesion most commonly 
presents in young boys and adult women.l1° Patients 
may be asymptomatic or have hematuria. On MR 
imaging, MLCN is most commonly depicted as a 
multiloculated agglomeration of high SI cystic, non- 
communicating spaces on T2-WI, which may herniate 
into the renal collecting system.ll1 Individual cystic 
loculi may contain protein or hemorrhage, and as 
such may be hyperintense to renal parenchyma on 
TI-WI. The septa between the cystic loculi enhance, 
but the loculi themselves do not (Fig. 4-13). Although 
MLCN is considered benign, rare cases of sarcomatous 

Figure 4-11 . Cont'd D-G, Fat-suppressed T1-WIs obtained before (D) and during (E) the arterial and portal 
(F) phases of CE show no lesion enhancement. Normal arterial and interstitial patterns of renal enhancement are 
revealed. The cyst shows very high SI in D because of the use of fat suppression (which improves the dynamic range) and 
shorter echo time (1.1 msec) compared with the longer echo times used in A and B. G, Subtraction enhanced image 
(image F-image D) confirms the absence of cyst enhancement. 
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degeneration have been reported, and MLCN is kidneys, which contain innumerable cysts. The respon- 
therefore considered to be a surgical lesion. sible genes (PDK-1 and -2) have been identified.l12 

Approximately 1 in 500 people have the disease 
AUTOSOMAL DOMINANT POLYCYSTIC (600,000 in the U. S.).l13J14 Most patients with 
KIDNEY DISEASE (ADPCKD) ADPCKD develop renovascular hypertension and 
Autosomal dominant polycystic kidney disease renal failure. Patients with ADPCKD make up 5% of 
(ADPCKD; see Box 4-6) is a common hereditary dis- nondiabetic patients who receive dialysis or renal 
order that results in variable enlargement of the transplants in the U. S. On MR, the kidneys are 
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.., 
C/lnlc eitherL ethanol or n-butyl-2-cyanoacrylate.11~1~6 The 
Younk uuy hepatic and pancreatic manifestations of ADPCKD are 
Patient usually asymptomatic, can have hematuria discussed in-chapters 1 and 2, respectively. 
Therapy: resection to exclude rare foci of sarcomatous 

Localized Cystic Disease of the Kidney 

Non-neoplastic localized cystic disease of the kidney 
is a recently described condition that affects a single 
kidney. Pathologically and by imaging it consists of a 
conglomerate of cysts separated by normal renal 
parenchyma.'17 Since the condition is non-neoplastic, 
treatment is conservative11s although differentiation 
from MLCN may be difficult. 

Figure 4-1 3 rn MR depiction of a multilocular cystic nephroma in a middle-aged woman. A, Coronal T2-WI 
shows a multiloculated cystic lesion (arrow) of the mid to upper pole of the left kidney. The inferior medial aspect of the lesion 
approaches the left renal pelvis. B, Coronal fat-suppressed TI-WI shows hyperintense components (arrows) within the mass, 
in keeping with intracystic protein or hemorrhage. C and D, Arterial (C) and interstitial (D) phase CE fat-suppressed T1-WIs 
show no solid enhancement within the lesion. On delayed imaging (not shown), these cysts did not communicate with the 
collecting system. 
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more common in the urinary bladder than in the 
upper urinary tract. Between 30% and 75% of 
patients with upper tract TCC will have synchronous 
bladder tumors and 2% to 4% of patients with bladder 
TCC will have synchronous upper tract disease.'lg 
Diagnosis of TCC, therefore, requires evaluation of 
the entire urothelium. Imaging evaluation of sus- 
pected upper urinary tract TCC is primarily 
performed with intravenous urography (NU) and 
retrograde pyelography, both of which provide 
greater spatial resolution for detection of small 
urothelial abnormalities than do CT and MR.lZ0 

Still, cross-sectional imaging modalities can 
detect TCC of the upper tracts.lzl Heavily T2-W MR 
hydrography can evaluate dilated collecting systems 
even in the absence of renal function. Additionally, 
MR can stage upper tract TCC by showing distant 
metastases or tumor involvement of the renal 
parenchyma, perinephric fat, or periureteral fat 
(Box 4-11).lZ2 The one reported series of MR-staging 
of upper tract TCC found MR to be superior to CT, 

Carcinoma in situ Tis 
Tumor is epithelial (and usually papillary) Ta 
Tumor invades lamina propria T1 
Tumor invades muscularis propria T2 
Tumor invades peripelvic fat, periureteral fat, 

or renal parenchyma WQ 

Tumor invades contiguous organs 

One positive regional node, 2 cm 
One positive node < 5 cm but >2  CI 

multiple nodes < 5 cm 
Regional nodes > 5 cm 

Hematogenous or distant nodal metastases 

although one case of superficial invasion of the renal 
parenchyma was not shown on MR.Iz3 

Transitional cell carcinomas of the renal pelvis 
or renal collecting system are visualized on MRU or 
on T2-WI as filling defects, with or without proximal 
hydronephrosis (Fig. 4-15). In contrast to calculi, 

Figure 4-15 . Transitional cell carcinoma of the lower 
pole collecting system as revealed by MR in a 76-year-old 
woman with hematuria. A and B, Two consecutive coronal 
T2-WIs show soft tissue mfiltrat~on of the left renal pelvls (arrow) 
with a penpheral obstructed lower pole renal calyx (curued arrow). 
The mass showed m~ld enhancement (not shown) C, Coronal MIP 
reformatted image of an excretory phase CE TI-WI shows the 
tumor (arrow) as a low SI mass surrounded by &lute hyperintense 
contrast wthin the left lower pole collecting system 
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TCCs will enhance following the administration of 
gadolinium chelate,16 although tumors tend to 
enhance less than renal parenchyma. TCC is 
hypointense to urine on T2-WI. The SI of TCC on 
TI-WI is dependent on the concentration of excreted 
gadolinium in the surrounding urine.lZ3 

Lymphoma 

Primary renal lymphoma is extremely rare.lZ4 Renal 
lymphoma usually is a manifestation of widespread 
systemic disease; Non-Hodgkin's B cell lymphoma is 
the most common cell type to involve the kidney. 
Renal involvement in systemic lymphoma is com- 
mon, with up to two thirds of patients affected in 
autopsy series. The most common imaging presenta- 
tion in patients with renal lymphoma is that of a large 
para-aortic retroperitoneal mass with extension into 
the renal hilum or subcapsular space (Fig. 4-16).125,126 
Rounded intraparenchymal masses most often 
represent recurrent lymphoma in treated patients 
(BOX 4-12). 

Untreated renal lymphoma is hypointense to 
renal cortex on TI-WI, hypointense or isointense to 
renal cortex on T2-WI, and enhances less than sur- 
rounding renal parenchyma after contrast.lZ7 The 
MR imaging characteristics of treated lymphoma are 
more variable12s and the multifocal parenchymal 
appearance of lymphoma is more common in those 
patients who have recurrent disease. 

Angiomyolipoma (AML) 

Angiomyolipomas (AMLs) are benign renal hamar- 
tomas composed of varying amounts of blood vessels, 
smooth muscle, and fat. Twenty percent of AMLs 
occur in patients with tuberous scler0sis,~5 while the 
remaining 80% occur sporadically. AMLs may bleed, 
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and the risk of hemorrhage increases with increasing 
lesion size and the presence of intratumoral 
aneurysms.129 AMLs smaller than 4 cm are followed 
conservatively, while those larger than 4 cm are 
embolized to avoid the complication of intratumoral- 
peritumoral hem~r rhage . l~~J~ l  

Since they are vascular lesions, AMLs may 
enhance and must be differentiated from RCCs. 
Identifying intratumoral fat establishes an MR diag- 
nosis of AML. This is best performed by comparing 
TI-WIs performed with and without fat saturation 
(see Fig. 4-4B and E). In-phase and opposed-phase 
TI-W chemical shift imaging has been used to detect 
small amounts of fat in AMLs and will demonstrate 
lipid in some lesions in which fat could not be shown 
on CT (see Chapter 3 for chemical shift imaging 
 technique^).'^^ Some smaller AMLs may become more 
conspicuous on out-of-phase images owing to fatlwater 

Figure 4-1 6 rn MR illustration of primary renal lymphoma. A and B, Axial T2-WI (A) and CE TI-WI (B) show an 
aggressive, solid, enhancing retroperitoneal mass that encases the aorta, left renal artery (arrows), and both kidneys. 
Ascites is present. Intraparenchymal renal masses (curved arrows) in B are due to direct invasion by adjacent lymphoma. 



signal cancellation and resultant etching artifact at 
the margin between the AML and the adjacent renal 
parenchyma.133 On opposed-phase images, a small 
AML with lipid and water admixed throughout the 
entire lesion will often become entirely low SI as a 
result of intratumoral lipid-water signal cancellation 
(see Fig. 4-3). 

Signal loss on chemical shift imaging within a 
solid renal neoplasm is not specific for AML because 
some clear cell RCCs may contain intracellular lipidz5 
(see Figs. 4-1 and 4-2). The presence of signal loss on 
chemical shift imaging in a renal lesion can therefore 
not by itself be used to diagnose AML. If an AML is 
suspected after the acquisition of in-phase and 
opposed-phase TI-WIs, then the diagnosis is con- 
firmed by obtaining either a fat- or water-saturated 
TI-WI. Macroscopic intratumoral fat will follow the 
SI of perinephric and subcutaneous fat and will be 
hypointense on the fat-saturated TI-WI and hyper- 
intense on the water-saturated TI-WI (see Fig. 4-4D 
and E). The presence of macroscopic fat in a renal 
lesion is specific for AML. The presence of fat within 
a renal cell carcinoma is extremely rare and second- 
ary either to renal sinus fat invasion or to fat or 
cholesterol necrosis.27 

Some AMLs contain little or no fat and thus may 
not be definitively characterized with MR or other 
imaging techniques. The renal leiomyoma, a benign 
neoplasm that is not uncommon in patients with 
tuberous sclerosis, is thought to represent an angiomy- 
olipoma devoid of fat.134 A renal leiomyoma-lipid poor 
angiomyolipoma appears as a well-circumscribed, solid, 
homogeneously enhancing exophytic mass. A sugges- 
tive imaging feature of some exophytic AMLs is the 
absence of a "claw" sign because many are choris- 
tomas that arise from the renal capsule and not 
the renal parenchyma.135 In general, though, renal 
leiomyomas are generally considered to be indistin- 
guishable from other solid renal neoplasms and thus 
may require excision. 

Oncocytoma 

Oncocytomas represent approximately 3% of renal 
 neoplasm^^^,'^^ and are considered to be indistinguish- 
able from RCC on all imaging modalities, including 
MRI. Features that suggest oncocytoma include rela- 
tive lesion homogeneity, well-defined lesion borders, 
absence of necrosis and hemorrhage, and presence of 
a central scar. These findings may allow the diagnosis 
of oncocytoma to be considered, but these findings 
may also be present in RCC and are therefore not 
diagnostic for oncocytoma. 

The vast majority of oncocytomas are benign, 
although rare metastases have been repo~-ted.137 On 
MR, they are generally isointense to hypointense to 
normal parenchyma on TI-WI and have variable SI on 
T2-WI.138,139 Oncocytomas tend to enhance relatively 
homogeneously although, like many RCCs, they tend 
to enhance less than normal renal parenchyma. MRI 
is superior to CT and US in identifying the central 
scar of an on~ocytoma,~~~ but MR imaging findings are 

not specific enough to provide a definitive diagnosis. 
Although oncocytoma may be suggested on MRI, a 
solid enhancing renal mass without macroscopic fat 
should be excised. The contribution of the MR to the 
management of a patient with a suspected oncocytoma 
may be to suggest that such a lesion may be amenable 
to partial nephrectomy. 

Metastatic Disease of the Kidney 

Renal metastases are common in patients with 
advanced stage malignancies. At autopsy, 5% to 15% 
of patients who died of malignant neoplasms of 
epithelial origin had renal m e t a s t a ~ e s . l ~ ~ J ~ ~  Many of 
these foci are microscopic and not detectable by MR. 
Renal metastases are rarely symptomatic, however, 
and small lesions are unlikely to produce gross hema- 
turia, pain, or renal f a i1~re . l~~  Few reports of the MRI 
appearance of renal metastases have been published. 
The most common CT appearance of metastatic 
disease to the kidney is that of multiple focal nodules 
which enhance less than the normal renal 
parenchyma; contain irregular, somewhat infiltrative 
margins; and do not respect the margins of the 
kidney.14z This likely is also the most common MR 
appearance. However, as the cross-sectional imaging 
appearance of renal metastases is not pathognomonic, 
it can often be inferred based on the presence of a 
known primary and other foci of metastatic disease. 

RENAL TRAUMA 

CT is the imaging modality of choice for the evaluation 
of hematuria in the setting of acute abdominal 
trauma.143 Although animal studies have shown MRI 
to be equal or superior to CT for the detection of renal 
injuries,144 MRI's utility in the setting of trauma has 
been hindered by relative lack of availability at off 
hours, longer imaging times, and more difficult patient 
monitoring in the magnetic bore. At present, MRI is 
generally reserved for renal trauma patients who have 
an inconclusive CT examination or a contraindication 
to enhanced CT. 

Both CT and MRI are capable of simultaneously 
evaluating renal parenchymal and renal vascular 
injuries (Figs. 4-17 and 4-18; see Fig. 4-8).145 With 
either modality, delayed-phase images can show 
extravasation of excreted contrast material. MR is 
more accurate than CT in differentiating perirenal 
from intrarenal h e m a t ~ m a , l ~ ~  (see Fig. 4-17) as well 
as in depicting the extent of post-traumatic renal 
parenchymal injury.147 

Most patients with suspected pyelonephritis can be 
diagnosed by history, physical examination, urinaly- 
sis, and, if imaging is required, CT.148 Findings of 
pyelonephritis on CT include ill-defined wedge-shaped 
regions of decreased enhancement. On delayed-phase 
CT or MR, there will be a "striated nephrogram," 
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Figure 4-17 MR depiction of segmental infarction of the kidney in a man with hematuria and pain 
following cardiac catheterization. A and B, Axial (A) and coronal (B) CE fat-saturated TI-WIs show sharp demar- 
cation between the normal portion of the left kidney and the region of segmental infarction (arrows). There is 
preservation of capsular blood flow. 

alternating linear bands of alternating attenuation scintigraphy does.150 Experience with MR imaging 
or SI, respectively (Fig. 4-19).149 in the adult population is limited, since CT generally 

MR investigations of focal pyelonephritis in pedi- is preferred owing to its greater ability to demon- 
atric populations showed that MR has higher strate obstructing calculi or air from gas-producing 
sensitivity and interobserver agreement than nuclear organisms. Enhanced MR, however, may be useful in 

Figure 4-1 8 . MR illustration of left renal infarction in a 
man with left flank pain and a rising creatinine following 
repair of an abdominal aortic aneurysm. A, Coronal MIP 
reformatted image of a CE MRA shows dilation of the suprarenal 
abdominal aorta. A graft has been placed in the juxtarenal 
and infrarenal abdominal aorta. The right renal artery is present; 
the left renal artery is not present and presumed thrombosed. 
(B and C), Delayed 3D coronal (B) and 2D axial (C) CE TI-WIs 
show preservation of left renal capsular arterial blood flow 
(arrows). However, there is absent parenchymal enhancement 
secondary to renal artery thrombosis. 



patients with renal insufficiency or iodine allergy. 
Both CT and MRI can detect complications of pyelone- 
phritis, including renal abscess and renal cortical 
scars. 

MRI AND RENAL TRANSPLANTATION 

Evaluation of Potential Renal Donors 

Combined MRI-MRA-MRU provides a means by 
which to evaluate potential renal donors, as renal 

Figure 4-1 9 . MRI MRA depiction of normal renal arter- 
ies and focal pyelonephritis in a man with left flank pain, 
fever, and pyuria. A, Unenhanced CT shows a 1- to 2-mm cal- 
cified stone (arrow) and a possible mass (M) in lower pole of the 
left kidney. MR is insensitive and not specific for detection of 
small foci of calcification, and the renal stone was not identified 
on the subsequent MR image. B, Coronal thick section MIP CE 
MRA shows normal single renal arteries (arrows) and abdominal 
aorta. Early enhancement of the renal veins (curved arrow) does 
not prevent evaluation of the renal arteries for stenosis. Because 
this MIP image includes a large amount of renal parenchyma, 
the focal pyelonephritis is poorly visualized C, Coronal arterial 
phase T1-WI (obtained from the source images that were used to 
create image B) better shows the geographic region of decreased 
enhancement (arrow) of the left lower pole. 

(Continued) 

morphology, vasculature, and function can be 
evaluated in a single examination (Box 4-13).151-153 
Compared with digital subtraction angiography, MRI 
can result in an overall cost savings, while the poten- 
tial complications of percutaneous angiography and 
iodinated contrast are a ~ 0 i d e d . l ~ ~  Inability to detect 
small renal calculi is a potential limitation of MR 
evaluation of renal donors, as the presence of calculi 
is a relative contraindication to renal donation. 
Unenhanced CT is superior to MR in its ability to 
depict small, nonobstructing renal calculi. 
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Figure 4-19 Cont'd D and E, Coronal (D) and axial (E) delayed CE T1-WI image show a striated nephrogram of 
pyelonephritis (arrows). No abscess was revealed. The patient responded clinically to antibiotics and the appearance of 
the kidney improved on follow-up imaging. 

Sonography has traditionally been used to 
screen potential living related donors for ADPCKD. 
Although US has a very high negative predictive 
value for ADPCKD in patients over age 30 years, it 
may not detect cysts smaller than 4 mm, which may 
be the only manifestation of younger individuals 
with ADPCKD. MR has been advocated to screen 
renal donors potentially affected with ADPCKD 

owing to the very high sensitivity of heavily T2-WIs 
for identifying small cysts.loO 

Both CE MRA and CT angiography (CTA) have 
been reported to be 100% sensitive for the detection 
of main renal a r t e r i e ~ . ' ~ ~ ! ~ ~ ~  Accessory renal arteries 
are common, however, occurring in approximately 
30% of kidneys,157 and must be detected to allow suc- 
cessful harvest and reimplantation of all renal 
vessels (Figs. 4-20 and 4-21). 

Earlier attempts at  CE MRA were inferior to 
conventional angiography for detection of accessory 
renal arteries. However, improvements in MR gradi- 
ent strengths and MRA techniques have occurred so 
that conventional angiography and dynamic CE 
MRA are ~omparab1e.l~~ In addition to accessory 
arteries. earlv renal artery branching is of interest to 
transplant surgeons, since at least 2 cm of non- 

Normal in size and location branching renal artery is preferred to allow 
No benign or malignant renal lesions uncomplicated creation of the surgical anastomoses 
Renal arteries 
Single arteries bilaterally of normal caliber 
Expected origin on aorta and insertion on kidney 
No early ( < 2  cm) branching or polar branche~ 
No focal stenoses 
Left renal vein 
Not retroaortic or circumaortic 
No large draining gonadal or lumbar vein 
Ureters 
Single, without partial or complete duplication 
No obstruction 

(Fig. 4-22). 
CTA and CE MRA are approximately equal in 

their ability to demonstrate accessory renal arteries, 
with sensitivities of greater than 90% reported for both 
modalities.155 Smaller (1 to 2 mm) accessory renal 
arteries are subject to higher rates of nondetection by 
imaging, as well as a greater likelihood of interobserver 
disagreement. Both CTA and CE MRA examinations of 
renal donors demonstrate high degrees of interob- 
server agreement for presence of accessory renal 
arteries and of early arterial  bifurcation^.^^^ 
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Renal vein anatomy also is assessed in potential 
renal donors. Although abnormalities of the renal 
veins are rare in kidney donors, normal variants 
such as a circumaortic (0.2% to 0.3%) or retroaortic 
(0.5% to 3%) left renal vein may require an open sur- 
gical approach as opposed to a laparoscopic approach 
if the left kidney is to be harvested.159 

Finally, renal collecting system anomalies are 
evaluated by MRU. Ureteral duplication can be read- 
ily identified by MR158 and in most cases will result in 
the harvesting of the contralateral kidney. It is tech- 
nically possible to transplant a kidney with complete 
ureteral duplication if there are compelling reasons to 
do so,160 but in most cases the contralateral kidney 
will be preferred. Although MRU is capable of identi- 
fying large collecting system abnormalities, it 
remains inferior to conventional excretory urography 
in the detection of small calyceal abn0rmalities.I As 
such, MRU is best reserved for use in a population 
that is at relatively low risk for urothelial abnormali- 
ties, such as prospective renal donors. 

Figure 4-20 rn Contrast-enhanced magnetic resonance Evaluation of Renal Transplant Complications 
angiography (CE MRA) depiction of bilateral accessory 
rend arteries in a rend donor. Coronal reformatted MIP MRI has several advantages over other modalities in 
image shows two left and two right renal arteries (arrows). 
Inadvertent occlusion of a lower pole renal artery at  the time of the evaluation of failing renal transplants. Anatomic, 
kidney harvest could result in ischemic necrosis of the proximal vascular, and functional data can be obtained a sin- 
ureters or lower pole renal parenchyma. gle examination.161 Nuclear medicine studies and US 

Figure 4-21 rn MRA depiction of a left upper pole accessory renal artery in a renal donor and subsequent 
segmental infarction secondary to its occlusion in the recipient. A, Coronal MIP reformatted image of a CE MRA 
shows a left upper pole accessory renal artery (curved arrow). The main left renal artery (arrow) and the vein (double 
arrow) are also depicted. B, Oblique sagittal MIP image from a CE MRA within the recipient shows infarction of the 
upper pole of the kidney (curved arrow) secondary to thrombosis of the accessory artery. 



study of 31 patients with transplant dysfunction, 
transplant physicians were asked to identify their 
most likely diagnosis before and after MR. MR 
increased physicians' diagnostic confidence, changed 
the most likely diagnosis in 65% of patients, and pre- 
vented invasive procedures in 39% of patients.l'j2 

ARTERIAL IN-FLOW STENOSIS 
For pelvic renal transplants, the allograft renal artery 
is most commonly anastomosed to the ipsilateral exter- 
nal iliac artery. CE MRA can accurately evaluate the 
transplant renal artery, and shows high correlation 
with digital subtraction angiography for transplant 
renal artery stenosis, particularly for lesions of 50% or 
greater.l'j3J'j4 Approximately 2% to 10% of renal trans- 
plantations are complicated by allograft renal artery 
stenosis1'j5 (Fig. 4-23), and the differential diagnosis 
includes anastomotic structure due to surgical tech- 
nique, intimal fibrosis secondary to rejection, vessel 
kinking, and external compression of the artery. 
Treatment of hemodynamically significant stenoses is 
by percutaneous angioplasty, although anastomotic 
stenoses may require surgical intervention. 

Stenoses in the abdominal aorta, common iliac 
artery, or the external iliac artery can also lead to 

Fiaure 4-22 Earls branching renal artery revealed by 

necrosis Figure 4-23 Transplant anastomotic renal artery steno- 
Difficult to establish specific MR diagnosis sis revealed by MRA. Oblique sagittal MTP image from a CE 

MRA shows a high-grade stenosis (arrow) at the &astornosis of 
the transplanted renal artery with the native external iliac artery. 



in-flow insufficiency, and the ability of CE MRA to 
evaluate these vessels is well established (see 
Chapter 11). Individuals with diabetes are particu- 
larly at risk for this complication, and usually are 
screened with angiography, CTA, or CE MRA prior to 
transplantation so that potential vascular occlusions 
or stenoses can be treated. 

Susceptibility artifact from surgical clips is a 
known potential pitfall of renal transplant MRA, 
since the presence of a metallic clip may simulate an 
arterial s t e n ~ s i s l ~ ~  or fibromuscular dy~p1asia.l~~ 
Correlation of projection MRA images with anatomic 
source images or radiographs should prevent this 
potential source of confusion. 

Thrombosis of the transplant renal vein is a rare com- 
plication of transplantation that must be promptly 
recognized and treated if the transplant is to remain 
viable. Untreated venous thrombosis will compromise 
arterial in-flow and lead to infarction. The diagnosis 
of renal transplant vein thrombosis is most com- 
monly made on ~onography,'~~ but MRI can readily 
show this complication as well. On T2-WI, the throm- 
bosed transplant renal vein will not show normal 
flow void and the transplant kidney often is enlarged. 

On CE MRA, the walls of the thrombosed vein will 
enhance, but the luminal thrombus will not.l68 

Arteriovenous fistula is a complication of renal trans- 
plant biopsy, but arteriovenous malformations also 
can be present spontaneously in native kidneys 
(Fig. 4-24). Both Doppler US and CE MRA169 are useful 
in depicting the presence of abnormal arteriovenous 
communications and their relation to other vascular 
structures of the kidney. Arteriovenous fistulas can be 
treated by emb01ization.l~~ 

Ureteral obstruction following transplantation is a 
rare complication, but one which may lead to rapid 
loss of transplant function. Although sonography can 
show the presence of hydronephrosis, MRI with MRU 
often can identify the cause of the obstruction. 
Known causes of renal transplant obstruction include 
anastomotic stricture of the ureter and extrinsic 
compression of the ureter by lyrnphocele.171 It is 
important to differentiate between hydronephrosis 
due to true obstruction and pyelocaliectasis due to 
vesicoureteral reflux. CE MRU can often differentiate 
these entities through demarcating the course and 

Figure 4-24 MRA depiction of a renal arteriovenous malformation. The patient had successful embolization 
following MRI. A, Axial T2-WI shows a focal region of low SI secondary to a flow void (arrow). An adjacent subcentime- 
ter cyst is present (curved arrow). B, Coronal MIP from an arterial-phase CE MRA shows an enhancing tubular structure 
(arrow) in the upper pole of the right kidney that corresponds to a vascular nidus. There is early filling of the right renal 
vein (curved arrow). The vascular nidus remained enhanced on delayed imaging (not shown). 



caliber of the ureter and showing the presence or 
absence of excreted gadolinium in the urinary bladder. 
Necrosis of the distal ureter can occur if the blood 
supply of the ureter becomes compromised, either 
during ureteral harvest or due to compression by the 
mucosal tunnel of the bladder. This complication 
results in urinary extravasation. 

REJECTION VERSUS ACUTE TUBULAR NECROSIS 
No MR findings allow for specific diagnosis of trans- 
plant rejection or acute tubular necrosis (ATN). Loss 
of corticomedullary differentiation on TI-WI has 
been reported to be a sign of transplant dysfunction, 
but this finding is not specific for any individual type 
of dysfunction (Fig. 4-25). 

Serial dynamic gadolinium-enhanced images are 
useful in differentiating ATN from rejection1I2 
although MRI has not been widely adopted for this 
use. Normal transplants display rapid increase in SI 
on dynamic CE T1-WI. Postcontrast increase in cor- 
tical signal intensity has been reported to be 
significantly lower in cases of rejection than in nor- 
mal allografts or in kidneys with ATN. Patients 
experiencing ATN have mildly delayed and dimin- 
ished cortical enhancement relative to normal 
allografts. 

Lymphoceles are the most common post-transplant 
fluid collection and are present in up to 20% of trans- 
planted kidneys. Lymphoceles often have internal 
septa and tend to be hypointense to renal cortex on 
TI-WI and hyperintense on T2-WI. Lymphoceles are 
of little clinical importance unless they cause 
obstruction of the ureter owing to mass effect. 

Although they do not have internal septa, urino- 
mas have similar SI to lymphoceles, and the two 
cannot be differentiated reliably by MR imaging 
unless excretion of contrast into the urinoma is iden- 
tified. US-guided aspiration of the fluid is diagnostic. 
The presence of urinoma implies an anastomotic 
leak, which must be repaired surgically. 

Post-transplantation Lymphoproliferative 
Disorder (PTLD) 

Post-transplantation lymphoproliferative disorder 
(PTLD) is a heterogeneous group of lymphoid disorders 
that result from use of post-transplant immunosup- 
pression agents such as cyclosporin. Proliferative 
lymphoid cell lines range from benign lymphoid hyper- 
plasia to malignant non-Hodgkin's lymphoma. Regions 
involved include the central nervous system, thoracic 
and abdominal lymph nodes, and abdominal parenchy- 
mal organs. In renal transplantation, the hilum of the 
transplanted kidney is the most common site of 
involvement (Fig. 4-26). PTLD may encase vessels or 
obstruct the transplant ~ r e t e r . l I ~ J ~ ~  PTLD involving 
the renal transplant is isointense or hypointense to 
normal parenchyma on T1-WI and hypointense to 
normal parenchyma on T2-WI.lI3 

RENAL ARTERY STENOSISIRENOVASCULAR 
HYPERTENSION 

Renal vascular disease accounts for 1% to 5% of cases 
of hypertension.lI5 Atherosclerosis (Fig. 4-27) is 
responsible for approximately two thirds of all cases, 
with fibromuscular dysplasia (Fig. 4-28) accounting for 
most of the remaining cases (Box 4-15). Takayasu's 
arteritis and neurofibromatosis are less common 
etiologes. CE MRA is an ideal technique for imaging 
the renal arteries in patients with hypertension and 
potential renal artery stenosis (RAS).176,177 Preliminary 
imaging of patients with medication-resistant hyper- 
tension and potential RAS can save more lives than 
immediate change to enhanced medical therapy.178 

Compared with conventional angiography, which 
is the traditional gold standard diagnostic examina- 
tion for suspected RAS, CE MRA is considerably less 
invasive and has the additional advantage of utilizing 
a non-nephrotoxic contrast agent that can be admin- 
istered safely in patients with elevated creatinine. 
Compared with catheter angiography considered the 
gold standard, CE MRA is 88% to 100% sensitive and 
83% to 98% specific in the detection of hemodynami- 
cally significant (>50% luminal diameter) renal 
artery s t e n o s i ~ . ~ ~ ~ - ~ ~ ~  

CTA also is an excellent examination for charac- 
terization of renal artery disease.ls2 A recent 
meta-analysis has determined that CTA and CE 
MRA are comparable modalities in the evaluation of 
RAS and that both are superior to US and to capto- 
pril s ~ i n t i g r a p h y . ~ ~ ~ , ' ~ ~  Stenting of the renal artery is 
effective in improving both hypertension and renal 
function in individuals with RAS.ls4 

Known limitations of CE MRA include overesti- 
mation of the degree of stenosis in 5% to 10% of renal 
arterieslsO and inability to accurately evaluate a 

Anastornotic stricture 
Vessel kinking 
External compression 
Intimal fibrosis due to rejectio 



Figure 4-25 fl A 48-year-old transplant recipient with decreased renal function that required dialysis. 
Renal biopsy confirmed the clinical diagnosis of rejection. A, Oblique coronal MIP reformatted image of an arterial-phase 
CE MRA reveals a normal transplant renal artery (arrow). B-D, Arterial, venous, and interstitial phases from a three- 
phase CE MRI-MRA shows delayed enhancement of the transplant with prolonged corticomedullary differentiation. This 
is a nonspecific but common finding of transplant rejection. 
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Figure 4-26 . MR depiction of post-transplant lymphoproliferative disorder (PTLD) in a renal transplant 
recipient with rising creatinine. A and B, Axial TI-WI (A) and T2-WI (B) show a soft tissue mass (M) adjacent to 
the hilum of the renal transplant. Flow voids in the right iliac vessels (arrows) are encased by this process. 

vessel that has been previously stented (Fig. 4-29). an isolated, hemodynamically significant stenosis 
Some stent devices are now available that have little of an accessory renal artery is less than 2%, and thus 
if any susceptibility artifact and thus do not prohibit this limitation of MRA should not discourage its use 
accurate evaluation by MR after their deployment.ls5 for evaluating patients with suspected renovascular 
Additionally, evaluation of small (1 to 2 mm) accessory hypertension.la6 Because the kidneys move 2 to 
renal arteries is limited by inadequate spatial and 3 mmlsec in a cranial-caudal dimension during a 
temporal resolution. However, the occurrence rate of suspended respiration, techniques that shorten the 

acquisition time of a CE MRA sequence will improve 
detection of accessory renal arteries and branch ves- 
sels.lB7 Finally, unlike catheter angiography, CTA and 

Figure 4-28 . MR illustration 
in a 42-year-old woman. Corona 

of fibromuscular dysplasia 
tl MIP reformatted image from 

Figure 4-27 . MR depiction of renal artery stenosis in a a CE MRA shows alternating segments of stenosis and iilation 
54-year-old man with hypertension. Coronal MIP image from ("beading") of the left renal artery (arrows), representing renal 
a CE MRA shows high-grade ostial stenosis of the right renal artery stenoses on the basis of fibromuscular dysplasia. Normal- 
artery (arrow). The left renal artery reveals no stenosis. A 1.5-mm appearing main and inferior accessory right renal arteries (curved 
superior accessory left renal artery (curved arrow) directly sup- arrow) are also present. The patient responded to angioplasty and 
plies the right upper pole parenchyma. stenting. 



Figure 4-29 Susceptibility artifacts from bilateral renal 
artery stents in a patient with treated renovascular hyper- 
tension. Coronal MIP reformatted image from CE MRA shows 
signal voids at  the ostia of the renal arteries (arrows), secondary to 
bilateral stents. Determination of patency of stented vascular seg- 
ments may not be possible by CE MU. Knowledge of prior stent 
placement prevents misinterpreting the artifactual signal voids as 
segmentally occluded vessels. Some stent models are composed of 
materials that minimize artifacts in such a way that MR can eval- 
uate internal flow. 

routine CE MRA are anatomic examinations; pres- 
sure gradients across stenoses cannot be measured. 
However, functional CE MRA could be performed by 
administering an angiotension-converting enzyme 
(ACE) inhibitor at the time of MR.ls8,1s9 The identifi- 
cation of decreased medullary enhancement after ACE 
inhibition suggests functional renal artery obstruction. 

REFERENCES 

1. Keogan MT, Edelman RR. Technologic advances in abdominal MR 
imaging. Radiology 2001;220:310-320. 

2. Israel GM, Krinsky GA. MR imaging of the kidneys and adrenal 
glands. Radiol Clin North Am 2003;41:145-159. 

3. Rofsky NM, Lee VS, Laub G, et al. Abdominal MR imaging with a 
volumetric interpolated breath-hold examination. Radiology 
1999;212:876-884. 

4. Nolte-Ernsting CC, Staatz G, Tacke J ,  Gunther RW. MR urography 
today. Abdom Imaging 2003;28:191-209. 

5. El-Diasty T, Mansour 0, Farouk A. Diuretic contrast-enhanced 
magnetic resonance urography versus intravenous urography 
for depiction of nondilated urinary tracts. Abdom Imaging 
2003;28:135-145. 

6. Blandino A, Gaeta M, Minutoli F, et al. MR Urography of the Ureter. 
AJR Am J Roentgenol 2002;179:1307-1314. 

7. Nolte-Ernsting CC, Adam GB, Gunther RW. MR urography: 
examination techniques and clinical applications. Eur Radiol 
2001;11:355-372. 

8. Kawashima A, Glockner JF, King BF, Jr. CT urography and MR 
urography. Radiol Clin North Am 2003;41:945-961. 

9. Jara H, Barish MA, Yucel EK, Melhem ER, Hussain S, Ferrucci JT. 
MR hydrography: theory and practice of static fluid imaging. 
AJR Am J Roentgenol 1998;170:873-882. 

10. Roy C, Saussine C, Jacqmin D. Magnetic resonance urography. 
BJU Int 2000;86(Suppl 1):42-47. 

Fang YC, Siegelman ES. Complications of renal transplantation: 
MR findings. J Comput Assist Tomogr 2001;25:836-842. 
Grenier N, Basseau F, Ries M, Tyndal B, Jones R, Moonen C. 
Functional MRI of the kidney. Abdom Imaging 2003;28:164-175. 
Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004. 
CA Cancer J Clin 2004;54:8-29. 
Van Poppel H, Nilsson S, Algaba F, et al. Precancerous lesions in 
the kidney. Scand J Urol Nephrol Suppl2000;205:136-165. 
Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. 
N Engl J Med 1996;335:865-875. 
Wagner W. The kidney: radiologic-pathologic correlation. 
Magn Reson Imaging Clin N Am 1997;5:13-28. 
Tsui KH, Shvarts 0, Smith RB, Figlin R, de Kernion JB, 
Belldegrun A. Renal cell carcinoma: prognostic significance of 
incidentally detected tumors. J Urol2000;163:426-430. 
Bono AV, Lovisolo JA. Renal cell carcinoma4agnosis and 
treatment: state of the art. Eur Urol 1997;31:47-55. 
Jamis-Dow CA, Choyke PL, Jennings SB, Linehan WM, Thakore KN, 
Walther MM. Small (S3-cm) renal masses: detection with CT versus 
US and pathologic correlation. Radiology 1996;198:785-788. 
Rofsky NM, Bosniak MA. MR evaluation of small (c3.0 cm) renal 
masses. MR Clin North Am 1997;5:67-81. 
Shinmoto H, Yuasa Y, Tanimoto A, et al. Small renal cell 
carcinoma: MRI with pathologic correlation. J Magn Reson Imaging 
1998;8:690-694. 
Yamashita Y, Miyazaki T, Hatanaka Y, Takahashi M. Dynamic 
MRI of small r e d  cell carcinoma. J Comput Assist ~omogr  
1995:19:759-765. 

23. Ho lh3, Allen SF, Hood MN, Choyke PL. Renal masses: quantitative 
assessment of enhancement with dynamic MR imaging. Radiology - - -. 
2002;224:695-700. 

24. Yoshimitsu K, Honda H, Kuroiwa T, et al. MR detection of 
cytoplasmic fat in clear cell renal cell carcinoma utilizing chemical 
shift gradient-echo imaging. J Magn Reson Imaging 1999;9:579-585. 

25. Outwater EK, Bhatia M, Siegelman ES, Burke MA, Mitchell DG. 
Lipid in renal clear cell carcinoma: detection on opposed-phase 
gradient-echo MR images [see commentsl. Radiology 
1997;205:103-107. 

26. D'Angelo PC, Gash JR, Horn AW, Klein FA. Fat in renal cell 
carcinoma that lacks associated calcifications. AJR Am J Roentgenol 
2002;178:931-932. 

27. Lesavre A, Correas JM, Merran S, Grenier N, Vieillefond A, 
Helenon 0. CT of papillary renal cell carcinomas with cholesterol 
necrosis mimicking angiomyolipomas. AJR Am J Roentgenol 
2003;181:143-145. 

28. Helenon 0, Merran S, Paraf F, et al. Unusual fat-containing tumors 
of the kidney: a diagnostic dilemma. Radiographics 1997;17:129-144. 

29. Shinozaki K, Yoshimitsu K, Honda H, et al. Metastatic adrenal 
tumor from clear-cell renal cell carcinoma: a pitfall of chemical 
shift MR imaging. Abdom Imaging 2001;26:439-442. 

30. Muram TM, Aisen A. Fatty metastatic lesions in 2 patients with 
renal clear-cell carcinoma. J Comput Assist Tomogr 2003;27:869-870. 

31. Yamashita Y, Honda S, Nishiharu T, Urata J ,  Takahashi M. 
Detection of pseudocapsule of renal cell carcinoma with MR imaging 
and CT. AJR Am J Roentgenol 1996;166:1151-1155. 

32. Soyer P, Dufresne A, Klein I, Barbagelatta M, Heme JM, 
Schemer A. Renal cell carcinoma of clear type: correlation of CT 
features with tumor size, architectural patterns, and pathologic 
staging. European Radiology 1997;7:224-229. 

33. Brkovic D, Moehring K, Doersam J ,  et al. Aetiology, diagnosis and 
management of spontaneous perirenal haematomas. Eur Urol 
1996;29:302-307. 

34. Robson CJ, Churchill BM, Anderson W. The results of radical 
nephrectomy for renal cell carcinoma. J Urol 1969;101:297-301. 

35. Ergen FB, Hussain HK, Caoili EM, et al. MRI for preoperative 
staging of renal cell carcinoma using the 1997 TNM classification: 
comparison with surgical and pathologic staging. AJR Am J 
Roentgenol 2004;182:217-225. 

36. Reznek RH. Imaging in the staging of renal cell carcinoma. Eur 
Radiol 1996;6:120-128. 

37. Semelka RC, Shoenut JP, Magro CM, Kroeker MA, MacMahon R, 
Greenberg HM. Renal cancer staging: comparison of 
contrast-enhanced CT and gadolinium-enhanced fat-suppressed 
spin-echo and gradient-echo MR imaging. J Magn Reson Imaging 
1993;3:597-602. 

38. Zagoria RJ, Bechtold RE. The role of imaging in staging renal 
adenocarcinoma. Semin Ultrasound CT MR 1997;18:91-99. 

39. Ramdave S, Thomas GW, Berlangieri SU, et al. Clinical role of F-18 
fluorodeoxyglucose positron emission tomography for detection and 
management of renal cell carcinoma. J Urol2001;166:825-830. 

40. Fielding JR, Aliabadi N, Renshaw AA, Silverman SG. Staging of 119 
patients with renal cell carcinoma: the yield and cost-effectiveness 
of pelvic CT. AJR Am J Roentgenol 1999;172:23-25. 

41. Choyke PL. Detection and staging of renal cancer. Magn Reson 
Imaging Clin N Am 1997;5:29-47. 



Chapter4 Renal MRI 1 181 

Pretorius ES, Siegelman ES, Ramchandani P, Cangiano T, 
Banner MP. Renal neoplasms amenable to partial nephrectomy: 
MR imaging. Radiology 1999;212:28-34. 
Choyke PL, Walther MM, Wagner JR, Rayford W, Lyne JC, 
Linehan WM. Renal cancer: preoperative evaluation with dual-phase 
three-dimensional MR angiography. Radiology 1997;205:767-771. 
Laissy JP,  Menegazzo D, Debray MP, et al. Renal carcinoma: 
diagnosis of venous invasion with Gd-enhanced MR venography. 
Eur Radiol 2000;10:1138-1143. 
Hallscheidt P, Pomer S, Roeren T, Kauffmann GW, Staehler G. 
Preoperative staging of renal cell carcinoma with caval thrombus: 
is staging in MRI justified? [Prospective histopathological correlated 
study.] Urologe A 2000;39:36-40. 
Nguyen BD, Westra WH, Zerhouni EA. Renal cell carcinoma 
and tumor thrombus neovascularity: MR demonstration with 
pathologic correlation. Abdom Imaging 1996;21:269-271. 
Oto A, Herts BR, Remer EM, Novick AC. Inferior vena cava tumor 
thrombus in renal cell carcinoma: staging by MR imaging and impact 
on surgical treatment. AJR Am J Roentgenol 1998;171:1619-1624. 
Aslam Sohaib SA, Teh J ,  Nargund VH, Lumley JS, Hendry WF, 
Reznek RH. Assessment of tumor invasion of the vena caval wall in 
renal cell carcinoma cases bv mametic resonance imaging. J Urol 

D'Armiento M, Damiano R, Feleppa B, Perdona S, Oriani G, 
De Sio M. Elective conservative surgery for renal carcinoma versus 
radical nephrectomy: a prospective study. Br J Urol 1997;79:15-19. 
Licht MR, Novick AC, Goormastic M. Nephron sparing surgery 
in incidental versus suspected renal cell carcinoma. J Urol 
1994;152:39-42. 
Ghavamian R, Zincke H. Open surgical partial nephrectomy. 
Semin Urol Oncol2001;19:103-113. 
Fereanv AF. Hafez KS. Novick AC. Long-term results of nephron - - -  " , 
sparing surgery for lochized renal cell carcinoma: 10-year f~llowup. 
J Urol2000;163:442-445. 
Clark PE, Schover LR, Uzzo RG, Hafez KS, Rybicki LA, Novick AC. 
Quality of life and psychological adaptation after surgical treatment 
for localized renal cell carcinoma: impact of the amount of remaining 
renal tissue. Urology 2001;57:252-256. 
Corman JM, Penson DF, Hur K, et al. Comparison of complications 
after radical and partial nephrectomy: results from the National 
Veterans Administration Surgical Quality Improvement Program. 
BJU Int 2000;86:782-789. 
Russo P, Goetzl M, Simmons R, Katz J ,  Motzer R, Reuter V. 
Partial neuhrectomv: the rationale for ex~anding the indications. - .- - - - - - - - 

Ann ~ur~bncol2062;9:6~0-681. 
- 

Kozlowski PM, Winfield HN. Laparoscopic partial nephrectomy and 
- ---- - ~ " - - - 
2002;167:1271-1275. 
Choyke PL, Glenn GM, Walther MM, Zbar B, Linehan WM. 
Hereditarv renal cancers. Radiology 2003;226:33-46. 

wedge resection for the treatment of renal malignancy. J Endourol 
2001;15:369-374; discussion 375-376. 
Gill IS, Desai MM, Kaouk JH, et al. Laparoscopic partial 
nephrectomy for renal tumor: duplicating open surgical techniques. 
J Urol2002;167:469-467; discussion 475-476. 
Hollenbeck BK, Wolf JS, Jr. Laparascopic partial nephrectomy. 
Semin Urol Oncol2001;19:123-132. 
Yoshimura K, Okubo K, Ichioka K, Terada N, Matsuta Y, Arai Y. 
Laparoscopic partial nephrectomy with a microwave tissue 
coagulator for small renal tumor. J Urol 2001;165:1893-1896. 

Murphy DP, Gill IS. Energy-based renal tumor ablation: a review. 
Semin Urol Oncol2001;19:133-140. 
Gervais DA, McGovern FJ, Arellano RS, McDougal WS, Mueller PR. 
Renal cell carcinoma: clinical experience and technical success with 
radio-frequency ablation of 42 tumors. Radiology 2003;226:417-424. 
Roy-Choudhury SH, Cast JE, Cooksey G, Puri S, Breen DJ. Early 
experience with percutaneous radiofrequency ablation of small solid 
renal masses. AJR Am J Roentgenol 2003;180:1055-1061. 
Farrell MA, Charboneau WJ, DiMarco DS, et al. Imaging-guided 
radiofrequency ablation of solid renal tumors. AJR Am J Roentgenol 
2003;180:1509-1513. 
Mayo-Smith WW, Dupuy DE, Parikh PM, Pezzullo JA, Cronan JJ. 
Imaging-guided percutaneous radiofrequency ablation of solid 
renal masses: techniques and outcomes of 38 treatment sessions 
in 32 consecutive patients. AJR Am J Roentgenol 2003;180: 
1503-1508. 
Rassweiler JJ ,  Abbou C, Janetschek G, Jeschke K. Laparoscopic 
partial nephrectomy: the European experience. Urol Clin North Am 
2000;27:721-736. 
Lewin JS, Connell CF, Duerk JL, et al. Interactive MRI-guided 
radiofrequency interstitial thermal ablation of abdominal tumors: 
clinical trial for evaluation of safety and feasibility. J Magn Reson 
Imaging 1998;8:40-47. 
Blute ML, Amling CL, Bryant SC, Zincke H. Management and 
extended outcome of patients with synchronous bilateral solid 
renal neoplasms in the absence of von Hippel-Lindau disease. 
Mayo Clin Proc 2000;75:1020-1026. 
Gofrit ON, Shapiro A, Kovalski N, Landau EH, Shenfeld OZ, 
Pode D. Renal cell carcinoma: evaluation of the 1997 TNM 
system and recommendations for follow-up after surgery. 
Eur Urol2001;39:669-674; discussion 675. 
Itano NB, Blute ML, Spotts B, Zincke H. Outcome of isolated 
renal cell carcinoma fossa recurrence after nephrectomy. J Urol 
2000;164:322-325. 
Remer EM, Weinberg EJ, Oto A, O'Malley CM, Gill IS. MR imaging 
of the kidneys after laparoscopic cryoablation. AJR Am J Roentgenol 
2000;174:635-640. 
Hartman DS, Davis CJ, Jr., Johns T, Goldman SM. Cystic renal cell 
carcinoma. Urology 1986;28:145-153. 
Koga S, Nishikido M, Inuzuka S, et al. An evaluation of Bosniak's 
radiological classification of cystic renal masses. BJU Int 
2000;86:607-609. 
Balci NC, Semelka RC, Patt RH, et al. Complex renal cysts: findings 
on MR imaging. AJR Am J Roentgenol 1999;172:1495-1500. 
Bosniak MA. The small (53.0 cm) renal parenchymal tumor: 
detection, diagnosis, and controversies [published erratum appears 
in Radiology 1991;181:1891. Radiology 1991;179:307-317. 
Terada N, Ichioka K, Matsuta Y, Okubo K, Yoshimura K, Arai Y. 
The natural history of simple renal cysts. J Urol2002;167:21-23. 
Nascimento AB, Mitchell DG, Zhang XM, Kamishima T, Parker L, 
Holland GA. Rapid MR imaging detection of renal cysts: age-based 
standards. Radiology 2001;221:628-632. 

Levine ~ . ' ~ c ~ u i r e d  cystic kidney disease. Radiol Clin North Am 
1996;34:947-964. 
Levine E. Renal cell carcinoma in uremic acquired renal cystic 
disease: incidence, detection, and management. Urol Radiol 
1992;13:203-210. 
Truong LD, Krishnan B, Cao JT, Barrios R, Suki WN. Renal neoplasm 
in acauired cvstic kidney disease. Am J Kidney Dis 1995;26:1-12. 
 ind dell HJ. imaging stidies for screening native kidneys in 
long-term dialysis patients. AJR Am J Roentgenol 1989;153:768-769. 
Sarasin FP, Wong JB, Levey AS, Meyer KB. Screening for acquired 
cystic kidney disease: a decision analytic perspective. Kidney Int 
1995;48:207-219. 
Choyke PL. Imaging of hereditary renal cancer. Radiol Clin North 
Am 2003;41:1037-1051. 
Maher ER, Kaelin WG, Jr .  von Hippel-Lindau disease. Medicine 
(Baltimore) 1997;76:381-391. 
Taouli B, Ghouadni M, Correas JM, et al. Spectrum of abdominal 
imaging findings in von Hippel-Lindau disease. AJR Am J 
Roentgenol 2003;181:1049-1054. 
Reichard EA, Roubidoux MA, Dunnick NR. Renal neoplasms in 
patients with renal cystic diseases. Abdom Imaging 1998;23:237-248. 
Choyke PL, Glenn GM, Walther MM, Patronas NJ, Linehan WM, 
Zbar B. Von Hippel-Lindau disease: genetic, clinical, and imaging 
features. Radiology 1995;194:629-642. 
Walther MM, Choyke PL, Glenn G, et al. Renal cancer in families 
with hereditary renal cancer: prospective analysis of a tumor size 
threshold for renal parenchymal sparing surgery. J Urol 
1999;161:1475-1479. 
Herring JC. Enauist EG. Chernoff A, Linehan WM, Choyke PL, 
~ a l t h e i  MM. ~ A e n c h ~ m a l  sparing surgery in patients &th 
hereditary renal cell carcinoma: 10-year experience. J Urol 
2001;165:777-781. 
Zbar B, Tory K, Merino M, et al. Hereditary papillary renal cell 
carcinoma, J Urol 1994;151:561-566. 
Zbar B. Inherited epithelial tumors of the kidney: old and new 
diseases. Semin Cancer Biol2000;10:313-318. 
Choyke PL, Walther MM, Glenn GM, et al. Imaging features of 
hereditary papillary renal cancers. J Comput Assist Tomogr 
1997;21:737-741. 
Logue LG, Acker RE, Sienko AE. Best cases from the AFIP: 
angiomyolipomas in tuberous sclerosis. Radiographics 
2003;23:241-246. 
Torres VE, Zincke H, King BK, Bjornsson J .  Renal manifestations of 
tuberous sclerosis complex. Contrib Nephrol 1997;122:64-75. 
Jimenez RE, Eble JN, Reuter VE, et al. Concurrent angiomyolipoma 
and renal cell neoplasia: a study of 36 cases. Mod Pathol 
2001;14:157-163. 
Chovke PL. Inherited cvstic diseases of the kidnev. Radiol Clin North 
Ami996;34:925-946. " 
Davis CJ, Jr., Mostofi FK, Sesterhenn IA. Renal medullary 
carcinoma: the seventh sickle cell nephropathy. Am J Surg Pathol 
1995;19:1-11. 
Swartz MA, Karth J ,  Schneider DT, Rodriguez R, Beckwith JB, 
Perlman EJ. Renal medullary carcinoma: clinical, pathologic, 
immunohistochemical, and genetic analysis with pathogenetic 
implications. Urology 2002;60:1083-1089. 
Lau WK, Blute ML, Weaver AL, Torres VE, Zincke H. Matched 
comparison of radical nephrectomy vs nephron-sparing surgery in 
patients with unilateral renal cell carcinoma and a normal 
contralateral kidney. Mayo Clin Proc 2000;75:1236-1242. 



. . . -, . . - ?- - .. -- 

BODY MRI 

100. Zand MS, Strang J ,  Dumlao M, Rubens D, Erturk E, Bronsther 0. 
Screening a living kidney donor for polycystic kidney disease using 
heavily T2-weighted MRI. Am J Kidney Dis 2001;37:612-619. 

101. Curry NS, Cochran ST, Bissada NK. Cystic renal masses: accurate 
Bosniak classification requires adequate renal CT. AJR Am J 
Roentgenol 2000;175:339-342. 

102. Harisinghani MG, Maher MM, Gervais DA, et al. Incidence of 
malignancy in complex cystic renal masses (Bosniak category 111): 
should imaging-guided biopsy precede surgery? AJR Am J 
Roentgenol 2003;180:755-758. 

103. Corica FA, Iczkowski KA, Cheng L, et al. Cystic renal cell carcinoma 
is cured by resection: a study of 24 cases with long-term followup. 
J Urol 1999;161:408-411. 

104. Israel GM, Bosniak MA. Calcification in cystic renal masses: is it 
important in diagnosis? Radiology 2003;226:47-52. 

105. Silverman SG, Lee BY, Seltzer SE, Bloom DA, Corless CL, 
Adams DF. Small (S3 cm) renal masses: correlation of s ~ i r a l  
CT features and pathologic findings. AJR Am J ~ o e n t ~ & b l  
1994:163:597-605. - 

106. ~ a k i  DD, Birnbaum BA, Chakraborty DP, Jacobs JE, Carvalho BM, 
Herman GT. Renal cyst pseudoenhancement: beam-hardening 
effects on CT numbers. Radiology 1999;213:468-472. 

107. Abdulla C, Kalra MK, Saini S, et al. Pseudoenhancement of 
simulated renal cysts in a phantom using different multidetector 
CT scanners. AJR Am J Roentgenol 2002;179:1473-1476. 

108. Birnbaum BA, Maki DD, Chakraborty DP, Jacobs JE, 
Babb JS. Renal cyst pseudoenhancement: evaluation with an 
anthropomorphic body CT phantom. Radiology 2002;225:83-90. 

109. Heneghan JP,  Spielmann AL, Sheafor DH, Kliewer MA, 
DeLong DM, Nelson RC. Pseudoenhancement of simple renal cysts: 
a comparison of single and multidetector helical CT. J Comput 
Assist Tomogr 2002;26:90-94. 

110. Madewell JE, Goldman SM, Davis CJ, Jr., Hartman DS, 
Feigin DS, Lichtenstein JE. Multilocular cystic nephroma: 
a radiographic-pathologic correlation of 58 patients. Radiology 
1983;146:309-321. 

111. Kettritz U, Semelka RC, Siegelman ES, Shoenut JP,  Mitchell DG. 
Multilocular cystic nephroma: MR imaging appearance with current 
techniques, including gadolinium enhancement. J Magn Reson 
Imaging 1996;6:145-148. 

112. Peters DJ, Breuning MH. Autosomal dominant polycystic 
kidney disease: modification of disease progression. Lancet 
2001;358: 1439-1444. 

113. Kim SH, Moon MW, Lee HJ, Sim JS, Ahn C. Renal cyst ablation 
with n-butyl cyanoacrylate and iodized oil in symptomatic patients 
with autosomal dominant polycystic kidney disease: preliminary 
report. Radiology 2003;226:573-576. 

114. Grantham JJ. The Jeremiah Metzger Lecture--polycystic kidney 
disease: old disease in a new context. Trans Am Clin Climatol 
Assoc 2002;113:211-224. 

115. Brown JA. Images in clinical medicine: end-stage autosomal 
dominant polycystic kidney disease. N Engl J Med 2002;347:1504. 

116. el-Diasty TA, Shokeir AA, Tawfeek HA, Mahmoud NA, Nabeeh A, 
Ghoneim MA. Ethanol sclerotherapy for symptomatic simple renal 
cysts. J Endourol 1995;9:273-276. 

117. Slywotzky CM, Bosniak MA. Localized cystic disease of the kidney. 
AJR Am J Roentgenol 2001;176:843-849. 

118. Dario Casas J ,  Mariscal A, Perez-Andres R. Localized renal cystic 
disease: imaging findings, pathologic correlation, and management 
approach. Comput Med Imaging Graph 2002;26:247-249. 

119. Messing EM, Catalona WJ. Urothelial tumors of the urinary tract. 
In Campbell's Urology, 7th ed. Philadelphia: WB Saunders, 
2000;2385-2387. 

120. Jung P, Brauers A, Nolte-Ernsting CA, Jakse G, Gunther RW. 
Magnetic resonance urography enhanced by gadolinium and 
diuretics: a comparison with conventional urography in diagnosing 
the cause of ureteric obstruction. BJU Int 2000;86:960-965. 

121. Urban BA, Buckley J ,  Soyer P, Scherrer A, Fishman EK. 
CT appearance of transitional cell carcinoma of the renal pelvis. 
1. Early-stage disease. AJR Am J Roentgenol 1997;169:157-161. 

122. Urban BA, Buckley J, Soyer P, Schemer A, Fishman EK. 
CT appearance of transitional cell carcinoma of the renal 
pelvis. 2. Advanced-stage disease. AJR Am J Roentgenol 
1997;169:163-168. 

123. Weeks SM, Brown ED, Brown JJ,  Adamis MK, Eisenberg LB, 
Semelka RC. Transitional cell carcinoma of the upper urinary tract: 
staging by MRI. Abdom Imaging 1995;20:365-367. 

124. Stallone G, Infante B, Manno C, Campobasso N, Pannarale G, 
Schena FP. Primary renal lymphoma does exist: case report and 
review of the literature. J Nephrol2000;13:367-372. 

125. Urban BA, Fishman EK. Renal lymphoma: CT patterns with 
emphasis on helical CT. Radiographics 2000;20:197-212. 

126. Sheeran SR, Sussman SK. Renal lymphoma: spectrum of CT 
findings and potential mimics. AJR Am J Roentgenol 
1998;171:1067-1072. 

Semelka RC, Kelekis NL, Burdeny DA, Mitchell DG, Brown JJ,  
Siegelman ES. Renal lymphoma: demonstration by MR imaging. 
AJR 1996;166:823-827. 
Montalban C, Rodriguez-Garcia JL, Mazairas L, Ayala I, 
Marcos-Robles J .  Magnetic resonance imaging for the assessment 
of residual masses after treatment of non-Hodgkin's lymphomas. 
Postgrad Med J 1992;68:643-647. 
Yamakado K, Tanaka N, Nakagawa T, Kobayashi S, Yanagawa M, 
Takeda K. Renal Angiomyolipoma: relationships between tumor 
size, aneurysm formation, and rupture. Radiology 2002;225:78-82. 
Soulen MC, Faykus MH, Jr., Shlansky-Goldberg RD, Wein AJ, 
Cope C. Elective embolization for prevention of hemorrhage from 
renal angiomyolipomas. J Vasc Interv Radiol 1994;5:587-591. 
Dickinson M, Ruckle H, Beaghler M, Hadley HR. Renal 
angiomyolipoma: optimal treatment based on size and symptoms. 
Clin Nephrol 1998;49:281-286. 
Kido T, Yamashita Y, Sumi S, et al. Chemical shift GRE MRI of 
renal angiomyolipoma. J Comput Assist Tomogr 1997;21:268-270. 
Burdeny DA, Semelka RC, Kelekis NL, Reinhold C, Ascher SM. 
Small ( d . 5  cm) angiomyolipomas of the kidney: characterization by 
the combined use of in-phase and fat-attenuated MR techniques. 
Magn Reson Imaging 1997;15:141-145. 
Wagner BJ, Wong-You-Cheong JJ,  Davis CJ, Jr. Adult renal 
hamartomas. Radiographics 1997;17:155-169. 
Jinzaki M, Tanimoto A, Narimatsu Y, et al. Angiomyolipoma: 
imaging findings in lesions with minimal fat. Radiology 
1997;205:497-502. 
Kovacs G, Akhtar M, Beckwith BJ, et al. The Heidelberg 
classification of renal cell tumours. J Pathol 1997;183:131-133. 
Perez-Ordonez B, Hamed G, Campbell S, et al. Renal oncocytoma: 
a clinicopathologic study of 70 cases. Am J Surg Pathol 
1997;21:871-883. 
De Carli P, Vidiri A, Lamanna L, Cantiani R. Renal oncocytoma: 
image diagnostics and therapeutic aspects. J Exp Clin Cancer Res 
2000;19:287-290. 
Harmon WJ, King BF, Lieber MM. Renal oncocytoma: magnetic 
resonance imaging characteristics. J Urol 1996;155:863-867. 
Abrams HL, Spiro R, Goldstein N. Metastases in carcinoma. 
Cancer 1950;3:74-85. 
Bracken RB, Chica G, Johnson DE, Luna M. Secondary renal 
neoplasms: an autopsy study. South Med J 1979;72:806-807. 
Bailey JE, Roubidoux MA, Dunnick NR. Secondary renal neoplasms. 
Abdom Imaging 1998;23:266-274. 
Kawashima A, Sandler CM, Corl FM, et al. Imaging of renal 
trauma: a comprehensive review. Radiographics 2001;21:557-574. 
Weishaupt D, Hetzer FH, Ruehm SG, Patak MG Schmidt M, 
Debatin JF. Three-dimensional contrast-enhanced MRI using 
an intravascular contrast agent for detection of traumatic 
intra-abdominal hemorrhage and abdominal parenchymal injuries: 
an experimental study. Eur Radiol 2000;10:1958-1964. 
Heiss SG, Shifrin RY, Sommer FG. Contrast-enhanced 
three-dimensional fast spoiled gradient-echo renal MR imaging: 
evaluation of vascular and nonvascular disease. Radiographics 
2000;20:1341-1352; discussion 1353-1354. 
Ku JH, Jeon YS, Kim ME, Lee NK, Park YH. Is there a role for 
magnetic resonance imaging in renal trauma? Int J Urol 
2001;8:261-267. 
Leppaniemi A, Lamminen A, Tervahartiala P, Haapiainen R, 
Lehtonen T. Comparison of high-field magnetic resonance imaging 
with computed tomography in the evaluation of blunt renal trauma. 
J Trauma 1995;38:420-427. 
Papanicolaou N, Pfister RC. Acute renal infections. Radiol Clin 
North Am 1996;34:965-995. 
Kawashima A, Sandler CM, Goldman SM. Imaging in acute renal 
infection. BJU Int 2000;86 Suppl 1:70-79. 
Lonergan GJ, Pennington DJ, Morrison JC, Haws RM, Grimley MS, 
Kao TC. Childhood pyelonephritis: comparison of gadolinium- 
enhanced MR imaging and renal cortical scintigraphy for diagnosis. 
Radiology 1998;207:377-384. 
Israel GM, Lee VS, Edye M, et al. Comprehensive MR 
imaging in the preoperative evaluation of living donor candidates 
for laparoscopic nephrectomy: initial experience. Radiology 
2002;225:427-432. 
Hussain SM, Kock MC, JN IJ, Pattynama PM, Myriam Hunink MG, 
Krestin GP. MR imaging: a "one-stop shop" modality for 
preoperative evaluation of potential living kidney donors. 
Radiographics 2003;23:505-520. 
Jha RC, Korangy SJ, Ascher SM, Takahama J,  Kuo PC, 
Johnson LB. MR angiography and preoperative evaluation for 
laparoscopic donor nephrectomy. AJR Am J Roentgenol 
2002;178:1489-1495. 
Liem YS, Kock MC, Ijzermans JN, Weimar W, Visser K, 
Hunink MG. Living renal donors: optimizing the imaging 
strategy4ecision- and cost-effectiveness analysis. Radiology 
2003;226:53-62. 



",->r-, - -.--. . 7 7  

~ e n a l  MRI 183 
' ' -  

155. Rankin SC, Jan W, Koffman CG. Noninvasive imaging of 173. Ali MG, Coakley FV, Hricak H, Bretan PN. Complex post- 
living related kidney donors: evaluation with CT angiography and transplantation abnormalities of renal allografts: evaluation with 
gadolinium-enhanced MR angiography. AJR Am J Roentgen01 MR imaging. Radiology 1999;211:95-100. 
2001;177:349-355. 174. Lopez-Ben R, Smith JK, Kew CE, 2nd, Kenney PJ, Julian BA, 

156. Halpern EJ, Mitchell DG, Wechsler RJ, Outwater EJS, Moritz MJ, Robbin ML. Focal posttransplantation lymphoproliferative 
Wilson GA. Preoperative evaluation of living renal donors: disorder at  the renal allograft hilum. AJR Am J Roentgen01 
comparison of CT angiography and MR angiography. Radiology 2000;175:1417-1422. 
2000;216:434-439. 175. Vasbinder GB, Nelemans PJ, Kessels AG, Kroon AA, de Leeuw PW, 

157. Nelson HA, Gilfeather M, Holman JM, Nelson EW, Yoon HC. van Engelshoven JM. Diagnostic tests for renal artery stenosis in 
Gadolinium-enhanced breathhold three-dimensional time-of-flight patients suspected of having renovascular hypertension: a meta- 
renal MR angiography in the evaluation of potential renal donors. analysis. Ann Intern Med 2001;135:401-411. 
J Vasc In ten  Radio1 1999;10:175-181. 176. Dong Q, Schoenberg SO, Carlos RC, et al. Diagnosis of renal vascular 

158. Low RN, Martinez AG, Steinberg SM, et al. Potential renal disease with MR angiography. Radiographics 1999;19:1535-1554. 
transplant donors: evaluation with gadolinium-enhanced MR 177. Fain SB, King BF, Breen JF, Kruger DG, Riederer SJ. 
angiography and MR urography. Radiology 1998;207:165-172. High-spatial-resolution contrast-enhanced MR angiography of 

159. Satyapal KS, Kalideen JM, HafTejee AA, Singh B, Robbs W. Left the renal arteries: a prospective comparison with digital subtraction 
renal vein variations. Surg Radio1 Anat 1999;21:77-81. angiography. Radiology 2001;218:481-490. 

160. Nakatani T, Uchida J, Kim T, Yamamoto K, Kishomoto T. Modified 178. Carlos RC, Kim HM, Hussain HK, Francis IR, Nghiem HV, 
extravesical ureterocystoneostomy of the kidney transplant allograft Fendrick AM. Developing a prediction rule to assess hepatic 
with completely duplicated ureters. Int J Urol2000;7:313-315. malignancy in patients with cirrhosis. AJR Am J Roentgen01 

161. Verswijvel GA, Oyen RH, Van Poppel HP, et al. Magnetic resonance 2003;180:893-900. 
imaging in the assessment of urologic disease: an all-in-one 179. Volk M, Strotzer M, Lenhart M, et al. Time-resolved 
approach. Eur Radio1 2000;10:1614-1619. contrast-enhanced MR angiography of renal artery stenosis: 

162. Omary RA, Baden JG, Becker BN, Odorico JS, Grist TM. Impact diagnostic accuracy and interobserver variability. AJR Am 
of MR angiography on the diagnosis and management of renal J Roentgen01 2000;174:1583-1588. 
transplant dysfunction. J Vasc Intew Radio1 2000;11:991-996. 180. Korst MB, Joosten FB, Postma CT, Jager GJ, Krabbe JK, 

163. Chan YL, Leung CB, Yu SC, Yeung DK, Li PK. Comparison of Barentsz JO. Accuracy of normal-dose contrast-enhanced MR 
non-breath-hold high resolution gadolinium-enhanced MRA with angiography in assessing renal artery stenosis and accessory 
digital subtraction angiography in the evaluation on allograft renal renal arteries. AJR Am J Roentgen01 2000;174:629-634. 
artery stenosis. Clin Radio1 2001;56:127-132. 181. De Cobelli F, Venturini M, Vanzulli A, et al. Renal arterial stenosis: 

164. Ferreiros J ,  Mendez R, Jorquera M, et al. Using gadolinium-enhanced prospective comparison of color Doppler US and breath-hold, 
three-dimensional MR angiography to assess arterial inflow stenosis three-dimensional, dynamic, gadolinium-enhanced MR angiography. 
after kidney transplantation. AJR. Am J Roentgen01 1999;172: Radiology 2000;214:373-380. 
751-757. 182. Urban BA, Ratner LE, Fishman EK. Three-dimensional 

165. Neimatallah MA, Dong Q, Schoenberg SO, Cho KJ, Prince MR. volume-rendered CT angiography of the renal arteries and veins: 
Magnetic resonance imaging in renal transplantation. J Magn Reson normal anatomy, variants, and clinical applications. Radiographics 
Imaging 1999;10:357-368. 2001;21:373-386; questionnaire 549-555. 

166. Verswijvel G, Van Hoe L, Stockx L, Oyen R. Magnetic susceptibility 183. Qanadli SD, Soulez G, Therasse E, et al. Detection of renal artery 
artifacts by titanium surgical clips mimicking fibromuscular dysplasia stenosis: prospective comparison of captopril- enhanced Doppler 
of the renal artery in a kidney transplant. Eur Radio1 2000;10:543. sonography, captopril-enhanced scintigraphy, and MR angiography. 

167. Mochtar H, Anis AM, Ben Moualhi S, Mohammed C, Ben Abdallah T, AJR Am J Roentgen01 2001;177:1123-1129. 
Ayed M. [Thrombosis of the renal transplant vein.] Ann Urol (Paris) 184. Gill KS, Fowler RC. Atherosclerotic renal arterial stenosis: clinical 
2001;35:10-12. outcomes of stent placement for hypertension and renal failure. 

168. Froehlich JB, Prince MR, Greenfield LJ, Downing U, Shah NL, Radiology 2003;226:821-826. 
Wakefield TW. "Bull's-eye" sign on gadolinium-enhanced magnetic 185. Buecker A, Spuentmp E, Ruebben A, Gunther RW. Artifact-free 
resonance venography determines thrombus presence and age: a in-stent lumen visualization by standard magnetic resonance 
preliminary study. J Vasc Surg 1997;26:809-816. angiography using a new metallic magnetic resonance imaging 

169. Bagga H, Bis KG. Contrast-enhanced MR angiography in the stent. Circulation 2002;105:1772-1775. 
assessment of arteriovenous fistula after renal transplant biopsy. 186. Bude RO, Forauer AR, Caoili EM, Nghiem HV. Is it necessary to 
AJR Am J Roentgen01 1999;172:1509-1511. study accessory arteries when screening the renal arteries for 

170. Kitajima K, Fuchinoue S, Koyama I, et al. Embolization for a renovascular hypertension? Radiology 2003;226:411-416. 
rteriovenous fistula after graft biopsy in renal transplant recipients: 187. Vasbinder GB, Maki JH, Nijenhuis RJ, et  al. Motion of the distal 
is it essential for all cases? Transplant Proc 2000;32:1911. renal artery during three-dimensional contrast- enhanced 

171. Schubert RA, Gockeritz S, Mentzel HJ, Rzanny R, Schubert J ,  breath-hold MRA. J Magn Reson Imaging 2002;16:685-696. 
Kaiser WA. Imaging in ureteral complications of renal 188. Huang AJ, Lee VS, Rusinek H. MR imaging of renal function. 
transplantation: value of static fluid MR urography. Eur Radio1 Radio1 Clin North Am 2003;41:1001-1017. 
2000;10:1152-1157. 189. Prasad PV, Goldfarb J ,  Sundaram C, Priatna A, Li W, 

172. Szolar DH, Preidler K, Ebner F, et al. Functional magnetic resonance Edelman RR. Captopril MR renography in a swine model: toward 
imaging of human renal allografts during the posttransplant period: a comprehensive evaluation of renal arterial stenosis. Radiology 
preliminary observations. Magn Reson Imaging 1997;15:727-735. 2000;217:813-818. 





MRI of the Spleen

Normal MR I\ppeatance of the Spleen
Splenomegaly
Splenio Iron Depositloh

HemosiderQsis
Genetic Hemochromatosis
Gamna-Gandy Bodies
Superparamagnetic Iron Oxide

Contrast Agents
Congenital Abnorrpalities of the Spleen

P'olysplenialAsplenia
Accessory Spleens

Benign Splenic Masses
CY'st
Hemangioma
Lymphangioma
Splenic Hamartomas

Inflammatory pseudotumor

NORMAL MR APPEARANCE OF THE SPLEEN

The spleen is an intraperitoneal, left upper quadrant
organ that has lower signal intensity (8n than liver
on T1-WI and higher 81 than liver on T2-WI (Fig. 5-1
and Box 5-n 12 The spleen is composed of two tissue
types, termed white pulp and red pulp, that are indis
tinguishable on unenhanced MR imaging. The white
pulp represents lymphatic reticuloendothelial cells
and lymphoid follicles. The vascular red pulp is com
posed of two distinct circulatory systems. The open
circulation of the spleen contains a filtration system
through which abnormal and aged erythrocytes,
granulocytes, and platelets are cleared from the
bloodstream. This is a relatively slow flow compart
ment. The closed, or direct, circulation supplies the
splenic parenchyma that is exposed to more rapid
blood flow.

In the neonate the normal spleen appears
hypointense on T2-WI and isointense to slightly hypo
intense on T1-WI relative to the liver. The neonatal
spleen is composed primarily of red pulp with sparse
lymphoid follicles. Blood within engorged sinusoids
results in the low T2 SL As the lymphoid tissue
expands and matures, the amount of white pulp
gradually increases, along with a decrease in the total

Infectious/Inflammatory Splenic
Lesions
Pyogenic Abscess
Fungal Abscess

Granulomatous Disease of the Spleen
Gaucher's Disease
Vascular Disease, of the Spleen

Splenic Artel)' Aneurysm
Splenic In'farclion
Sickle Cell Anemia

Malignant Masses of Ute Spleen
LYmphoma
Metastatic Oi,sease
Angiosarcoma

Splenic Tral,lma
Sptenosis

Summary

area of red pulp, There is a corresponding increase in
T2 S1 and decrease in T1 81 until 8 months of age,
when the adult pattern is present.3 Therefore, before
the lymphatic system fully m.atures, low T2 81
within the neonatal spleen should not be considered
abnormal.

Many malignant disease processes parallel the
normal 81 of the spleen and are hypointense on Tl
and hyperintense on T2-WI relative to the liver. The
Tl and T2 relaxation times of normal splenic tissue
and tumor vary by only 9% and 11%, respectively.]
Because of the similar relaxation times of normal
spleen and tumor, focal splenic lesions may not
be readily detected by unenhanced MR.4.5 Since
lymphatic tissue and malignancy can have similar
MR characteristics, the 81 of lymph nodes cannot
be used reliably to determine whether a lymph node
is benign or malignant. The unenhanced spleen also
lacks visible internal structure, and splenic size and
contour may vary considerably making detection of
focal lesions even more difficult. Occasionally, malig
nant lesions may be detected owing to 81 changes from
tumor necrosis with cystic change or to paramagnetic
effects of intratumoral hemorrhage or melanin (see
Fig. 5-1). However, without the benefit of contrast
enhancement some lesions may not be detected.
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Figure 5-1 MR illustration of metastatic melanoma to the spleen and liver. A and B, Axial in-phase (A) and 
opposed-phase (B) TI-WIs show multiple liver lesions that are isointense to spleen. There are two liver lesions (arrows) with 
central high SI. This does not represent fat because no "etching artifact" is present at the periphery on the opposed-phase 
image to indicate a fat-water interface. One splenic lesion is suggested because of a contour abnormality and the presence 
of lower SI on the in-phase image (open arrow), suggesting chronic hemorrhage. The lumbar bone marrow (BM) loses SI in 
B because of the presence of both lipid and water within normal marrow elements. C, Axial T2-WI shows innumerable 
hepatic metastases that are isointense to spleen. The hyperintense T1 liver lesion shows low T2 SI (arrows), indicating the 
presence of intracellular methemoglobin. Subtle splenic lesions are present (double arrows). It  may be dficult to depict 
metastatic disease to the spleen on unenhanced MR because the T1 and T2 of metastatic disease and of normal splenic 
parenchyma are similar. D, Arterial-phase CE TI-WI shows multiple hypervascular liver metastases and a normal arciform 
enhancement pattern of the spleen. E, Delayed CE TI-WI better reveals multiple splenic metastases (arrows). 

Contrast-enhanced (CE) MR increases the con- termed the arciform enhancement pattern (Fig. 5-2; 
spicuity of splenic disease. Because the spleen is a see Figs. 1-17 and 1-27).6-8 In patients with normal 
vascular organ, it enhances intensely, with the peak circulation times, arciform enhancement is present 
at 45 seconds.6 During the arterial phase of contrast within 1 minute following contrast injection and is 
enhancement, the spleen appears as alternating, thought to be due to variable rates of flow within the 
wavy bands of high and low SI, which has been two compartments of the red p ~ l p . ~ . l ~  Variation from 
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this pattern is suggestive of diffuse splenic disease. 
CE MR increases the conspicuity of focal lesions that 
have differential enhancement relative to normal 
splenic parenchyma. After 1 minute, the distribution 
of contrast within the spleen rapidly equilibrates, 
and there is homogenous, intense enhancement (see 
Fig. 5-1E).6-8 

SPLENOMEGALY 

The normal spleen has a craniocaudal dimension of 
less than 13 cm.ll However, as the spleen is often 
obliquely oriented and variable in shape, splenic vol- 
ume is a more accurate measure of determining the 
presence and degree of splenomegaly. Adding the 
calculated splenic areas from each MR image and 
multiplying by the slice thickness can determine 
splenic volume. Alternatively, a splenic volume can 
be estimated by utilizing a formula for a prolate 
ellipse that incorporates measurements of the cranio- 
caudal, anteroposterior, and transverse dimensions 
of the spleen.12 Mean splenic volume in adults is 
approximately 215 cm.l3 Confirming the presence and 
determining the etiology of suspected splenomegaly 
is a common indication for cross-sectional imaging. 
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Although the causes of splenomegaly are numerous, 
the most common in North America and Europe is 
~ o r t a l  hmertension (see Figs. 1-22. 1-27. and 2-32).1° 

~ n l & ~ e m e n t  of the spGen may be due to passive 
congestion, hematologic disorders, infection, inflam- 
matory conditions, storage disorders, neoplasm, or 
t r a ~ m a . ~ J l J ~  MR not only can evaluate the spleen but 
may reveal associated findings such as adenopathy, 
hepatic abnormalities, bone marrow infiltration, 
abdominal varices, or splenic vein occlusion, which 
can suggest the cause of the enlarged spleen. 
MR may also identify complications of splenomegaly 
including splenic infarction, hemorrhage, and 
rupture. 

SPLENIC IRON DISPOSITION 

MR can sensitively detect the susceptibility effects of 
iron deposition within the spleen. Diffuse iron depo- 
sition within the spleen is most often encountered in 
patients who have received blood transfusions. Focal 
iron deposition within the spleen can be revealed 
within iron-containing intraparenchymal hemor- 
rhages (Gamna-Gandy bodies) in the setting of portal 
hypertension. Although genetic hemochromatosis is 
a condition of iron overload, the spleen is usually 
spared. 

Hemosiderosis 

Hemosiderosis is characterized by excess iron deposi- 
tion within the reticuloendothelial cells of the liver, 
spleen, and bone marrow. Hemosiderosis is most 
commonly occurs secondary to blood transfusions. 
Hepatic and splenic iron overload from blood transfh- 
sions causes T2 shortening and results in diffusely 
decreased SI on T2- and T2"-W sequences (Figs. 5-3 
and 5-4; see Figs. 1-11 and 1-23).15 Splenic function is 

Figure 5-2 . MR depiction of normal dynamic splenic enhancement in a man with metastatic gastro- 
intestinal stromal tumor (GIST) of the stomach. A and B ,  Axial T1-WI (A) and T2-WI ( B )  show the primary GIST 
of the lesser curve of the stomach (G)  and multiple liver lesions (arrows) that are isointense to spleen (S ) .  Normal high 
TI, low T2 SI liver (L) and pancreas (P) are present. Focal increased T 1  SI within the GIST (small arrows) reflects intra- 
tumoral hemorrhage. (Continued) 
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Figure 5-2 Cont'd C-F, Four consecutive dynamic CE TI-WIs show homogeneous enhancement of the small right 
lobe metastasis (curved arrow) and continuous rim enhancement of the left lobe metastasis (arrow). Note the normal 
homogeneous pancreatic enhancement (P), heterogeneous arciform splenic enhancement (S), and corticomedullary dif- 
ferentiation of the kidneys (K). These are the organ enhancement features of an optimized arterial-phase CE sequence. 
G, Delayed CE TI-WI shows washout of the right lobe metastasis (arrow) and of the peripheral components of the dom- 
inant left lobe metastasis (curved arrow). The right kidney, pancreas, and spleen are of homogenous high SI. An 
exophytic, necrotic, infiltrative mass lesion of the stomach is typical of GIST.92,93 Accurate histologic diagnosis is impor- 
tant because patients with advanced GIST often respond to imatinib mesylate therapy.94 
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Figure 5-3 MR findings of hepatic and splenic tuberculosis and iron overload in a 46-year-old immuno- 
compromised man with treated leukemia. A, In-phase TI-WI shows low SI of liver (L), spleen (S), and bone marrow 
(BM) secondary to iron deposition from prior transfusions. Multiple, subtle, hyperintense liver and splenic lesions are 
present (arrow). B, Delayed CE T1-WI shows ill-defined enhancement of the lesions (arrows). Noncaseating granulomas were 
revealed on liver biopsy, and acid-fast organisms were present in pulmonary lymph nodes. In this patient, the MR findings 
were not pathognomonic for tuberculosis. Treated leukemia or other types of infection could have a similar MR appearance. 

Figure 5-4 MR findings of splenic iron deposition from blood transfusions and both splenic and renal 
infarcts secondary to emboli in an immunosuppressed man with treated leukemia. A and B, Axial in-phase 
(A) and opposed-phase (B) TI-WIs show a wedge-shaped region of abnormal SI involving the subcapsular portion of the 
spleen (arrow). The spleen loses SI as the TE is increased from 2.3 in A to 4.6 in B because of prior iron deposition from 
transfusions. It is not uncommon to see greater T2* shortening effects in the spleen compared with the liver in patients 
who have received transfusions. The wedge-shaped infarct has high SI relative to surrounding spleen in A as it has been 
excluded from iron deposition because of its lack of splenic arterial supply. C and D, Axial (C) and coronal (D) fat- 
suppressed CE TI-WIs show no enhancement within the infarct (arrow) but normal enhancement of the remainder of 
the liver and spleen. Additional splenic and renal infarcts are revealed in D (curved arrows). 
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Figure 5-5 . MR illustration of Gamna-Gandy bodies and a well-differentiated hepatocellular carcinoma 
in a 58-year-old man with hepatitis C. A and B, In-phase (A) and opposed-phase (B) TI-WIs show normal SI liver 
(L) and spleen (S). There are multiple hypointense splenic foci that appear more distinct on the longer TE image (arrows). 
There is also a subtle encapsulated mass of the caudate lobe (curved arrow) that focally loses SI on the opposed-phase 
image. C, Fat-suppressed T2-WI shows normal low-to-intermediate SI liver (L) and intermediate-to-high SI spleen (S). 
The splenic nodules are not detectable. The hepatic mass (curved arrow) has SI approaching that of the spleen. Focal liver 
lesions within a cirrhotic liver that are isointense to spleen on T2-WIs are very suspicious for hepatocellular carcinoma, 
which was proved at  subsequent liver transplantation. D, Heavily T2*-W GRE image (TE = 20, FA = 20") shows marked 
"blooming" of the Gamna-Gandy bodies (arrows). 

rotation, interruption of the inferior vena cava (IVC) 
with azvpous continuation. and cardiac a n o m a l i e ~ . ~ ~  - ~ d - - - - - -  ~ ~ ~~~- - - ~  - - - -  - ~ ~ - -  

Asplenia is characteriaed by congenital absence 
of the spleen, midline liver, right isomerism, bilat- 
eral e~a r t e r i a l  bronchi. situs and rotational , ~~~~ - - 

anomalies, and more severe cardiac anomalies than 
in polysplenia.22 Thus, MR imaging for congenital 
heart disease should evaluate for the presence of 
either asplenia or polysplenia. Multiple spleens, a 
"short" pancreas, and azygous continuation can all 
be associated with polysplenia and should not be 
characterized as other pathologic  condition^.^^ 

Accessory Spleens 

Accessory spleens, or splenuli, are present in up to 
30% of  individual^.^^ Splenuli are congenital, spherical 
masses that vary in size between 1 mm and 3 cm and 
are composed of tissue that is identical to normal 
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splenic parenchyma.1° Splenuli are located within the 
embryonic dorsal mesentery of the stomach and pan- 
creas, usually within the splenic hilum. Up to one 
fifth are present in or near the pancreatic The 
only clinical importance of splenuli occurs when 
unnecessary evaluations are performed because a 
splenulus is mischaracterized as a left adrenal mass, 
adenopathy, or a pancreatic tail mass. Splenuli appear 
similar to normal splenic parenchyma on TI- and 
T2-WIs. A specific diagnosis can be established with 
the use of nuclear scintigraphy. An SPIO-enhanced 
MR examination can confirm that an indeterminate 
abdominal mass is composed of functioning splenic 
tissue.20 

BENIGN SPLENIC MASSES 

Cyst 

Splenic cysts (Box 5-4) are uncommon and are often 
revealed incidentally on MR and other imaging 
 examination^.^^ There are four types of splenic cysts: 
congenital epidermoid cysts, post-traumatic pseudo- 
cysts, hydatid cysts due to Echinococcus granulosus 
infection, and intrasplenic pancreatic pseudo cyst^.^^ 

suggested that lesions that have previously been 
classified as post-traumatic pseudocysts may repre- 
sent epidermoid cysts with a denuded epithelial lining. 
A trabeculated appearance of the inner cyst wall at  
gross inspection is character is ti^.^^ 

Most acquired splenic cysts in the U. S. (approxi- Many kay have been misdiagnosed as post-traumatic 
mately 80%) are post-traumatic in etiology and likely pseudocysts in older literature as the epithelial 
are the sequelae of an intrasplenic h & a t ~ m a . ~ ~ , ~ ~  
Post-traumatic splenic cysts are false cysts (pseudo- 
cysts) because they lack an endothelial lining. 
Epidermoid cysts (also known as mesothelial or true 
cysts) are congenital and constitute approximately 
10% to 20% of nonparasitic splenic c y ~ t s . ~ ~ , ~ ~  It has been 



Figure 5-7 . MR illustration of a benign splenic cyst and 
treated metastatic ~heochromocvtoma in a 20-vear-old 1 
woman. A and B, Two consecutive axial fat-suppressed T2-WIs 
show a well-circumscribed lesion of the medial aspect of the 
spleen (arrow) that is isointense to CSF. A liver lesion anterior to 
the inferior vena cava (IVC; curved arrow) that is isointense to 
spleen represents metastatic pheochromocytoma. Linear high SI 
(double arrow) in the lateral segment of the left lobe of the liver 
represents an iatrogenic needle track from prior radiofrequency 
ablation. C, Axial, fat-suppressed heavily T2-WI (TE = 180) 
reveals persistent homogenous high SI within the splenic cyst 
(arrow) with relative decrease in SI of both the metastasis (curved 
arrow) and needle track (double arrow). (Continued) 

Rarely, a pancreatic pseudocyst may extend 
along the splenorenal ligament into the splenic 
hilum and dissect into the splenic parenchyma, 
resulting in an intrasplenic p~eudocys t .~~  Individuals 
with an intrasplenic pancreatic pseudocyst often 
have other signs, symptoms, and imaging findings of 
pancreatitis. Although rare in North America, 
hydatid cysts are the most common type of splenic 
cysts worldwide. The spleen is involved in 2% of cases 
of hydatid disease (see Chapter 1). Splenic cysts are of 
low intensity on TI-WI and very high intensity on 
T2-WI relative to the normal splenic parenchyma, and 
they do not enhance (Fig. 5-71. Variable SI may be 
identified within false splenic cysts on TI-WI owing to 
proteinaceous or hemorrhagic ~ o n t e n t . ~ J ~  

Hemangioma 

Hemangiomas (Box 5-5; see Box 5-2) are the most com- 
mon benign splenic neoplasm, occurring in up to 14% 
of autopsy c a s e ~ . ~ l , ~ ~  Hemangiomas are believed to be 
congenital lesions composed of proliferative endothe- 
lium-lined vascular channels. They may be single or 
multiple. Most hemangiomas are less than 2 cm in 
size.1° The natural course is slow growth; however, 
most patients with splenic hemangiomas are asymp- 
tomatic. The unenhanced MR appearance is similar to 
that of hepatic hemangiomas: minimally hypointense 
to isointense compared with liver and spleen on 
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TI- and hyperintense on T2-WI (Fig. 5-8).14,32 After 
intravenous contrast administration, there is immedi- 
ate enhancement that is most often peripheral, with 
centripetal progression of enhancement on delayed 
images. Alternatively, immediate enhancement may be 
homogeneous, especially in lesions smaller than 
1.5 cm. There is persistent, uniform, increased 
enhancement on delayed images. Although the pattern 
of centripetal progression of enhancement is similar to 
that of hepatic hemangiomas, splenic hemangiomas 
generally do not demonstrate nodular peripheral 
enhancement, as do hepatic hernangioma~.~~ 

Lymphangioma 

Lymphangiomas (see Box 5-2) are benign neoplasms 
composed of endothelium-lined cystic lymphatic 
spaces. They may be solitary or multiple or may even 
replace the entire spleen. On MR, they appear as 
multiloculated cystic spaces of increased intensity on 
T2-W sequences (Fig. 5-9).33 Internal septa may appear 
as thin hypointense bands on T2-WI as compared with 
splenic parenchyma. Lymphangiomas are typically 
isointense to hypointense to spleen on TI-WI. The cys- 
tic spaces do not enhance, but internal septa may 
enhance on delayed  image^.^^!^^ In regions where 
hydatid disease is endemic, it can be difficult to dif- 
ferentiate a multiloculated lymphangioma from a 
hydatid cyst of the spleen.35 



Figure 5-7 . Cont'd D, Axial fat-suppressed Tl-WI shows the 
hypointense cyst (arrow) and relatively isointense metastases 
compared to spleen (curved arrow). Relative T1 SI is not as spe- 
cific as heavily T2-WIs and CE images for characterizing cystic 
and solid focal liver and splenic lesions. The left lobe needle track 
(double arrows) has a peripheral high SI rim that is characteristic 
of subactute hemorrhage. E, Arterial-phase CE TI-WI shows no 
cyst (arrow) or hematoma (double arrow) enhancement but 
marked enhancement of the metastasis (curved arrow). There is a 
wedge-shaped region of hyperenhancement (arrows) peripheral to 
the metastases. Inspection of the apex of any hyper-enhancing 
wedge of liver parenchyma may reveal the presence of metastasis 
in a patient with a known primary tumor. A normal arciform 
appearance of the spleen is present. F, Delayed CE Tl-WI shows 
persistent nonenhancement of the cyst (arrow) and hematoma 
(double arrow) and washout but persistent enhancement of the 
metastases (curved arrow). 

Splenic Hamartomas 

Splenic hamartomas are rare, benign lesions that 
are usually imaged incidentally. Splenic hamartomas 
are not neoplasms; they are composed of a variable 
mixture of normal red pulp splenic e l e m e n t ~ . ~ ~ , ~ ~ , ~ 7  
They are important only in that they should be 
differentiated from lymphoma or metastatic disease 
to the spleen. Hamartomas may demonstrate hetero- 
geneous hyperintensity on T2-WI.32 Hamartomas 
demonstrate diffuse, heterogeneous enhancement on 

immediate post-gadolinium enhanced images. This 
pattern differs from the normal arciform arterial 
enhancement pattern of the spleen and from the 
immediate peripheral enhancement of heman- 
giomas. On delayed images, there is homogeneous 
increased enhancement relative to the normal 
splenic parenchyma, likely on the basis of fibrosis 
within the lesi0n.3~ 

INFLAMMATORY PSEUDOTUMOR 

Inflammatory pseudotumor (IPT) of the spleen is a 
rare reactive mass composed of inflammatory cells 
with abundant fibrous ~ t r o m a . ~ ~ - ~ l  IPT is thought to 
represent a reparative response to one or more 
unidentified stimuli.37 A subset of IPT, termed 
inflammatory myofibroblastic tumor, is neoplastic 
and secondary to Epstein-Barr infection.37 It is char- 
acterized histologically by a predominant spindle cell 
component and cannot be distinguished from IP by 
imaging. Systemic symptoms such as fever, weight 
loss, and abdominal pain are not uncommon. IPT of 
spleen is revealed on MR as a solitary, solid mass 
that is isointense to splenic parenchyma on TI-WI 
and heterogeneously hypointense on T2-WI. The T2 
hypointensity is due to fibrosis within the lesion. 





Figure 5-9 . MR illustration of a benign lymphangioma 

Delayed contrast enhancement likely reflects the 
fibrous content of the tumor. Early peripheral 
enhancement following dynamic gadolinium admin- 
istration is variable.40 IPT of the liver is discussed in 
Chapter 1. 

INFECTIOUSIINFLAMMATORY 
SPLENIC LESIONS 

Pyogenic Abscess 

Focal pyogenic disease of the spleen is uncommon; 
however, with the increasing prevalence of immuno- 
suppression and immunocompromised states, the 
incidence is rising.42 Splenic pyogenic infection is 
usually the result of hematogenous dissemination. 
A primary, predisposing infection elsewhere is 
present in two thirds of patients, most commonly 
endocarditis.14 Direct spread from adjacent organs 
(e.g., infected pancreatitis or perinephric abscess) 
may also occur. Disruption of splenic parenchyma, by 

stable for more than 10 years by imaging. 
ed breath-hold T2-WI shows a lobulated seatate 

mass ( a r r k )  within the superior aspect of the spleen.  he-liver 
(L) and spleen (S) show normal SI. B, Fat-suppressed heavily T2- 

the internal contents of t h e  mass (arrow) are 
-ebral spinal fluid, indicating that it is a nonsolid 
3yed fat-suppressed CE T1-WI shows septa1 
the lymphangioma (arrow). 

parenchyma. Perilesional enhancement may be iden- 
tified. Early diagnosis and treatment are important 
because of the high associated mortality rate from 
complications such as splenic rupture, subphrenic 
abscess, and peritonitis. If the patient does not 
respond to antibiotics, image-guided drainage44 or 
~plenectomy4~,~~ may be necessary. 

infarction or trauma, predisposes to subsequent Immunosuppressed patients a t  risk, especially for 
infection:I:' Splenomegaly, fever and abdominal pain fungal infection 
are present in approximately one-half of patients MR, 
with splenic abscess. 

On MR, a focal pyogenic splenic abscess (Box 5-6) 
has similar imaging findings to a liver abscess, with 
characteristics of necrotic tissue and inflammatory 
fluid: hypointense on TI-WI and predominately 
hyperintense on T2-WI relative to the normal splenic 
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Fungal Abscess 

Fungal microabscesses (see Box 5-6) occur primarily in 
immunosuppressed patients and constitute approxi- 
mately 25% of splenic abscesses in this p~pu la t ion .~~  
In immunocompromised patients, Candida albicans 
is the most common organism causing hepatosplenic 
infection, and patients with acute myelogenous 
leukemia are at particular risk.46 Infection by Candida 
is systemic, and multiple organ involvement is not 
uncommon.47 Immunosuppressed leukemic patients 
who are febrile are often receive prophylactic treat- 
ment with antifungal agents. 

Splenic fungal infection typically appears as mil- 
iary or multifocal disease. MR imaging of acute 
candidiasis reveals small, subcentimeter, well-defined 
lesions (microabscesses) of both liver and spleen (see 
Fig. l-ll).48 Microabscesses are best identified on T2-WI, 
where they appear as multiple, small foci of increased 
SI. Acute lesions are more apparent in the spleen than 
in the liver. Since many of these patients are anemic 
and have received blood transfusions, microabscesses 
are easily revealed on T2-WI relative to the diffusely 
decreased SI of liver and spleen from iron depo~it ion.~~ 
On post-gadolinium enhanced images, lesions may 
appear as small foci of decreased SI relative to the 
avidly enhancing spleen. Perilesional enhancement 
may be present. T2-W and CE MR imaging has higher 
sensitivity than CT in the detection of acute fungal 
microabscesses.46 Since patient survival depends upon 
prompt antifungal therapy and because blood cultures 
for fungal organisms are positive in less than 50% of 
cases, MR may be helpful in establishing this compli- 
cation of systemic fungal infection. Once infection is 
documented in liver and spleen, ultrasound likely is a 
more cost-effective modality for following the lesions 
with treatment.49 

GRANULOMATOUS DISEASE OF THE SPLEEN 

Granulomatous infections, such as histoplasmosis 
and tuberculosis, may involve the spleen in both 
immunocompetent and immunocompromised patients. 
Splenic infection with Mycobacterium tuberculosis 
usually occurs in the miliary form of hematogenous 
dissemination (see Fig. 5-3). In patients with dissem- 
inated tuberculosis infection, the spleen is involved 
in 80% to 100% of cases at autopsy.14 Micronodular, 
or less commonly macronodular, granulomatous 
splenic foci may be found, often with associated 
splenomegaly. Healed granulomatous infections 
result in multifocal calcifications within liver and 
spleen. These small foci of calcification are difficult 
to identify with MR (Fig. 5-10). Fortunately, this is 
rarely of clinical impor tan~e .~J~  

Sarcoidosis (Fig. 5-11) has been reported to 
involve the spleen in 25% to 75% of patients on histo- 
logic s t ~ d i e s . ~ ~ , ~ ~  Intra-abdominal involvement is less 
common than involvement of the chest, skin, or eyes. 
The majority of patients with abdominal sarcoidosis 
have pulmonary parenchymal involvement or 
thoracic aden~pa thy .~~  Splenic involvement in the 

absence of thoracic disease on imaging examinations 
in unusual.53 With splenic sarcoid, splenomegaly is 
present in 60%, and there often is associated sub- 
diaphragmatic adenopathy. Granulomatous lesions of 
sarcoidosis are typically uniform in size, ranging from 
0.5 to 1.5 cm, and have decreased SI on TI- and T2-WI 
relative to splenic paren~hyma.~~ The focal sarcoid 
granulomas are most conspicuous on T2-W and early 
post-gadolinium enhanced images.51 There may be 
enhancement on delayed images. The decreased SI of 
these lesions on T2-WI helps distinguish sarcoidosis 
from abscess. Additionally, in comparison with acute 
fungal infection, splenic lesions of sarcoidosis tend to 
be larger in size and fewer in number. Clinical history 
is important, since patients with splenic sarcoid 
usually are not immunosuppressed or febrile. 

GAUCHER'S DISEASE 

Gaucher's disease is a multiorgan-system hereditary 
disease of glucocerebrosidase deficiency. There is 
resultant accumulation of glycolipid (glucocerebro- 
side) within organ macrophages. Within the abdomen, 
there is invariably hepatosplenomegaly. In 20% to 
30% of patients, the spleen contains multiple inclu- 
sion nodules. The presence of splenic nodules is not 
correlated with the size of the spleen. Splenic nodules 
are of variable SI and size, ranging from 0.5 to 6.0 cm 
in diameter (Fig. 5-12).55,56 The nodules are benign 
and are thought to represent Gaucher cells (reticu- 
loendothelial cells laden with glucocerebroside), 
fibrosis, or i n fa r~ t ion .~~  SI of the nodules varies, since 
pathologically some nodules also contain dilated 
sinusoids filled with blood. Focal splenic infarcts are 
present in up to one third of patients with Gaucher's 
disease and are more common in larger spleens. 
A potential advantage of MR imaging in patients with 
Gaucher disease is the use of chemical shift imaging 
(see Chapter 3) to evaluate marrow involvement both 
before and during treatment with enzyme replace- 
ment therapy.57,58 Normal marrow contains lipid, 
while marrow replaced by Gaucher cells has a paucity 
of marrow fat. 

VASCULAR DISEASE OF THE SPLEEN 

Vascular phenomena that involve the spleen include 
passive congestion from portal hypertension or 
splenic vein occlusion, infarction (including veno- 
occlusive episodes in sickle cell disease), and splenic 
artery aneurysm or pseudoaneurysm. The splenic 
artery and vein lie next to the pancreas throughout 
much of their course; therefore, processes within the 
pancreas, such as pancreatitis, may result in splenic 
vascular occlusion or splenic artery pseudoaneurysm 
secondary to autodigestion (see Fig. 2-37).59 

Splenic Artery Aneurysm 

A true splenic artery aneurysm is the most common 
abdominal visceral artery aneurysm, and it is associated 



Figure 5-1 0 MR findings of a benign calcified splenic granuloma in a 78-year-old man. MR is not sensitive 
in the detection of calcium, and most calcified splenic and hepatic granulomas are not shown on routine MR pulse 
sequences. A and B, In-phase (A) and opposed-phase (B) TI-WIs show normal SI liver (L) and spleen (S). There is a 
subtle 1- to 2-mm focus of low SI within the spleen (arrow). C, Corresponding fat-suppressed T2-WI (TE = 83) shows normal 
low-to-intermediate SI liver (L) and intermediate-to-high SI spleen (S). A subtle, low SI 1- to 2-mm splenic lesion is present 
(arrow). D, Heavily T2*-W GRE image (TE = 20, FA = 20°), a sequence not routinely performed in the abdomen but 
useful for detection and characterization of iron overload, shows relative "blooming" of the splenic lesion (arrow). Greater 
blooming would be present if this lesion contained iron as in Gamna-Gandy bodies (see Figs. 1-22,l-28, and 5-5). The spine 
marrow has lost SI secondary to susceptibility effects of the bony trabeculae. E, CT shows the calcified splenic granulomas 
(white arrow) and two smaller adjacent granulomas (black arrows) that were not revealed by MR. 

with pregnancy and portal hypertensi~n.~O,~l The 
cause is thought to be medial degeneration, often with 
superimposed arteriosclerosis. Rupture is associated 
with a high mortality rate. Splenic artery aneurysms 
revealed on imaging examinations of patients being 
considered for liver transplantation are electively 
repaired, since they are at increased risk of rupture 
po~toperatively.~~ 

Splenic Infarction 

Splenic infarction may be focal or diffuse throughout 
the spleen. The most common cause in older patients 

is embolic, usually from cardiovascular disease, such 
as endocarditis or atrial fibrillation.1° Infarction in 
younger patients is often due to local thrombosis from 
vasculitis, a hematologic disorder (e.g., myelofibrosis, 
sickle cell disease), leukemia, or l y ~ n p h o m a . ~ ~ , ~ ~  As 
described previously, pancreatic disease may result in 
splenic vascular compromise with resultant infarction. 

Classically, infarcts appear as wedge-shaped 
regions of nonenhancing parenchyma. Less com- 
monly, infarcts may appear round or irregular, 
making differentiation from splenic abscess or other 
mass lesions difficult (see Fig. 5-4). The SI varies 
with the age of the infarct and the presence of 
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Figure 5-11 rn MR findings splenic sarcoidosis. A, T2-WI 
shows multiple focal hypointense splenic lesions (arrow). The 
lesions were not well revealed on TI-WIs (not shown). B, 
Dynamic fat-suppressed CE TI-WI shows no early enhancement 
of the splenic lesions (arrows). On this sequence alone, a few 1- to 
3-mm hypointense liver lesions (small arrows) are revealed that 
may represent noncaseating granulomas. C, Delayed CE TI-WI 
shows variable increased enhancement of the focal granulomas 
(arrows), likely reflecting its fibrous content. On the basis of the 
delayed image alone, a diagnosis of splenic hemangiomas would 
be considered. However, the relatively low T2 SI favors sarcoido- 
sis and excludes hemangiomas. 

blood products. When liquefied, infarcts may appear 
hyperintense on T2-WI.2314 Infarcts do not enhance; 
however, a rim of peripheral enhancement may be 
present owing to collateral flow in capsular vessels. 
Uncomplicated splenic infarcts can be managed med- 
ically. Infarcted spleens that are complicated by 
abscess or rupture are treated with s p l e n e c t ~ m y . ~ ~ , ~ ~  

Sickle Cell Anemia 

In sickle cell anemia, veno-occlusive episodes result 
in splenic infarction with gradual loss of splenic 
function. Diffuse, extensive perivascular fibrosis with 
calcium and hemosiderin deposition results in a very 
small, shrunken spleen. The spleen is of very low SI 
on both TI- (Fig. 5-13) and T2-WI secondary to dif- 
fuse calcium and hemosiderin d e p o s i t i ~ n . ~ ~ ? ~ ~  Low 
T2 SI splenic parenchyma in patients with sickle cell 
disease who have not received transfusions is sec- 
ondary to the sequestration of damaged red blood 
cells and accumulation of endogenous iron within 
splenic reticuloendothelial cells.65 

Acute splenic sequestration crisis (ASSC) is a 
rare, life-threatening complication of sickle cell dis- 
ease in adults. In ASSC, sudden, massive splenic 
enlargement occurs due to sequestration of red blood 
cells in the spleen, presumably as a result of venous 

obstruction at the level of small intrasplenic veins 
or s i n u ~ o i d s . ~ ~  ASSC usually occurs in children 
with homozygous sickle cell disease prior to progres- 
sive splenic fibrosis. However, ASSC may occur in 
adults with heterozygous disease such as sickle 
cell-thalassemia or sickle cell-hemoglobin C disease. 
Imaging usually is not required to establish a diag- 
nosis of ASSC, since patients usually have acute to 
subacute splenomegaly and a drop in hem~globin .~~ 
In patients for whom MR was performed, massive 
splenomegaly was revealed along with multiple 
peripheral masses of increased T1 and T2 SI, con- 
sistent with subacute hemorrhage or hemorrhagic 
i n fa r~ t ion .~~  

MALIGNANT MASSES OF THE SPLEEN 

Lymphoma 

Lymphoma (see Box 5-2) is the most common malig- 
nant tumor of the ~ p l e e n . ~ ~ , ~ ~  Secondary splenic 
lymphoma is much more common than primary. When 
laparotomy with splenectomy was routinely performed 
in the initial staging of lymphoma, splenic involvement 
was revealed in approximately one third of patients 
with Hodgkin's and non-Hodgkin's l y ~ n p h o m a . ~ ~ , ~ ~  
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Figure 5-1 2 m MR findings of Gaucher's disease of the spleen in a 38-year-old woman. A, Axial fat-suppressed 
T2-WI shows normal SI of liver (L). Multiple, focal, hyperintense splenic lesions vary in size between 2 and 20 mm 
(black arrows). Dependent gallstones are present (curved arrow). With respiratory triggering, the fluid-containing com- 
mon bile duct and pancreatic duct are revealed with minimal blurring (arrows). B and C, In-phase (B) and opposed-phase 
(C) T1-WIs show the expected normal high SI of liver (L) and pancreas (P) and low SI of the enlarged spleen (S). No focal 
splenic lesions are revealed. Gallstones (curved arrow) are present in the dependent portion of the gallbladder. Normal 
small bowel segments (B) anatomically mimic the body of the pancreas. However, the lower SI should suggest that this 
is not pancreatic parenchyma. On the opposed-phase image (C) there is loss of SI within gallbladder bile (*) secondary to 
its cholesterol content. The marrow of the lumbar bone marrow (BM) does not lose SI, suggesting that the normal 
marrow fat has been replaced. Normal marrow contains lipid and reveals loss of SI on chemical shift imaging (e.g., see 
Fig. 5-1, A and B) Quantitative chemical shift imaging can be performed to document the degree of marrow involvement 
in Gaucher's disease. D, Coronal breath-hold T2-WI shows gallstones and an enlarged spleen containing multiple 
"gaucheromas." 

Para-aortic lymphadenopathy is associated with 
splenic involvement in 70% of patients with non- 
Hodgkin's lymphoma.70 

In patients with Hodgkin's disease, it is of 
greater clinical importance to determine splenic 
involvement when imaging for lymphoma. It is the 
histopathologic subtype of non-Hodgkin's lymphoma 
that often dictates prognosis and treatment, and the 
presence or absence of splenic involvement is less 
important.1° In patients with Hodgkin's disease, 
splenic involvement may influence the decision to 
irradiate the left upper quadrant. 

Splenic lymphoma often is difficult to assess with 
imaging studies, since microscopic specimens in 45% to 
70% of cases reveal homogeneous splenic enlargement 
with diffuse tumor infiltration or military, subcenti- 
meter nodules. Less commonly, solitary or multifocal 
lesions measuring up to 10 cm in size are present.71 
Splenic size is a poor predictor of the presence or 
absence of lymphomatous infiltration. Microscopic 
involvement is found in 30% of normal-sized spleens, 
while mild-to-moderate splenomegaly may occur 
without lymphomatous infiltration, owing to reac- 
tive hyperplasia or conge~tion.~~ However, markedly 
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atrophic spleen and renal cortex in a man with sickle cell 
disease. A and B, In-phase (A) and opposed-phase (B) TI-WIs 
show an atrophic hypointense spleen (arrow) that has lower SI in 
A secondary to the susceptibility effects of iron. There is 
hepatomegaly and a nodular contour of the liver, in keeping with 
cirrhosis. There is no loss of SI within the lumbar bone marrow 
(BM), consistent with hypercellular changes from the patient's 
anemia. C, Heavily T2*-WI (TE = 20, FA = 20") shows marked 
hypointense renal cortex (arrows) secondary to intravascular 
hemolysis. There is no iron deposition in the pancreas (P).65 

enlarged spleens in patients with lymphoma invariably 
contain l y r n p h ~ m a . ~ ~ , ~ ~  

The accuracy of CT in detecting splenic lym- 
phoma is approximately 60%.73,74 Unenhanced MR 
imaging (Fig. 5-14) does not significantly improve 
upon this accuracy. Lymphomatous lesions are not 
well detected, as no significant SI changes may be 
present, even with a diffusely infiltrated spleen.2,5,27s72 
However, CE-MRI may be superior to CT in evaluating 
splenic lymphoma.75 Diffuse splenic infiltration may 
appear as irregular, patchy enhancement with loss of 
the normal arterial phase arciform enhancement. 
Focal lymphomatous lesions are hypovascular relative 
to the spleen, and appear as lower SI foci compared 
with enhancing splenic parenchyma on dynamic CE 
MR imaging. Lymphomatous foci equilibrate early 
and become isointense to spleen within 2 minutes.75 
Intravenous SPIO agents (discussed earlier in this 
chapter) improve the accuracy of MR imaging in the 
diagnosis of splenic lymphoma. Focal splenic lym- 
phoma becomes more conspicuous and is revealed as 
low SI foci on T2 and T2"-WI obtained after SPIO 
adrn in is t ra t i~n .~~,~~ 

If MR imaging cannot establish a specific diagnosis 
and knowledge of splenic involvement by lymphoma 

will alter treatment, then image-guided biopsy is a 
relatively safe technique and can be performed to deter- 
mine the cause of a focal splenic l e ~ i o n . ~ ~ , ~ ~  In staging 
patients with lymphoma, MR outperforms CT because 
MR can more accurately determine the presence or 
absence of marrow involvement by tumor.78 

Metastatic Disease 

Metastatic involvement of the spleen (see Box 5-2) is 
unusual and typically appears late in the course of 
malignant disease.27 The spleen is only the tenth 
most frequent site of metastatic tumor and has an 
incidence of less than 10% in autopsy studies.79 
Splenic metastases develop most commonly second- 
ary to hematogenous spread and are almost always 
present in patients with widespread metastatic dis- 
ease. Solitary splenic metastases are unusual and 
r e p ~ r t a b l e . ~ ~  Melanoma has the highest frequency of 
splenic metastasis, occurring in approximately one 
third of patients (see Fig. 5-1).79 However, the most 
common primary tumors resulting in splenic metas- 
tasis are breast and lung carcinoma, partly because 
these primaries are much more prevalent.79 Splenic 
metastases appear most often as multiple nodules of 



varying size. As for splenic lymphoma, splenic meta- 
stasis may be difficult to detect on unenhanced MR 
sequences, and contrast enhancement may be helpful 
to further characterize potential metastatic disease 
to the spleen, bone, and other abdominal organs. 

Angiosarcoma 

Angiosarcoma is a rare, aggressive, malignant neo- 
plasm that arises from the endothelial lining of blood 
vessels and most commonly affects the skin, soft tis- 
sues, breast, and liver. Although splenic involvement 
is rare, angiosarcoma is the most common primary 
nonlymphoid malignant neoplasm of the ~pleen . l~ ,~ l  
Prognosis is poor, with a 6-month survival rate of 
20% and only rare instances of curative r e s e c t i ~ n . ~ ~ , ~ ~  
Patients with splenic angiosarcoma have splenomegaly 
and abdominal pain, and 25% have spontaneous 

splenic r ~ p t u r e . ~ ~ , ~ ~  Lesions may be single or multi- 
ple, or there may be diffuse neoplastic infiltration of 
the spleen. The MR imaging appearance is variable 
owing to the various stages of hemorrhage, necrosis, 
cyst formation, and viable tissue present within the 
lesion. 

SPLENIC TRAUMA 

The spleen is the most commonly injured intraperi- 
toneal organ in the setting of blunt t r a ~ m a . ~ ~ ~ ~  Types 
of splenic injury include subcapsular hematoma, 
intrasplenic hematoma secondary to contusion or 
laceration, devascularization, and splenic artery 
pseudoaneurysm. Contrast-enhanced CT remains the 
diagnostic study of choice in the evaluation of acute 
abdominal trauma. Dynamic contrast-enhanced CT is 
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Figure 5-15 rn MR depiction of a splenic hematoma in a 19-year-old man 2 months after a motor vehicle 
accident. A, In-phase T1-WI shows a focal splenic lesion with a high SI rim (arrow). B, Fat-suppressed T1-WI shows 
persistent high SI within the periphery of the splenic lesion, indicating that it is secondary to hemorrhage and not fat. 
C, Fat-suppressed T2 WI shows high SI centrally within the hematoma and a very low SI rim (arrows), representing 
either intracellular methemoglobin or hemosiderin. D, CE T1-WI shows no internal enhancement (*). In patients with 
hemorrhage neoplasms, CE MR usually reveals enhancing solid components. 

more than 95% sensitive in the detection of splenic 
injury and can help determine whether patients 
are treated surgically or n~nopera t ive ly .~~,~~ MR imag- 
ing may occasionally be performed as a follow-up 
evaluation. The SI of a hematoma depends on the 
time course following injury and the types of hemo- 
globin present within the hematoma. Subacute 
hemorrhage is revealed as high SI on TI-WI second- 
ary to the TI-shortening effects of methemoglobin 
(Fig. 5-15; see Figs. 6-23 and 6-24 and Box 6-35). 
A rim of low T1 and T2 SI at the periphery of 
the hematoma may be present and is due to the 
superparamagnetic effects of hemosiderin within 
macro phage^.^^,^^ 

rarely, the retroperitoneum. This entity is important 
in that splenic nodules may be confused with 
adenopathy or malignant implants.88 The nodules 
follow all the MR imaging characteristics of the 
spleen,89 but as discussed previously, malignancy 
may have a similar appearance on unenhanced MR 
sequences. However, accessory splenic tissue usually 
exhibits the same pattern of dynamic gadolinium 
enhancement as the normal spleen, with arciform 
arterial phase enhancement. Splenosis can also be 
characterized with SPIO agents, since the reticu- 
loendothelial cells contained within islands of 
splenosis are still functional and can phagocytose the 
c o n t r a ~ t . ~ ~ , ~ ~  

Splenosis 
SUMMARY 

Splenosis represents autotransplantation of splenic 
tissue and is the result of remote splenic rupture or MR imaging allows for direct multiplanar imaging of 
splenectomy. As for accessory splenuli foci of spleno- the spleen and is particularly useful for character- 
sis vary in size and shape and can be present izing nonsolid lesions such as cysts, hemangiomas, 
throughout the peritoneal and pleural cavities and, lymphangiomas, and abscesses. Identification and 
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characterization of solid splenic disease processes 
can be challenging, since many pathologic processes 
possess similar relaxation times as normal splenic 
parenchyma. Dynamic CE MR is often helpful for 
splenic lesion detection and characterization. 
Finally, since imaging characteristics of some solid 
lesions within the spleen may be nonspecific, imag- 
ing findings in the remainder of the abdomen often 
are helpful in determining diagnosis and therapy. 
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RETROPERITONEUM AND PERITONEUM

The peritoneum is the largest and most complexly
alTanged serous membrane in the body; it is closed in
men but open to the ends of the fallopian tubes in
women.! The peritoneal cavity is the potential space
surrounded by the parietal peritoneal lining of the
abdominal wall and the visceral peritoneal lining
that envelop the abdominal organs, and it normally
contains a small amount of serous fluid. 1,2 The major
function of the peritoneum is to allow unimpeded
activity and mobility of the contained viscera by pro
viding a moist smooth surface between organs
although it also has absorptive and immune functions. 2

However, the peritoneal cavity, peritoneal ligaments,
mesenteries, and omentum are frequently involved
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Abdominopelvic Lymphadenopathy
Lymphoma
Abdominal Tuberculosis
Whipple's Disease
Castleman's Disease

Retroperitoneal Fibrosis (RPF)
Inflammatory Abdominal Aortic Aneurysm

(lAM)
Retroperitoneal and Peritoneal Fluid Collections

Hemorrhage-Hematoma
Bile/Biloma
Chylous Ascites
UrinelUrinoma
Infectious Fluid Collections/Abscess

Peritonitis
Sclerosing Encapsulating Peritonitis

by disease proce ses and may serve as either bound
aries or conduits for the spread of disease between
the peritoneum and the retroperitoneum. 1,3,4 The
retroperitoneum is the compartmentalized space
located external to and predominantly posterior to
the posterior parietal peritoneum, contains several
organ systems such as the pancreaticobiliary and
genitourinary systems, and is frequently al 0 involved
by pathologic processes.1,3.6

Although CT has higher spatial resolution than
MRI, MRI has superior contrast resolution, allowing
for acquisition of multiple image sequences that may
each be useful for depicting different inherent char
acteristics of a disease process affecting either the
peritoneum or retroperitoneum.7,8 The distinction
between intra- and retroperitoneal sites of disease is

207



- . - - - - . - 2 0 r  - BODY MRI 

of clinical significance because surgery that requires 
opening of the peritoneal cavity carries the risk of 
adhesion format i~n .~  

On MR, TI-WIs are useful for demonstrating 
high SI fat or hemorrhage, lymphadenopathy, and 
vascular invasion by tumo~-s.~ Fat-suppressed T2-WIs 
can depict lymphadenopathy, cystic change or necro- 
sis, fluid collections, and dilatation or obstruction of 
fluid-containing structures such as the biliary tree 
and gallbladder, the bowel, or the genitourinary 
~ y s t e m . ~  Delayed-CE TI-WI is the single most useful 
MRI acquisition for rapid screening of the extra- 
parenchymal abdomen and pelvis owing to increased 
conspicuity of pathologic processes; and it can depict 
the solid or cystic/necrotic nature of lesions; extent of 
peritoneal, mesenteric, mesocolic, omental, gastroin- 
testinal, and osseous sites of disease; and presence and 
nature of vascular thrombosis or tumor encasement of 
abdominal ves~els .~- l~  The normal peritoneum is 
isointense with that of abdominal wall muscles on 
T1 and T2-WIs.1° This chapter reviews the pathologic 
and MR imaging features of various diseases that may 
affect the peritoneum and nonparenchymal portions 
of the retroperitoneum. 

RETROPERITONEAL SARCOMAS 

Soft tissue sarcomas are rare mesenchymal neoplasms 
with an incidence in the U. S. of approximately 
7,000 new cases per year, accounting for less than 1% 
of adult malignancies. Fifteen percent of sarcomas 
originate within the retroperitoneum (Box 6-1),11 
45% in the lower extremity, 15% in the upper 
extremity, 10% in the head and neck region, and the 
remainder in the abdominal and chest walls.12 Most 
retroperitoneal neoplasms are malignant, and one 
third of malignant retroperitoneal neoplasms are 
sarcomas, with an incidence rate of 1 to 2 cases per 
million per year.13J4 Retroperitoneal sarcomas may 
develop at any age but most present during the sixth 
and seventh decades of life and are slightly more 
common in men. Most retroperitoneal sarcomas are 
of high histologic grade and tend to be large, with a 
mean size of 17 cm.14J5 The most common histologic 
subtype of retroperitoneal sarcoma is liposarcoma (40%), 
followed by leiomyosarcoma (30%).14J6 In contrast to 

its occurrence in the extremities, malignant fibrous 
histiocytoma (MFH) is uncommonly found in the 
retroperitoneum and comprises only 15% of retroperi- 
toned s a r ~ o m a s . ~ J ~  Sarcomas rarely develop from 
preexisting benign soft tissue tumors, with the excep- 
tion of malignant peripheral nerve sheath tumors 
that can arise from neurofibromas, nearly always in 
patients with neurofibromatosis type 1 (NF-1).12 

The retroperitoneal cavity can accommodate a 
large volume of growing tumor mass.17 Retroperitoneal 
sarcomas are often very large before producing any 
symptoms or signs. The late presenting signs and 
symptoms are usually vague and nonspecific, resulting 
in a delay in diagnosis and contributing to a poor 
p r o g n o s i ~ . ~ ~ ~ ~ ~ ~ ~ ~  MR can define the extent of the 
primary tumor and assess for involvement of adja- 
cent organs and vessels. MR imaging features that 
suggest unresectable disease include extensive 
vascular involvement, peritoneal implantation, and 
distant metastatic disease.14 In patients with poten- 
tially resectable tumors, preoperative biopsy may be 
a ~ o i d e d . ~ J ~  

Although MRI is excellent for the evaluation of 
soft tissue, a specific histologic diagnosis often cannot 
be made owing to the overlap in imaging appearances 
of the various soft-tissue lesions. However, determi- 
nation of the dominant histologic component or 
location may help to provide a specific histologic 
d i a g n o s i ~ . ~ ~ ~ ~ ~  For example, the presence of macro- 
scopic fat within a large retroperitoneal mass favors 
the diagnosis of a well-differentiated liposarcoma, 
whereas caval involvement favors a leiomyosarcoma, 
particularly if cystic or necrotic intratumoral compo- 
nents or metastases are p r e ~ e n t . ~ , ~ ~ , ~ ~  Similarly, a 
large retroperitoneal mass that contains low SI calci- 
fications or extensive hemorrhage but no fatty 
components or central necrosis favors a diagnosis 
of MFH.6,21 

Grading and staging of soft tissue sarcomas are 
essential for determining prognosis and for planning 
and evaluating therapy.12 Grading determines the 
degree of histologic malignancy of a sarcoma. The 
two most important parameters in grading soft 
tissue sarcomas are the number of mitotic figures and 
the extent of necrosis. Low-grade sarcomas rarely 
metastasize but can be locally aggressive, whereas 
higher grade sarcomas have a propensity to metasta- 
size and show locally aggressive behavior. While the 
histologic examination can generally predict tumor 
aggressiveness, follow-up imaging is often the ultimate 
arbiter of whether a resected sarcoma exhibits malig- 
nant behavior.12 

In general, the staging of soft tissue sarcomas is 
based on clinical, imaging, and histologic data and 
provides information on the state or extent of disease 
at a specific point in time. Retroperitoneal sarcomas 
are staged according to the GTNM classification 
(Box 6-2). According to the GTNM system, the G stage 
is based on the tumor grade, the T stage is assigned 
based on size and depth of the lesion relative to the 
fascia ("a" signifies that the lesion is entirely above 
the superficial fascia, whereas "b" means that 
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there is invasion of the superficial fascia or that the 
lesion is entirely below the superficial fascia), the 
N stage is based on the presence of regional lymph 
node metastases, and the M stage is dependent 
on the presence of distant metastases. Therefore, all 
intra-abdominal sarcomas are by definition "b" lesions. 
Overall, regional lymphadenopathy is uncommon in 
soft tissue sarcomas, with a frequency of less than 
4% at presentation.12 Furthermore, less than one 
third of patients have metastases at  presentation. 
Resectability rates for retroperitoneal sarcoma range 
from 38% to 100%.13 

Chemotherapy for retroperitoneal soft-tissue 

1 sarcoma is not effective, and adjuvant radiation is 
limited by toxicity to adjacent intra-abdominal 

Thus, an attempt at complete surgi- 
cal resection is the treatment of choice for primary 
and recurrent retroperitoneal sarcoma but is often dif- 
ficult or impossible to perform owing to the deep 
anatomic location with proximity to vital retroperi- 
toned structures, the frequent late presentation, and 
the frequent invasion of adjacent retroperitoneal 
str~ctures.l~J6,~9 Concomitant resection of adjacent 
organs that are involved by tumor is performed to 
ensure clear surgical margins, although this is often 
difficult.17 

The median survival of patients with primary 
retroperitoneal sarcoma is 72 months. Those with 
local recurrent disease have a median survival of 
28 months, while patients with metastatic disease 
have a median survival of 10 months. The 5-year sur- 
vival rates after complete resection range from 40% to 
75%. Recurrent tumor, unresectable disease, incom- 
plete resection, and high histologic grade are 
significantly associated with decreased survival time. In 
patients who undergo complete resection, the median 
survival is 103 months as compared with 18 months 
with incomplete resection. There is no significant dif- 
ference in survival in patients with unresectable disease 
(i.e., with distant metastases, peritoneal implants, or 
extensive vascular involvement) compared with those 
with incompletely resected disease. Thus, patients 
with primary disease or a local recurrence should 
undergo aggressive attempts at  complete surgical 
resection if there are no imaging findings of unre- 
sectable disease. Incomplete resection should be 
performed only for palliative symptom relief. Overall, 
complete en bloc resection of retroperitoneal sarcomas 
including resection of involved adjacent structures is 
the most important independent prognostic factor for 
~ u r v i v a l . l ~ - ~ ~  

Following complete resection of a retroperitoneal 
sarcoma, histologic grade is the most important prog- 
nostic factor in regard to local recurrence and overall 
s u r v i ~ a l . l ~ , ~ ~  Five-year survival rates after radical 
excision are on average 75% for well-differentiated 
tumors, compared with 30% for less well-differentiated 
tumors.13 Distant metastases from retroperitoneal 
sarcomas are uncommon and occur mostly with high- 
grade tumors after a long time of primary tumor 
growth, with an incidence of approximately 25%.11J3 
Resection of distant metastases with curative intent is 
the best manner of prolonging survival. This is best 
performed for patients with a limited number of 
metastases, a long disease-free interval, and slow clini- 
cal growth and who have undergone or are undergoing 
complete resection of the primary t ~ m o r . ~ ~ ~ ~ ~  

Liposarcoma 

Liposarcoma (Box 6-3) is the most common 
retroperitoneal sarcoma (accounting for approxi- 
mately 40%), whereas primary mesenteric and 
primary peritoneal liposarcomas are rare.6,14z25 Most 
liposarcomas occur in deep soft tissue, in contrast to 
lipomas, which more commonly occur in superficial 
soft tissue.12 Liposarcomas originate from primitive 
mesenchymal cells rather than from mature fat 
cells.26 Although the World Health Organization 
(WHO) identifies five subtypes (well-differentiated, 
mjxoid, round cell, dedifferentiated, and pleomor- 
phic), the liposarcomas may be conceptually divided 
into three subgroups. Well-differentiated and dedif- 
ferentiated liposarcomas comprise one subgroup, 
since over time a subset of well-differentiated 
liposarcomas histologically can progress to dediffer- 
entiated sarcomas, which have metastatic potential. 
A second subgroup is composed of the myxoid and 



addition to symptom palliation, particularly in patients 
resected for primary disease, in contradistinction to 
patients with other types of retroperitoneal sarcoma. 
Partial resection was an independent factor for 
increased survival as compared with exploration 
or biopsy alone (median survival 26 months vs. 
4 months), and successful palliation of symptoms 
was achieved in 75% with preoperative symptoms.ll 

round cell liposarcomas, with the continuum of 
lesions ranging from pure myxoid liposarcoma at  one 
extreme to round cell (poorly differentiated myxoid) 
liposarcomas at the other. The third subgroup 
exhibits unusual features or combines patterns not 
accounted for in the above classifications (liposarco- 
mas of pleomorphic or mixed type).12 

Retroperitoneal liposarcoma has a mean diame- 
ter of 20 cm and is associated with local recurrence 
and negatively associated with m e t a s t a s i ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  The 
rate of distant metastasis to both liver and 
lung is less than 10%. Local recurrence of tumor is 
responsible for most morbidity and mortality.11J4 In 
comparison, patients with nonliposarcoma retroperi- 
toneal tumors have an approximately fourfold higher 
risk of metastases.15 In patients with unresectable 
retroperitoneal liposarcoma, incomplete resection or 
debulking can provide improvement in survival in 

Well-differentiated liposarcoma is the most common 
subtype of retroperitoneal liposarcoma, reaching a 
peak incidence during the sixth and seventh decades of 
life, with men and women affected equally. Together, 
the well-differentiated and dedifferentiated subtypes 
account for approximately 35% to 40% of liposarcomas. 
On TI-WI and T2-WI, well-differentiated liposarco- 
mas are usually isointense to subcutaneous fat, 
with loss of SI on fat-suppressed imaging sequences 
(Figs. 6-1 and 6-2).6,25,26,28,29 Imaging features that 
favor well-differentiated liposarcoma over lipoma 
include large lesion size (>lo cm), presence of thick 
septa (>2 mm), nodular or globular areas, nonadipose 
mass-like areas within the lesion, and decreased per- 
centage of fat composition ( ~ 7 5 %  fat in mass). The 
presence of thick septa and associated nonadipose 
mass-like areas increase the likelihood of a well- 
differentiated liposarcoma over a lipoma by 9- and 
32-fold, respectively .30 

An exophytic renal angiomyolipoma may be diffi- 
cult to differentiate from a well-differentiated 
perirenal retroperitoneal liposarcoma. Imaging fea- 
tures more typical of an angiomyolipoma include a 
renal parenchymal defect (as the kidney is its most 
common site of origin), enlarged internal vascularity, 
and presence of other fatty lesions in the ipsilateral 
or contralateral kidney. Features more characteristic 
of a perirenal retroperitoneal liposarcoma include 
extrinsic mass effect on the kidney with a smooth 
interface and without a renal parenchymal defect, 
lack of enlarged internal vascularity, and lack of other 
fatty renal lesions (Fig. 6-3). Although more aggres- 
sive liposarcomas may invade the kidney, these 
tend not to be the well-differentiated l iposarc~mas.~~ 
(See Chapter 4 for further discussion of renal 
angiomyolipomas.) 

Well-differentiated liposarcomas are for the most 
part nonmetastasizing lesions that are grade I lesions 
at histology, but their rate of local recurrence in the 
retroperitoneum approaches With local recur- 
rence, cachexia and intestinal obstruction are 
common.ll Approximately 10% of well-differentiated 
retroperitoneal liposarcomas can dedifferentiate, after 
an average of 7 to 8 years.12 

Dedifferentiated liposarcomas develop in approxi- 
mately the same age group as well-differentiated 
liposarcomas, reaching a peak during the early sev- 
enth decade of life, with males and females affected 
e q ~ a l l y . ~ ~ , ~ ~  Histologically, the lesions have areas of 
well-differentiated liposarcoma and a nonlipogenic 
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1 Figure 6-1 . MR depiction of macroscopic fat in a well-differentiated retroperitoned liposamoma in a 62-yearold 
woman. A and B, Axial TI-WI (A) and T2-WI (B) shows a right retroperitoneal lesion (M) that is isointense to subcutaneous fat (F), 
causes extrinsic mass effect up the lateral aspect of the right lobe of the liver (L), and displaces the right kidney (K) medially. C and D, 
Coronal in-phase (C) and out-of-phase (D) T1-WIs show only minimal loss of SI of the macroscopic fat within the well-differentiated 
tumor. Several hypointense nonfatty septa are present centrally (vertical arrow) that exhibit greater loss of SI owing to the phase can- 
cellation of water and fat protons within voxels at the interfaces of the nonfatty septa and adjacent intratumoral fat. The presence of an 
"etching artifact" (diagonal arrow) at the interface of the mass with the liver in D indicates a fat-water interface. Because the liver is 
composed of water, this chemical shift feature establishes the presence of fat within the mass. 

(dedifferentiated) component, which has the appear- 
ance of a high-grade fibrosarcoma or malignant fibrous 
histiocytoma.12 On MRI, dedifferentiated liposarcomas 
have areas with SI characteristic of fat-containing well- 
differentiated liposarcoma, but they have more 
mass-like areas of nonfatty tissue with lower TI-WI 
and higher T2-WI SI (Fig. 6-4).34 Those patients whose 
tumors reveal ossification or calcification on CT or MR 
have a poorer prognosis.35 The biological behavior of 
dedifferentiated liposarcomas is similar to that of other 
pleomorphic high-grade sarcomas in adults, with a 
5-year survival rate of less than 25%.12,13,33 

Myxoid liposarcoma is the second most common sub- 
type of retroperitoneal ~ a r c o m a . ~ ~ , ~ ~  Unlike well- 
differentiated liposarcomas, myxoid liposarcoma 
occurs in a younger age group, with a peak incidence 
during the fifth decade of life.12 The myxoid subtype 
has an intermediate prognosis between that of the 
well-differentiated and dedifferentiated subtypes.26 
Histologically, myxoid liposarcomas are composed of a 
myxoid matrix containing mucopolysaccharides with 
small amounts of mature fat. A spectrum of features 
on MRI may be present in myxoid liposarcomas 
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related to the fat content, amount of myxoid material, 
degree of cellularity and vascularity, and presence of 
necrosis.26 On MRI, myxoid liposarcomas typically 
demonstrate SI similar to fluid with low SI on TI-WI 
and very high SI relative to muscle on T2-WI.25226 Foci 
of fat or low SI septa may be revealed within the pre- 
dominately myxoid-containing mass.25,26,29 Some 
myxoid-rich liposarcomas can mimic a cyst or cystic 
mass on unenhanced i r n a g e ~ . ~ ~ , ~ ~  The myxoid stroma 
will enhance to a variable degree depending on its 
degree of vascularity, and thus enhanced images can 
distinguish cystic and myxoid components of the neo- 
plasm (see Fig. 6-3). Myxoid tissue may also be present 
within MFH, and in the absence of fat, a myxoid 
liposarcoma may appear similar.21 

PLEOMORPHIC AND ROUND CELL LIPOSARCOMA 
Pleomorphic liposarcoma is the least common sub- 
type of retroperitoneal liposarcoma. Histologically, 
there is a disorderly growth pattern with a marked 
degree of cellular pleomorphism including bizarre 
giant cells.12 Pleomorphic liposarcomas and round 
cell liposarcomas are heterogeneous nonfatty tumors 
with imaging characteristics indistinguishable 
from those of other malignant soft-tissue masses.25 
On MRI, they appear heterogeneous on T1-WI 
and T2-WI and commonly reveal foci of intra- 
tumoral hemorrhage and necrosis.36 The pleomor- 
phic and round cell subtypes are highly malignant 
and have a tendency toward local recurrence and 
me tas t a~ i s .~~  

Figure 6-2 = MR illustrations of both myxoid and fatty components of a liposarcoma in a 60-year-old man. 
A and B, Axial in-phase (A) and out-of-phase (B) T1-WIs show a heterogeneous left retroperitoneal and anterior abdom- 
inal mass. Two regions of the tumor lose SI on chemical shift imaging (L), indicating the presence of intratumoral lipid. 
Posterolaterally there is peripheral hyperintense well-differentiated tumoral fat (F). Anteriorly, there is a large compo- 
nent of the mass that is isointense to skeletal muscle that corresponds to the myxoid component of the mass (M). Etching 
artifacts (arrow) at  fat-water interfaces in B indicate that it is an opposed-phase image. C, Postprocessed subtraction 
image [in phase (A) - out of phase (B)] reveals the greatest SI within voxels that have both lipid and water protons. 
Thus, the intratumoral foci of microscopic lipid (L) show the greatest SI. Low SI etching artifact in B (e.g., a t  the inter- 
face of right kidney and posterior perirenal fat) appears as high SI on these subtraction images (arrow). D, Axial 
fat-suppressed T2-W FSE image shows low SI of the suppressed fatty components of the tumor and high SI within the 
myxoid portions (M). (Continued) 
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Figure 6-2 Cont'd E, Coronal T2-W breath-hold FSE image shows left hydronephrosis and hydroureter (arrows) 
secondary to obstruction by a myxoid (M) component of the mass, with malrotation and superior displacement of the left 
kidney (curved arrow) by the remainder of the mass. F, Axial fat-suppressed CE TI-WI shows heterogeneous enhancement 
of the myxoid (M) and nonfatty portions of the sarcoma. 

Figure 6-3 . MR illustration of myxoid and lipid com- 
ponents of a retroperitoneal myxoid liposarcoma in a 
76-year-old man with pain and a palpable abdominal 
mass. A and B, Axial in-phase (A) and out-of-phase (B) 
TI-WIs show a well-circumscribed heterogeneous left 
retroperitoneal mass that contains intermediate SI compo- 
nents anteriorly (*) that lose SI on the opposed-phase image 
owing to microscopic lipid content within the tumor. In B, 
low SI etching artifact (arrows) present between tumor com- 
ponents indicates the presence of a fat-water interface within 
the tumor. C, Coronal T2-WI shows multiple septated high 
SI foci within the lesion, with (*) representing myxoid tissue 
that approaches the SI of the fluid in a right renal cyst (C). 
Tumor approached but did not invade the lower pole of the 
left kidney (K). 



Figure 6-4 rn MR illustration of an aggressive liposarcoma with dedifferentiated and myxoid components 
in an dl-year-old woman. A and B, Axial TI-WI (A) and fat-suppressed T2-WI (B) show an infiltrative heterogeneous mass 
that displaces the pancreatic body and tail (arrows) anteriorly, confirming the retroperitoneal origin of the mass. Anteriorly 
within the tumor there is T1 and T2 hyperintense proteinaceous-hemorrhagic fluid (*). Low TI, high T2 SI components 
posterolaterally (M) adjacent to the spleen (S) likely represent myxomatous portions of the sarcoma. (Continued) 

Leiomyosarcoma 

Leiomyosarcoma (Box 6-4) is the second most common 
retroperitoneal sarcoma, accounting for approxi- 
mately 30%.6,14,37 Most leiomyo~arcoma~ present in the 
fifth or sixth decades of life, and approximately two 
thirds of retroperitoneal leiomyosarcomas occur in 
w ~ m e n . l ~ , ~ ~  About half of all soft tissue leiomyosarco- 
mas develop in the retroperitoneum, making it the 
single most common soft tissue site. Retroperitoneal 
leiomyosarcomas are typically well circumscribed, 

have a mean diameter of 16 cm, and show intra- 
tumoral necrosis and hemorrhage. Adjacent organs 
are usually initially displaced without direct invasion, 
but commonly adjacent retroperitoneal structures do 
become involved by direct extension. Two thirds of 
retroperitoneal leiomyosarcomas are found in an 
extraluminal location relative to the inferior vena 
cava (IVC; Figs. 6-5 and 6-6), whereas approximately 
one third have both intraluminal and extraluminal 
components (Fig. 6-7). Leiomyosarcoma is the most 
common intraluminal venous neoplasm and is the 
most common primary tumor of the IVC.22 The finding 
of a retroperitoneal mass which has both intraluminal 
and extraluminal components is highly suggestive of 
a l~inmvnsarmma.22 

bf 50 years).2g38 On imaging, tKe pure intracaval 
leiomyosarcomas are revealed as polypoid or nodular 
masses that are firmly attached to the vessel wall. 
They are smaller than those which are entirely 
extravascular, less likely to show intratumoral 
hemorrhage and necrosis, and most frequently 
located between the diaphragm and the renal veins 
(see Fig. 6-7). Leiomyosarcomas with an intraluminal 
component are more likely to produce early symp- 
toms than those which are completely extraluminal. 
Patients with upper segment IVC involvement may 
develop symptoms and signs of Budd-Chiari syn- 
drome (see Chapter 1). Lower extremity edema 
occurs when there is lower segment IVC involve- 
ment. Tumors that do not extend into or above the 
intrahepatic IVC are resectable, whereas tumors that 
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Figure 6-4 Cont'd C and D, Sagittal (C) and coronal (D) 
T2-WIs show that the lesion (*) abuts the left hemidiaphragm and 1 
invades the spleen (S) and inferiorly displaces and invades the left 
kidney (K). E, Axial fat-suppressed CE TI-WI shows hetero- 
geneous enhancement of the lesion, predominantly within the 
myxoid components (M) posterolaterally. The hemorrhagic- 
proteinaceous fluid (*) did not enhance. Flow is present within the 
anteriorly displaced splenic vein (arrows). 

I 

infiltrate the intrahepatic IVC, hepatic veins, right 
atrium, and beyond are often unrese~table .~ ,~~ 

On MRI, leiomyosarcomas usually have low- 
intermediate SI on TI-WI and heterogeneous 
intermediate-high SI on T2-W1.'j~~~ Foci of central 
liquefactive necrosis (which is more common and 
extensive compared with other sarcomas) show low 
SI on TI-WI and high SI on T2-WI (see Fig. 6-5).6,22 
Areas of hemorrhage typically appear with high SI 

on TI-WI. Less commonly, a solid non-necrotic mass 
may be present, usually with smaller tumors. 
Leiomyosarcomas show variable enhancement that 
depends on their muscular and fibrous components 
and usually is delayed relative to the enhancement of 
the surrounding skeletal muscles.39 Intraluminal 
bland thrombus and tumor thrombus can be 
differentiated with CE TI-WI, and findings that 
favor tumor thrombus include enlargement of the 



Figure 6-5 . MR depiction of a high-grade retroperitoneal leiomyosarcoma with metastatic disease to the 
liver in a 57-year-old woman with pain and a palpable mass. Aggressive tumors located adjacent to the IVC are sug- 
gestive of leiomyosarcoma. A and B, Axial CE T1-WI (A) and fat-suppressed TO-WI (B) show a large right retroperitoneal 
mass with central low TI, high T2 SI necrosis (N), and peripheral intermediate T2 SI enhancing tissue. The mass displaces 
the pancreatic head (P) to the left and the gallbladder (G) to the right. The common bile duct (arrow) and pancreatic duct 
(curved arrow) are depicted in cross-section. A second irregular enhancing mass (double arrow) within the posterior segment 
of the right lobe of the liver represents a hepatic metastasis. The IVC (double curved white arrow) is displaced posteriorly and 
extrinsically compressed but is not occluded, as revealed by a normal flow void in B. The right adrenal gland is present in its 
orthotopic location posterior to the IVC (arrow A). Thus, the mass does not originate from the adrenal gland. 

Figure 6-6 . MR illustration of a right-sided retroperi- 
toneal leiomyosarcoma in a 51-year-old woman. A, Axial 
TI-WI shows a homogeneous intermediate SI retroperitoneal 
mass (M) located anterior to the right kidney that displaces and 
mildly compresses the inferior vena cava anteriorly (double 
arrows) that shows hyperintense flow-related enhancement. The 
right adrenal gland is displaced posteriorly (arrow). B, Axial fat- 
suppressed T2-WI shows a heterogeneous hyperintense mass that 
is separated from the adjacent right lobe of the liver by a thin rim 
of high SI (curved arrow). Several periportal nodes (curved 
arrows) are present that are isointense to the adjacent sarcoma. 
The relative SI of lymph nodes on T1- and T2-WIs is not accurate 
for predicting involvement by tumor. As in CT, measurement of 
short and long axes of lymph nodes can help predict malignancy 
vs. benignancy. Periportal and portacaval lymph nodes are com- 
monly revealed on T2-WIs in patients with and without primary 
tumors. These nodes were not involved by sarcoma at  surgery. 
C, Coronal fat-suppressed CE T1-WI shows that the heteroge- 

I neously enhancing mass is separate from the liver (L) and right 
kidney, inferiorly displaces the right kidney (K), and extrinsically 
compresses the inferior vena cava (arrow). At surgery, no hepatic 

I or renal invasion was found. 
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vascular lumen and enhancement of the thrombus sarcoma after liposarcoma and leiomyosar~oma.~ 
(see Fig. 6-7).6,22 Most patients with MFH present between the sixth 

As for other retroperitoneal sarcomas, complete and eighth decades, and approximately two thirds of 
surgical removal is the treatment of choice of cases occur in men.5,12 
abdominopelvic leiomyosarcoma and is the most Retroperitoneal MFH appears as a solitary, mul- 
important factor affecting patient surviva1.22,40,41 tilobulated, large mass often with hemorrhage and 
However, local recurrence after resection occurs 
in 40% to 75% of pa t ienkZ2 Retroperitoneal 
leiomyosarcomas have a poor prognosis and only an 
approximately 15% 5-year survival rate.42 Many 
patients have either unresectable disease at  the time 
of presentation secondary to infiltration of the intra- 
hepatic . IVC, -. hepatic veins, or right atrium, or 

- . - .  
metastatic disease, which is present in 40% of'patients. 
Those women with resectable IVC leiomyosarcoma 
have the best outcome, with a 5-year survival rate 
of 68%.43 

Malignant Fibrous Histiocytoma (MFH) 

Malignant fibrous histiocytoma (MFH; Box 6-5) is 
the most common soft tissue sarcoma of late adult 
life, accounting for almost 25% of all soft-tissue 
 sarcoma^.^^,^^ Only 15% arise in the retroperitoneum, 
and MFH is the third most common retroperitoneal 



necrosis, sometimes with intratumoral calcification On MRI, MFH appears as a large, relatively well 
(Fig. 6-8). The most common histologic subtype is circumscribed mass that spreads along fascial planes 
the storiform-pleomorphic MFH. The myxoid sub- and between muscle fibers, with low-intermediate SI 
type of MFH is the second most common and is on TI-WI and heterogeneously increased SI on T2-WI 
characterized by prominent myxoid stroma and a relative to m u ~ c l e . ~  Intratumoral fat is absent. 
better prognosis.12 The "bowl of fruit" sign is a mosaic of mixed low, 

Figure 6-8 MR depiction of invasive retroperitoneal malignant fibrous histiocytoma in a 50-year-old 
woman with pain and a palpable left lower quadrant mass. A, Axial TI-W SE image shows an infiltrative 
retroperitoneal mass (M) with intermediate SI relative to skeletal muscle. The mass displaces the left iliopsoas muscle 
(IP) and left common iliac vessels medially, and extends into the anterior aspect of the left ilio-ischial junction. Replaced 
fat of the left anterior acetabulum (arrow) suggests direct marrow infiltration by tumor. B-D, Coronal fat-suppressed 
T2-WI (B) and TI-WI obtained before (C) and after (D) contrast shows sarcoma extending through the femoral canal into 
the proximal left thigh. The superior and inferior portions of the lesion (M) are hypointense on TI, hyperintense on T2, 
and enhance, in keeping with myxoid tissue. The mass extrinsically displaces the left iliopsoas muscle (IP) medially. 
Heterogeneous T2 hyperintensity and enhancement of the left acetabulum and ilium (arrows) confirm marrow invasion 
by the sarcoma. 
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intermediate, and high SI on T2-WI that correlates to 
the presence of intratumoral solid components, cystic 
degeneration, hemorrhage, myxoid stroma, and fibrous 
tissue. While the "bowl of fruit" sign is commonly 
revealed in MFH, it is not specific, as it has been 
described in other tumors such as synovial sarcoma and 
Ewing's sarcoma, although these latter subtypes only 
very rarely occur in the retroperitoneum. Extensive 
intratumoral hemorrhage frequently occurs in MFH. 
However, most masses of MFH have nonhemorrhagic 
solid components, and thus most tumors can be differ- 
entiated from a bland benign hematoma. Intratumoral 
calcifications may be revealed in 20% of MFH lesions on 
CT but are more difficult to detect prospectively on 
MRI.21,44 

PERITONEAL MESOTHELIOMA 

Mesothelioma is a rare neoplasm that originates 
from mesothelial cells lining the serosal cavities 
of the body, with an incidence of 300 to 400 new 
cases per year in the U. S. The pleural lining is 
involved by mesothelioma two to five times more 
commonly than the peritoneum. Peritoneal mesothe- 
lioma (Box 6-6) is much less frequently associated 
with asbestosis or with tobacco use when compared 
with pleural m e s o t h e l i ~ m a . ~ ~ , ~ ~  As pleural mesothe- 
lioma frequently extends to the peritoneal cavity, 
spread from a primary pleural site must be 
excluded before mesothelioma of peritoneal origin is 
diagnosed. 

On MRI, imaging findings are usually nonspecific 
and include peritoneal, mesenteric, or omental thick- 
ening, nodularity or mass formation, omental caking 
(often massive), intratumoral hemorrhage, diffuse 
peritoneal enhancement, adhesions, and as cite^.^^-^^ 
Tumor is present in greater amounts on the parietal 
peritoneal surfaces, since tumor cells are less adher- 
ent to visceral peritoneum lining peristaltic small 
bowel surfaces.47 Management of malignant peri- 
toneal mesothelioma typically involves cytoreductive 
surgery with extensive peritonectomy. Peri- and post- 
operative hyperthermic intraperitoneal chemotherapy 
is performed for palliation of debilitating ascites 
and offers some benefit for long-term survival. 
Patients have a median survival of 31 months, a 
3-year survival rate of 56%, and a 5-year survival 
rate of 36%45,50!51 

PRIMARY PERITONEAL CARCINOMA (PPC) 

Primary peritoneal carcinoma (PPC; Box 6-7) is an 
uncommon malignancy that has an incidence of 7% 
in women initially thought to have ovarian cancer, 
and it is characterized by abdominopelvic carcino- 
matosis with no or minimal surface involvement of 
the o v a r i e ~ . ~ ~ ~ ~ ~  PPC occurs predominantly in post- 
menopausal Caucasian women with a peak age in the 
seventh decade of life, one decade later in onset when 
compared with epithelial ovarian carcinoma.54 
Women with hereditary ovarian carcinoma have a 
10-fold increased risk of PPC and need to be followed 
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even after prophylactic ooph~rec tomy .~~ ,~~  There are 
two theories concerning the etiology of PPC. The tumor 
may originate from malignant degeneration of nests of 
ovarian tissue remnants left within the peritoneum 
during embryonic gonadal migration. Alternatively, 
PPC may arise from a secondary mesodermal miillerian 
system in the peritoneal mes~ the l ium.~~-~~  

Symptoms and signs when present tend to be 
nonspecific, mild, and similar to those of patients 
with epithelial ovarian carcinoma. Histologically, 
PPC is similar to the papillary serous subtype of 
epithelial ovarian carcinoma in more than 95% of 
 case^.^^,^^ On MRI, imaging findings include ascites; 
peritoneal, mesenteric, and omental nodules or 
masses, sometimes with omental caking; and diffuse 
peritoneal nodular thickening and enhancement. 
The presence of normal ovaries excludes a diagnosis 
of primary ovarian c a r c i n ~ m a . ~ ~ , ~ ~  The surgical stag- 
ing and treatment of PPC are similar to those of 
epithelial ovarian carcinoma (see Chapter 7). 

PSEUDOMYXOMA PERlTONEl 

The term pseudomyxoma peritonei, or "false muci- 
nous tumor of the peritoneum," has been used 
historically as a pathologic diagnostic term to describe 
any benign or malignant condition that results in 
intraperitoneal mucin accumulation.59~60 However, 
pseudomyxoma peritonei should be used strictly as a 
clinical descriptor for patients with mucinous ascites 
that originates from a primary appendiceal mucinous 
adenoma with pathologic features of disseminated 
peritoneal adenomucinosis (DPAM), as opposed to 
peritoneal mucinous carcinomatosis (PMCA) that 
originates from a mucinous adenocarcinoma from one 
of many potential s i t e ~ . ~ ~ - ~ l  

Pseudomyxoma peritonei (corresponding to 
DPAM pathologically; Box 6-8) is a rare condition that 

1: mucino 
etiology malignant 

New definition: munnous ascites aue t o  rupcure or a 
benign primary mucinous apy 

Rare 
Peak age: 5th decade of life, M: 

adenoma 

Treatment: peritonedomy and in traoperr 
chemotherapy 

5-Year. ;and 10-year survival a f t e  
treatment = 90% and 68%, respecttvely 

occurs twice as often in men than in women, with a 
peak age in the sixth decade, and is found in approxi- 
mately 2 of 10,000 laparo tomie~.~~-~~ Pseudomyxoma 
peritonei has an indolent clinical course, and the peri- 
toneal lesions only rarely change morphologically over 
time.60 Although the ovaries and gastrointestinal tract 
were thought to be potential sites of origin, histologic 
and molecular genetic studies have shown that DPAM 
originates from mucinous adenomas of the appendk60 
Coexistent ovarian mucinous tumor implants are 
often present, tend to be small and superficial, and are 
either bilateral or r i g h t - ~ i d e d . ~ ~ , ~ ~ , ~ ~  

Pseudomyxoma peritonei starts with a primary 
appendiceal mucinous adenoma that progressively 
grows within the appendiceal lumen. This eventually 
occludes the lumen, causing distention and eventual 
rupture, with subsequent spread of mucus-containing 
epithelial cells from the adenoma to the peritoneal 
cavity over time.59 Thus, peritoneal dissemination 
usually occurs before lymphatic or vascular spread, 
and as such, lymph node metastases and parenchymal 
metastases are extremely unusual.64 Moving peri- 
toneal surfaces such as the visceral peritoneum tend 
to be sparsely seeded, whereas abdominal surfaces 
that absorb peritoneal fluid, such as the greater and 
lesser omenta and the undersurfaces of the hemidi- 
aphragms, are often coated by tumor  cell^.^^^^^ The 
other mechanism of tumor redistribution is gravity, 
and as such, free-floating intraperitoneal tumor cells 
tend to accumulate within the dependent aspects of 
the peritoneal cavity including the pouch of Douglas, 
Morrison's pouch (the hepatorenal space), the left 
abdominal gutter, and the fossa created by the liga- 
ment of Treitz. 

On MRI, early pseudomyxoma peritonei may 
appear as loculated mucinous ascites and mucinous 
tumor implants in the peritoneal cavity, with inter- 
mediate SI on TI-WI, high SI on T2-WI, and relative 
sparing of a centrally compartmentalized normal cal- 
iber small bowel and m e ~ e n t e r y . ~ ~ , ~ ~ , ~ ~ , ~ ~  An omental 
cake is characteristically present with small areas of 
residual omental fat remaining, and the undersur- 
faces of the hemidiaphragms (predominantly on the 
right) may appear greatly thickened by large cystic 
masses of mucinous tumor with scalloping of the 
contour of the l i ~ e r . ~ ~ , ~ ~  Identification of the primary 
appendiceal mucinous adenoma usually is not possi- 
ble, because it is difficult to distinguish it from the 
large amount of mucinous tumor in the abdomen and 
pelvis.59 Metastatic lymphadenopathy and parenchy- 
mal metastases are absent.63 

Treatment of pseudomyxoma peritonei includes 
peritonectomy and intraoperative intraperitoneal 
chemotherapy with curative intent.59,60 Those 
patients with appendiceal adenoma should undergo 
evaluation of the entire colon, since there is a strong 
association with synchronous or metachronous col- 
orectal adenoma and ~a rc inoma .~~  Overall, the 5-year 
and 10-year survival rates of treated patients are up 
to 90% and 68%, respectively, with a mean survival 
of 112 months. Although pseudomyxoma peritonei is 
not biologically aggressive, since it does not invade or 
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metastasize, it is fatal if untreated, because the space 
of the abdomen and pelvis for nutritional function 
becomes replaced by rnucinous tumor.59 

PERITONEAL MUCINOUS 
CARCINOMATOSIS (PMCA) 

With peritoneal rnucinous carcinomatosis (PMCA), a 
primary rnucinous adenocarcinoma most commonly 
originates within the ovary, appendix, colon, or small 
bowel, leading to intraperitoneal spread of tumor. 
In contradistinction to true pseudomyxoma peritonei 
(or DPAM), malignant metastatic implants may 
be adherent to peritoneal surfaces, including the 
visceral peritoneum of the small bowel, with frequent 
associated lymph node involvement, parenchymal 
organ infiltration, and distant metastatic disease out- 
side the peritoneal cavity (Fig. 6-9).59,m,62 

On imaging, the primary site of tumor should be 
determined and also lymphadenopathy, distant 
metastatic disease, and extent of small bowel 
or mesenteric involvement sought, since all are 
associated with decreased patient s ~ r v i v a l . ~ ~ , ~ ~ , ~ ~  

Figure 6-9 . MR depiction of malignant peritoneal muci- 
nous adenocarcinomatosis. Sagittal T2-WI shows multiple 
loculated hyperintense peritoneal masses (arrows) representing 
metastatic rnucinous adenocarcinoma of the appendix. This image 
also depicts diskitis of L4-L5, with adjacent endplate infection 
(curved arrows). 

Imaging findings that predict incomplete cytoreduc- 
tion most reliably are tumor greater than 5 cm on the 
small bowel and mesentery in the jejunum and proxi- 
mal ileum, and segmental obstruction of the small 
bowe1.59,68," The 5-year and 10-year survival rates for 
patients undergoing treatment for rnucinous peri- 
toneal carcinomatosis are 50% and 21%, respectively, 
with a mean survival time of 46 months.'jO (See 
Chapter 7 for a more detailed discussion of ovarian 
carcinoma.) 

INTRA-ABDOMINAL DESMOPLASTIC SMALL 
ROUND CELL TUMOR (DSRCT) 

Intra-abdominal desmoplastic small round cell tumor 
(DSRCT; Box 6-9) is a rare aggressive malignant 
neoplasm that typically involves the peritoneum, 
omentum, and mesentery of young men.12j70 The 
exact nature and cell of origin of this tumor is still 
uncertain, although some believe that it originates 
from mesothelial or submesothelial ~ e l l s . ~ ~ , ~ ~ , ~ ~  Most 
patients with DSRCT are in the second through 
fourth decades of life, and men are affected five times 
more commonly than 

On MRI, the most characteristic imaging finding 
is that of mul t i~le  infiltrative soft-tissue masses 
without an orgai-based primary site located within 
the intraperitoneal, omental, mesenteric, or perivesical 
sites. The lesions of DSRCT can reveal a relatively 
specific but insensitive pattern of hypointense masses 
on TI- and T2-WI that show minimal enhancement, 
reflecting the histologic findings of densely packed 
cellularity of small cells and the desmoplastic 
stroma.70,71,74,76 The mean diameter of each of the soft- 
tissue masses is 5 cm (range of 2 to 12 cm) with a 
mean of four to five mass lesions occurring per patient 
(range of 1 to 17).14 Ascites or distant metastatic 
disease is present in half of patients at the time of 
i m a g i ~ ~ g . ~ ~ , ~ ~  The treatment of patients with DSRCT 
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typically consists of a multimodality approach, 
including aggressive surgical resection, combination 
chemotherapy, and external radiotherapy. Complete 
excision often is impossible owing to the extent of 
infiltrative d i s e a ~ e . ~ ~ , ~ ~ , ~ ~  DSRCT has an extremely 
poor prognosis, with a median survival of approxi- 
mately 17 to 32  month^.^^,^^ 

EGCTs are related synchronously or metachronously 
to an occult gonadal germ cell tumor (carcinoma in situ 
or "burned-out" t ~ m o r ) . ~ ~ , ~ ~ , ~ ~  Since most retroperi- 
toneal germ cell tumors are metastases from primary 
testicular tumors, careful clinical and imaging evalu- 
ation should be performed in affected men to exclude 
a coexistent primary testicular neoplasm.78 Grossly, 
seminomas (accounting for 15% of EGCTs) are usually 
homogeneous lobulated masses, whereas mixed and 
nonseminomatous tumors are heterogeneous with 
solid and cystic areas, necrosis, and h e m ~ r r h a g e . ~ ~ , ~ ~  

Seminomatous EGCTs are not associated with 
elevated tumor markers, whereas most nonsemino- 
matous EGCTs are associated with elevated levels of 
serum a-fetoprotein (correlating with components of 
yolk sac tumor or embryonal carcinoma) or human 
chorionic gonadotropin (correlating with components 
of choriocarcinoma). Serial levels of tumor markers 
correlate with the clinical course and therapeutic 
response, and high levels are associated with a poor 
survival rate.I8 

On MRI, primary retroperitoneal EGCTs typically 
appear as large (average size of 7 to 8 cm), midline 
retroperitoneal masses of low-intermediate SI on 
TI-WI and intermediate-high SI on T2-WI, some- 
times with areas of central high SI on T2-WL6 
Seminomatous EGCTs tend to be more homogeneous 
in SI, whereas mixed and nonseminomatous EGCTs 
tend to be more heterogeneous in SI, with areas of 
cystic necrosis or hemorrhage.@ A midline location of 
a retroperitoneal mass is probably the most helpful 
finding to suggest this diagnosis, whereas metastatic 
retroperitoneal lymphadenopathy from a primary 
testicular neoplasm tends to be lateral and parame- 
dian in l o ~ a t i o n . ~ , ~ ~  The prognosis and treatment of 
primary retroperitoneal EGCT are similar to those of 
primary testicular neoplasms with retroperitoneal 
metastases (see Chapter 8).83 

PRIMARY RETROPERITONEAL 
EXTRAGONADAL GERM CELL TUMOR (EGCT) 

The primary retroperitoneal extragonadal germ cell 
tumor (EGCT; Box 6-10) represents from 1% to 3% of 
all germ cell tumors and occurs most commonly 
within the mediastinum and slightly less commonly 
within the r e t r o p e r i t o n e ~ m . ~ ~ ~ ~ ~  Primary EGCTs 
occur more commonly in men than women, with a 
peak age in the fourth and fifth decades, which is a 
slightly older age group than that of patients with 
primary testicular germ cell  neoplasm^.^,^^,^^ 

Primary retroperitoneal EGCTs are hypothe- 
sized to arise from primordial midline germ cell 
remnants of the genital ridge that failed to migrate 
p r ~ p e r l y . ~ J ~  An alternative etiology is that primary 
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imilar Carcinoid tumors (Box 6-11) are slow-growing neu- 

roendocrine neoplasms derived from endocrine 
amine precursor uptake and decarboxylation 
(APUD) cells that comprise 2% of all gastrointestinal 
turn or^.^^-^^ Most carcinoid tumors (75% to 85%) 
arise in the gastrointestinal tract, with approxi- 
mately 10% to 20% arising in the lungs (bronchial 
carcinoid) and the remainder in other organs.84-s7,88 
Of gastrointestinal carcinoid tumors, the appendix is 
the most common site (up to 40%), the small bowel is 
the second most common site (up to 20%, most in the 
ileum), and the rectum is the third most common site 
(approximately 13%).85,87,89,90 Carcinoid tumor is the 
second most common malignant small bowel neo- 
plasm (30%), following adenocarcinoma, and up to 
one third may be m ~ l t i p l e . ~ ~ , ~ ~  Although it is not a 
primary malignancy of the mesentery, the initial 
abdominal imaging findings of carcinoid are often 
those of mesenteric nodal metastases and thus are 
addressed in this chapter. 
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Carcinoid tumor has a mean age of presentation 
in the fifth and sixth decades and occurs equally in 
men and w ~ m e n . ~ ~ , ~ l  Appendiceal carcinoids present 
in a younger patient population than do other 
gastrointestinal carcinoid tumors, with a peak age at  
the beginning of the fifth decade of life, occur twice 
as commonly in women as in men, and are usually 
incidentally diagnosed at  a p p e n d e c t ~ m y . ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~  
However, jejuno-ileal carcinoids usually present at  
an advanced stage with hepatic metastases and differ 

from other gastrointestinal tract carcinoid tumors in 
their p r e s e n t a t i ~ n . ~ ~  

The symptoms and signs of localized abdominal 
carcinoid tumor when present are nonspec i f i~ .~~  
Carcinoid syndrome is a more specific presentation 
of carcinoid tumor that occurs in approximately 10% 
of patients whose tumor metabolites have extended 
beyond the liver. Carcinoid syndrome is caused by a 
variety of humoral substances, predominantly sero- 
tonin, which are produced by tumor cells and 
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secreted into the systemic venous circulation beyond 
the level of the portal venous c i rcu la t i~n .~~ Patients 
may have watery diarrhea, paroxysmal flushing, 
asthma-like wheezing, or right-sided heart failure 
("carcinoid heart"). Carcinoid heart disease occurs in 
one to two thirds of those with carcinoid syndrome 
and has a mortality rate of approximately 50%.g4 
Anatomic changes of the heart that result in failure 
include endocardia1 fibroelastosis with valvular 
stenoses or tricuspid r e g u r g i t a t i ~ n . ~ ~ , ~ ~ , ~ ~  

Metastatic disease is commonly present at  
initial presentation, approaching 90% in some series, 
especially with jejuno-ileal and colonic carcinoid 
t ~ m o r s . ~ ~ ~ ~ ~  The most common sites of carcinoid tumor 
metastases are the lymph nodes, liver, and 
Secondary mesenteric involvement by carcinoid 
tumors is common, occurring in approximately two 
thirds of patients, and is almost always due to 
metastatic disease from a primary small bowel carci- 
noid tumor beyond the ligament of T r e i t ~ . ~ ~ , ~ ~  The 
size of the primary tumor is the most reliable deter- 
minant of the risk of metastatic disease. For example, 
less than 10% of carcinoid tumors smaller than 1 cm 
are associated with malignant lymphadenopathy or 
hepatic metastases, whereas more than 80% of carci- 
noid tumors larger than 2 cm are associated with 
metastatic d i s e a ~ e . ~ ~ ~ ~ ~  

On MRI, primary gastrointestinal carcinoid 
tumors may appear as either well-defined nodular 
masses or regional relatively uniform areas of bowel 
wall thickening. The pattern of a well-defined 
nodular mass tends to have homogeneous intermediate 
SI on TI-WI, intermediate-high in SI on T2-WI, 
and intense early enhancement on CE TI-WI (see 
Fig. 2-22), whereas the pattern of regional bowel wall 
thickening tends to have intermediate SI on both TI- 
and T2-WI with intense homogeneous enhancement. 
Both patterns are difficult to detect, but in both cases 
delayed fat-suppressed CE TI-WI may reveal moder- 
ate enhancement, probably due to a large interstitial 
space. It is likely more common that an MRI exami- 
nation will not reveal the primary tumor but only 
metastatic disease of the mesenteric nodes or liver. 
In a series of CT examinations of 52 patients with 
midgut carcinoid tumors, no discrete primary tumors 
were revealed and only 9 showed nonspecific small 
bowel t h i~ken ing .~~  

Mesenteric metastases appear as a stellate soft 
tissue mass with intermediate SI on TI- and T2-WI 
and moderate intense enhancement on delayed CE 
T1-WLs6 Calcification, present in up to 70% on CT, is 
often difficult to characterize on MRI, but when 
revealed appears as foci of very low SI on TI- and 
T2-WIg6 Thin linear spicules that extend into the sur- 
rounding mesentery in a stellate or spoke-wheel 
configuration with low SI on TI- and T2-WI and mesen- 
teric retraction are also characteristic (Fig. 6-10).s4,86,96 
The soft tissue stranding represents a desmoplastic 
reaction to the humoral effects of hormondy active 
substances, particularly serotonin, secreted by the 
carcinoid tumors.96 Peritoneal metastases have inter- 
mediate SI on TI-WI, intermediate-high SI on T2-WI, 

Figure 6-10 = Spiculated mesenteric mass of metastatic 
carcinoid as revealed on MR. Axial T1-WI shows a spiculated 
mesenteric mass (arrow) adjacent to the mesenteric border of a 
distal small bowel segment. It  is not uncommon for cross-sectional 
imaging to reveal mesenteric masses of malignant carcinoid but 
fail to reveal the primary distal small bowel tumor. 

and moderate-marked enhancement on early CE 
T1-WLE6 Hepatic metastases also tend to be hypervas- 
cular, often enhancing avidly on the arterial phase 
of CE TI-WI, and show typical T2-W SI of metastatic 
disease similar to that of ~ p l e e n . ~ ~ , ~ ~  Mesenteric and 
peritoneal metastases are best depicted on delayed 
fat-suppressed CE T1-WI.86 

The treatment of carcinoid tumor is directed 
at prevention of tumor growth and symptom con- 
tro1.85~89~93 Surgical resection is the treatment of 
choice for primary carcinoid tumors and in patients 
with resectable metastatic disease.89,100,101 If hepatic 
metastases are present at  the time of diagnosis, the 
primary tumor is still resected to avoid complications 
of bowel obstruction, bleeding, and perforation. 
Hepatic arterial chemoembolization can be used for 
palliation if there is diffuse liver involvement and 
severe symptomatology of carcinoid ~yndrome.s~,s~J0~ 
Treatment with octreotide or other somatostatin 
analogues provides symptomatic relief in carcinoid 
syndrome, although no associated significant 
improvement in survival or tumor size has been 
d e m o n ~ t r a t e d . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

In the absence of metastatic disease, complete 
resection of localized carcinoid tumors results in 
5-year survival rates of greater than 90%.87,91,92 
However, patients with unresectable disease or 
hepatic metastases at diagnosis have a 30% 5-year 
survival rate and a 21% 5-year survival rate if carci- 
noid syndrome is present at d i a g n o ~ i s . ~ ~ , ~ ~ , ~ ~  The 
5-year survival is excellent for appendiceal(86%) and 
rectal (72%) carcinoids, since they have lower propen- 
sities to metastasize, whereas jejuno-ileal (55%) 
carcinoids have a less favorable prognosis.87~a9~92 

ABDOMINAL PARAGANGLIOMA 

Paragangliomas sometimes called extra-adrenal 
pheochromocytomas (see Chapter 3 for adrenal 
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pheochromocytomas) are rare neurogenic tumors 
that arise from specialized neural crest cells called 
n a r a ~ a n ~ l i a  which are svmmetricallv distributed --- -.o-.--o---. --- .-- - ~ -  . - d - - - -  - -  -~ d 

along the aortic axis in close association with the " 
sympathetic chain in the abdomen, pelvis, chest, and 
neck. The largest collection of paraganglia includes 
the paired organs of Zuckerkandl that overlie the 
aorta at  the level of the inferior mesenteric arterv - - 

and have an uncertain physiologic role. Paraganglia 
are prominent during early infancy and regress after 
12 to 18 m ~ n t h s . ~ , ' ~  Ten percent to 20% of paragan- 
gliomas are extra-adrenal in location, and most 
extra-adrenal paragangliomas arise in the retroperi- 
toneum from the organs of Zuckerkandl, with only a 
few tumors developing at  other locations along the 
aorta or its branch vessels.6.12J03J04 

Patients with paragangliomas present in the 
fourth and fifth decades, with men and women 
affected equally, although malignant paragangliomas 
may sometimes arise in younger patients.12,103,105 
Occasionally, paragangliomas may be multicentric, 
particularly if there is a family history of paragan- 
glioma, or may be associated with other tumors such 
as gastric malignant gastrointestinal stromal tumors 
(GIST) and pulmonary chondromas as a component 
of Carney's s y n d r ~ m e . ~ ~ ~ , ~ ~ ~  Up to 40% of extra- 
adrenal paragangliomas are malignant (vs. 10% for - -  
pheochromocytoma), as manifested by metastatic 
spread or locally aggressive behavior, and approxi- 
mately 10% of patients have with metastatic 
disease.12J07 The malignant potential and biological 
behavior of a paraganglioma cannot be determined 
from its histologic appearance.lo8 Paraganglioma may 
spread hematogenously or via the lymphatics; the 
most common sites of metastatic disease are lymph 
nodes, bone, lung, and liver.108~109 

Paragangliomas may be considered as functional or 
nonfunctional. de~endine on whether catecholamines 
are secreted. ~on>unctio\al extra-adrenal abdominal 
paragangliomas (Box 6-12) present with nonspecific 
symptoms and signs and are rarely definitively diag- 
nosed prior to surgery. However, functional extra- 
adrenal paragangliomas cause symptoms and signs 
similar to ~heochromocvtomas in 25% to 60% of 
patients, including chronic or intermittent hyperten- 
sion, headaches, and palpitations. In affected patients, 
detection of elevated urinary catecholamines can 
establish an earlier preoperative diagnosis.12J03 There 
is Door correlation between the functional activitv of 
the tumor and the degree of malignancy, however.12 

On MRI, SI and enhancement characteristics of 
paragangliomas are similar to those of pheochromo- 
cytoma (Fig. 6-11).6 The masses generally have low- 
intermediate SI on TI-WI and moderately high SI 
on T2-WI and are commonly heterogeneous secondary 
to foci of intratumoral necrosis or hemorrhage, as 
is revealed a t  gross pa tho l~gy . l~ , "~  Progressive 
enhancement is present on portal and delayed phases 
of CE TI-WI: arterial-~hase enhancement is vari- 
able.lll Functional paragangliomas are smaller than 
nonfunctional paragangliomas (mean size of 7 cm vs. 
12 cm, respecti~ely).~~~,~~~,~~~ 

hromocyt ,.- . 10% to 20% of all pheoc 
Common location: organ ot Luckerkandl 
Peak age: 4th to 5th decades of life, M : F = 1 : 1 
Gross pathology: heterogeneous solid and/or cystic 

lesion with necrosis and hemorrhage 
Functional tumors (60%) are smaller than 

nonfunctional lesions (mean size of 7 cm vs. 12 cm, 
respectively) 

Multicentric in 10% 
Malignant in 40% (vs. 10% for pheochromocytoma) 
Laboratory diagnosis: Elevated urine catecholamines 
Treatment: complete surgical resection of primary and 

localized metastases 
5-Year survival = 80% 

MRI 
SI and enhancement characteristics are similar to 

those of pheochromocytoma 
TI-WI: low SI except for potentially high SI 

intratumoral hemorrhage 
T2-WI: heterogeneous intermediate-high SI, may have 

low SI foci of coagulative necrosis 
Heterogeneous progressive enhancement, intratumoral 

cysts, and necrosis do not enhance 

Although malignant paragangliomas tend to be 
large, necrotic, and poorly marginated, these fea- 
tures also may be present in benign paragangliomas. 
Furthermore, the SI characteristics and degree of 
heterogeneity cannot differentiate benign from 
malignant paragangliomas. As such, the only defini- 
tive imaging criterion of malignancy is the presence 
of metastatic disease.12,103,110 Complete surgical resec- 
tion is the treatment of choice for the management 
of extra-adrenal abdominal paraganglioma, and 
adjunctive therapies including radiotherapy,l3I 
I-MIBG, and chemotherapy are considered pallia- 
tive.104,108 Surgical resection of localized metastatic 
disease may also be performed, especially if soli- 
tary.lo8 If an abdominal paraganglioma is suspected 
clinically, assessment of the functional activity 
should be performed prior to surgery. Patients with 
functional tumors are premedicated with a-blockers 
to avoid intra-operative hypertensive crises during 
surgical manipulation of the tumor.12,113 Overall, the 
5-year survival rate may reach 82% for those with 
abdominal paraganglioma.lo7 Extended follow-up is 
recommended owing to the high propensity for sub- 
sequent metastasis, long natural history of the 
disease, and limitations of histopathologic criteria 
in predicting malignant behavior.lo8 Overall, biologi- 
cal behavior of the tumor is the most important 
prognostic factor.12 

RETROPERITONEAL GANGLIONEUROMA 

Ganglioneuromas (Box 6-13) are uncommon benign 
neurogenic tumors that arise from sympathetic ganglia, 



Figure 6-1 1 . MR depiction of a primary retroperitoneal paraganglioma in an asymptomatic 36-year-old 
woman. A and B, Coronal T1-WI (A) and T2-WI (B) show a well-circumscribed retroperitoneal mass (M) that abuts the 
right lobe of the liver (L) and the pancreatic head (P) and has heterogeneous low-intermediate T1 and intermediate- 
to-high T2 SI relative to skeletal muscle. Very T2 hyperintense foci (*) represent intratumoral cysts or necrosis. C and D, 
Coronal arterial (C) and portal venous phase (D) CE TI-WIs show moderate heterogeneous enhancement of the solid 
components of the mass. The intratumoral T2 hyperintense foci do not enhance. (*) The hepatic veins (curued arrows) 
enhance during the portal phase (D) but not the arterial phase (C) of dynamic imaging. 

representing 1% to 2% of all primary retroperitoneal 
tumors. Ganglioneuromas are three times as common 
as neurobla~tomas.~~,~~~,~~~ Ganglioneuromas occur 
slightly more commonly in women than in men at a 
ratio of 1.5 to 1, most commonly in the first through 
fifth decades, with a mean age at diagnosis of 7 years. 
The posterior mediastinum and retroperitoneum are 
the two most common locations for ganglioneuroma 
(80% of le~ions) . l l~- l~~ Although some ganglioneuro- 
mas arise from maturation of neuroblastomas 
and ganglioneuroblastomas, the majority arise 
de n o ~ o . l ~ J ~ ~  

Most patients with ganglioneuromas are asymp- 
tomatic. Otherwise, abdominal pain or a palpable abdo- 
minal mass are the most frequent symptoms 
and signs.l14 Most patients have normal levels 
of urinary cat echo la mine^.^^^ Some hormonally 
active ganglioneuromas produce catecholamines and 
patients may have similar signs and symptoms to 
those of paraganglioma or carcinoid tumor.l16 
Secretion of androgenic hormones leading to viriliza- 
tion may also occur with some turn or^.^^^^^^^ 

Ganglioneuroma are well-circumscribed, encapsu- 
lated, benign neoplasms composed of mature Schwann 
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T2-WIs when visualized.116,117~119~123 Ganglioneuromas 
show gradual progressive enhancement. Since the 
imaging characteristics of ganglioneuroma overlap 
with those of ganglioneuroblastoma and neuroblas- 
toma, differentiation on MRI is not possible unless 
metastatic disease is present.l17 

Generally, management of retroperitoneal gan- 
glioneuromas involves complete surgical resection 
when possible, particularly if the patient is symp- 
tomatic owing to large size or hormonal secretion, 
although some advocate a more conservative 
a p p r ~ a c h . l ~ J ~ ~  The prognosis is excellent, and 
recurrence after surgical resection is rare, but peri- 
odic imaging surveillance is advised following 
r e s e c t i ~ n . l l ~ J ~ ~  

ABDOMINAL SCHWANNOMA 

Schwannomas (Box 6-14) are benign tumors of nerve 
sheaths of peripheral nerves that account for up to 4% 
of all retroperitoneal tumors and are only rarely located 
within the omenta or mesentery. Schwannomas are 
most frequently located within the head and neck 
region and flexor surfaces of the e ~ t r e m i t i e s . l ~ J ~ ~ - l ~ ~  
Schwannomas occur most often in the third through 
sixth decades of life, usually are solitary, and develop 
twice as commonly in women as in men.12,122,127 Most 
individuals with schwannomas are asymptomatic and 
have a slowly growing, painless s o f t - t i s ~ ~ e m a s s . ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~  
Schwannomas are usually less than 5 cm in diameter, 
although retroperitoneal schwannomas may be larger 
at time of presentation.lZ0 

cells, scattered mature ganglion cells, and variable 
amounts of myxoid stroma and ~ o l l a g e n . ~ ~ , ~ ~ ~ J ~ ~  
On imaging, retroperitoneal ganglioneuromas are 
well-defined loneitudinallv oriented masses that are 
lobulated or ovalyn shape (Fig. 6- 12). Ganglioneuromas 
that are posterior usually do not result in osseous 
changes and only infrequently extend into the neural 
fora1&na.ll~J15J2~ ~an~fioneuiomas have a mean size 
of 8 cm. Partial or complete encasement of blood ves- 
sels without luminal compromise may be present.ll9JZ1 

Ganglioneuromas generally have low SI on 
TI-WI and intermediate-high SI on T2-WI (see 
Fig. 6-12).116,121 Mixed intermediate-high SI on T1-WI 
may be present if hemorrhagic components are pres- 
ent.115,119 SI on T2-WI is influenced by the proportion 
of myxoid stroma to cellular components and colla- 
gen fibers.l15 Intermediate T2 SI occurs when there 
is an abundance of cellular components and collagen 
fibers relative to myxoid stroma, while high T2 SI is 
revealed in tumors with a large amount of myxoid 
stroma with relatively few cellular components and 
collagen fibers.l15 Occasionally, a whorled appear- 
ance may be present on TI-  or T2-WI secondary to 
interlacing bundles of Schwann cells and collagen 
 fiber^.^^!"^ Unlike in schwannomas, cystic degenera- 
tion is not p r e ~ e n t . l l ~ , ~ ~ ~  Calcifications are present in 
half of tumors at CT, tend to be discrete and punctate 
as opposed to amorphous and coarse in the neuro- 
blastoma, and may appear as low SI foci on TI- and 



Figure 6-1 2 w MR illustration of a retroperitoneal ganglioneuroma in a 22-year-old woman with abdomi- 
nal pain. A and B, Axial TI-WI (A) and T2-WI (B) show an infiltrative lobulated pelvic retroperitoneal mass that has 
intermediate T1 and heterogeneous high T2 SI relative to skeletal muscle. The mass extends into and expands several 
left sacral neural foramina (*), displaces and encases the left external iliac artery and vein (arrows) anteriorly, and dis- 
places the left psoas (P) muscle anterolaterally. C and D, Sagittal T2 (C) and coronal fat-suppressed (D) T2-WIs show 
tumoral extension into several left sacral and lower lumbar (.) neural foramina with associated neural foramina1 expan- 
sion. Enhanced imaging (not shown) revealed both peripheral and curvilinear internal enhancement. Neural foraminal 
involvement is usually suggestive of a neoplasm of the nerve or nerve sheath and often is not present in retroperitoneal 
ganglioneuroma or sarcoma. 
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Grossly, schwannomas are solitary fusiform less cellular, loose myxoid component (Antoni B 
masses derived from Schwann cells that are sur- area).12 Larger retroperitoneal schwannomas are 
rounded by a fibrous capsule and are eccentrically more likely to undergo degenerative changes including 
located in relation to the parent n e r ~ e . l ~ J ~ ~  cyst formation (up to two thirds) (Fig. 6-13), calcifi- 
Histologically, the schwannoma is composed of cation, hemorrhage, and hyal ini~at ion. l~J~~ 
a highly ordered cellular component of compact On MRI, schwannomas are sharply circumscribed 
spindle cells (Antoni A area) and a less organized and fusiform, round, or oval masses that generally have 

Figure 6-1 3 . MR depiction of a retroperitoneal schwannoma in a 33-year-old woman who had an adnexal 
mass revealed on prior sonogram. A, Axial fat-suppressed TI-WI shows a well-circumscribed left retroperitoneal pelvis 
mass lesion that is isointense to skeletal muscle and displaces the left psoas (P) muscle to the left and the left common iliac 
artery and vein (arrows) anteriorly. B and C, Sagittal (B) and coronal (C) fat-suppressed T2-WIs show central hyperintense 
cystic degeneration-serous fluid (*) and a fluid-fluid level (curved black arrow) with dependent hypointense proteinaceous 
fluid. The mass is separate from the normal inferiorly located left ovary (curved white arrow). D, Axial fat-suppressed CE 
TI-WI shows enhancement of the solid peripheral components (arrows) of the surgically proved benign schwannoma. 



nonspecific low-intermediate SI on T1-WI, high SI 
on T2-WI, and solid enhancing components (see Fig. 
6-13). A low SI capsule may be revealed on TI- and 
T ~ - W I S . ~ > " ~ , ' ~ ~  Heterogeneous SI is much more com- 
mon in schwannomas than in neurofibromas and 
may be due to the mixture of Antoni A and B areas 
along with hemorrhage (usually with increased SI on 
TI-WI), cystic degeneration (with very high SI on 
T2-WI without enhancement), or calcification (with 
very low SI on T2-WI that is often difficult to charac- 
terize p r o ~ p e c t i v e l y ) . ~ ~ ~ , ~ ~ ~  Myxoid components have 
high SI on T2-WI and show variable enhancement.lZ5 
The target sign may be present in both schwanno- 
mas and neurofibromas on T2-WI and consists of a 
central area of low-intermediate SI fibrous tissue 
surrounded by peripheral high SI myxoid t i s s ~ e . ~ l J ~ ~  
If the parent nerve of a schwannoma can be identi- 
fied, the schwannoma tends to have an eccentric 
position in relation to the neme.122J27 Schwannomas 
are treated by surgical excision or enucleation, par- 
ticularly if large or symptomatic, and surgical 
excision can usually spare the adjacent nerve as the 
schwannoma is generally separable from underlying 
nerve fibers.lZ7 
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locations 
~ p ~ n s i o n  Neurofibromas (Box 6-15) are benign tumors of 

nerve sheaths of peripheral nerves that represent 5% 
of all benign soft-tissue ne0p1asms.l~~ They occur 
sporadically in the third through fifth decades of life 
and are more common in men. Ten percent of 
patients with neurofibromatosis (NF)-1 develop neu- 
r o f i b r o m a ~ . ~ ~ , ~ ~ ~ , ~ ~ ~  Approximately one third of 
patients with solitary neurofibroma have NF-1, and 
almost all patients with multiple or plexiform neu- 
rofibromas have NF-1.120 Neurofibromas commonly 
occur in deep anatomic locations in patients with 
NF-1 (especially in the retroperitoneum and 
paraspinal locations) that are commonly associated 
with neurologic symptoms but very rarely may 
involve the m e ~ e n t e r y . l ~ J ~ ~ J ~ ~  Other symptoms and 
signs of abdominal neurofibroma are nonspecific. 
Sporadic neurofibromas are usually smaller than 
5 cm,130 while neurofibromas in those with NF-1 tend 
to be larger and rn~1tiple.l~~ Neurofibromas may occur 
as localized, plexiform, or diffuse types (with the last 
type typically found in the subcutaneous tissues of 
patients with NF-1) and rarely undergo malignant 
transformation (see b e l o ~ ) . l ~ J ~ ~  Histologically, neuro- 
fibromas have variable composition of nerve 
sheath cells, thick collagenous bundles, and varying 
amounts of myxoid degeneration. In the most char- 
acteristic form, interlacing bundles of elongated cells 
with wavy dark-staining nuclei are present.12 Often, 
longitudinal bundles of residual nerve fibers are 
centrally situated in neurofibrorna~.~~~ 

On MRI, neurofibromas generally have low SI on 
T1-WI and high SI on T2-WI and enhance on CE TI-WI 
(Fig. 6-14).lZ7 The SI on T2-WI may be homogeneous or 
may be heterogeneous with either a characteristic 

Y* I b G  

TI-WI, 
Homog 
Target 
ltf, I 

ally high 

I schwan~ .,. 
- -. . . - - 
cell 

"'Y 

hat come 
:ollagen 
appearar 

3chwann 

ple diflus - .  

target sign, as described in the previous section for 
schwannomas, or with a whorled appearance consist- 
ing of linear or curvilinear low SI Schwann cell 
bundles and collagen fibers in a background of high 
SI.213127 Most neurofibromas have a fusiform shape 
that are oriented longitudinally in a particular nerve 
distribution, with tapered ends that are centered on 
and contiguous with the parent nerve.lZ7 When they 
are multiple or of the plexiform type (which is pathog- 
nomonic of NF-I), large, conglomerate infiltrative 
masses of innumerable neurofibromata diffusely 
thickening a parent nerve and extending into multiple 
nerve branches may be present, resulting in a charac- 
teristic "bag of worms" appearance.lZ7 Plexiform 
neurofibromas that infiltrate the mesentery may be 
associated with vascular encasement and narrowing. 
Other findings of NF-1 such as scoliosis, dural ectasia, 
or meningoceles may be present.132 Surgical treatment 
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may be performed for neurofibromas, especially for 
those which are plexiform, symptomatic, or suspicious 
for malignant degeneration. Since the neurofibroma 
is intimately associated with its underlying parent 
nerve, surgical resection requires removal of the 
nerve of origin.lZ7 

MALIGNANT PERIPHERAL NERVE SHEATH 
TUMOR (MPNST) 

Malignant peripheral nerve sheath tumors (MPNSTs; 
Box 6-16) are malignant tumors arising from or 
differentiating toward cells of the nerve sheaths 
of peripheral nerves, representing 5% to 10% of 
soft-tissue sarcomas. They occur in 2% to 5% of 
patients with NF-1, usually after a latent period 
of a t  least 10 years.12,127,131,133-135 Conversely, about 
50% of patients with MPNST have NF-1.12J27,131,135 

Ten percent to 20% of MPNSTs arise secondary to 
irradiation exposure after a latent period of more 
than 15 years. Most MPNSTs occur during the third 
through sixth decades of life, which is earlier in 
onset than other retroperitoneal sarcomas. MPNSTs 
in those with NF-1 tend to present within the third 

MPNSTs that develop in association 
with NF-1 tend to be of higher histologic grade, 
larger in size, and more aggressive than those 
which arise sporadically, and they have a very poor 
prognosis. 137,138 

As for other abdominal sarcomas, MPNSTs pre- 
sent with nonspecific symptoms and signs of an 
abdominal mass.12J27 MPNSTs that arise from major 
nerves such as the sciatic nerve or sacral plexus may 
give rise to sensory and motor symptoms including 
radiated pain, paresthesias, and 
Unexpected growth of a preexisting neurofibroma, 
especially a plexiform neurofibroma, or associated 
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pain, particularly if spontaneous and unremitting, 
should raise clinical suspicion for a MPNST, 
although benign neurofibromas may also grow and 
be p a i n f ~ 1 . ~ ~ ~ , ~ ~ ~ J ~ ~  Overall, pain associated with a 
mass in patients with NF-1 is the greatest risk factor 
for MPNST development, with a relative risk of 
approximately 30-f0ld.l~~ 

On MRI, benign and malignant neural tumors 
cannot be differentiated reliably, since SI and 
enhancement characteristics overlap. MPNSTs tend 
to be larger than 5 cm, may exhibit ill-defined mar- 
gins suggesting infiltration of surrounding tissues 
and associated edema, and may expand neural 
foramina, but these features may also be shown with 
benign neural tumors (Fig. 6-15). Heterogeneity with 
central necrosis is common in MPNST, but benign 
tumors with cystic degeneration may also appear 
heterogeneous. The most important imaging finding 
of MPNST is rapid enlargement in size of a tumor 
mass, particularly if associated with pain.127,133 
Complete surgical resection is the mainstay of treat- 
ment of abdominal MPNST as for other abdominal 
sarcomas.127 Also as for other abdominal sarcomas, 
the most important factor influencing patient 
survival is performance of complete surgical resec- 
t i ~ n . l ~ ~  Local recurrence and distant metastatic 
disease are common complications of MPNST.127,135 
The overall 5-year survival rate for patients with 

MPNST is approximately 40%, and the 5-year sur- 
vival rate in patients with NF-1 is 15%.135,137 

ABDOMINAL WALL AND INTRA-ABDOMINAL 
FIBROMATOSIS (DESMOID TUMOR) 

The fibromatoses are classified as superficial (fascial) 
or deep (desmoid tumor), and the deep group is 
divided into extra-abdominal, abdominal wall, and 
intra-abdominal (mesenteric, mesocolic, omental, 
retroperitoneal) Abdominal wall 
and intra-abdominal subgroups of desmoid tumors 
are discussed here (Box 6-17). 

Desmoid tumors are uncommon neoplastic 
lesions, comprising 0.1% of all tumors and 3.5% of 
fibrous tumors, occurring either sporadically or in 
association with familial adenomatous polyposis 
(FAP).140 FAP is inherited in autosomal dominant 
fashion, and patients with a phenotypic variant of 
FAP known as Gardner's syndrome may develop 
desmoid tumors in addition to polyposis coli and 
colon c a r c i n ~ m a . ~ ~ ~ , ~ ~ ~  The incidence of desmoid 
tumor in FAP ranges from 3.6% to 34%, and patients 
with FAP are at an approximately 1,000-fold increased 
risk compared with the general population.140 
Sporadic desmoid tumor occurs with a female to male 
ratio of 2 to 5:1, whereas FAP-associated desmoid 
tumor occurs with equal gender frequency.140 Both 
types of desmoid tumor have a peak incidence in the 
fourth decade of life.140J43 Sporadic desmoid tumors 
are solitary in more than 90% of cases; are often 
present in the retroperitoneum, pelvis, and anterior 
abdominal wall; and tend to be larger in size (with a 
mean diameter of 14 em). In contrast, FAP-associated 
desmoid tumors are multiple in 40%, are more likely 
to involve the mesentery (most commonly) and 
abdominal wall, and tend to be smaller (with a mean 
diameter 5 ~ m ) . l @ - l ~ ~  Even though uncommon, desmoid 
tumors are the most common primary tumors of the 
me~entery.l@,l~~ 

Clinically, intra-abdominal desmoid tumors most 
often present as asymptomatic abdominal masses, 
although some may cause mild abdominal pain.12 
Less commonly, symptoms and signs are related to 
local invasion of small bowel or mesenteric vessels or 
to ureteral obstruction.149 Minor osseous malforma- 
tions such as exostoses, enostoses, and incomplete 
spinal segmentation are present in 80% of sporadic 
desmoid tumor patients as compared with 5% in the 
general population.140 

Abdominal wall fibromatosis tends to occur in 
young pregnant women or, more frequently, during 
the first year following childbirth.12 Most of these 
tumors are solitary, measure 3 to 10 cm, and arise 
from and infiltrate the abdominal wall musculo- 
aponeurotic structures, most commonly the rectus 
abdominis and internal oblique muscles and f a s ~ i a . l ~ J ~ ~  
Redus and fascial desmoids usually do not cross the 
abdominal midline but may be associated with intra- 
abdominal extension.12,144,148,150 Retroperitoneal desmoid 
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tumors are uncommon, occur in less than 20% of 
patients, may commonly cause ureteral obstruction 
with a variable clinical presentation, and are rarely 
completely r e s e ~ t a b l e . l ~ ~ J ~ l  Mesenteric desmoid 
tumors usually have an ill-defined whorled configu- 
ration but may sometimes appear as a small, discrete 
mass that later grows into such a whorled soft-tissue 
lesion with pockets of mesenteric fat.149,152 

Histologically, desmoids are composed of uniform 
elongated spindle-shaped fibroblasts surrounded by 
abundant ~ o l l a g e n . ~ ~ , ' ~ ~ , ~ ~ ~  Cellularity is variable, with 
some portions of tumor showing complete replacement 

by dense fibrous tissue and other areas revealing stro- 
ma1 myxoid change.12 When large, desmoid tumors 
may rarely reveal cystic degeneration or necrosis.lm 
Desmoid tumors are nonencapsulated and have an 
infiltrative margins.140 No correlation has been 
found between the clinical behavior and the histo- 
logic appearance.148 

The exact cause of the desmoid tumor is not 
known. While most cases are idiopathic, genetic 
abnormalities, trauma (including surgical trauma), 
and estrogenic hormones are potential etiologic fac- 
tors.12J40 Approximately 20% of sporadic abdominal 
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wall desmoid tumors occur following surgical proce- 
dures, with half occurring within 4 years after 
s ~ r g e r y . l ~ ~ , l ~ ~  In addition, approximately 75% of FAP- 
associated intra-abdominal desmoid tumors develop 
after abdominal colectomy, at an average of 2 to 3 years 
following surgery.140 Abdominal wall desmoid tumors 
grow the fastest in young women, have a tendency to 
develop in postpartum women and women who take 
oral contraceptive medicines, and spontaneously 
regress after menopause or o o p h o r e ~ t o m y . ~ ~ ~ , ~ ~ ~  

Since desmoid tumors may have a variable 
degree of cellularity, fibrosis, vascularity, and infil- 
tration, they may be well or poorly defined and show 
variable SI and enhancement on MRI (Fig. 6-16).l55 
In general, however, desmoids are infiltrative, are 
most often low-intermediate in SI on TI- and T2-WI, 
and tend to appear aggressive on MRI although they 
are not malignant.21,147,149,156 Occasionally, a low SI 
fibrous capsule may be partially or completely visu- 
alized on TI-WI, and low SI bands of collagen may be 
present on TI- and T2-WI.141,147 The presence of high 
SI on T2-WI does not exclude a diagnosis of a desmoid 

tumor, as immature lesions with higher cellularity 
and less mature fibrosis can be of higher SI than 
muscle on T2-WI. These immature, high SI desmoid 
tumors are associated with rapid growth on follow-up 
imaging.147J49 Both mature and immature desmoid 
tumors tend to e n h a n ~ e . l ~ ~ J ~ 9  

After surgery, recurrent desmoid tumor will 
have MRI characteristics similar to those of the orig- 
inal lesion, and the site of recurrence is frequently at  
margins of the original 1esi0n.l~~ MRI is also useful in 
evaluating the effectiveness of nonsurgical therapy, 
since effective therapy is generally indicated by a size 
reduction and an increase in the amount of low SI on 
T2-WI, reflecting increased intratumoral collagen in 
response to therapy.147 

Several imaging features of desmoid tumor that 
suggest a poor prognosis with increased morbidity 
and mortality include a mesenteric mass greater than 
10 cm, multiple mesenteric masses, extensive small 
bowel involvement, and bilateral hydronephrosi~.~~~ 
Overall, the mean survival rate of patients with intra- 
abdominal desmoid tumors 5 years.140 The outcome 
for patients with FAP-associated intra-abdominal 
desmoid tumors is significantly worse than for those 
without them.146,153 For patients with abdominal wall 
desmoid tumors, a cure rate of up to 20% and a 
disease-free survival ranging from 5 to 15 years have 
been reported after surgical treatment.140 

Surgical removal remains the cornerstone of 
treatment of desmoid tumors despite frequent local 
recurrence.140 Optimally, wide-field surgical resec- 
tion is performed for abdominal wall or small 
intra-abdominal tumors in patients who are able to 
tolerate surgery, so that tumor-free margins may be 
a~hieved. l~OJ~~ Large intra-abdominal desmoid 
tumors cannot be completely removed without sacri- 
ficing vital structures such as the mesenteric vessels, 
have a perioperative mortality rate and major 
morbidity rate of up to 60%, and recur in up to 90% 
of cases.140,157J58 Thus, surgical removal of large intra- 
abdominal desmoid tumors generally is not 
recommended unless there is gastrointestinal or 
genitourinary tract obstruction, fistula formation, 
or abscess f o r m a t i ~ n . l ~ ~ J ~ ~  Postsurgical radiation 
therapy may help reduce the risk of recurrent 
d i s e a ~ e . l ~ ~ , ~ ~ ~  

Noncytotoxic drugs, cytotoxic drugs, and obser- 
vation are nonsurgical treatment options for 
desmoid tumors, although no single approach has 
consistently proved e f f e c t i ~ e . l ~ ~ J ~ ~  Noncytotoxic med- 
ications including nonsteroidal anti-inflammatory 
drugs (NSAIDs) and anti-estrogens such as tamox- 
ifen are considered by some as the first line of 
treatment for desmoid tumors, particularly if small, 
asymptomatic, and unlikely to cause bowel obstruc- 

Sometimes, though, a trial of watchful 
waiting may be implemented, especially in patients 
with FAP or with lesions that are intimately associ- 
ated with the mesenteric vessels, since spontaneous 
regression may occur in 5% to 15% of ~ a s e s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  
Infrequently, cytotoxic medications have been used to 
induce variable degrees of remission for symptomatic, 
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Figure 6-1 6 rn MR depiction of deep pelvic fibromatosis in a 24-year-old man with a palpable inguinal mass. 
A and B, Axial TI-WI (A) and T2-WI (B) show an infiltrative left pelvic mass that is T1 isointense and T2 intermediate 
to hyperintense relative to skeletal muscle. The mass infiltrates the bladder wall (single arrow), the left obturator inter- 
nus muscle (curued white arrow), the left rectus abdominis muscle (double arrow), and the proximal left thigh muscles, 
with partial encasement of the left common femoral artery and compression of the left common femoral vein (curved 
black arrows). C, Coronal fat-suppressed T2-WI shows desmoid infiltration of the left pelvic sidewall (curved arrow) and 
urinary bladder (arrow). D, Axial fat-suppressed CE TI-WI reveals marked homogeneous tumoral enhancement. Anterior 
collateral vessels (arrows) are secondary to obstruction of the left-sided deep pelvic veins. Enhancement of the anterior 
aspect of the obturator internus muscle indicates invasion (curved arrow). 

clinically aggressive, recurrent, nonresectable, or 
unresponsive desmoid tumors, and may achieve 
a good initial response for inoperable desmoid tumors 
that have caused progressive bowel or ureteral 
o b s t r ~ c t i o n . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

BENIGN NONPARENCHYMAL ABDOMINOPELVIC 
FAT-CONTAINING LESIONS 

Abdominal Lipoma 

The lipoma (Box 6-18) is a benign mesenchymal 
tumor composed of mature fat and represents the 
most common mesenchymal neoplasm and the most 
common benign tumor of the retroperitone~m.~J~ 

Lipomatous tumors account for half of all soft-tissue 
tumors in surgical series.30 Solitary lipomas usually 
appear during periods of weight gain most often 
in the fifth through seventh decades of life, a 
significantly younger peak age range than for well- 
differentiated l i p o s a r c o m a ~ . ~ ~ ~ ~ ~  Lipomas occur more 
commonly in obese men. No treatment is generally 
implemented, although surgical removal may be per- 
formed for large or symptomatic abdominal 
lipomas.161 Similar to fat, lipomas are composed of 
mature adipocytes, although the cells are slightly 
larger and slightly more variable in size and shape. 
Admixed mesenchymal elements can be present, 
most commonly fibrous connective tissue. Lipomas 
have not been shown to undergo malignant transfor- 
mation into l iposarc~mas.~~ 
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On MRI, lipomas typically have homogeneous SI 
identical to that of fat on all pulse sequences, in con- 
trast to well-differentiated liposarcomas, and this is 
the most reliable feature of lipomas at imaging.l~~~ 
However, a significant number of lipomas have 
prominent nonadipose areas with an imaging appear- 
ance that may overlap with that of well-differentiated 
liposarcomas. These nonadipose components may be 
revealed in one third of lipomas and are typically due 
to fat necrosis and associated calcification, fibrosis, 
inflammation, and areas of myxoid change. Well- 
defined thin capsules border the margins of lipomas. 
Lipomas tend to be smaller than well-differentiated 
liposarcomas and most often remain stable in 

PRIMARY RETROPERITONEAL TERATOMA 

Primary retroperitoneal teratomas (Box 6-19) are rare 
lesions that represent 5% to 10% of primary retroperi- 
toneal t ~ m o r s . l ~ ~ - l ~  The majority occur in children and 
less than 20% in adults.162,164-166 Teratomas in adults 
have a greater chance of being malignant than those 
in children (20% vs. 6%, respectively), and primary 
retroperitoneal teratomas occur 2 to 4 times more 
frequently in women than in men.162,165,167 Overall, 
teratomas are found more commonly in the ovaries, 
testes, and anterior m e d i a ~ t i n u m . l ~ ~ J ~ ~  Most patients 
with primary retroperitoneal teratomas are asymp- 
tomatic, but some larger tumors may cause nonspecific 
symptoms. Alpha-fetoprotein levels are normal in 
patients with benign teratomas and may be elevated 
with malignant t e r a t o m a ~ . ~ ~ ~  

Primary retroperitoneal teratomas develop from 
totipotential germ cells that have failed to migrate to 
their normal gonadal 10cations.l~~ Grossly, teratomas 
may either be cystic or solid and frequently contain 
mature tissues including skin and dermal appendages, 
cartilage, bone, teeth, or fat.16s Cystic teratomas are 
generally benign well-defined lesions that contain 
multiple solid and cystic areas along with mature 
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tissues, sebaceous material, or mucoid 
However, solid teratomas are frequently malignant 
and contain immature embryonic tissue in addition 
to the mature  component^.^^^.^^^ Retroperitoneal ter- 
atomas tend to be located near the upper poles of the 
kidneys.164 

On MRI, teratomas are usually heterogeneous, 
well-defined solid or multiloculated cystic lesions 
that may contain fatty components with SI iso- 
intense to subcutaneous fat on all pulse sequences. 
Examples of ovarian teratomas are illustrated in 
Chapter 7 (see Figs. 7-41 and 7-43) and a case of a 
metastatic teratoma to the liver is shown in Chapter 1 
(see Fig. 1-18). Calcifications, ossifications, andteeth 
reveal very low SI on TI- and T2-WI when visualized. 
Other tumoral components have less specific MRI 
features. Retroperitoneal teratomas are surgically 
removed if possible, regardless of whether benign or 
malignant, as even histologically benign lesions may 
result in significant morbidity from continued 
growth.164 

Pelvic Lipomatosis 

Pelvic lipomatosis (Box 6-20) is a rare condition char- 
acterized by nonencapsulated fatty tissue overgrowth 
in the perirectal and perivesical regions of the pelvis, 
resulting in compression of the lower urinary tract 
and rectosigmoid African American men are 
affected in approximately two thirds of cases, with a 
peak age during the third and fourth  decade^.^^^,^^^ 
Associated proliferative cystitis, in particular cystitis 
glandularis (a premalignant bladder condition), is 
present in 75% of p a t i e n t ~ . l ~ ~ - l ~ ~  

Pelvic lipomatosis is characterized by massive 
benign hyperplastic overgrowth of pelvic retroperi- 
toneal fat in the perivesical and perirectal locations. 
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The fatty growth is diffuse and composed entirely of 
mature fat indistinguishable grossly and histologically 
from fatty tissue elsewhere in the body.12 The etiology 
of pelvic lipomatosis is unknown, but a genetic cause 
is possible.170 Pelvic lipomatosis is usually asymp- 
tomatic. Progressive disease can be complicated by 
proliferative cystitis, which is hypothesized to be 
secondary to lymphatic and venous stasis secondary 
to fatty tissue compressing the urinary bladder.170J74 
Late complications of obstructive renal failure and 
bladder adenocarcinoma have been rep~r ted . l~OJ~~ 

On MRI, pelvic lipomatosis appears as homo- 
geneous, nonencapsulated perivesical and perirectal 
fatty tissue that surrounds the pelvic organs and 
shows SI similar to mature fat on all pulse sequences 
(Fig. 6-17). Scattered intratumoral linear foci of 
fibrosis of low TI- and T2-W SI may also be pres- 
ent.176,177 Superior displacement of the bladder base, 
a pear-shaped bladder, elongation of the bladder 
neck and posterior urethra, elevation of the prostate 
gland, and superomedial displacement of the seminal 
vesicles may be r e ~ e a l e d . l ~ ~ J ~ ~  Smooth extrinsic nar- 
rowing of the rectosigmoid by hypertrophied 
extramural fat may also be present as well as dilata- 
tion and displacement of one or both ureters with or 
without hydronephrosi~.l~O,~~~,~~~ 

No definitive treatment for pelvic lipomatosis has 
been e ~ t a b l i s h e d . l ~ ~ J ~ ~  Complete surgical removal of 
the fatty tissue is generally difficult or impossible 
because of indistinct surgical margins between the fat 
and adjacent normal structures, and it does not 
always help improve clinical symptoms or signs.174 

Other therapeutic measures including weight loss, 
antimicrobial medication, corticosteroid administra- 
tion, radiation therapy, and chemotherapy are 
i n e f f e ~ t i v e . ~ ~ ~ J ~ ~ J ~ ~  Although the natural history of 
pelvic lipomatosis is not entirely clear, approximately 
40% of patients will require urinary diversion at  
a mean of 5 years after diagnosis to prevent renal 
failure due to obstructive u r ~ p a t h y . ~ ~ O J ~ ~  Since 
patients with pelvic lipomatosis and proliferative 
cystitis have a higher incidence of bladder adenocar- 
cinoma, periodic bladder cancer screening should be 
performed. 174 

Sclerosing Mesenteritis 

Sclerosing mesenteritis (Box 6-21) is a rare idio- 
pathic inuflammatory fibrosclerotic condition. The 
three subtypes of sclerosing mesenteritis are termed 
mesenteric panniculitis, mesenteric lipodystrophy, or 
retractile mesenteritis, depending on the relative 
amounts of inflammation, fat necrosis, or fibrosis 
present.lsO-ls3 Mesenteric panniculitis and mesenteric 
lipodystrophy are the acute/subacute forms of scle- 
rosing mesenteritis, whereas retractile mesenteritis 
is the chronic form.lsl The pathogenesis of sclerosing 
mesenteritis follows the general sequence of nonspe- 
cific inflammation and thickening of the mesenteric 
fat and mesentery, subsequent fat necrosis, and 
resultant fibrosis with progressive scarring and 
r e t r a ~ t i o n . ~ ~ ~ , ~ ~ ~  

Sclerosing mesenteritis occurs most commonly in 
the fifth or sixth decades of life and is twice as com- 
mon in men than in women.1s1~1s4-1ss Its prevalence is 
0.6%, and its etiology is unknown, although an 
autoimmune response and mesenteric ischemia are 
possible pathogenetic mechanisms.ls5 Sclerosing 
mesenteritis can coexist with retroperitoneal fibrosis 
or sclerosing cholangitis.ls2 However, in most 
patients, sclerosing mesenteritis is incidentally iden- 
tified during imaging for an unrelated condition. 
There is an association between sclerosing mesen- 
teritis and malignancy (mainly lymphoma but also 
genitourinary or gastrointestinal adenocarci- 
noma).ls5 As many as 15% of patients with sclerosing 
mesenteritis may subsequently develop malignant 
lymphoma. 

Symptoms and signs of sclerosing mesenteritis 
may be related to inflammation or to mass effect on 
adjacent organs, and may be absent, intermittent, 
or rapidly p r o g r e s s i ~ e . ~ ~ ~ ~ ~ ~ ~  One third of patients are 
asymptomatic.ls8 When symptomatic, abdominal 
pain is the most frequent presenting s y m p t ~ m . ~ ~ ~ , ~ ~ ~  
Laboratory findings are absent or nonspecific.ls5 For 
most symptomatic patients, sclerosing mesenteritis 
has a benign course, and the most common outcome 
is spontaneous symptomatic relief although the time 
course is variable.184J90J91 Major complications of 
sclerosing mesenteritis are related to progressive 
fibrosis, mesenteric shortening, and mesenteric ves- 
sel compression with resultant mesenteric venous 
thrombosis, intestinal obstruction, or intestinal 
ischemia.ls1Js4 



Figure 6-1 7 H MR illustration of pelvic lipomatosis and associated cystitis glandularis/cystitis cystica in a 
54-year-old man. The patient required urinary diversion secondary to functional ureteral obstruction. A and B, Axial 
T1-WI (A) and T2-WI (B) show increased pelvic fat that extrinsically compresses the rectosigrnoid colon (arrow). The 
right pelvic ureter is dilated (curved arrow) secondary to extrinsic compression. C, Sagittal T2-WI shows a bladder (B) that 
is displaced anteriorly by fat and a hyperintense mucosal lesion of the bladder base (arrow). D, Small field-of-view sagit- 
tal T2-WI shows a lobulated lesion (arrows) of the posteroinferior bladder that is isointense to urine, in keeping with 
cystitis cystica and cystitis glandularis. 
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On MRI, one or more fatty mesenteric masses are 
typically present with intermediate-high SI on T1-WI 
and variable SI on T2-WI. If fibrosis and calcifications 
are dominant (as in retractile mesenteritis), then rela- 
tively homogeneous, low T2-W SI components are 
present. Heterogeneous high T2-W SI occurs within 
acute/subacute mesenteric panniculitis and mesen- 
teric lipodystrophy that is composed of predominantly 
inflammatory tissue and fat with a paucity of calcifi- 
cation and mature fibrosis (the MRI equivalent of the 
"misty mesentery" as described on CT).180,1s4~192,193 
Occasionally, multilocular cystic foci with very 
high T2-W SI may be present, representing dilated 
lymphatics as a result of mesenteric lymphatic 
obstruction.ls6 Separation, tethering, or kinking of 

adjacent small bowel segments may be present owing 
to mesenteric retraction and is more marked in retrac- 
tile mesenteritis than in mesenteric panniculitis or 
mesenteric l i p o d y s t r ~ p h y . ~ ~ ~ , ~ ~ ~  

The "fat ring" sign, which appears as preserva- 
tion of the fat immediately surrounding mesenteric 
vessels, is a useful imaging feature of mesenteric pan- 
niculitis, characteristically occurring in up to 75% of 
cases, although it is not entirely s p e ~ i f i ~ . ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~  
A tumoral pseudocapsule, appearing as a peripheral 
band of soft-tissue SI limiting the normal mesentery 
from the inflammatory process, may be present in 
mesenteric panniculitis. However, these two findings 
are not present when mesenteric panniculitis evolves 
into retractile mesenteritis.lsl A left-sided orientation 
of the maximum transverse diameter of the lesion 
(present in up to 98%) and scattered, well-defined 
soft-tissue nodules smaller than 5 mm are other char- 
acteristic imaging features of sclerosing mesenteritis 
that generally are not present in other mesenteric 
diseases. The leftward orientation is in keeping with 
the orientation of the jejunal mesentery, which tends 
to be involved most often by sclerosing mesenteritis.lS5 

No treatment is generally implemented, as 
surgical resection is technically difficult and of no 
benefit.ls2J85 Treatment for patients with persistent 
or progressive symptomatology is not well estab- 
lished. Surgical exploration with biopsy and bypass 
procedures can be performed for intestinal obstruc- 
tion, with surgical resection reserved for cases highly 
suggestive of malignancy.ls1Js4 Occasionally, cortico- 
steroids and immunosuppressants such as azathioprine 
or cyclophosphamide are given to treat advanced or 
progressive disease.1s1~1sg~190 

NONPARENCHYMAL ABDOMINAL CYSTS 

Mesenteric, omental, mesocolic, and retroperitoneal 
nonparenchymal abdominal cysts (Boxes 6-22 and 
6-23) are rare, with an incidence of 1 in 100,000 in 
adults and 1 in 20,000 children. Although contro- 
versy regarding the etiology and classikcation of 
most of these cysts exists, these lesions generally fall 
into one of several categories: (1) lesions of lymphatic 
origin (simple lymphatic cyst, lymphangioma), (2) 
lesions of mesothelial origin (simple mesothelial cyst, 
multicystic peritoneal mesotheliomalg5), (3) lesions of 
enteric origin (enteric cyst, enteric duplication cyst), 
(4) bronchogenic cysts, (5) mature cystic teratoma 
(dermoid cysts), and (6) nonpancreatic pseudocysts 
(traumatic or infectious).168 Mature cystic teratomas 
and peritoneal inclusion cysts are discussed in 
Chapter 7 and pancreatic pseudocysts in Chapter 2, 
respectively. 

In general, the first step in the evaluation of a 
cystic abdominal mass is determination of its organ 
of origin. If an abdominal cystic mass does not arise 
from a solid organ but from the mesentery, omen- 
tum, or retroperitoneum, the differential diagnosis 
includes primary mesenteric, omental, mesocolic, or 
retroperitoneal cysts, as well as benign and malignant 



cystic neoplasms and congenital anomalies, among 
other po~sibi1ities.l~~ On MRI, the thickness of the cyst 
wall, the presence of internal septations, calcifications, 
fat, and the SI and enhancement characteristics of the 
cyst contents may be useful imaging features to help 
differentiate among the variety of abdominal cysts.16s 
Delineation of the extent and involvement of adjacent 
structures by the cysts, along with evaluation for fea- 
tures of malignancy such as lymphadenopathy, 
peritoneal implants, or distant metastatic disease may 
be performed on MRI.16g However, often there is over- 
lap in the imaging features of the different kinds of 
abdominal cysts in addition to overlap with the imag- 
ing features of other cystic lesions, and histologic 
analysis is usually required to establish a definitive 
diagnosis. 

The most common type of nonparenchymal 
abdominal "cyst" is the lymphangioma, followed by a 
nonpancreatic pseudocyst, an enteric duplication cyst, 
a simple mesothelial cyst, and an enteric cyst.16g All 
types of nonparenchymal abdominal cysts usually 
manifest as a large painful abdominal mass when 
symptomatic, although many are revealed in asympto- 
matic individuals.lg6 Large nonparenchymal abdominal 
cysts are generally treated with surgical removal to 
prevent complications such as rupture, hemorrhage, 
torsion, superinfection, or interval growth and to 
exclude a cystic malignancy16s,1g5 Small, asymptomatic, 
nonparenchymal abdominal cysts, however, may 
sometimes be followed with imaging if no growth or 
a~messive imaging features are ~resent .  

iatic 
ic, 

Simple lymphatic cysts are congenital in origin, are 
usually small (1 to 5 cm) and unilocular, and tend to 
remain stable and asymptomatic over time.168,1g7 
Histologically, they are lined by flat endothelial cells 
with a wall containing smooth muscle fibers, lym- 
phoid tissue, lymphatic space, and/or occasional foam 
cells containing lipoid material.lgs On MRI, they gen- 
erally have low SI on T1-WI, high SI on T2-WI, and 
minimal if any wall enhancement. 

Lymphangiomas 

Lymphangiomas (Box 6-24) are uncommon cystic 
lesions that most often occur in the neck (75%) and axil- 
lary regions (20%), while the remaining 5% may occur 
elsewhere, most commonly in the abdomen.66~1g7~1gg,200 
The most common location of an abdominal lymphan- 
gioma is in the mesentery, followed by the omentum, 
mesocolon, and retroperitone~m.~~,~~~,~~~ Rare multi- 
systemic involvement and extensive intra-abdominal 
cystic lyrnphangiomatosis may occur and has a poor 
prognosis.lg7 Forty percent of retroperitoneal and 
other abdominal lymphangiomas are revealed in older 
children or adults (the remaining 60% occurring in chil- 
dren), whereas lymphangiomas of the neck and axillary 
regions more frequently present in infants and children 
less than 2 years of age.12,197,201,202 
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on cross-sectional imaging or surgery for unrelated 
conditions, or by a palpable a b n ~ r m a l i t y . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  

On MRI, lymphangiomas usually appear as large, 
cystic, unilocular or multilocular thin-walled lesions, 
with multiple cystic components of various sizes (Fig. 
6-18) and may be associated with bowel dilatation 
due to obstruction.168~169~1gg Serous fluid contents have 
low SI on TI-WI and high SI on T2-WI. Sometimes, 
the fluid contents may be chylous, proteinaceous, or 
hemorrhagic, with higher SI on TI-WI and high SI 
on T2-WI.169 With complications of infection or hem- 
orrhage, the outer wall and internal septations tend 
to be thicker.200 Mild septa1 or wall enhancement 
may be present. Separation of bowel loops, absence of 
fluid in the perihepatic space and cul-de-sac, and 
focal septations allow for differentiation of an  
abdominal lymphangioma from a~cites.~OO 

Complete surgical excision of lymphangioma is 
performed whenever possible to prevent complica- 
tions such as progressive growth, superinfection, 
rupture, hemorrhage, or t o r ~ i o n . ~ ~ J ~ ~  However, in 
contrast to simple lymphatic and mesothelial cysts, 
which are generally easily enucleated, lymphan- 
giomas may be adherent to vital intra-abdominal 
structures such as small bowel, which may make 
complete excision difficult or i m p o s ~ i b l e . ~ ~ ~ ~ ~ ~ ~  

The etiology and pathogenesis of lymphangiomas 
are not entirely clear; some consider them to be 
acquired malformations secondary to obstruction of 
lymphatic vessels, and others consider them to be 
congenital malformations of lymphangiectasia related 
to failure of communication with the lymphatic 
system.lg7 

Pathologically, lymphangiomas are large, thin- 
walled, usually multiloculated cystic masses lined by 
attenuated endothelium resembling that of normal 
lymphatics. Lymphangiomas are classified as capil- 
lary (simple), cavernous, and cystic (hygroma) types 
depending on the size of the lymphatic spaces. 
Capillary lymphangiomas are composed of small, 
thin-walled lymphatics, cavernous lymphangiomas of 
larger lymphatic channels, and cystic lymphangiomas 
of large macroscopic lymphatic spaces with intervening 
collagen and smooth muscle.12,169,197 The fluid contents 
are predominantly chylous but may be serous or 
hemorrhagic. 12,169 

Lymphangiomas of the mesentery, omenturn, or 
mesocolon tend to be symptomatic, particularly in 
children, reflecting their aggressive b e h a ~ i 0 r . l ~ ~  They 
often present with a palpable abdominal mass and 
abdominal pain and can be complicated by small 
bowel obstruction, volvulus, and infarction.12~168~196~1gg 
In contrast, retroperitoneal lymphangiomas are 
usually asymptomatic and are diagnosed in older 
children or adults either by incidental detection 

MESOTHELIAL CYSTS 

Simple mesothelial cysts are congenital lesions due 
to incomplete fusion of the mesothelial-lined peri- 
toneal s ~ r f a ~ e s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  Most occur in young and 
middle-aged women and are usually located within 
the mesentery, although they also occur in the omen- 
tum. Mesothelial cysts do not show interval growth 
and are usually a s y m p t o m a t i ~ . ~ ~ ~ ~ ~ ~ ~  Pathologically, 
they are thin-walled unilocular cysts lined by flat, 
cuboidal, or columnar mesothelial cells, usually con- 
taining serous fluid, with a fibrous wall without any 
lymphatic s t r u c t ~ r e s . l ~ ~ , ~ ~ 9  Unlike lymphangiomas, 
mesothelial cysts have no internal septations and 
have internal content that follows the SI of simple 
fluid (Fig. 6-19). No TI-shortening is present as can 
be revealed in some 1yrnphangi0mas.l~~ Minimal or 
no wall enhancement may be present. 

ENTERIC DUPLICATION CYSTS 

Enteric duplication cysts are true diverticula of the 
bowel that form during gestation and contain an 
enteric mucosa, a muscle layer, and a nervous plexus. 
With enteric duplication, the cyst wall "reduplicates" 
the normal enteric wall.169 Enteric duplications are 
usually attached to normal bowel but occasionally 
migrate into the mesentery.169 Characteristically, 
they occur along the mesenteric side of the bowe1.1g6 
Pathologically, they are thick-walled, unilocular 
cysts with predominantly serous contents, but some- 
times chylous or hemorrhagic content is p r e ~ e n t . l ~ ~ J ~ ~  
The wall contains all normal enteric layers including 



mucosa (usually gastric or pancreatic small bowel 
epithelium), circular and longitudinal muscle layers, 
and the mesenteric p 1 e ~ u s . l ~ " ~ ~ ~  On MRI, a thick 
enhancing wall is usually visualized and the contents 
are usually serous, with low SI on TI-WI and high SI 
on T2-WI.169 

Enteric Cysts 

Enteric cysts, in contrast, originate from the migration 
of acquired bowel diverticula into the mesentery and 
are lined by enteric mucosa only, without reduplication 

of the bowel wall. Pathologically, they are thin 
smooth-walled cysts, usually unilocular, with serous 
~ 0 n t e n t s . l ~ ~  They are lined with enteric epithelium 
and a thin outer fibrous wall without muscle layers 
or a nervous On MRI, serous fluid con- 
tents are present, occasionally with septations but 
usually without a discernible wall.169 

Bronchogenic Cysts 

Bronchogenic cysts comprise a rare congenital sub- 
type of foregut cysts and usually are located in the 
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Figure 6-19 . MR illustration of a mesothelial cyst in an asymptomatic 27-year-old woman with a palpable 
pelvic mass. A and B, Axial TI-WI (A) and T2-WI (B) reveal an 11-cm homogeneous, well-circumscribed, 
T1 hypointense, T2-hyperintense cyst (M) anterior to the uterus and right ovary (arrow). A 2-cm right ovarian cyst (.) is 
present. C, Sagittal T2-W FSE image shows that the lesion is separate from the uterus and left ovary (arrow) and 
is located superior to the urinary bladder (B). D, Sagittal fat-suppressed CE T1-WI shows smooth peripheral rim 
enhancement (arrows) of the mass without internal enhancement. Excreted hyperintense gadolinium-contrast is present 
in the bladder (B). 



I pulmonary parenchyma or mediastinum but can 
rarely occur in the retroperitoneum. A retroperi- 
toneal bronchogenic cyst is formed when an 
abnormal bud of the tracheobronchial tree develops 
during fusion of the pleuroperitoneal membranes 
with subsequent migration into the abdominal 

Pathologically, bronchogenic cysts are 
thin-walled, usually unilocular cystic masses of non- 
functional pulmonary tissue composed of smooth 
muscle, cartilage, and glands, with a lining of ciliated 
columnar epitheli~m.~03,~0~ Usually, they are asymp- 
tomatic unless large in size, secondarily infected, or 
ruptured.203 On MRI, low SI on TI-WI and high SI on 
T2-WI are usually present due to simple fluid, 
although high SI on TI-WI may be present if there is 
hemorrhage, protein, mucus, or debris sometimes 
with fluid-fluid levels.203-205 Enhancement is gener- 
ally absent or may be minimally present 
peripherally.204 Most retroperitoneal bronchogenic 
cysts are found within the upper retroperitoneum 
adjacent to the diaphragmatic ~ r u r a . ~ ~ ~ , ~ ~ ~  

Abdominal Hemangioma 

The hemangioma (Box 6-25) is one of the most com- 
mon soft tissue tumors, accounting for approximately 
7% of all benign tumors, and closely resembles 
normal blood  vessel^.^^,^^^ Most hemangiomas occur 
superficially, with a predilection for the head and 
neck region, but may also occur commonly deep 
in parenchymal organs such as the liver and spleen 
or very rarely within the mesentery, omenta, or 
retroperitoneum. They may arise in men and women 
of all ages.12,206-20s 

Mesenteric and omental hemangiomas can pre- 
sent with abdominal pain, gastrointestinal bleeding, 
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hernoperitoneum, and a palpable abdominal mass.209-211 
Retroperitoneal hemangiomas tend to be asymptom- 
atic, especially in early stages of development, and 
symptoms, when present, are nonspecific due to mass 
effect on adjacent anatomic structures.212 Treatment 
is conservative, with surgical removal reserved for 
persistent or severe symptom relief or for the rare 
occurrence of lesion rupture.213 

On MRI, a mesenteric or omental hemangioma is 
generally well defined with round or lobular margins 
and with low SI on TI-WI and high SI on both T2-WI 
and heavily T2-WI relative to skeletal muscle.169~214 
Occasional heterogeneity in SI may be present owing 
to the presence of adipocytes (with loss of SI on 
TI-WI out-of-phase gradient-echo images relative 
to in-phase images), hemorrhage (with intermediate- 
high SI on TI-WI), fibrosis, or thrombosis. Calcified 
phleboliths, when visualized, have very low SI on 
both TI- and T2-WI, are better visualized on CT and 
plain film radiography, and are suggestive of the 
diagnosis.206,20S,215-217 

ABDOMINOPELVIC LYMPHADENOPATHY 

There are approximately 400 to 500 lymph nodes in 
the human body, with approximately half located in 
the abdomen and pelvis.218 Both normal and malig- 
nant lymph nodes have intermediate SI on TI-WI, 
have intermediate-high SI on T2-WI relative to skele- 
tal muscle, and enhance. Fatty hila with SI similar to 
that of subcutaneous fat may also be present. SI char- 
acteristics of lymph nodes on conventional imaging 
sequences are not accurate in differentiating between 
benign and malignant lymph n o d e ~ . ~ , ~ l ~  Necrotic 
nodes suggest malignant lymphadenopathy such as 
from metastatic squamous cell carcinoma or less com- 
monly lymphoma, but may also be encountered in 
benign infectious diseases including tuberculosis and 
atypical mycobacterial infe~tion.~~0-227 

Short axis size estimation is the most often used 
imaging criterion to differentiate benign from malig- 
nant lymph nodes (Box 6-26).6 As a general rule, 
lymph nodes less than or equal to 10 mm in short axis 
dimension are likely benign, whereas those larger 
than 10 mm are likely pathologically enlarged.218,228 
However, overlap exists, as malignant lymph nodes 
can sometimes be smaller than 10 mm and benign 
reactive or hyperplastic lymph nodes can sometimes 
be larger than 10 mm.6,229,230 

Lymphoma 

Lymphoma (Box 6-27) is the most common retroperi- 
toneal malignancy, and accounts for one third of 
retroperitoneal malignant  neoplasm^.^ Patients of all 
ages may be affected although the incidence of non- 
Hodgkin's lymphoma increases with age, whereas 
Hodgkin's lymphoma has a bimodal age distribution 
in young adults and the elderly, and the clinical 
course may range from indolent to highly aggressive, 
depending partly on the histology of the t ~ m o r . ~ ~ ~ , ~ ~ ~  
While intra-abdominal Hodgkin's lymphoma tends 
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to be confined to the spleen and retroperitoneum, 
with spread of disease to contiguous lymph nodes, 
non-Hodgkin7s lymphoma more commonly involves 
a variety of nodal groups and extranodal sites.231-234 
Approximately 50% of patients with non-Hodgkin's 
lymphoma have mesenteric lymphadenopathy at 
presentation, which may become confluent, with 
characteristic encasement of the mesenteric vessels. 

Clinical 
One third of retroperitoneal malignancies; peritoneal 

or omental involvement is rare 
Hodgkin's Disease (HD) 

Bimodal age distribution in young adults and elderly 
Confined to the spleen and retroperitoneum with 

spread to contiguous lymph nodes 
Non-Hodgkin's Lymphoma (NHL) 

Incidence of NHL increases with age 
Involves multiple lymph nodes and extranodal sites 

with lymphatic and hematogenous spread 
50% with NHL present with mesenteric 

lymphadenopathy 
Confluent mesenteric nodes are suggestive 

Other conditions tend to have discrete mesenteric 
lymph nodes 

Ann Arbor Staging System may be used for both HD 
and NHL (see Box 6-28) 

MRl 
Lymphadenopathy 

Low-intermediate SI on TI-WI, high SI on T2-WI, 
with enhancement 

Occasional central necrosis, particularly after 
treatment 

Low SI on T2-WI after treatment may represent 
nonviable tumorlfibrosis 

Most experience involves mediastinal nodes in 
patients with HD 

Associated findings: gastrointestinal, bone marrow, 
or parenchymal organ involvement 

In contrast, enlarged lymph nodes due to other 
conditions tend to remain discrete, rarely forming a 
conglomerate mass.l Abdominal pain or a palpable 
abdominal mass may be present along with constitu- 
tional symptoms and signs. The Ann Arbor Staging 
System for lymphoma (Box 6-28) is used for both 
Hodgkin's and non-Hodgkin's lymphoma to help pre- 
dict the prognosis and survival of patients, but it is 
less useful for non-Hodgkin's lymphoma, since it more 
frequently disseminates h e m a t o g e n o u ~ l y . ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~  The 
management approach to patients with lymphoma is 
dependent on multiple factors and either may be con- 
servative or involve chemotherapy, radiation therapy, 
immunotherapy, bone marrow transplantation, or 
surgical r e s e c t i ~ n . ~ ~ ~ , ~ ~ ~  

On MRI, lymphoma is typically intermediate- 
slightly high in SI on TI-WI and high SI on T2-WI 
relative to muscle (Fig. 6-20).236 Associated involve- 
ment of the bone marrow, gastrointestinal and 
genitourinary tract, and other parenchymal organs 
such as the liver or spleen may be present (see Figs. 
2-23? 4-15, 5-14, and 7-11). Uncommonly, findings of 
peritoneal lymphomatosis may also be present. 
Assessment of the SI of lymphomatous nodal masses 
after therapy on T2-WI may be useful because low SI 
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on T2-WI within treated lymph node masses sug- 
gests nonviable tumor or fibrosis. However, most of 
the published experience of using T2-W SI to docu- 
ment response to treatment has focused on patients 
with mediastinal Hodgkin's lymphoma.237 

Abdominal Tuberculosis 

Lymphadenopathy is the most common manifesta- 
tion of abdominal tuberculosis (Box 6-29) and is 
the only abdominal finding in half of  patient^.^^^,^^^ 
The mesenteric, omental, peripancreatic, periportal, 
pericaval, and upper para-aortic lymph nodes are 
commonly involved, related to lymphatic drainage 
from the small bowel and right colon. On MRI, the 
lymph nodes are usually multiple and large (with 
a mean size of 2 to 3 cm in diameter) with low- 
intermediate SI on TI-WI and central high SI on 
T2-WI relative to skeletal muscle in active disease, 
without associated urinary, biliary, or gastrointesti- 
nal tract o b s t r ~ c t i o n . ~ ~ ~ - ~ ~ ~ , ~ ~ ~  The degree of high SI 
on T2-WI within lymph nodes generally parallels the 
amount of central necrosis, and the degree of nodal 
necrosis correlates with clinical signs and symptoms. 
Less commonly, central low SI on TI-WI and T2-WI 
relative to skeletal muscle may be present owing to 
inactive or fibrotic tissue in later stages of disease or 
to c a l c i f i c a t i ~ n . ~ ~ ~ , ~ ~ ~  The imaging findings of tuber- 
culosis may mimic other diseases239; one should have 
a low threshold for considering a diagnosis of active 
tubercular infection in patients at  risk. 

Clinical 

Whipple's Disease 

Whipple's disease is an unusual chronic disorder 
characterized by lipogranulomatous inflammation of 
the small bowel with systemic extension to virtually 
any organ system caused by infection with 
Tropheryma ~ h i p p e l i i . ~ ~ ~  The peak age is in the fifth 
decade of life, Caucasians are most often affected, 
and men are affected eight times more commonly 
than women.241 It is difficult to diagnose, since it 
may have variable clinical features, but most often 
presents with arthropathy, weight loss, diarrhea, 
and abdominal pain, and less commonly with fever, 
lymphadenopathy, or h e p a t o ~ p l e n o m e g a l y . ~ ~ ~ , ~ ~ ~  
The diagnosis is made via biopsy of involved 
tissues such as the small bowel or peripheral lymph 
nodes, and reveals PAS-positive granular foamy 
macrophages on histologic analysis.241 On MRI, 
findings may resemble a malignancy such as lym- 
phoma, since hepatosplenomegaly or abdominopelvic 
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lymphadenopathy may be present.240 Furthermore, 
lack of central enhancement of lymph nodes due to 
necrosis may be present.227 Other findings may 
include ascites, small bowel mural and fold thicken- 
ing, and sa~ro i l i i t i s .~~~ In general, treatment is with 
prolonged antibiotic therapy.240 

Castleman's Disease 

Castleman's disease (Box 6-30), also known as angio- 
follicular lymph node hyperplasia or benign giant 
lymph node hyperplasia, is a hyperplastic-dysplastic- 
neoplastic lymphoproliferative process of uncertain 
etiology that is a rare cause of abdominopelvic lymph 
node enlargement.6,242,243 It tends to present clinically 
with either unicentric or localized disease confined 
to a single anatomic lymph node-bearing region 

that remains relatively stable, or with multicentric 
or disseminated disease characterized by genera- 
lized lymphadenopathy, constitutional symptoms, 
organomegaly, and a more aggressive clinical course, 
with 30% of patients developing malignant transfor- 
mation.243-245 Unicentric disease presents at  a 
significantly younger age (peak age in the third 
decade of life) than does multicentric disease (peak 
age in the sixth decade of life).242j243 Patients with 
unicentric disease usually have intrathoracic dis- 
ease, whereas in patients with multicentric disease, 
various anatomic sites including the mesentery, 
retroperitoneum, and pelvis may be involved (in 7% 
to 12% of ~ a s e s ) . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  

On MRI, the lesions of Castleman's disease gen- 
erally have low-intermediate SI on TI-WI and high 
SI on T2-WI relative to the liver parenchyma, with 



has a poor prognosis, with a median survival of 24 to 
33 months, with death most commonly due to sepsis 
and lymphoma.242,244,246 

stic 
Clinical 

mild-marked e n h a n ~ e m e n t . ~ ~ ~ , ~ ~ ~  Calcification may be 
present in approximately one third of cases of 
abdominal Castleman's disease and is better revealed 
on CT.245,246 Unicentric disease tends to show a well- 
defined, homogeneous, single, large intra-abdominal 
mass or a single dominant mass with satellite nod- 
ules (with a mean size 6 cm and range of 3 to 10 cm), 
whereas multicentric disease tends to show variably 
sized well-defined lymph nodes in multiple loca- 
tions, sometimes also with associated findings of 
hepatosplenomegaly, ascites, and retroperitoneal 
fascia1 thickening.245 

Surgical resection generally is standard treat- 
ment for unicentric Castleman's disease, usually 
with resolution of systemic symptoms and laboratory 
abnormalities within a few months, with a cure rate 
approaching 100%.243,244 Combination chemotherapy 
and corticosteroids are the mainstay of treatment 
for multicentric Castleman's disease, although inter- 
feron may be used a l t e r n a t i ~ e l y . ~ ~ ~ , ~ ~ ~  Despite these 
treatment measures, multicentric Castleman's disease 

RETROPERITONEAL FIBROSIS (RPF) 

Retroperitoneal fibrosis (RPF; Box 6-31) is a rare 
fibrotic reactive process with a prevalence of 
about 1 per 200,000 population.249 Idiopathic RPF 
(Ormond's disease) occurs more commonly in men by 
a ratio of 2 : 1, which has been attributed to the higher 
incidence of symptomatic atherosclerotic disease in 
men.249,250 Patients of any age may develop RPF, but 
most are in the fifth or sixth decade of life.250!251 

Most patients with RPF have vague, nonspecific 
abdominal symptoms, including dull back, flank, and 
abdominal pain.250,251 Symptoms and signs may be 
related to entrapment and compression of retroperi- 
toneal structures including the ureters, IVC, aorta 
and its branches, and gonadal vessels.249 The ureters 
are the most frequently compressed structures, 
and pain probably is due to inflammation, ureteral 
obstruction, or abnormal ureteral p e r i s t a l s i ~ . ~ ~ ~ , ~ ~ ~  
Oliguria, anuria, and eventual renal failure may occur. 



Compression of the n7C can result in lower extremity 
edema, scrotal edema, or deep thrombophlebitis of 
the lower extremities. In approximately 15% of indi- 
viduals with RPF, associated fibrotic processes outside 
the retroperitoneum may be present, including fibros- 
ing mediastinitis, sclerosing mesenteritis, orbital 
pseudotumor, primary sclerosing cholangitis, and 
Reidel's thyroiditi~.25~,~5~ Laboratory abnormalities 
are present in those with obstructive ~ r o p a t h y . ~ ~ ~  

Approximately two thirds of all cases of RPF are 
considered idiopathic, and approximately one third 
of cases develop in response to various medications, 
malignancies, or other causes.249 Up to 25% of 
patients with abdominal aortic aneurysms (called 
inflammatory abdominal aortic aneurysms) may have 
an association with perianeurysmal fibrosis and are 
considered by some to be an early or mild form of 
RPF.249,251 Inflammatory abdominal aortic aneurysms 
are discussed separately below. 

Approximately 1% of patients who take methy- 
sergide, an ergot derivative used to treat migraine 
headaches, develop RPF, with symptomatic relief 
commonly occurring after drug w i t h d r a ~ a l . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  
Because of this known side effect of methysergide (as 
well as pleural and valvular fibrosis), there has been 
decreased use of this drug and fewer drug-related 
cases of RPF.254 Other ergot derivatives such as 
bromocriptine, used to treat parkinsonism, may also 
be associated with RPF. 

Malignant RPF is an unusual subtype of RPF 
and is clinically difficult to distinguish from RPF due 
to benign or idiopathic causes. Malignant RPF occurs 
when small metastatic foci to the retroperitoneum 
(usually a lymphoma) elicit an exuberant desmoplastic 
response.249 Malignant RPF is distinct from malignant 
retroperitoneal lymphadenopathy, with the latter typ- 
ically associated with lateral ureteral displacement.251 
Infections due to tuberculosis, syphilis, actinomycosis, 
or fungi; nonspecific gastrointestinal inflammation 
including appendicitis, Crohn's disease, or diverticuli- 
tis; retroperitoneal hemorrhage; urine extravasation; 
or prior irradiation or surgery are all rare reportable 
causes of RPF.249,251 

The exact cause of idiopathic RPF is unclear, 
although some believe that chronic fibrosing periaor- 
titis, possibly due to an immune reaction to a 
component of ruptured atherosclerotic plaque such as 
ceroid (an insoluble complex of proteins and oxidized 
low-density lipoprotein), may play a role.250,251 The 
observation that RPF tends to occur in areas where an 
arterial wall (usually of the aorta) has severe athero- 
sclerotic plaque and attenuation of the media supports 
this theory.249 Gross pathologic findings of RPF 
include a dense, grayish-white, plaque-like mass that 
surrounds the inferior aspect of the abdominal aorta, 
often with encasement or compression of the ureters, 
the aorta, and other retroperitoneal structures.12 
Histologically there is a zonal change in tissue charac- 
terization within RPF from central to lateral; the 
lateral edges of RPF tend to be inflammatory, whereas 

RPF typically originates below the aortic bifurca- 
tion at the level of the sacral promontory or lower 
lumbar vertebrae, and then extends superiorly along 
the anterior spinal surface in a periaortic and 
pericaval distribution toward the renal hila, where 
rarely it may surround the renal pelves.249 Typically, 
one or both ureters, usually in the middle third, may 
be encased, often with resultant hydronephrosis. 
The anterior margin of RPF respects the posterior 
peritoneal boundary and is sharply marginated, 
whereas the posterior margin tends to be less well 
defined but infiltrative of adjacent structures.249 The 
fibrotic plaque may be midline or eccentric, well- 
circumscribed or ill-defined, and localized or exten- 
~ive.~~,255 RPF is of low-intermediate SI on T1-WI.255 
On T2-WI, mature fibrotic plaque in benign RPF has 
low SI (Figs. 6-21 and 6-22), whereas immature 
fibrotic plaque in early benign RPF and malignant 
RPF has high SI due to either a high free water content 
with inflammatory edema or hyper~ellularity.~~~~~~~,~~~,~~~ 
After corticosteroid therapy and with maturation, 
there is a decrease in inflammatory reaction with a 
subsequent in decrease in SI on T2-WI and decreased 
enhancement on dynamic CE T1-WI.257,258 

Imaging findings that are more suggestive of a 
malignant etiology for RPF are the presence of other 
lymphadenopathy or metastatic disease, subjacent 
osseous destruction, an ill-defined margin, or inhomo- 
geneity of the plaque or associated high SI changes 
of the adjacent psoas muscles on T2-WI.6,255 
Malignant retroperitoneal lymphadenopathy is a 
differential diagnostic consideration for RPF, since 
it can occasionally become confluent and encase 
the great vessels and thus mimic the appearance of 
RPF, particularly with lymphoma (see Fig. 6-20). 
Generally, however, retroperitoneal metastatic dis- 
ease most commonly appears as lobulated para-aortic 
and paracaval masses due to enlarged lymph 
nodes.249 Lymphoma and other tumors that result 
in malignant lymphadenopathy displace the aorta 
anteriorly and the ureters laterally, whereas benign 
RPF usually does not cause significant anterior 
aortic displacement or lateral ureteral displacement 
(see Fig. 6-22).249,251 

~h-i le  rare spontaneous regression of RPF has 
been reported, most patients require some form of 
medical or surgical treatment.12 Patients with 
methysergide- or bromocriptine-related RPF are 
treated with drug discontinuation, after which there 
is often prompt regression of both symptoms and 
fibrosis.251 In other patients with RPF, deep biopsies 
are routinely obtained to exclude a malignant or 
infectious cause before potential corticosteroid ther- 
apy is i n ~ t i t u t e d ~ ~ ~ , ~ ~ ~  The use of corticosteroids to 
decrease inflammation in early idiopathic disease typ- 
ically results in improvement in signs and symptoms 
and shrinkagelmaturation of the RPF on imaging, 
along with relief of ureteral obstruction within 7 to 10 
days.249,259 If medical therapies alone are not effective, 
intervention with open or laparoscopic ureterolvsis 



Figure 6-21 . MR depiction of periaortic retroperitoneal fibrosis in a 30-year-old woman with abdominal 
pain and weight loss. A and B, Axial TI-WIs show a subtle rim of low SI soft tissue (arrows) relative to skeletal mus- 
cle around the aorta (A) at  the level of the celiac trunk. The hepatic and portal veins and the IVC (I) are hyperintense in 
A. Image A was the most inferior of an axial set of gradient echo (GRE) images that did not use inferior or superior sat- 
uration bands. Thus, the high SI is secondary to flow-related enhancement. The abdominal aorta and celiac artery are 
hyperintense in B because of flow-related enhancement; the image was acquired as the most superior slice of a second 
set of GRE images. This "feature" of GRE images obtained without saturation bands provides information regarding 
vessel patency and direction of flow. C, Axial fat-suppressed T2-WI shows low to intermediate SI periaortic soft tissue 
(arrows), suggestive of mature fibrosis. D, Axial fat-suppressed CE TI-WI shows mild homogeneous enhancement of the 
periaortic tissue. The aorta is not displaced anteriorly (see Figure 6-20). 

plaque) often is successful in alleviating ureteral 
obstruction.260 Although ureterolysis successfully 
relieves ureteral obstruction in approximately 90% of 
cases, recurrent obstruction occurs in up to 22% of 
those treated with ureterolysis alone. Therefore, 
corticosteroid therapy often is used concomitantly 
to arrest the inflammatory process, and it is most 
effective during earlier stages of d i~ease .~~ l ,~~O 

The prognosis for patients with malignant RPF is 
exceedingly poor, with a mean survival of 3 to 6 
months after d i a g n ~ s i s . ~ ~ ~ , ~ ~ ~  Conversely, the prognosis 
for those with idiopathic RPF is generally fav0rable.~5l 
In fact, with effective ureterolysis and without renal 
compromise, a long-term success rate in terms of pre- 
vention of recurrent obstructive symptomatology and 
maintenance of renal function exceeding 90% may be 

However, these patients usually have 

significant atherosclerotic disease, resulting in future 
morbidity and mortality secondary to myocardial 
infarctions and cerebrovascular accidents, and conse- 
quently the 10-year survival rate of patients with RPF 
is usually reported at less than 70%.250 

INFLAMMATORY ABDOMINAL AORTIC 
ANEURYSM (IAAA) 

Approximately 5% to 15% of patients with abdominal 
aortic aneurysms (AAAs) have associated asymp- 
tomatic perianeurysmal fibrosis, which is similar 
morphologically and histologically to RPF.250s261 
Perianeurysmal fibrosis is not protective against 
aneurysm rupture but often renders operative repair 
of such aneurysms difficult and h a z a r d o ~ s . ~ ~ l - ~ ~ ~  
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The pathogenesis of inflammatory abdominal 
aortic aneurysm (IAAA) (Box 6-32) is thought to 
be similar to that of idiopathic RPF, with the 
perianeurysmal inflammatory response representing 
an immune reaction to antigens such as ceroid that 
leak from the aortic Grossly, the anterior and 
lateral walls of IAAAs are covered with a thick white 
layer of fibrous tissue that can adhere the duodenum 
and other adjacent structures to the aneurysm sac. 
In severe cases, this inflammatory/fibrous tissue may 
extend to involve the ureters, IVC, left renal vein, 
small bowel mesentery, or transverse mesocolon 
with potential obstruction. The periaortic inflamma- 
tory tissue partially explains why operative 
treatment of an IAAA has a higher mortality rate 
than that of a noninflamrnatory AAA, and thus pre- 
operative recognition is important.261 

Both atherosclerotic AAAs and IAAAs occur more 
commonly in men than in women, and in patients 
with IAAA, the mean age at presentation is in the sev- 
enth decade (similarly to atherosclerotic AAA), with 
an age range in the sixth through ninth decades. 
However, most patients (75%) with IAAAs have 
abdominal or back pain, compared with only 13.5% of 
those with noninflammatory Patients with 
IAAAs tend to be significantly more symptomatic (most 
commonly with back and abdominal pain) than those 
with noninflamrnatory AAAs (93% vs. 9%), are more 
likely to have a family history of aneurysms (17% vs. 
1.5%), and tend to be current smokers (45% vs. 24%). 
IAAAs tend to be larger than noninflammatory AAAs 
at presentation (with a mean size of 8.0 cm vs. 6.4 cm), 

and the erythrocyte sedimentation rate is elevated in 
the majority of patients with IAAAs.263,265-267 The triad 
of chronic abdominal pain, weight loss, and elevated 
sedimentation rate in a patient with an AAA is highly 
suggestive of an IAAA.268 

On MRI, the typical imaging appearance of an 
IAAA consists of a complex layered wall of a dilated 
aorta with concentric rings of high SI that are most 
prominent on T2-WI but are also present on TI-WI. 
These mural concentric rings represent alternating 
layers of fibrosis and inflammation. IAAAs have 
three or more concentric layers of high SI, whereas 
noninflamrnatory AAAs show at most two rings of 
high SI.261 On TI-WI, the surrounding rim of inflam- 
matory tissue shows intermediate SI with poor 
differentiation from intraluminal thrombus and sur- 
rounding structures. On CE TI-WI, the inflammatory 
cuff enhances homogeneously with distinct definition 
of intraluminal thrombus and with better definition 
of adjacent involved structures.264 Furthermore, on 
CE TI-WI, the rim of tissue surrounding the aorta 
may be similar in appearance to retroperitoneal 
fibrosis, with the exception of aneurysmal dilatation of 
the abdominal aorta.249 In patients presenting with a 
suspected IAAA, MRI-MRA is recommended by some 
as the diagnostic test of choice as opposed to CE CT, 
sinxw MRI a has high sensitivity in detecting peri- 
aneurysmal inflammatory change and is appropriate 
in those patients who have renal impairment.264 

Preoperative treatment of individuals with IAAA 
with corticosteroids may be useful to control the 
inflammatory process and facilitate surgical repair, 
particularly when the inflammatory process is severe 
or there is associated involvement of adjacent 
retroperitoneal structures.269 Aneurysm resection is 
the treatment of choice for the IAAA, since the risk 
of aortic rupture does exist and more than 75% of 
patients undergo spontaneous remission of peri- 
aneurysmal fibrosis following surgical repair. 
Treated patients with IAAAs need to be followed by 
imaging, as they are at risk of developing perianasto- 
motic aneurysms.270 The 5-year and 10-year survival 
rates in surgically treated patients with IAAAs and 
noninflamrnatory AAAs are similar.263,265,270 

RETROPERITONEAL AND PERITONEAL 
FLUID COLLECTIONS 

Fluid collections (Box 6-33) are by far the most com- 
mon pathologic peritoneal process imaged, and both 
peritoneal and retroperitoneal fluid collections may 
result from neoplastic, infectious, inflammatory, and 
traumatic c a ~ s e s . l , ~ ~ ~  Peritoneal fluid collections, or 
ascites, may be classified as either transudative or 
exudative based on biochemical parameters such as 
the serum-ascites albumin gradient or total protein 
content. Cirrhosis, nephrotic syndrome, congestive 
heart failure, and low protein states are some usual 
causes of transudative ascites, whereas malignancy, 
infectious peritonitis, and pancreatitis are the 
common causes of exudative ascites.' Peritoneal and 
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retroperitoneal fluid collections may also be classi- 
fied as simple, proteinaceous, hemorrhagic, bilious, 
chylous, uriniferous, enteric, infectious, inflammatory, 
or malignant, based on the composition of the fluid and 
the underlying etiology (Box 6-34).1,272 

In most cases, retroperitoneal fluid collections 
remain confined to their compartment of origin by 
fascial planes or  adhesion^.^^^,^^^ However, large, rap- 
idly developing fluid volumes may decompress along 
laminated, variably fused, potentially expansile 
retroperitoneal fascial planes.271 With severe inflam- 
mation, infection, or hemorrhage, transfascial spread 
between compartments as well as extension into the 
psoas muscle and abdominal wall musculature may 
occur, frequently with obliteration or displacement 
of adjacent structures or thickening of surrounding 
soft tissue planes.273 

Inflammatory fluid collections are most promi- 
nent near the site of origin. Most inflammatory fluid 
collections originate in the anterior pararenal space 
of the retroperitoneum from extraperitoneal portions 
of the gastrointestinal tract including the pancreas, 
ascending and descending colon, duodenum, and 
retroperitoneal appendix. Acute pancreatitis is one of 
the most common causes of an anterior pararenal 
fluid collection (see Fig. 2-34), and peripancreatic fluid 
often extends into the lesser peritoneal sac and sub- 
peritoneal spaces of the small bowel mesentery and 
transverse m e s o ~ o l o n . ~ ~ ~ ~ ~ ~ ~  Inflammatory fluid collec- 
tions confined to the posterior pararenal space of the 

creted contrast in 

low SI gas on T1- 
enhancement 



retroperitoneum are rare, since no organs are present 
within this space, but most inflammatory fluid collec- 
tions involving the posterior pararenal space tend to 
be secondary to severe infection in another space, such 
as osteomyelitis of the spine, ribs, or p e l v i ~ . ~ , ~ ~ ~  

Nonloculated fluid collections are shaped by the 
surrounding structures, do not deform the shapes of 
the normal organs, and flow to a dependent position.272 
The distribution of a peritoneal fluid collection between 
the lesser and greater peritoneal sacs may help suggest 
its etiology. For example, transudative ascites tends to 
have a smaller lesser sac component, carcinomatosis 
tends to have similar-sized lesser and greater sac com- 
ponents, and pancreatitis tends to have a larger lesser 
sac component.l On MRI, simple fluid collections 
and transudative ascites have low SI on TI-WI and very 
high SI on T2-WI, whereas proteinaceous fluid collec- 
tions and exudative ascites tend to have similar T2-W 
SI but variable higher SI on T1-WI.1,272 

Retroperitoneal and intraperitoneal hemorrhage- 
hematoma (Box 6-35) may be secondary to rupture or 
leak of an aneurysm or vascular malformation, 
anticoagulant therapy, a bleeding diathesis, trauma, 
arterial catheterization, or underlying parenchymal 
organ pathology with rupture, or it may be 
s p o n t a n e o u ~ . ~ , ~ , ~ ~ ~ ~ ~ ~ ~  Spontaneous retroperitoneal 
hemorrhage usually originates in the posterior 
pararenal space and may extend into the properi- 
toned fat, pelvis, psoas muscle, or abdominal wall 
musculature.273 However, most AAAs tend to bleed 
posteriorly with either confinement by the psoas 
space or extension into the posterior interfascial 
plane behind the left kidney, and the IVC often 
bleeds directly into the right posterior interfascial 
plane. In such cases, hemorrhage is often present in 
the perirenal spaces as well, and the anterior inter- 
fascia1 planes are less commonly involved.271 

On MRI, the appearance of hemorrhage is depen- 
dent on on its age.6,274,275 It is uncommon to perform an 
abdominal or pelvic MRI examination to evaluate for a 
hyperacute or acute hematoma. Thus, most hematomas 
revealed on abdominal MRI examinations are either 
subacute or chronic. A subacute hematoma may show 
two outer characteristic layers of SI: a thin peripheral 
rim with low SI on all pulse sequences corresponding 
to hemosiderin and an inner peripheral high SI zone 
that is most distinctive on TI-WZ due to methemoglobin 
(Figs. 6-23 to 6-25; see Fig. 5-15). The central component 
of the hematoma has variable SI based on the amounts 
of seroma, deoxyhemoglobin, and methemoglobin pres- 
ent.6,276 This appearance of the periphery of a fluid 
collection on TI-WI is known as the concentric ring sign 
and is pathognomonic for a subacute h e m a t ~ m a . ~ ~ ~  
Maturing hematomas decrease in size and the SI of the 
core diminishes while the outer rim becomes very 
hypointense on both TI- and T2-WI secondary to hemo- 
siderin dep~sition.~ Active hemorrhage may sometimes 
be present as a focus or jet of extraluminal high SI on 
TI-WI owing to extravasation of intravenous gadolinium 
contrast material, and it generally indicates a need 
for immediate surgical or angiographic therapy.1s277 
Occasionally, a hemorrhagic tumor may be difficult to 
differentiate from spontaneous nonneoplastic hemor- 
rhage, but hemorrhagic neoplasms typically have 
conspicuous, solid, enhancing soft tissue components, 
whereas hemorrhagic lesions with a large component 
of very high TI-WI SI are usually benign hemat~rnas.~ 

Intraperitoneal bilious fluid collections (bilomas) may 
be caused by iatrogenic, traumatic, or spontaneous 
rupture of the biliary tree and are usually located in 
the upper abdomen, with 70% in the right upper 
quadrant and 30% in the left upper quadrant.278 
Often, they are asymptomatic, but sometimes bile 
peritonitis can result. Bilious fluid demonstrates 
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variable SI on TI-WI and high SI on T2-WI, similar 
to the SI of the gallbladder.272,278 Both gadolinium- 
and manganese-based MRI contrast agents are avail- 
able that are excreted through the biliary system. 
A delayed enhanced MRI examination using one of 
these agents could confirm that a localized fluid col- 
lection was bile and identify the site of bile leak.279 
Most bilomas are treated successfully with percuta- 
neous catheter drainage and treatment of the 
underlying site of bile leak.278 

Chylous Ascites 

The rare chyloperitoneum (chylous ascites) and the 
very rare chyloretroperitoneum are due to collections 
of lymphatic fluid or chyle in the peritoneal cavity 
and retroperitoneum, r e spe~ t ive ly . ' , ~~~-~~  The most 
common cause of chylous ascites in adults is abdominal 
malignancy, with lymphoma accounting for up to 50% 
of cases, although any type of cancer and lymph node 
involvement may lead to c h y l o p e r i t o n e ~ m . ~ ~ ~ , ~ ~ ~  
Iatrogenic and nonsurgical trauma are the second 
most common cause of chyloperitoneum, which may be 
present in up to 8% of patients who undergo complex 
abdominal surgical p r o c e d ~ r e s . ~ ~ ~ ~ ~ ~ ~  Primary chylous 

disorders may also lead to chylous as cite^.^^^ The prin- 
cipal mechanisms of chylous ascites formation are 
leakage from retroperitoneal megalymphatics, usually 
through a lymphoperitoneal fistula, and leakage 
from dilated subserosal small bowel and mesenteric 
lymphatics, usually caused by obstruction of the 
cisterna chyli or thoracic du~t.282,2~~ 

On MRI, a fat-fluid level may be identified within 
a chyloperitoneum as a result of its high fat content, 
which is nearly p a t h o g n o m o n i ~ . ~ ~ ~ , ~ ~ ~  Chemical shift 
imaging may reveal the lipid within chylous ascites, 
but this has not been reported to date. In the absence 
of detectable fat within the ascites, a diagnosis is 
established by the clinical history and chemical eval- 
uation of the fluid. The differential diagnosis 
includes intraperitoneal rupture of a teratoma, 
which is rare. 

Uriniferous fluid collections are usually found in 
the retroperitoneum, most commonly within the 
perinephric spaces, and are most often due to 
obstructive uropathy and less frequently to 
abdominopelvic trauma, surgery, or diagnostic 



i n ~ t r u m e n t a t i o n . ~ ~ ~ ~ ~ ~ ~  Occasionally, intraperitoneal 
uriniferous ascites may occur if the anatomic bound- 
aries of the retroperitoneal space have been 
disrupted by trauma or prior surgery, such as in the 
case of traumatic intraperitoneal bladder rupture.288 
As urine extravasates into the retroperitoneum, it 
causes lipolysis of the perirenal fat with encapsula- 
tion, forming a ~ r i n o m a . ~ ~ ~ , ~ ~ ~  On MRI an urinoma or 
uriniferous ascites tends to have low SI on TI-WI 
and very high SI on T2-WI, similarly to simple fluid 
elsewhere in the body. In some cases, urine leakage 
can be directly demonstrated on CE TI-WI during 
the excretory phase of enhancement as delayed 
enhancement of fluid secondary to gadolinium- 
contrast extravasation from the genitourinary 
s y ~ t e r n . ~ ~ ~ ~ ~  Management of urinomas generally con- 
sists of treatment of the underlying cause of urine 
leakage, and sometimes percutaneous drainage of 
the urinomas themselves.2sg 

Infectious Fluid Collections/Abscess 

Infectious fluid collections in the retroperitoneum are 
typically subacute, with nonspecific symptoms and 
signs of nausea, vomiting, weight loss, fever, chills, 
night sweats, anorexia, flank pain, or hip pain.6s273 
As a result, the diagnosis of retroperitoneal infection 
may be overlooked in 25% to 50% of patients, with a 
subsequent increase in morbidity and mortality.273 

Infectious fluid collections of the peritoneal cavity 
may either be localized with peritoneal abscess 
formation or generalized with diffuse perit0nitis.l An 
abscess, by definition, is a cavity filled with pus that, 
when mature, consists of central necrosis-containing 
cellular debris and peripheral hypervascular connec- 
tive The most common site for peritoneal 
abscess formation is the pouch of Douglas, which is 
the most dependent site in the peritoneal cavity, 
although infectious fluid also preferentially ascends in 



the right paracolic gutter into the right subphrenic and 
subhepatic peritoneal spaces, which are also common 
sites of peritoneal abscesses.l Peritoneal abscesses 
form most frequently after surgery, particularly of the 
gastrointestinal tract, but also form secondary to bowel 
perforation in the setting of complicated Crohn's dis- 
ease, appendicitis, or divert i~ul i t is .~,~~~ Percutaneous 
abscess drainage is commonly used to treat both 
peritoneal and retroperitoneal abscesses along 
with concomitant antibiotic therapy, since failure to 
drain an abscess may result in a mortality rate of up 
to 

On MRI, abscesses appear as localized, complex 
fluid collections that usually demonstrate low SI on 
TI-WI, sometimes intermediate-high SI on TI-WI if 

there is increased protein content, intermediate-high 
SI on T2-WI, and thick peripheral rim enhancement 
(Fig. 6-26; see Fig. 7-58).6,290 Layering debris may be 
present with low SI on TI- and T2-WI and gas in the 
form of bubbles, or a gas-fluid level may also be pres- 
ent in 40% to 50% of imaged cases with very low SI 
on TI- and T2-WI, which may increase the specificity 
for the diagnosis of a lesion as an a b s ~ e s s . ~ , ~ ~ ~ , ~ ~ ~  Most 
abscesses are round or oval, but those adjacent to 
solid organs may have a lenticular or crescentic con- 
figuration instead.l 

Retroperitoneal fluid collections related to the 
psoas muscle, in the absence of pancreatitis, are 
uncommon. Spread of infection from gastrointestinal 
disease (e.g., secondary to appendicitis, diverticulitis, 

Figure 6-25 = MI3 illustration of a lumbar artery pseudoaneurysm in a 63-year-old man with pain, fever, 
anemia, and a history of prior facet joint injections. A-C, Axial (A) and coronal (B and C) T2-WIs show a large, 
heterogeneous, intermediate-to-high SI right retroperitoneal hematoma (H) that displaces and rotates the right kidney 
(K). A focal hyperintense right lumbar artery pseudoaneurysm (arrow) is present. (Continued) 



Figure 6-25 Cont'd D and E, Coronal fat-suppressed arterial-phase CE TI-W source image (D) and MIP image (E) 
depict the enhancing pseudoaneurysm (arrow in D) and the feeding lumbar artery (arrows in E). The pseudoaneurysm 
was successfully treated by coil embolization. 

Crohn's disease, or perforated colon carcinoma) is 
the most common source of a secondary psoas mus- 
cle fluid collection, and renal disease (e.g., secondary 
to a perinephric abscess) is the second most common 
source. Extension from osteomyelitis of the spine is 
not uncommon. Primary psoas muscle abscesses are 
generally rare and idiopathic, although they may 
have an incidence as high as 20% in some parts of the 
world, particularly in immunocompromised patients, 
with up to 90% due to Staphylococcus aureus infection. 
Tuberculosis should be considered in the differential 
diagnosis of a psoas muscle collection, since tuberculo- 
sis is an important cause of retroperitoneal abscess 
w ~ r l d w i d e . ~ ~ ~ , ~ ~ ~  Five percent of patients with spinal 
tuberculosis (Pott's disease) develop a tuberculous psoas 
abscess, although large tuberculous psoas abscesses 
may occur without concomitant signs of bone 
involvement .6,292,294 

On MRI, an abscess of the psoas muscle has find- 
ings similar to those of an abscess elsewhere in the 
body (as described above), sometimes with secondary 
findings of psoas muscle enlargement, high SI on 
T2-WI due to muscle edema, bone destruction, and 
infiltration and loss of surrounding fat planes best 
visualized on T1-WI.2923295 Psoas muscle hematomas 
often have a peripheral rim of high SI on TI-WI 
secondary to methemoglobin. This finding coupled 

with a history of trauma or anticoagulation therapy 
is often diagnostic, and a patient with this combina- 
tion can be followed clinically. Malignancies with 
cystic components that involve the psoas muscle are 
usually large and aggressive and have solid enhancing 
tissue, so that the distinction between abscess, 
hematoma, and tumor is not dificult to establish 
with MRI. 

The management of psoas muscle abscesses may 
include percutaneous drainage, surgical drainage, and/ 
or antibiotic or antituberculous therapy. Successful 
treatment depends on differentiating primary from 
secondary psoas collections, as those associated with 
renal or gastrointestinal disease may additionally 
require early surgery to correct the underlying 
disease process. However, percutaneous abscess 
drainage prior to definitive surgery may be useful to 
reduce morbidity.292 

PERITONITIS 

Peritonitis (Box 6-36) is inflammation of the peritoneum 
and is most often due to bacterial i n f e ~ t i o n . ~ ~ ~ , ~ ~ ~  
Bacterial peritonitis may be classified as either 
primary or secondary. Primary, or spontaneous, 
bacterial peritonitis (SBP) occurs without an evident 



Figure 6-26 . MR depiction of a retroperitoneal abscess secondary to S. aureus infection in a 46-year-old 
immunosuppressed woman. The abscess was subsequently drained percutaneously. A-C, Axial T2-WIs show a high 
SI collection of the left posterior pararenal space (A) that along its superior portion displaces the left kidney (K) anteri- 
orly and partially enters a left thoracic neural foramen (arrow). Centrally (B), the abscess infiltrates the prevertebral 
space, paravertebral muscles, and left psoas muscle and extends into the epidural space (arrows), with rightward dis- 
placement of the thecal sac. The route of extension of fluid from the posterior pararenal space to the paraspinal muscular 
compartment is identical to the process that results in flank ecchymoses, or Grey Turner's sign, in acute pancreatitis. At 
the level of the pelvis (C), infection extends into the left sacroiliac joint (curved arrow) and the left gluteal muscular 
space. Hyperintense left sacral (curved arrow, S) marrow represents osteomyelitis. Medial displacement of the flow voids 
of left external iliac artery and vein (black arrows) confirms the retroperitoneal origin of the infection. D, Coronal T2-W 
STIR image redemonstrates extension of the retroperitoneal abscess (A) into the epidural space through multiple left 
neural foramina (long arrow) and into the left sacroiliac joint (curved arrow). 

intra-abdominal source of infection and represents in 25% of hospitalized cirrhotic patients with 
colonization of low-protein ascites during a bac- ascites and in up to 50% of patients with variceal 
teremic e p i ~ o d e . ~ ~ ~ , ~ ~ ~  SBP most often arises in hemorrhage. For patients who survive an initial 
patients with cirrhosis and ascites in whom the inci- episode of SBP, recurrent SBP develops in more 
dence of SBP is approximately 12%.296-298 SBP occurs than half.298 
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SBP in patients with cirrhosis tends to be mono- 
bacterial, predominantly involving gram-negative 
bacilli, most often Escherichia c ~ l i . ~ ~ ~  Overall, E. coli, 
Klebsiella, and Streptococcus are responsible for 
75% of all cases of SBP.298 Portosystemic shunting, 
impairment of phagocytic and metabolic activity 
of hepatic Kupffer cells, and hypocomplementemia 
contribute to decreased clearance of bacteremia and 
increased risk of SBP. A hematogenous route 
for spread of infection to the peritoneal cavity has 
been postulated, although bacterial translocation 
across an intact intestinal mucosa is an alternative 
route.296 

Patients with SBP may have classic findings of 
acute peritonitis such as marked abdominal pain and 
rebound tenderness, fever, leukocytosis, and hypoten- 
 ion.^^^ More commonly, however, patients have more 
subtle signs and s y m p t ~ m s . ~ ~ ~ - ~ ~ ~  Approximately one 
third of patients are asymptomatic. Any medical dete- 
rioration in a cirrhotic patient should raise clinical 
suspicion for SBP, since early diagnostic paracentesis 
and empiric antibiotic therapy are beneficial.298 
Although SBP can definitively be differentiated from 
secondary bacterial peritonitis only by laparotomy or 
laparoscopy, clinical features and laboratory analysis 
of ascitic fluid are usually sufficient to establish 

a diagnosis.296 SBP has a mortality rate of 15% to 
50%, in part due to severe underlying chronic liver 
disease, and has a very poor long-term prognosis, as 
70% to 80% of patients who survive an episode of SBP 
die of liver disease within the following 2 years.297~298 
Factors associated with a worse prognosis include 
hepatic encephalopathy, renal insufficiency, hyper- 
bilirubinemia, hypoalbuminemia, and hypothermia. 
The mainstay of treatment is empiric antibiotic 
therapy.296 

Secondary bacterial peritonitis may be due to one 
of many intra-abdominal disorders including peptic 
ulcer disease, acute cholecystitis, acute appendicitis, 
acute diverticulitis, pancreatitis, or penetrating 
trauma that involve loss of integrity of the gastro- 
intestinal or genitourinary tract with subsequent 
leak of intraluminal contents into the peritoneal space. 
At paracentesis, a polymicrobial Gram stain strongly 
suggests secondary peritonitis, and the treatment 
of secondary peritonitis entails surgical correction 
of the underlying cause, along with antimicrobial 
medications. 

On MRI, imaging findings of bacterial peritonitis 
include thickening and enhancement of peritoneal 
surfaces, simple or loculated ascites, and septations, 
sometimes with associated findings of cirrhosis in 
cases of SBP or findings of other intra-abdominal 
processes in cases of secondary bacterial peritonitis 
(Fig. 6-27).1,272,296 Delayed enhancement of ascites may 
also be present in SBP but is not specific, since it may 
occur with other causes of exudative 

SCLEROSING ENCAPSULATING 
PERITONITIS 

Sclerosing encapsulating peritonitis is a severe, rare 
condition characterized by progressive peritoneal 
sclerosis, inflammation, calcification, and vascular 
alterations, with partial or total encasement of the 
small b o ~ e 1 . ~ ~ ~ , ~ ~ ~  Sclerosing encapsulating peritoni- 
tis is multifactorial in etiology but is most commonly 
associated with chronic ambulatory peritoneal dialy- 
sis (in <1% of patient~).~Ol-~O~ Affected patients tend 
to have had a long duration of dialysis with bio- 
incompatible substances in the peritoneal dialysis 
solutions and concomitant bacterial peritonitis, 
leading to peritoneal cavity fibrin production and 
o r g a n i ~ a t i o n . ~ ~ ~ , 3 ~ ~  

Symptoms and signs that may occur include 
anorexia, nausea, abdominal pain, distension, and 
loss of peritoneal ultrafiltration.301~302~307 Onset often 
is insidious, and in most patients the correct diagno- 
sis frequently is not suspected, resulting in delayed 
treatment.301 

At gross pathology, the peritoneal surface 
appears as a rough, thickened membrane that causes 
rigidity, thickening, and decreased mobility of small 
bowel loops. Histopathologically, peritoneal sclerosis 
with compact layered fibrotic tissue and dystrophic 
calcifications are present.302 Often, one area of the 
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abdomen is more affected than others, forming a 
mass or an "abdominal cocoon," usually containing 
segments of small bowel and a s ~ i t e s . ~ ~ ~ , ~ ~ ~  

On MRI, features suggestive of sclerosing peri- 
tonitis include adherent, dilated small bowel loops 
with gas-fluid levels and mural thickening; very low 
SI calcification/ossification of the visceral or parietal 
peritoneum on all pulse sequences, which generally 
is better visualized on CT; diffuse smooth peritoneal 
thickening, sometimes with marked enhancement; 
and loculated ascites (Fig. 6-28).301,302,305~30s 

Surgical treatment generally is performed when 
there is bowel obstruction and involves lysis of adhe- 
sions/membranes and release of obstructed small 
b o ~ e 1 . ~ ~ ~ , ~ ~ ~ J ~ ~  Medical treatment may include 
corticosteroids, immunosuppressants, or total par- 
enteral nutrition. Antibiotics may be administered if 

peritoneal infection is suspected.302 In patients who 
are undergoing chronic ambulatory peritoneal 
dialysis, switching from peritoneal dialysis to hemodia- 
lysis can result in improvement in both symptoms 
and signs. 

Overall, sclerosing encapsulating peritonitis has 
a high mortality rate of 25% to 90%, with a mortality 
rate of 60% at 4 months in one series, due to bowel 
obstruction, malnutrition, septicemia, or postopera- 
tive complications.302~306~307~309 AS such, prevention, 
when possible, is very important and may include the 
use of more biocompatible peritoneal dialysis solu- 
tions, avoidance of intraperitoneal drugs except 
antibiotics, prompt management of peritonitis, and 
peritoneal biopsies when a peritoneal dialysis 
catheter is placed or removed to assess for peritoneal 
sclerosis.302 



Figure 6-28 MR illustration of sclerosing peritonitis in a 47-year-old man with a history of peritoneal 
dialysis and small bowel obstruction. CT better detects and characterizes calcification than MRI does. A and B, 
Axial unenhanced CT images obtained within the abdomen (A) and at  the level of the iliac crests (B) show curvilinear 
calcifications (arrows) of the visceral peritoneal surfaces of the liver and spleen, falciform ligament, gastrohepatic liga- 
ment, gastrosplenic ligament, and parietal peritoneum. Low attenuation complex peritoneal fluid deforms the liver 
contour. Cystic renal disease of dialysis is present. Inferiorly, small bowel segments are centrally distributed but 
"tethered" posteriorly, resulting in functional small bowel obstruction. Septated complex ascites is present. C and D, 
Axial fat-suppressed T2-WIs at  the same anatomic levels as A (C) and B (D) demonstrate hypointense liver (L) and spleen 
(S) from prior transfusions. While hypointense septa (arrows) and fluid-fluid levels within the complex ascites are well 
revealed, the peritoneal calcifications are poorly visualized. Tethering of multiple small bowel segments is present. 
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MRI of the Female Pelvis

Uterus
Normal Uterine Anatomy
Endometrium
Benign Lesions of the Uterine Myometrium
Endometrial Carc1noma
Tamoxifen, Endometrial Polyps,

and Endometrial Hyperplasia
Cervix

Normal Cervical Anatomy
Nabothian Cyst
Cervical Gancer
Adenoma Malignum

Vagina
Normal Vaginal Anatomy
Vaginal Cysts
Vaginal Fistulas

UTERUS

Normal Uterine Anatomy

The uterus has a zonal anatomy that is well revealed
on T2-WI (Box 7-1 and Fig. 7-1; see Figs. 7-3, 7-15,
7-20, 7-30 7-36, and 7-37). There is a central high 81
endometrium a low 81 inner myometrium, and
a low-to-intermediate 81 outer myometrium. On
Tl-WI there is poor distinction among the components
of the endometrium and myometrium.

Endometrium

The normal uterine endometrium is revealed as
homogeneous low 81 on T1-WI and high 81 on T2-WI.
The endometrium may have high 81 approaching
that offluid on T2-WIs. However, unlike fluid, the 81
decreases on heavily T2-WI and the endometrial
glands and stroma do enhance after contrast. 1 The
sonographic and MR appearance of the endometrial
stripe in premenopausal women during the secretory
phase is wider compared with the follicular phase2•s
secondary to growth of endometrial glands, stroma,
and vessels.6 An endometrial width of less than 10
mm is considered normal in premenopausal women;
those women who take oral contraceptives should

Vaginal Prolapse
Vaginal and Vulvar Neoplasms
Developmental Anomalies of the

MUllerian Ducts
Ovary and Adnexae

Normal Ovary and Functional Cysts
Ovarian Neoplasms
Ovarian Torsion and Massive Ovarian Edema
Endometriosis
Polycystic Ovary Syndrome (PCOS),

or Stein-Leventhal Syndrome
Nonovarian Causes of Adnexal Masses

Female Urethra
Normal Urethral Anatomy
Urethral Diverticula
Urethral Cancer

have a thin endometrial width of les than 4 mm.1

Postmenopausal women who do not take hormone
replacement therapy should have an endometrial
width of less than 5 mm. 7

INNER MYOMETRIUM (JUNCTIONAL ZONE)

The junctional zone has both structural and func
tional differences from the outer myometrium.8 On
T2-WI the junctional zone is hypointense relative to
the outer myometrium. The histologic features of
the inner myometrium that result in lower 81 com
pared with the outer myometrium include increased
size and number of nuclei,9 decreased free water
content, and increased density and organization of
smooth muscle cells. 1Q-l3 The normal junctional zone
thickness on T2-WI is usually less than 10 mm. ROC
(receiver operating characteristic) analysis of MR
studies in women with and without adenomyosis
(described below) showed that a junctional zone
thickness of less than 12 mm should be considered
as normal.14

Functionally, the junctional zone is the site of
origin of uterine contractions. Two different types of
uterine contractions have been depicted by onography
and MR. Focal sustained myometrial contractions
(FMCs) originate in the junctional zone. FMCs often

269
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able myometrial "mass" on a different imaging 
sequence establishes the diagnosis of FMC (Fig. 7-2). 

A second type of uterine contraction is present in 
menstruating women and has been referred to as 
uterine peristalsis. Uterine peristalsis is isolated to 
the junctional zone and occurs with a frequency of 
one to three times per minute. The direction of the 
peristaltic wave varies with the phase of the menstrual 
cycle, being retrograde (towards the fundus) during 
the follicular and periovulatory phases and ante- 
grade (towards the cervix) during the luted phase.lg 
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Figure 7-2 . MR illustration of a focal myometrium contraction in a pregnant woman. A, Coronal fat-suppressed 
T2-WI shows lobulated low SI within the left-sided myometrium (arrow). The widened endometrial cavity (*) represents 
an early intrauterine gestation. A left-sided corpus luteum cyst is present (curved arrow). B, Repeat coronal T2-WI shows 
that the "mass7' has resolved, indicating that is was a focal myometrial contraction. 

Uterine peristalsis is hypothesized to promote sperm 
transport to the fallopian tube during ovulation and 
assist in antegrade menstruation during the luteal 
phase. MR depiction of uterine peristalsis has been 
performed using fast sagittal T2-W111,20-22 and can be 
viewed at  the following web address: http://www. 
interscience.wiley.com/jpages/1053-1807/suppmat/ 
index.htm1 (accessed on December 1, 2003). 

The outer myometrium has slightly different structure 
and function than the junctional zone. The higher 
T2 SI of the outer myometrium compared with the 
junctional zone is secondary to increased free water 
and decreased density of smooth muscle cells within 
the former.15 Slow flow within myometrial vessels can 
often be depicted as tubular high SI structures. 
Leiomyomas (see below) are the most commonly 
encountered masses of the outer myometrium. 

Benign Lesions of the Uterine Myometrium 

Leiomyomas (fibroids) are benign neoplasms that are 
derived from the smooth muscle myoma cells of the 
uterine myometrium. Leiomyomas are the most com- 
mon uterine neoplasm and are present in greater 
than 20% of women older than age 30 years.23 Most 
women with leiomyomas are asymptomatic although 
some may have various signs and symptoms 
including pelvic mass, pain, abnormal bleeding, and 
infertility. 

Leiomyomas are categorized by location and are 
termed intramural, subserosal, or submucosal. Most 
fibroids have an intramural location. Leiomyomas that 

are centered external to the uterus are termed sub- 
serosal. Subserosal leiomyomas can mimic solid 
adnexal lesions on sonography and physical exami- 
n a t i ~ n . ~ ~ ~ ~ ~  Leiomyomas that have some component 
extending into the endometrial canal (even if covered 
by a layer of endometrium) are termed submucosal. 
Submucosal fibroids that are almost entirely located 
within the endometrial canal are termed intracavitary. 
Submucosal and intracavitary fibroids are the most 
common symptomatic fibroids and are associated 
with pain, abnormal bleeding, and infer ti lit^.^^ 
MR findings of uterine leiomyoma. Leiomyomas are 
composed of compact, smooth muscle myoma cells and 
a paucity of intercellular matrix that results in charac- 
teristic low SI on T2-WI (Figs. 7-3 to 7-5; see Figs. 7-10, 
7-40, 7-41, and 7-47).l5sZ7 Leiomyomas are well circum- 
scribed with well-defined margins. Approximately one 
third of uterine fibroids are surrounded by a high SI 
rim on T2-WI that correlates with peritumoral lym- 
phatics, veins, and edema (see Figs. 7-4 and 7-47).28 MR 
has shown very high accuracy in the detection and 
characterization of leiomyomas and the distinction 
between fibroids and adenomyosis (see Fig. 7-4 and 
below).29 MR can also show a distinction between an 
exophytic subserosal leiomyoma and a solid ovarian 
neoplasm based on the direct communication of the 
former with the uterus and the typical low T2-SI.24 
Another MRI feature of exophytic leiomyomas is the 
"bridging vessel sign,"30 which refers to the presence 
of flow voids on T1- and T2-WI from branches of the 
uterine artery that are localized between the mass and 
the uterus; this indicates that the tumor is supplied by 
branches of the uterine artery (see Fig. 7-3). 

MR can characterize a submucosal-intracavitary 
leiomyoma as the cause of an endometrial m a s ~ . ~ , ~ l  



Figure 7-3 MR depiction of the "bridging vessel" sign of a subserosal leiomyoma. A and B, Axial TI-WI (A) 
and T2-WI (B) show a right-sided pelvic mass (M) located adjacent to the uterus. The mass reveals heterogeneous T2 SI. 
The presence of low SI flow voids (arrows) between the uterus and the mass establishes the uterine origin of the mass. 
A second exophytic posterior myoma (L) is present. C, and D, Fat suppressed coronal (C) and sagittal (Dl T2-WIs shows 
normal uterine zonal anatomy and an additional intramural-subserosal leiomyoma (L). 

Neither endometrial polyps nor hyperplasia (see 
below) are well circumscribed and reveal diffuse low 
T2-W SI, as do intracavitary myomas. MR can also 
reveal the presence of a stalk of an intracavitary 
leiomyoma, which can suggest a myometrial origin of 
the mass (see Fig. 7-5).15 

When leiomyomas enlarge, it is common for them 
to degenerate. The various types of degeneration (the 
most common subtype being hyaline degeneration) 
result in heterogeneous SI on T2-WI and decreased 
e n h a n ~ e m e n t . ~ ~ , ~ ~  Most of the subtypes of degenera- 
tion have little clinical import. As discussed below 

under leiomyosarcoma, malignant degeneration of a 
leiomyoma is rare and is difficult to accurately diag- 
nose on MR in the absence of metastatic disease. 
Calcium within degenerated fibroids is more 
accurately detected by radiography than by MR. 
The characterization of intratumoral calcium is not 
necessary to establish an MR diagnosis of myoma. 

Hemorrhagic, cystic, and fatty degeneration are the 
three subtypes of myoma degeneration that have 
suggestive MRI features. Hemorrhagic degeneration 
of fibroids is uncommon and is associated with 
leiomyomas during pregnancy. Leiomyomas with 
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Figure 7-4 . MR depiction of segmental adenomyosis, 
multiple leiomyomas, and normal cervical anatomy. 
A, Sagittal T2-WI shows typical MRI features of segmental adeno- 
myosis. The posterior wall of the uterus, including the junctional 
zone, is replaced by a poorly marginated low-to-intermediate SI 
process (A) that measures >12 mm in the short axis. There are 
scattered high SI (arrows) ectopic endometrial glands within the 
myometrium. The focal adenomyosis does not distort the endome- 
trial cavity. Centered within the outer myometrium are multiple, 
well-circumscribed, very low SI leiomyomas (L), some of which 
distort the outer contour of the uterus secondary to subserosal 
extension. Normal zonal anatomy of the cervix is present. The 
normal junctional zone of the anterior uterus is continuous with 
the fibrous inner cervix stroma (curved white arrow). The outer 
myometrium is continuous with the outer cervical stroma (curved 
black arrows). There is a thin central endocervical stripe (*) and 
an intermediate-to-high SI layer between the fibrous stroma and 
endocervical stripe that represents the plicae palmatae. A 3-mm 
nabothian cyst is present a t  the external os (black arrow). B, 
Coronal fat-saturated T2-WI again reveals infiltrative segmen- 
tal adenomyosis (A), small foci of high SI glands (arrow), 
and well-defined very low SI leiomyomas (L). C, Sagittal fat- 
suppressed TI-WI shows high SI hemorrhage within some of the 
endometrial glands (arrow). The ectopic endometrial glands within 
endometriosis bleed more frequently than those within adenomyosis. 



Figure 7-5 rn MR illustration of an intracavitary leiomyoma. A, Radiograph from a hysterosalpingogram reveals 
contrast within both left- and right-sided endometrial cavities. MR was performed to evaluate a potential developmental 
uterine anomaly. B-D, Two consecutive axial (B and C) and coronal (D) T2-WIs show a well-circumscribed submucosal- 
intracavitary fundal leiomyoma (arrow) with a broad-based stalk that originates from the posterior myometrium. The myoma 
splays the endometrial cavity; no septate or bicornuate uterus is revealed. Normal ovaries are present (black arrows). 

hemorrhagic "red degeneration" often reveal peripheral 
or central high SI on TI-WI secondary to methemoglo- 
bin and show minimal if any enhan~ement.~~ The 
approximately 5% of fibroids that have foci of cystic 
degeneration reveal very high SI on T2-WI and do 
not enhance after contrast.32 Fatty degeneration of a 
leiomyoma into a lipoleiomyoma is rare and has an inci- 
dence of less than 0.5%.35,36 The metamorphosis of 
smooth muscle cells into adipocytes is the hypothesized 
eti0logy.3~ The fat tissue within the myoma can be 
detected and characterized using fat suppression tech- 
n i q u e ~ . ~ ~  MR should be able to distinguish an exophytic 
lipoleiomyoma from a fat-containing ovarian dennoid 
by documenting the uterine origin of the former. 

Treatment of uterine leiomyoma. Most leiomyomas are 
asymptomatic and therefore do not require therapy. 
Women with symptomatic fibroids have multiple treat- 
ment options.39 Surgical options include hysterectomy, 
myomectomy (via laparotomy, laparoscopy, or hys- 
teroscopy), and myolysis. Nonsurgical treatments 
include uterine artery embolization (UAE) and med- 
ical therapy. To date, no well-designed and -analyzed 
randomized multicenter trials comparing the various 
treatment options have been published.39 

Hysterectomy is still an effective treatment for 
symptomatic fibroids. Hysterectomy is the second 
most frequent operation (>600,0OO/yr) performed in 
the U. S. Most hysterectomies are performed to treat 



pain or abnormal bleeding from symptomatic 
f i b r o i d ~ . ~ ~  Less than 15% of hysterectomies are per- 
formed for cancer.41 Women with abnormal uterine 
bleeding or infertility secondary to submucosal or 
intracavitary leiomyomas can be effectively treated 
with hysteroscopic resection; cessation of excess 
bleeding occurs in 75%42 and restoration of fertility 
may result in up to 50% of treated w ~ m e n . ~ ~ . ~ ~ , "  
Imaging could help select those women who might 
benefit from hysteroscopic resection; the ideal candi- 
date has a uterus that is not enlarged and contains 
one or two dominant submucosal-intracavitary 
m y o m a ~ . ~ ~  

UAE has become an alternative noninvasive 
treatment of symptomatic uterine f i b r o i d ~ . ~ ~ , ~ ~  UAE 
is a viable alternative treatment for many women 
with symptomatic fibroids who are unwilling to 
undergo surgical treatment.47 The cost of UAE is 
equivalent to or less expensive than that of hysterec- 
tomy,48s49 and it is effective in treating fibroids that 
are complicated by men~rrhagia~O-~~ and pain.53,54 
When compared with myomectomy, UAE is a better 
treatment for fibroid-related menorrhagia and an 
equivalent method for reducing pain.52 

MRI-MRA provides data to determine which 
patients are potential candidates for UAE therapy. 
MR can document the size, number, location, and 
vascularity of uterine leiomyomas. MR also can eval- 
uate for other processes that could be the cause or 
could contribute to the patient's signs and symptoms 
such as adenomyosis or endometrial carcinoma (see 
below). A single dominant intracavitary fibroid may 
be better treated with hysteroscopic resection (see 
above). Women with very large (>lo cm), dominant 
leiomyomas have equally good results after UAE as 
those with smaller m y o m a ~ . ~ ~  Leiomyomas with high 
SI on TI-WI and minimal or no enhancement are the 
one subtype that has shown poor response to 
This is likely because the high SI myomas have 
already undergone ischemia/hemorrhagic necrosis 
and thus would not lose additional vascularity or vol- 
ume with additional emb~l iza t ion .~~ Conversely, 
those myomas that show marked enhancement after 
contrast appear to have the best response to UAE 
therapy.58 

Contrast-enhanced MR arteriography (CE MRA; 
see Chapter 10) can reveal the presence of normal 
uterine arteries (Fig. 7-6). If CE MRA shows a sepa- 
rate gonadal arterial supply to the uterus (Fig. 7-6), 
which is revealed on conventional arteriography in 
approximately 5% of w ~ m e n , ~ ~ , ~ ~  then one would con- 
sider also performing a gonadal artery embolization 
at the time of UAE. Not embolizing a gonadal artery 
that directly supplies the uterus is a cause of UAE 
failure.'jl Conventional arteriography reveals anasto- 
moses between the uterine and ovarian arteries in 
20% of women.59 Embolic material has been docu- 
mented in the ovarian arteries after UAE.62 
Inadvertent embolization of ovarian arterioles may 
explain why 10% to 15% of women experience ovar- 
ian failure or premature menopause after 
Thus, the desire for future pregnancy is a relative 

contraindication to UAE.15 However, successful term 
pregnancies after UAE have been r e p ~ r t e d . ~ ~ , ~ ~ , ~ ~  

After UAE, MR can document a decrease in 
size and enhancement of the fibroids (which reveal 
varying types of necrosis histologically69, preserved 
enhancement of the remainder of the uterus, and 
lack of visualization of the uterine arteries on the 
MRA portion of the e ~ a m i n a t i o n . ~ ~  Decreased 
enhancement of the fibroids on MRI immediately 
after UAE correlates with subsequent successful 
clinical response.68 MR has documented a decrease in 
volume of fibroids by 40% to 60% and decreased 
enhancement of fibroids, in keeping with successful 
n e c r o ~ i s . ~ ~ , ~ ~  

Adenomyosis is the presence of ectopic endometrial 
glands and stroma within the uterine myometrium, 
with surrounding smooth muscle h y p e r p l a ~ i a . ~ ~ , ~ ~  
Adenomyosis typically presents in women aged 
40 to 50 years. It is hypothesized that multiparous 
women are at  risk for developing adenomyosis 
because of pregnancy-induced disruption of the 
endometrial-myometrial complex, especially in 
women who have had therapeutic abortions with 
sharp ~ u r e t t a g e . ~ ~  Two thirds of women with adeno- 
myosis have menorrhagia (excessive menstrual 
bleeding) or dysmenorrhea (painful menses), symp- 
toms that can also be secondary to leiomyomas or 
endometriosi~.~~ The amount and depth of adeno- 
myosis correlate with symptoms of dysmenorrhea, 
while the depth of adenomyosis correlates with 
m e n ~ r r h a g i a . ~ ~  

MR can detect and characterize uterine adeno- 
myosis by showing both the ectopic endometrial 
glands within the junctional zone and the surround- 
ing smooth muscle hyperplasia (Fig. 7-7; see Fig. 
7-4). The MR diagnosis of adenomyosis is made when 
the short axis measurement of the junctional zone is 
equal to or greater than 12 mm.14974 If the junctional 
zone measures 8 mm or less, then adenomyosis can 
be excluded with high specificity. Junctional zone 
thickness that measures between 8 and 12 mm is 
considered indeterminate.14J5 Hyperintense 2- to 
4-mm foci on T2-WI within the thickened junctional 
zone represent embedded endometrial glands and 
add specificity to the MR diagnosis.75 The endome- 
trial glands of adenomyosis are less hormonally 
responsive than those present in endometriosis (see 
next section), and thus the presence of high TI-SI 
hemorrhage within the glands of adenomyosis is 
less commonly revealed. MR can more accurately 
diagnose adenomyosis than can transvaginal sonog- 

especially in women with coexistent 
leiomy~rnas.~~ In some patients, the thickened junc- 
tional zone can mimic a thickened endometrium on 
transvaginal sonography .79 

Adenomyosis can be present in both focal and 
diffuse forms. The diffuse form is more common 
and often is distributed asymmetrically within the 
uterus (see Fig. 7-4).80 Focal adenomyosis can be 
present within any segment of inner myometrium 



(see Figs. 7-4 and 7-7). MRI can distinguish between The symptoms of adenomyosis are often resist- 
adenomyosis and uterine leiomyomas (Box 7-2).29 ant to medical therapy, and thus surgery has been 
Adenomyosis reveals poorly defined margins, is often advocated for women with refractory symptoms. 
oriented parallel to the endometrial stripe, and has While MR has documented a decrease in junctional 
minimal mass effect on the endometrial canal, zone width in women with adenomyosis after GnRH 
whereas leiomyomas are well defined and do show analog therapy, no studies correlate the MR changes 
mass effect (see Fig. 7-4).15 with improvement in symptoms. The frequent 

Figure 7-6 MR demonstration of recruitment of a gonadal artery after uterine artery embolization. 
A, Sagittal maximum intensity projection (MIP) image of the right pelvis from a 3D CE MRA shows the normal external 
iliac artery (E), internal iliac artery (I), anterior division of the internal iliac artery (A), and right uterine artery (curved 
arrows). Portions of the enhancing uterus are present (U). B, Postprocedural MIP image shows nonvisualization of the 
right uterine artery in keeping with interval embolization. A serpiginous vessel anterior to the aorta and the right 
common iliac artery is now shown (arrow). (Continued) 
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Figure 7-6 . Cont'd C, Coronal MIP image shows the vessel to be 
in the expected location of the right gonadal artery (arrow). Neither 
uterine artery is identified, in keeping with prior embolization. 

coexistence of endometriosis and lack of controlled 
studies make the efficacy of drug therapy difficult to 
e v a l ~ a t e . ~ '  Conservative surgical therapies are 
aimed at  ablating the endometrium, endometrial- 
myometrial interface, or both.81 Many women still 
resort to hysterectomy to alleviate symptoms that 
persist after conservative treatment. Results suggest 
that UAE can effectively treat menorrhagia associ- 
ated with adenomyosi~.~~ MR performed both before 
and after UAE can document the decrease in width 
of the junctional zone.80~s2 

Endometrial carcinoma is the fourth most common 
cancer in women (with breast, lung, and colon cancer 
being the three most common) and the most common 
gynecologic malignancy. In 2004, approximately 
40,320 women in the U. S. will develop endometrial 
carcinoma and an anticipated 7,090 women will die of 
the disease.s3 Endometrial carcinoma accounts for 6% 
of new tumors in women in the U. S. and results in 
3% of cancer-related deaths.83 Of the 10 most common 
cancers in women, endometrial carcinoma is the most 
curable.84 Approximately 75% of women with endome- 
trial carcinoma are postmenopausal at diagnosis.85 
The peak age range of women with endometrial can- 
cer is 55 to 65 years, with a mean age at  presentation 
of 59 years.lja6 Excessive estrogen stimulation of the 
endometrium is a common association with endome- 
trial carcinoma. In the 1960s and 1970s, unopposed 
estrogen supplements for the treatment of peri- 
menopausal symptoms resulted in a marked increase 
in endometrial cancer, with an increased risk ratio of 
between 6 and 8.84,87 With the subsequent implemen- 
tation of estrogen-progesterone supplementation, the 
incidence of endometrial carcinoma has decreased in 
the last two decades. Tamoxifen has antiestrogenic 
activity in the breast but estrogen-enhancing effects 
on the uterine endometrium and is associated with 
an increased risk of endometrial carcinoma (see 
be lo^).^,^^ Pregnancy is protective against the devel- 
opment of endometrial carcinoma because it results 
in a prolonged absence of estrogen stimulation of the 
endometrium. 

The most common symptom of endometrial 
carcinoma is postmenopausal bleeding. The probability 
that postmenopausal bleeding is secondary to endo- 
metrial carcinoma is approximately 5%.89,90 The 
Society of Radiologists in Ultrasound recommends that 
either transvaginal sonography or endometrial biopsy 
be performed as the initial procedure of choice in the 
evaluation of postmenopausal bleeding.g1 Hysteroscopic 
biopsy has a high diagnostic accuracy for establishing a 
diagnosis of endometrial carcinoma, especially in post- 
menopausal women.92 Cost analysis studies suggest 
that if the incidence of carcinoma is greater than 31% 
in a given population, then initial biopsy is the least 
expensive procedure, while transvaginal sonography is 
recommended in populations with a lower estimated 
incidence of cancer.93 The use of an endometrial 
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Figure 7-7 MR illustration of segmental adenomyosis and a Bartholin gland cyst in a woman with dys- 
menorrhea. A, Sagittal T2-WI shows marked thickening of the anterior uterine myometrium, whereas the posterior 
junctional zone is of normal thickness. The anterior junctional zone contains multiple, <5-mm hyperintense foci (arrows) 
that represent ectopic endometrial glands within the myometrium. The adenomyosis does not displace the endometrial 
stripe. A Bartholin cyst (curved arrow) is present in the distal vagina. B, Oblique short axis T2-WI through the uterus 
again shows segmental adenomyosis with high SI glands (arrow). C and D, Axial fat-saturated TI- (C)  and T2 (D)-WIs 
show high TI-S1 hemorrhage (arrow) within one of the ectopic intramyometrial glands. 

suction curette is sufficient for endometrial sampling.94 
Unlike dilation and curettage (D & C), suction curet- 
tage can be performed without general anesthesia. 

Once a histologic diagnosis of endometrial carci- 
noma is established, the cancer is staged surgically 
(Box 7-3). Because many women with endometrial 
carcinoma have early abnormal uterine bleeding, 
75% are diagnosed with stage I disease.95 The role of 

surgical lymphadenectomy at the time of hysterec- 
tomy is unclear. Some recommend that women with 
invasive cancers (stage 1C) have pelvic and para- 
aortic lymphadenec t~my,~~-~~ while others suggest 
that women at risk can be treated with irradiation 
and that lymphadenectomy is not necessary and only 
increases m ~ r b i d i t y . ~ ~ - l ~ l  Further experience in 
laparoscopic lymphadenectomylo2 and sentinel node 
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FIG0 Stage Clinical Findings MR Findings on T2-WI and CE TI-WI 
Stage 0 Carcinoma in situ Normal endometrial stripe 
Stage I Tumor confined to corpus 
Stage IA No myometrial invasion Variable endometrial abnormalities but intact junctional zone 

with normal endometrial-myometrial border 
Stage IB ~ 5 0 %  Myometrial invasion Signal intensity of tumor into but not through 50% of myometrium 

Abnormal endometrial-myometrial border 
Stage IC >50% Myornetrial invasion Signal intensity of tumor through 50% of myometrium 

Abnormal endometrial-myornetrial border 
Normal contour and signal intensity of outer myometrium 

Stage I1 Cervical invasion, otherwise 
confined to uterus 

Stage IIA Endocervical invasion Signal intensity of tumor into endocervix with intact low SI 
cervical stroma 

Stage IIB Invasion on cervical stroma Signal intensity of tumor into endocervix with disruption of low 
SI fibrous stroma 

Stage 111 Tumor beyond uterus but 
within true pelvis 

Stage IIIA Invades serosa, invades adnexa, Irregular contour of outer myometrium 
or positive peritoneal 
cytologic studies 

Stage IIIB Vaginal invasion Disruption of low SI wall of vagina by tumor 
Stage IIIC Regional pelvic adenopathy Regional lymph nodes with short axis > 1 cm 
Stage IV Tumor outside true pelvis, 

or invasion of rectal mucosa 
or bladder 

Stage IVA Invasion of rectal mucosa or Disruption of low SI detrusor muscle of bladder or low SI muscle 
bladder of the rectum 

Stage IVB Distant metastasis Tumor in extrapelvic organs or lymph nodes 

evaluationlo3 may decrease procedural morbidity and 
potentially improve patient survival. 

MR is not recommended as a screening proce- 
dure in the diagnosis of endometrial carcinoma but 
has been promoted as a method of staging a known 
cancer. MR can distinguish between superficial and 
deep muscle invasive tumors by using a combination 
of T2-WI and dynamic CE MR (Figs. 7-8 and 7-9)104-107; 
MR has a higher staging accuracy than do sonog- 
raphy and CT.10s-112 CE MR is the most accurate 
technique for evaluating the presence and the depth 
of myometrial invasion of endometrial ~arcinoma,ll~-~~5 
especially in postmenopausal women or in women 
with adenomyo~is . l l~J~~ T2-WI has higher diagnostic 
accuracy for myometrial invasion in premenopausal 
women. Similar techniques are also used to deter- 
mine whether a cancer has invaded the cervix (see 
Fig. 7-9).118-120 

On T2-WI, endometrial carcinoma can have a 
variable appearance but typically appears as a het- 
erogenous endometrial mass that is hyperintense to 
adjacent myometrium and can have hypointense, 
isointense, and hyperintense components relative to 
normal endometrium. Hyperintense tissue that  
extends into more than half the width of the 
myometrium is the criterion for establishing muscle 
invasive tumor. On dynamic CE MR, endometrial 
carcinoma is revealed as hypovascular, hypointense 

tissue relative to the normal enhancing hyperintense 
myometrium. 

A staging MR may predict the presence or 
absence of malignant adenopathy based on the pres- 
ence or absence of muscle invasion of the primary 
tumor. The prevalence of positive para-aortic lymph 
nodes without deep myometrial invasion is less than 
5% but is greater than 40% in tumors with deep 
myometrial invasion.lZ1 MR may be cost effective by 
indicating women in whom intraoperative lymph 
node dissection can be avoided.lZZ MRI is limited to 
evaluating the size of nodes that could be involved by 
endometrial carcinoma. Unfortunately, malignant 
nodes may be of normal size; more than 50% of para- 
aortic nodes involved by endometrial carcinoma were 
enlarged.123 

Opinions vary concerning the utility of performing 
a staging MR image in a patient with pathologically 
proved endometrial carcinoma. The accuracy of MR 
in determining muscle and cervical invasion is similar 
to what a surgeon establishes with gross visual inspec- 
tion at the time of h y s t e r e c t ~ m y . ~ ~ ~ ~ ~ ~ ~  If a surgeon 
feels comfortable in determining whether to perform a 
lymphadenectomy at  the time of gross visual inspec- 
tion, then preprocedural staging MRI may not be 
indicated. However, if knowledge of the presence of 
myometrial invasion or pelvic adenopathy is desired 
prior to surgery (e.g., to better inform the patient about 



- - . . -_  _ _-  
BUOY MRf 

Figure 7-8 MR depiction of a muscle invasive endometrial cancer. A and B, Sagittal T2-WI (A) and fat-suppressed 
CE T1-WI (B) shows an endometrial cavity that is distended by intermediate T2 SI, hypoenhancing tumor (*). The nor- 
mal T2 hypointense junctional zone is segmentally disrupted in A, and hypoenhancing tumor (arrow) is well contrasted 
with the normally enhancing uninvolved myometrium in B. 

Figure 7-9 MR depiction of deep myometrial and cervical invasion of an endometrial adenocarcinoma of the lower 
uterine segment. A and B, Sagittal T2-WI (A) and CE TI-WI (B) reveals an infiltrative mass (*) of the lower uterine seg- 
ment that invades the posterior myometrium, endocervix, and stroma of the proximal cervix. The exocerviv (arrow) is 
not involved. At surgery, tumor invaded 16 mm into a 20-mm-thick posterior myometrium. Lymphadenectomy revealed 
no malignant nodes. It is difficult to determine whether this lesion is a cervical cancer with endometrial extension or an 
endometrial cancer with cervical extension. 
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the proposed procedure and to effectively estimate 
operating room times), then obtaining a preoperative 
MR image could be considered. 

Two other situations exist in which pretreatment 
MRI may be of use. Approximately 5% of women with 
endometrial carcinoma are poor operative candidates. 
MR demonstration of advanced disease may influence 
the patient and surgeon to avoid hysterectomy and to 
treat with radiation therapy alone.lZ5 Some centers 
are utilizing progesterone therapy without hysterec- 
tomy to treat some women with stage 1A endometrial 
carcinoma who want to preserve fertility.lZ6 MR 
demonstration of a normal junctional zone may be an 
appropriate noninvasive screening procedure to 
ensure the presence of noninvasive disease. 

MRI is sometimes performed before a diagnosis 
of endometrial carcinoma has been established. 

The presence of myometrial invasion should suggest 
a diagnosis of endometrial carcinoma or some other 
uterine malignan~y,~ as does the presence of necrosis 
on enhanced imaging.lZ7 The lack of invasion, the pres- 
ence of a fibrous core, or the presence of endometrial 
cysts favor a benign diagnosis such as endometrial 
polyp-hyperplasia (see below).lZ7 

SECONDARY UTERINE CANCER 
The ovary and vagina are the two most common loca- 
tions for spread of tumor within the genital tract of 
women; secondary uterine and cervical cancers are 
uncommon.128 Most secondary uterine neoplasms 
result from direct extension from either bladder and 
colonic tumors or extension of ovarian tumors via the 
fallopian tube (Fig. 7-10). 129,130 Less commonly, 
tumor can reach the uterus through hematogenous 

Figure 7-10 . MR illustration of a benign endometrial 
polyp, benign leiomyomas, and left-sided primary ovarian 
carcinoma with direct extension to the endometrium. The 
route of spread was presumably through the fallopian tube. 
A-C. Sagittal (A), coronal (B), and axial (C) T2-WIs show an 
aggressive left ovarian, serous papillary cystadenocarcinoma 
(curved arrows; the most common type of ovarian cancer) with 
both solid (S) and cystic (*) components. Soft tissue of similar SI 
is present within the fundal segment of the endometrial canal (S) 
that was shown to represent local invasion by ovarian cancer. The 
remainder of the endometrial canal is distended by a mass with 
two different types of tissue. A benign endometrial polyp with a 
low SI central core (F) and peripheral, higher SI glands (G) was 
also present. The coronal image reveals multiple benign intramu- 
ral leiomyoma. 



or lymphatic spread. Secondary uterine cancer 
should be considered in the differential diagnosis in 
women who have documented metastatic disease or 
an infiltrative tumor that preserves the shape of the 
uterus (Fig. 7-11).lZ9 

Of all uterine cancers 97% are derived from the 
endometrial glands of the uterus and are classified 
as endometrial carcinoma. Only 3% of uterine 
cancers are sarcomas.84 In decreasing frequency, the 
three most common sarcomas are malignant mixed 
miillerian tumor (MMMT), leiomyosarcoma, and 
endometrial stromal sarcoma.131 MMMT has both 
sarcomatous and carcinomatous elements. Up to one 
third of women with MMMT have had prior irradia- 
tion for other pelvic tumors.132 

Leiomyosarcomas comprise approximately 30% of 
uterine sarcomas.131 They can arise either de novo or 
from malignant degeneration of a leiomyoma. Less 
than 1% of leiomyomas undergo malignant degenera- 
tion. It  has been suggested that a diagnosis of 
leiomyosarcoma should be suspected when a myoma 
reveals irregular margins.133 In my experience, atypical 
degenerated leiomyomas are more commonly encoun- 
tered than leiomyosarcomas. 

The third most common uterine sarcoma, the 
endometrial stromal sarcoma (ESS), accounts for 
approximately 20% of uterine sarcomas. Less aggres- 
sive, low-grade ESS occurs in younger women, while 
high-grade ESS develops in older women. Suggestive 
MRI findings of ESS include a large aggressive 
endometrial mass with nodular extension into the 
m y ~ m e t r i u m . ~ ~ ~ , ~ ~ ~  An insensitive but specific MR 

Figure 7-1 1 rn MR findings of diffuse pelvic lymphoma with bladder, cervical, and uterine invasion. One 
year after treatment, the patient developed recurrent disease of the kidneys. A and B, Axial TI-WIs obtained before (A) 
and after (B) contrast show an infiltrative right-sided pelvic mass (M) that invades the cervix, bladder base and muscles 
of the proximal thigh and buttock (arrows). C, Sagittal breath-hold T2-WI reveals lymphomatous extension into the 
uterus (U, arrows). Follow-up imaging after therapy showed resolved pelvic tumor (not shown). D and E, Axial T2-WI 
(D) and CE T1-WI (E) reveal bilateral hypoenhancing renal masses (arrows) representing hematogenous spread of recurrent 
lymphoma. 



finding of invasive ESS is that of preserved low SI 
myometrial bands interspersed by invasive t ~ m o r . l ~ , ' ~ ~  
However, the MR findings of most MMMTs, 
leiomyosarcomas, and high-grade endometrial stro- 
mal sarcomas are not specific. The most common MRI 
finding is that of an aggressive hemorrhagic and 
necrotic uterine mass with myometrial invasion or 
metastatic disease (Fig. 7-12).137 Some uterine sarco- 
mas can appear similar to endometrial carcinoma137; 
thus, tissue sampling is usually required to establish 
a specific tissue diagnosis. 

Tamoxifen, Endometrial Polyps, 
and Endometrial Hyperplasia 

Tamoxifen is a widely used medication that modu- 
lates estrogen receptors. Tamoxifen exerts 
antiestrogenic properties in breast tissue and is used 
to treat known breast cancer and to prevent the 
development of breast cancer in women who are at 

Figure 7-12 rn MR findings of uterine sarcoma with 
cervical, vaginal, and bladder invasion in a 66-year-old 
woman. A and B, Sagittal (A) and axial (B) T2-WIs reveal an 
aggressive heterogeneous endometrial mass (*) that invades the 
cervix (C), vagina (V), and posterior bladder (arrows). C, Axial CE 
TI-WI reveals enhancing tumor within the proximal vagina (V) 
and bladder (B). 

high risk.138,139 Tamoxifen also has estrogenic effects 
on the uterus.140 Women who take tamoxifen are at 
increased risk of developing both benign (hyperplasia, 
polyps) and malignant (endometrial carcinoma and 
sarcoma) lesions of the end~metriurnl,a~,~~~ as well 
as adenomyosis and lei om yo ma^.^^,^^^ Long-term users 
of tamoxifen are at (seven times) greater risk of 
developing endometrial carcinoma and tend to have 
higher stage cancers with less favorable histologic fea- 
t u r e ~ . ~ ~ ~ - ~ ~ ~  However, the benefit of tamoxifen on 
survival in women with breast cancer far outweighs the 
potential development of endometrial carcinoma.144 

Women who are taking tamoxifen and have 
abnormal vaginal bleeding require tissue sam- 
~ 1 i n g . l ) ~ ~ ~  It  is unclear whether asymptomatic women 
who take tamoxifen should be screened with either 
endometrial sampling or imaging.147,148 Transvaginal 
sonography alone may not be an appropriate screen- 
ing method because of a high percentage of 
false-positive f inding~. l~~-l~l  Therefore, women who 



are taking tamoxifen and who have an "abnormal" 
endometrial thickness on a transvaginal ultrasound 
scan (TVUS; optimally defined using ROC analysis 
as >6 mm) could be further evaluated with hys- 
terosonography to increase diagnostic specificity. 
The population of women who might benefit from 
MR would be those symptomatic women who are 
being evaluated at centers that do not offer hys- 
terosonography or those women who cannot have the 
examination for technical reasons, such as cervical 
s t e n ~ s i s . ~ ~ , ' ~ ~  

Two different MR appearances of the endometrium 
have been described in women who take tam0~ifen.l~~ 
In approximately half the women, MR revealed a homo- 
geneous, relatively thin high SI endometrial stripe that 
did not enhance after contrast. Endometrial atrophy 
without focal endometrial pathology is revealed in these 
women at subsequent tissue sampling (Fig. 7-13).153 

The other half showed a widened heterogeneous 
endometrium on T2-WI (median width of 18 mm) 
(Fig. 7-14) that revealed a lattice type of enhancement 
on postcontrast imaging. Most women with this MRI 
pattern have endometrial polyps and hyperplasia.152Ju 
It can be difficult on MR to distinguish between early, 
noninvasive endometrial carcinoma and endometrial 
polyp-hyperplasia (see Figs. 6-18, 7-10, 7-47, and 
7-49).' While a central fibrous core and intralesional 
cyst formation are more common in endometrial 
polyps, tissue sampling usually is needed to exclude 
endometrial ~arc in0ma. l~~ If endometrial hyperplasia 
is present, histologic distinction between low- and 
high-risk subtypes can be performed to determine 
whether conservative follow-up or hysterectomy 
should be ~0nsidered.l~~ 

The MR appearance of leiomyomas and adeno- 
myosis is described above. Postmenopausal women 
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Figure 7-14 MR findings of tamoxifen-induced proliferative endometrium in a 71-year-old woman with 
a history of breast cancer. A and B, Axial (A) and sagittal (B) T2-WIs show a widened endometrial complex (arrows) 
with both cystic and reticular solid soft tissue. This appearance is consistent with endometrial hyperplasia or polyps. 
Tissue sampling of this endometrium was performed because noninvasive endometrial cancer may have similar imaging 
features. 

who take tamoxifen are also at  risk for developing 
adenomyosis. Tamoxifen-associated adenomyosis 
often contains an increased number of subendome- 
trial cysts (see Fig. 7-13).79,152,156 

CERVIX 

Normal Cervical Anatomy 

Like the uterus, the cervix has a zonal anatomy that is 
well revealed on T2-WI (Box 7-4; see Figs. 7-4, 7-15, 
7-20, 7-22, 7-30, and 7-36).l5I The central endocervical 
mucosa, secretions, and plicae palmatae (mucosal folds 
that have a palm-like configuration) have moderate to 
high SI on T2-WI similarly to the endometrial complex 
of the uterus. The middle layer of the cervix is revealed 
as low SI and corres~onds to the inner laver of fibro- 

Nabothian Cyst 

Nabothian cysts are benign retention cysts that develop 
secondary to obstruction of the mucin-secreting 
endocervical glands by overgrowth by squamous 
epi the1i~m.l~~ Almost all nabothian cysts are asymp- 
tomatic and do not require treatment; they are more 
common in multiparous women and women with 
prior cervicitis. When present, nabothian cysts are 
usually multiple and measure less than 2 cm.l60 

On MR nabothian cysts reveal variable SI 
on TI-WI that reflects the viscosity of the mucin 
cyst content. On T2-WI, most nabothian cysts reveal 
high SI (see Fig. 7-4). They do not enhance after con- 
trast.161 Nabothian cysts become clinically relevant 

muscular cervical strbma. In many womenthis cervical 
layer is contiguous with the junctional zone of 
the uterus. The outer layer of the cervix reveals 
low-to-intermediate T2-SI and corresponds to the 
outer fibromuscular stroma of the cervix. MR-pathology 
correlation suggests that the lower SI of the inner 
cervical stroma reflects increased fibroblasts and 
smooth muscle cells and less vascularized connective 
tissue when compared with the outer cervical stroma.158 
The outer cervical stroma is often contiguous with the 

I outer myometrium. 



when they are mistakenly characterized as mucinous 
adenocarcinoma of the cervix (adenoma malignum; 
see next section). 

Cervical Cancer 

Cervical cancer is the third most common gynecologic 
malignancy in women in the U. S. (after endometrial 
and ovarian cancer, respectively). In 2004 it is 
estimated that 10,520 new cases of cervical carcinoma 
will be diagnosed in American women and that 
3,900 women will die of the disease.l'j2 Screening for 
cervical cancer is done by annual Papanicolaou (Pap) 
srnearl'j3 beginning at  age 18 or the onset of sexual 
activity, whichever comes f i r~ t . l " J~~  Low-risk women 
with three prior consecutive negative Pap smears can 
be screened less frequently.l'j6 Cervical screening with 
Pap smears has decreased cervical cancer mortality 
by 70% in last 50 years165; in part because Pap smears 
are not available to women everywhere, cervical can- 
cer is the second leading cause of cancer mortality 
worldwide.167 

Risk factors for the development of cervical carci- 
noma include low socioeconomic status, cigarette 
smoking, infection with human papillomavirus (HPV), 
especially subtypes 16 and 18,168 and sexual activity 
with multiple partners.164,167,169,170 HPV infection is con- 
sidered to be contributory to almost all cervical 
cancers; >90% of squarnous cell carcinomas of the 
cervix contain HPV DNA.8"171 One population that 
benefits from HPV testing is women who have a PAP 
smear that shows atypical squamous cells. Only those 
women who are shown to have HPV infection would 
require a follow-up c o l p o s ~ o p y . ~ ~ ~ ~ ~ ~ ~  Vaccines that tar- 
get the human papillomavirus are being deve10ped.l~~ 

In the future widespread immunization again HPV 
may prevent the development of a significant propor- 
tion of cervical cancers.'74 

The mean age of women with cervical cancer is 
50 years. Symptomatic women have bleeding or a vagi- 
nal discharge,l'j7 while asymptomatic women are 
diagnosed by a positive PAP smear or by detection of an 
occult lesion on speculum exarnination.l'j7 Of cervical 
carcinomas 85% are squamous cell cancers.l'j9 The 
remaining 15% are mostly adenocarcinomas. Cervical 
cancer is staged according to the International 
Federation of Gynecology and Obstetrics (FIGO) clin- 
ical classification (Box 7-5).169J75 Accurate staging of 
cervical carcinoma is important because it directly 
influences patient treatment. Women with greater 
than stage IIB disease are not candidates for hysterec- 
tomy and are treated with irradiation. Women with 
less than stage IIB tumors are candidates for hys- 
terectomy. Women with stage IB tumors (localized but 
>4 cm) benefit from preoperative irradiation 
and chemotherapy prior to h y ~ t e r e c t o m y . ~ ~ , ~ ~ ~  Women 
with localized tumors that do not invade the internal os 
or the uterus and who would like to preserve fertility 
are candidates for t r a c h e l e ~ t o m y . ' ~ ~ , ~ ~ ~  

The FIGO staging system has some limitations. 
I t  does not incorporate lymph node status, primary 
tumor size (with the exception of subdividing stage 
IB lesions), or tumor histologic grade. The FIGO sys- 
tem can overstage up to 25% of women with stage I 
disease and understage up to 75% of women with 
stage 111 d i~ease . ' ~~J ' j ~  MR imaging can accurately 
stage women with cervical cancer. MR outperforms 
both examination under anesthesia (EUA) and trans- 
rectal sonography in the evaluation of primary tumor 
size and nodal status.179 MR is also more accurate 
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than CT in staging cervical c a n ~ e r . l ~ ~ - ~ ~ ~  An initial had a diagnosis established by Pap smear or biopsy. 
staging MR can reduce costs by obviating the need to T2-WIs obtained in the sagittal plane and in a plane 
obtain other tests such as barium enema and cys- along the short axis of the cervix (Figs. 7-15 to 7-17)ls6 
toscopy.ls4 MR can also help identify those women are the most useful for local staging.159,1",1s7-191 Most 
who may be candidates for trachelectomy.lS5 studies have not found that dynamic CE imaging pro- 

vides significant improvement in local staging.1s9~1-193 
MR FINDINGS OF CERVICAL CANCER On T2-WI, cervical cancer appears as a mass of 
MR usually is not initially used to diagnose cervical higher SI than the adjacent fibrous cervical stroma 
cancer but to stage disease in women who have but of lower SI compared with the endometrial and 

Figure 7-15 . MR illustration of a stage IB cervical carcinoma in a 30-year-old woman. This patient was 
treated with trachelectomy to preserve fertility. A-D, Four consecutive sagittal T2-WIs reveal normal zonal anatomy of 
the uterus and cervix. An intermediate SI mass is revealed within the endocervical canal (*). A subcentimeter intrarnu- 
ral-subserosal leiomyoma is present (arrows). The tubular, high SI structures (curued arrows) present within the outer 
myometrium reflect slow flow within veins. (Continued) 



Figure 7-15 . Cont'd E, Coronal fat-suppressed T2-WI shows 
localized hyperintense tumor (*) and adjacent uninvolved fibrous 
cervical stGma (arrows). The high SI within the parametria (P) is 
from vascularized connective tissue. 

7 *. 
't- 

endocervical glands.167 If an uninterrupted low SI 
rim of inner cervical stroma is preserved, then one 
can establish the absence of stage IIB or greater dis- 
ease negative predictive values between 94% and 
100% (see Fig. 7-15).167,169,191,194 Disruption of the low 
SI, fibrous cervical stroma does not necessarily indi- 
cate parametrial invasion, since the intermediate SI 
outer cervical stroma may still be preserved. In 
selected women without parametrial invasion, resec- 
tion of the cervix with preservation of the uterus 
(trachelectomy) can be considered.lg5 Early results 
suggest that the rate of tumor recurrence is similar 
to that for women who are treated by hysterec- 
tomy.lg6 Successful pregnancy can occur after 
trachelectomy, but there is an increased incidence of 
premature rupture of membranes.lg7 

Macroscopic extension of tumor into the parame- 
trial fat establishes a diagnosis of stage IIB disease 
(see Figs. 7-16 and 7-17). MR has an accuracy range 
of 75% to 95% in evaluating for parametrial inva- 
sion.167,169,187 In women who are not candidates for 
hysterectomy, MR can more accurately determine 
the cancer diameter and volume and document the 
size and number of potentially malignant nodes; all 
these findings can help predict p r o g n o s i ~ . ~ ~ ~ ~ ~ ~ ~  

Figure 7-16 . MR findings of stage IIB cervical carcinoma with bilateral parametrial invasion. A, Sagittal 
T2-WI shows an endocervical (.) mass. Urine-filled bladder (B) is present anteriorly and rectum (R) posteriorly. The 
endometrial stripe is not widened. B and C, Axial TI-WI (A) and T2-WI (B) show nonvisualization of the normal low T2 
SI cervical stroma. There is tumor infiltration into both the left and right parametria (arrows). 
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Stage I11 tumors invade the pelvic sidewall, 
obstruct the distal ureter, or invade the distal vagina. 
Distal vaginal invasion is usually evident on clinical 
examination. MR can accurately evaluate for both 
pelvic sidewall invasion and obstruction of the distal 
ureter. Ureteral obstruction can be revealed by the 
use of heavily T2-WI (MR "urography7" a subtype of 
MR "hydrography"; see Fig. 7-17)159 or by delayed CE 
MR with TI-WI (CE MR urography). Women with 
stage I11 disease are not candidates for surgery. 
Localization of tumor and determining the presence 
or absence of ureteral obstruction provides a road 
map for radiation therapy and determines whether 
ureteral stenting is needed. Invasion of the bladder 

or rectum establishes stage IV disease. The presence 
of intermediate to high T2 SI tumor extending through 
the lower SI rectal muscularis or detrusor muscle of 
the bladder establishes stage IV disease. 

MR EVALUATION OF LYMPHADENOPATHY 
While not a direct component of the FIG0 classifica- 
tion, the presence and extent of lymphadenopathy is 
a most important indicator of patient 0 u t c o r n e . ~ ~ 9 ~ ~ ~ ~  
Women with para-aortic adenopathy usually do not 
undergo hys t e re~ tomy .~~~  There is no consensus con- 
cerning whether women with stage IB or IIA cervical 
carcinoma and malignant pelvic adenopathy should 
have hysterectomy. If the patient and her surgical 
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oncologist decide against hysterectomy if there is 
nodal disease, then sentinel node mapping and 
laparoscopic lymphadenectomy could be considered 
for presurgical e v a l u a t i ~ n . ~ ~ ~ , ~ ~ ~  

MR is approximately 75% to 90% accurate in 
characterizing adenopathy in women with cervical 
cancer (a positive node has a diameter of >1 cm by 
d e f i n i t i ~ n ) . l ~ ~ , ~ ~ ~ , ~ O ~  The presence of central necrosis is 
a very specific finding of malignant adenopathy in 
women with squamous cell carcinoma of the cervix. 
Thus, the use of contrast can improve the ability of 
CT and MR to characterize indeterminate lymph 
nodes. Unfortunately, central necrosis is not often 
revealed in nodes involved by adenocarcinoma. Thus, 
current nodal evaluation of adenocarcinoma of the 
cervix (and adenocarcinoma in other parts of the 
body) is based on measurements of both the long axis 
and short axis nodal dimensions. Different classes of 
contrast agents are in development that may 
improve the ability of MRI to characterize nodes as 
benign or malignant.205,206 

Adenoma Malignum 

Adenoma malignum is a rare subtype of mucinous 
adenocarcinoma that comprises less than 5% of adeno- 
carcinomas of the cervix. Women with Peutz-Jeghers 
syndrome are increased risk of developing adenoma 
malign~m.~O~ Adenoma malignum can be a difficult 

diagnosis to establish on Pap smear or biopsy 
because of the well-differentiated appearance of the 
glands and the similarity to nabothian cysts and 
other benign glandular elements of the cervix.20E210 A 
suggestive presenting symptom in affected women is 
a watery discharge.159 Suggestive MRI findings that 
favor adenoma malignum include thick septa, 
enhancing solid  component^,^^^,^^^ and the presence 
of high T2-WI mucin within the vaginal canal.213 

Metastatic Disease of the Cervix 

Similarly to the uterus, metastatic disease to the 
cervix is rare and usually secondary to direct exten- 
sion by adjacent tumors of the uterus, bladder or 
rectum (Fig. 7-18).lZ9 Hematogenous metastasis to 
the cervix is rare. Occasionally a Pap smear will 
reveal malignant cells and help stage disease in a 
patient with a known extracervical malignancy.214 

VAGINA 

Normal Vaginal Anatomy 

The vagina is a 7- to 9-cm long, fibromuscular tube that 
is line by stratified squarnous epithelium. Three normal 
zones of the vaginal and paravaginal tissues are often 
depicted on T2-weighted MR images (Fig. 7-191215 

Figure 7-1 8 MR illustration of recurrent colon cancer that invades the cervix and proximal vagina in a 
62-year-old woman. A and B, Sagittal (A) and axial (B) T2-WIs shows an infiltrating soft tissue mass (MI of the pre- 
sacral space that invades the posterior cervix and the proximal vagina (V). There is disruption of the low SI fibrous 
cervical stroma (curved arrow) The urethra (arrow) is not invaded in (B). 
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Figure 7-19 Normal axial vaginal and urethral zonal anatomy as revealed on T2-WIs in a 40-year-old 
woman. A and B, The four zones of the urethra (from central to peripheral) are (1) inner high SI urine, (2) low SI mucosa, 
(3) high SI submucosa, and (4) low SI outer muscularis (arrows). The vagina has central high SI secretions and outer low 
SI mucosa and muscularis (curved arrow). 

The vaginal muscles and collagen-rich submucosal 
layer appear as a low TI,  low T2 SI band. 
Intraluminally, the vaginal mucosa and any endo- 
luminal secretions have low TI, high T2 SI. A 
tampon will appear as a homogenous low TI, low T2 
SI tubular structure within the vaginal lumen. When 
depicted along its long axis, a tampon has a character- 
istic appearance. However, if imaged in cross-section, 
a tampon can mimic an intracavitary leiomyoma. 
Surrounding the vaginal muscularis is a rich venous 
plexus that is revealed as a network of serpentine 
high SI structures on T2-WIs. The prolonged T2 
signal within the veins is secondary to slow 

Vaginal Cysts 

Most vaginal cysts are asymptomatic and are discov- 
ered incidentally on physical examination or on 
pelvic imaging.217 The less common symptomatic 
cysts are usually due to infection. Larger vaginal 
cysts can present as a palpable mass, urinary symp- 
toms, dyspareunia, or d y s t o ~ i a . ~ ~ ~  At MR imaging, 
vaginal cysts have variable TI-SI depending on the 
presence of any intracystic protein or hemorrhage, 
have high SI on T2-WIs, and do not enhance after 
contrast.161 The three most common types of vaginal 
cysts detected at MR imaging are Gartner duct cysts, 
Bartholin gland cysts, and mullerian cysts. 
Distinguishing among these three on MR is likely of 
little clinical import. Accurately documenting the 
size, location, and cystic nature of a vaginal mass is 
usually sufficient. 

Gartner duct cysts are located in the anterolateral 
aspect of the proximal vagina and are derived from 
vaginal remnants of the mesonephric (wolffian) 
ducts (Fig. 7-20). Children with Gartner duct cysts 
can be symptomatic secondary to communication 
with an ectopic ureter of the cervix.219 Since some 
Gartner duct cysts are associated with developmen- 
tal anomalies of the genitourinary system,220s221 
imaging the kidneys should be considered when a 
symptomatic Gartner cyst is revealed on pelvic MR 
examination. 

BARTHOLIN GLAND CYST 
Bartholin gland cysts develop as a complication of 
infection of the vestibular glands of the vagina, 
which are the female equivalent of the Cowper 
glands in men.161 While Gartner cysts are located in 
the proximal vagina, Bartholin cysts are located 
in the posterolateral aspect of the distal vagina 
(Fig. 7-21; see Fig. 7-7) and can often be visualized 
and palpated on physical examination. Malignant 
tumors of the Bartholin glands are rare and include 
squamous cell carcinoma222 and adenoid cystic 
c a r c i n ~ m a . ~ l ~ , ~ ~ ~  Both of these unusual tumors should 
show solid enhancing components at MR and should 
not be confused with uncomplicated or infected 
Bartholin cysts. 

The most common vaginal cyst described in the surgery 
and pathology literature is a mullerian ~ y s t . ~ ~ ~ , ~ ~ ~  
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Figure 7-20 m MR imaging features of a Gartner cyst of 
the proximal vagina in an asymptomatic woman. A-C, 
Axial T1 (A), axial T2 (B), and fat-suppressed sagittal T2 (C) WIs 
show an uncom~licated cyst (G) of the anterior lateral a s ~ e c t  of 

( the proximal va&a (*).  he normal urethra (arrows, U) is ioceted 
anteriorly. Normal zonal anatomy of the uterus and cervix is 

, present in C. 

It is characterized on histologic studies by a mucin- 
producing epithelial lining similar to endocervix, and 
macroscopic intracystic mucin is sometimes noted 
on gross inspection. Unlike Gartner or Bartholin 
cysts, miillerian cysts occur along all vaginal segments 
(see Fig. 7-11. 

Vaginal Fistulas 

Fistulas can form between the vagina and adjacent 
urethra, bladder, bowel, or ureter. The most common 
etiology of vaginal fistula is prior gynecologic surgery 

(Fig. 7-22),226 with radiation therapy, pelvic malig- 
nancy (Fig. 7-23), and inflammatory bowel disease 
being less common causes (Fig. 7-24). Although con- 
ventional contrast vaginography detects 80% of 
fistulae, the technique is suboptimal for evaluation of 
the extraluminal soft tissues, which may determine 
what type of repair to perform.227 For example, in 
cases of radiated pelvic malignancy, MR might dis- 
tinguish between sterile radiation fibrosis vs. viable 
paravaginal tumor. And in instances of rectovaginal 
fistula, MRI (or endorectal sonography) could evaluate 
for coexistent defects of the anal s p h i n ~ t e r ~ ~ " ~ ~ ~  
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that could be treated at the time of fistula closure to 
prevent incontinence. On T2-WI, fistula tracks 
should appear as high SI material that extends from 
the vagina to either bowel, bladder, or ~rethra~~O9~3l 
(Figs. 7-22 to 7-25) or as a nonenhancing communica- 
tion with enhancing TO evaluate vesicovaginal 
or ureterovaginal fistula, delayed CE MR may show 
the presence of dilute contrast within the vagina 
(Fig. 7-25). 

sequences obtained with and without straining can 
evaluate for abnormal descent of bladder, rectum, 
and vagina (Fig. 7-26).234 The normal anatomy, phys- 
iology, and pathophysiology of pelvic floor weakness 
is beyond the purview of this chapter but available 
e l s e ~ h e r e . ~ ~ ~ - ~ ~ ~  MRI can provide both anatomic and 
functional information for the surgeon that may 
influence whether an abdominal or vaginal approach 
for potential surgical repair is needed.240,241 

~ Vaginal Prolapse Vaginal and Vulvar Neoplasms 

! Approximately one third of adult women have signs VaGINaL LElOMyOMa 

and symptoms of pelvic floor dysfunction that Leiomyomas located in the vagina are most often pri- 
includes pelvic floor prolapse.233 Fast T2-weighted mary pedunculated submucosal uterine leiomyomas 



Figure 7-22 rn MR illustration of a vesicovaginal fistula and polycystic ovaries in a 23-year-old woman with 
incontinence following repair of a vaginal septum. A, Axial T2-WI shows normal urethral zonal anatomy (arrow) 
and curvilinear fluid within the proximal vagina that communicates with the right posterior urethra (curved arrows). 
B, Sagittal fat-saturated T2-WI reveals the fistulous communication (arrow) even with an undistended bladder 
(B). Normal cervical zonal anatomy is present (curved arrow). C and D, Two consecutive coronal T2-WIs reveal fluid in 
the vagina (V). Both ovaries are enlarged (arrows) and show peripherally located follicles of similar size and increased 
hypointense ovarian stroma. 

that extend into the vaginal canal.242 Much less com- 
mon are primary vaginal leiomyomas that originate 
within the smooth muscle layer of the anterior vagi- 
nal Whether they originate within the uterus 
or vagina, MR can localize and often characterize 
such masses as smooth muscle in origin based on the 
relative low SI on T2-WIs.244,245 

The most common vaginal cancers are not primary 
but rather direct invasion of the vagina by adjacent 
tumors of the cervix, uterus, or rectosigmoid colon 
(see Figs. 7-12 and 7-18).246,247 Both cervical and 
endometrial cancer are discussed elsewhere in this 
chapter. Primary vaginal cancers are not common 
and account for less than 3% of gynecologic malig- 
n a n c i e ~ . ~ ~ ~  It  is estimated that 2,160 vaginal 
cancers and 790 deaths from vaginal cancer will 

occur in 2004.83 Seventy-five percent to 90% of pri- 
mary vaginal cancer is squamous cell ~ a r c i n o m a . ~ ~ ~ * ~ ~ ~  
The majority of vaginal cancers occur in elderly 
women. The two most common presenting symp- 
toms are vaginal bleeding (60% to 70%) and vaginal 
discharge (30%).248 AS for squamous cell carcinoma 
of the vulva and cervix, women who have been 
infected with human papillomavirus are at increased 
risk of developing vaginal cancer. The treatment 
of choice for stage I and I1 cancers (Box 7-6) is 
surgical excision with postoperative radiotherapy.250 
Combination external beam with interstitial brachy- 
therapy is the treatment of choice for advanced 
cancers.251 Lymph node extension of cancer that 
originates within the proximal two thirds of the 
vagina is to the pelvic lymph nodes. Distal vaginal 
cancers, like vulvar cancers, tend to spread to inguinal 
lymph nodes.252 
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Primary adenocarcinoma of the vagina is uncom- 
mon and comprises less than 5% of primary vaginal 
cancers.253 The clear cell variant of vaginal adenocarci- 
noma develops in approximately 0.1% of women who 
were exposed to diethylstilbestrol (DES) in u t e r~ .~"  
Vaginal smears are performed with annual Pap smears 
in DES-exposed women.255 MR findings of vaginal clear 
cell adenocarcinoma have been reported.256 Suggestive 
findings include location in the anterior portion of the 
proximal vagina (the most common location) or rela- 
tively high SI on T2-WI (Fig. 7-27). The diagnosis is 
often known before imaging (based on clinical history 
of DES exposure or a prior positive vaginal cytologic 
test) and imaging is used to stage a known cancer. The 
MRI findings of unusual vaginal neoplasms have been 

However, these tumors are rare and do 
not have specific MRI findings. 

Vulvar cancer is almost twice as common as primary 
vaginal cancer. It is the fourth most common gyne- 
cologic malignancy after uterine, ovarian, and 
cervical cancer. An estimated 3,970 cases of vulvar 
cancer will occur in the U. S. in 2004, and 850 women 
will die of the disease.83 Squamous cell carcinoma 
accounts for more than 85% of vulvar cancers.258 
Vulvar carcinomas are increasing in frequency in 
young women and are likely secondary to the 
increase in prevalence of human papillomavirus 
i n f e c t i ~ n . ~ ~ ~ , ~ ~ ~  Signs and symptoms of vulvar cancer 
include pain, bleeding, ulceration, vaginal discharge, 
or a visible or palpable mass. Unfortunately, many 
women delay seeking treatment, and up to 40% of 
women with vulvar cancer have stage I11 or IV dis- 
ease at presentation (Box 7-7).258,260 
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Figure 7-24 MR illustration of an enterovaginal fistula 
in a symptomatic 36-year-old woman with Crohn's disease 
and prior hysterectomy and subtotal colectomy. Sagittal 
T2-WI shows intermediate-to-high SI within the vagina (arrow) 
and the Hartmann pouch (curved arrow). The fistulous connection 
at  the level of the vaginal fornix (large arrow) was surgically con- 
firmed and repaired. 

The lymphatic drainage of the vulva is initially to 
the superficial inguinal lymph nodes and then to the 
deep inguinal and femoral lymph nodes. Initial stud- 
ies have evaluated the utility of performing sentinel 
node sampling in the management of vulvar carci- 
noma. These studies use nuclear medicine isotopes 
and not MRI. In an MR-pathology correlation study 
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mucosa, or extension of tumor 
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of 22 women with vulvar cancer, superficial lymph 
nodes with a short axis of greater than 10 mm and 
deep inguinal nodes with a short axis of greater than 
8 mm had respective specificities of 97% and 100% 
and more modest sensitivities of 40% and 50%.261 In 
this same series, the primary tumor was detected 
only in half the women. Small primary vulvar lesions 
can easily be missed on MR. However, invasion of the 
pelvic sidewall or adjacent rectum and urethra can 
often be revealed (Fig. 7-28). The presence of central 
necrosis within nodes on CE MR in women with squa- 
mous cell cancer of the cervix has 100% positive 
predictive value for malignancy and may have similar 
utility in women with vulvar and vaginal cancers.203 

Developmental Anomalies 
of the Miillerian Ducts 

Developmental uterine anomalies occur in approxi- 
mately 1% of all women and 3% of women with 
recurrent pregnancy loss or other poor reproductive 
o ~ t c o m e s . ~ ~ ~ , ~ ~ ~  Factors that contribute to an increased 
rate of pregnancy loss include cervical incompetence, 
decreased uterine volume, and decreased blood 
supply to the developing embryo and placenta.264 
Embryologically, the mullerian ducts form the fallop- 
ian tubes, uterus, and proximal two thirds of the 
vagina, while the urogenital sinus forms the urethra 
and distal third of the vagina. Developmental anom- 
alies can result from one of three categories of 
abnormality of the miillerian ducts2": complete 
absence of the mullerian ducts, anomalous vertical 
fusion of the mullerian duct with the ascending uro- 
genital sinus, or abnormalities of lateral fusion of the 
ducts. The American Fertility Society has a separate 
classification of uterine anomalies (Box 7-8).266 MR is 
useful in the evaluation of developmental anomalies of 
the mullerian d ~ ~ t s . ~ ~ ~ , ~ ~ ~ - ~ ~ ~  

Patients with developmental mullerian duct 
anomalies may present at puberty with primary 
amenorrhea, pelvic mass, or pain. In patients with 
primary amenorrhea, MR can determine the pres- 
ence or absence of the vagina, cervix, and uterus. In 
females that have relative or complete obstruction of 
antegrade menstruation, MR can determine the level 
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Figure 7-26 . MR depiction of cystocele and vaginal prolapse in a symptomatic woman. A, Sagittal T2-WI 
shows normal position of the bladder (B) and a longitudinally oriented anterior vaginal wall cyst (V). B, Sagittal T2-WI 
obtained during the Valsalva maneuver reveals abnormal descent of both bladder (B) and vagina (V). 
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Figure 7-27 rn MR illustration of clear cell adenocarcinoma of the vagina in a 77-year-old woman with a 
history of supracervical hysterectomy. A and B, Axial (A)  and sagittal (B)  T2-WIs show a heterogeneous infiltra- 
tive mass of the vagina that expands both the anterior (A) and the posterior (P) vaginal fornices and extends into the 
cervical canal (C). The MR findings are not specific for clear cell adenocarcinoma, and tissue sampling was required to 
establish a specific histologic diagnosis. 

Figure 7-28 rn MR findings of invasive squamous cell carcinoma of the vulva in a 37-year-old woman with 
a history of vaginal bleeding and human papillomavirus infection. A and B, Two consecutive axial T2-WIs 
through the superior aspect of the mass show a normal distal urethra (U, arrow), anterior portion of the distal vagina 
(V, curved arrow), and posterior rectum (double arrows). A heterogeneous vulvar mass (arrows in B) invades the low SI 
posterior vaginal wall and anterior rectal wall. A right-sided inguinal lymph node is indeterminate for malignancy. The 
presence of central necrosis on enhanced imaging would increase the specificity of metastatic nodal involvement by squa- 
mous cell carcinoma. The patient was treated with vulvectomy and radiation therapy without lymphadenectomy and has 
been disease-free for 7 years. 
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of any obstruction and reveal whether retrograde 
menstruation has resulted in hematosalpinx or 
endometriosis. The kidneys are partially derived from 
the mesonephros, which is both spatially and tempo- 
rally related to the mullerian d ~ c t s . ~ 7 ~  Therefore, in 
individuals with suspected mullerian duct anomalies, 
the kidneys should be evaluated as well. Women of 
reproductive age with mullerian duct anomalies may 
present with a history of infertility, prior miscar- 
riage, or premature delivery. As described below, MR 
can define the anomaly and suggest if the condition 
is treatable. 

ABSENCE OF THE M~JLLERIAN DUCTS (CLASS I) 

Mayer-Rokitansky-Kuster-Hauser syndrome (MRKH). The 
lack of mullerian dud  development is part of the spec- 
trum of Mayer-Rokitansky-Kuster-Hauser (MRKH) 
syndrome. MRKH syndrome has an incidence of 
approximately one in 5,000 and is the most common 
cause of amenorrhea in women with breast develop- 
ment.273 This syndrome, which is secondary to 
miillerian agenesis, results in failure of development of 
the proximal vagina, cervix, and uterus. Rudimentary 
functioning endometrial tissue may be present and 
result in pain secondary to endometriosis. MRI is an 
ideal modality for evaluating for MRKH syndrome 
(Fig. 7-29) to confirm the absence of the uterus, 
cervix, and proximal vagina and the presence of 
normal ovaries.265 MR can also reveal persistent 
endometrial tissue, secondary endometriosis, and 
associated renal and collecting system anomalies, the 
latter of which may be present in up to 40% of 
affected i n d i v i d ~ a l s . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~  Treatment includes 
supportive psychotherapy and creation of a neo- 
vagina.277 Rudimentary endometrial tissue should be 
removed laparoscopically to prevent retrograde men- 
struation and endometr ios i~ .~~~ Because women with 
MRKH syndrome have normal ovaries, they can 
become genetic mothers via egg donation.279 

The differential diagnosis of a phenotypic woman 
who presents with primary amenorrhea and an 
absent uterus is androgen insensitivity syndrome 

(AIS, previously known as testicular feminization 
syndrome). Patients with AIS have a male genotype 
(46,XY) but female phenotype. MR can confirm the 
presence of rudimentary testes and the absence of 
both uterus and ovaries in patients with 
Rudimentary testes in patients with AIS can be 
located intra-abdominally or inguinallyZ8O; they are 
removed laparoscopically after puberty because they 
are at  risk of developing malignant transforma- 
t i ~ n . ~ ~ ~  Many other uncommon disorders result in 
ambiguous genitalia at birth. MR can help evaluate 
such infants to determine the presence or absence of 
a cervix, uterus, and ovaries.282 

UNICORNUATE UTERUS (CLASS II) 
Incomplete or absent development of one of the 
mullerian ducts results in a unicornuate uterus. The 
contralateral uterine horn is completely absent in 
approximately one third of affected women, while a 
rudimentary horn is present in the remaining two 
thirds.283 Approximately half of the rudimentary 
horns contain a cavity with endometrial tissue and 
half a noncavitary horn that lacks endometrium.262 
If a rudimentary horn communicates with the normal 
opposite side, then an ectopic or ruptured pregnancy 
may r e s ~ l t . ~ ~ ~ - ~ ~ ~  Women with a noncommunicating 
horn are at risk of endometriosis. Thus, a rudimen- 
tary horn should be removed to prevent these 
 complication^.^^^ Renal agenesis or other anomalies 
may occur and when present are located ipsilateral 
to the hypoplastic-aplastic horn. MRI can show 
the "banana-shaped" unicornuate uterus, evaluate 
for the presence or absence of a rudimentary uterine 
horn, and reveal associated findings such as 
endometriosis, ectopic pregnancy, and renal agenesis 
(Fig. 7-30).267,283 

Anomalies of fusion of the mullerian ducts with the 
urogenital sinus can result in a variety of disorders. 
The most common is a transverse vaginal septum 
(Fig. 7-31). Transverse vaginal septa can occur any- 
where along the vagina but are most commonly 
present in the proximal third. When complete, a 
transverse vaginal septum results in amenorrhea 
and proximal hematocolpos. Treatment consists of 
surgical resection of the septum. More complete lack 
of fusion can result in proximal vaginal hypoplasial 
aplasia and or aplasia of the cervix. If the cervix 
is present, a vaginal septum can be resected and 
the vagina reconstructed. In the past, women with 
cervical aplasia were treated with hysterectomy. 
However, recent surgical techniques have allowed 
creation of a uterovaginal anastomosis that allows 
the resumption of normal antegrade menstruation 
and restoration of potential fertilit~.~87 

Disorders of lateral fusion of the mullerian ducts can 
result in varying degrees of duplication of the uterus 
and cervix. Possible uterine configurations include 
uterus didelphys (class 111, Fig. 7-32) and bicornuate 



Figure 7-29 . MR findings of Mayer-Rokitansky-Kiister-Hauser (MRKH) syndrome in a 17-year-old 
woman. A-D, Three consecutive axial (A-C) T2-WI and a sagittal (D) T2-WI show a normal bladder (B), rectum (R), 
urethra (U), and paravaginal-paraurethral venous plexus (curved arrows). The vagina, cervix, and uterus are not pres- 
ent. The high SI within the venous plexus is secondary to slow flow. Black arrows indicate fibrous tissue in the expected 
location of the cervix. 

uterus (class IV). After the miillerian ducts fuse, a 
fibromuscular midline septum can persist. Incomplete 
resorption of the fibromuscular central septum results 
in a septate uterus (class V, Fig. 7-33).269 An arcuate 
configuration of the uterus (class VI, Fig. 7-34) is 
considered a normal variant and is not associated 
with an increased risk of infertility or pregnancy 
1 0 ~ s . ~ ~ ~ ~ ~ ~ ~  The MR appearance of these uterine con- 
figurations is described later. 

In uterine didelphys there is complete separation 
of two distinct left and right uteri. The cervix usually 
is duplicated as  ell.^^^,^^^,^^^ MR can readily show 

two distinct uterine and cervical segments that do 
not connect. Women with uterus didelphys have nor- 
malZs9 or minimally impaired fertility. The latter has 
been hypothesized to be secondary to decreased uter- 
ine volumes or decreased vascularity of each uterine 
horn because of the lack of potential collateral blood 
supply from the contralateral uterine artery.262 

Bicornuate and septate uteri are the two most 
common subtypes of miillerian duct anomaly and com- 
prise approximately two-thirds of all s ~ b t y p e s . ~ ~ ~ , ~ ~ ~  
Differentiating between a bicornuate uterus and a 
septate uterus is clinically important because of their 
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Figure 7-30 . MR depiction of a left-sided unicornuate 
uterus and right-sided pelvic kidney in an asymptomatic 
30-year-old woman. A, Coronal TI-WI shows a normal left kid- 
ney (arrow) and absent orthotopic right kidney. B and C, Axial 
TI-WI (B) and T2-WI (C) show a leftward deviation of the cervix 
(C) and a mildly hypoplastic left-sided uterus (U). Normal uterine 
and cervical zonal anatomy are present in C. 

different complications and different treatments. 
Women with septate uteri may have first trimester 
miscarriages. It is estimated that the live birth rate 
of women with untreated septate uterus can be as 
low as 5%.291 This has been attributed to implanta- 
tion of the embryo onto the septum. Women with 
septate uterus who have had prior pregnancy loss are 
treated by hysteroscopic resection of the septum; 
reported live birth rates in treated women are as 
high as 85%.262,291,292 

Women with bicornuate uteri do not have early 
miscarriages. However, some women may have pre- 
mature labor that is hypothesized to be secondary to 
a decreased capacity of the endometrial canal. Some 
advocate the use of hysteroscopic metroplasty 
(removing some of the midline myometrium that is 
shared by both the left and right uterine canals) in 
order to create a single, more capacious endometrial 
cavity.293 Women with bicornuate uteri also have an 
increased prevalence of incompetent cervix, which 

can be evaluated with serial sonography during preg- 
n a n ~ y . ~ ~ ~  Some advocate that women with bicornuate 
uterus receive prophylactic cervical c e r ~ l a g e . ~ ~ ~  

Evaluation of the external fundal contour is the 
key to differentiating between bicornuate and sep- 
tate uteri.295 The best imaging plane to evaluate the 
fundal contour is one that passes through the long 
axis of the uterus. This plane can be readily identi- 
fied on sagittal T2-WI. The outer contour of a septate 
uterus should be convex or flat or at most show less 
than 10 mm of concavity (see Fig. 7-33). By compari- 
son, the outer fundal contour of a bicornuate uterus or 
uterus didelphys should have a greater than 10 mm 
concavity between the left and right horns (see Fig. 
7-32).262,295,296 In indeterminate cases, two other 
measurements can be ~ b t a i n e d . ~ ~ ~ , ~ ~ ~  The inter- 
cornual distance (measured between the distal seg- 
ments of the left and right horns) is less than 4 cm in 
septate and more than 4 cm in bicornuate uteri. The 
intercornual angle (defined as the angle between the 



medial most aspect of the left and right uterine cavi- 
ties) is less than 60" in both normal and septate uteri 
and greater than 60" in bicornuate uteri. 

Lack of lateral fusion of the miillerian ducts may 
also result in varying degrees of duplication of the 
vagina. Vertical vaginal septa are present in 75% of 
women with uterus didelphys, 25% of women with 
bicornuate uterus, and 5% of women with septate 
uterus.262 Women with nonobstructing vaginal septa 
may be asymptomatic. Resection of a septum can be 
performed for dyspareunia. In some women, one of 
the vaginas forms a blind ending pouch secondary to 
lateral closure of a longitudinal septum. These women 
often have ipsilateral hematometrocolpos and/or ipsi- 
lateral renal agenesis. They do not have amenorrhea 
because the contralateral vagina remains patent.297 

MRI can identify the level of the vaginal obstruction, 
the type of uterine anomaly, and the presence 
or absence of an ipsilateral kidney (Fig. 7-35).272,297 
Once again, the treatment of choice is removal of 
the septum and/or laparoscopic resection of any 
hematosalpinx. 

OVARY AND ADNEXAE 

Normal Ovary and Functional Cysts 

The appearance of the normal ovary and physiologic 
functioning ovarian cysts at  MRI have been 
d e s ~ r i b e d . ~ ~ ~ - ~ ~ ~  Like the uterus and cervix, the ovaries 
in premenopausal women often reveal a zonal 
anatomy on T2-WI with a lower SI ovarian cortex 
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Figure 7-32 MR illustration of uterine didelphys. A and B, Two consecutive coronal T2-WIs reveal two separate 
endometrial (U) and endocervical (C) cavities. 

and a low-to-intermediate SI ovarian medulla and 
high SI ovarian cysts and follicles (see Figs. 7-5, 7-36, 
7-41, and 7-56).25,298,299,301 The higher relative SI of 
the medulla compared with the cortex is secondary to 
more vascular, looser connective tissue. 

The majority of small cysts revealed within the 
ovary at  MRI represent follicles in various stages of 
maturation. Normal follicles are less than 3 cm, reveal 
low T1 and high T2 SI, and have a thin enhancing 
wall.25 Another normal cystic ovarian structure that 
may be present within the ovary is the corpus luteum 
cyst.300 Normal corpus luteum cysts may have a 
thickened low-to-intermediate SI wall on T2-WI (see 
Fig. 7-2) that enhances after contrast.25 Proteinaceous 
corpus luteum cyst content can reveal high SI on 
TI-WI. However, it is unusual for corpus luteum cysts 
to show low SI ("shading") on T2-WI as is depicted 
within most endometriomas.298~299 In postmenopausal 
women there is decreased T2-SI within the ovarian 
medulla secondary to a paucity of follicles and 
decreased free vascular connective t i s s ~ e . ~ ~ , ~ ~ ~  

Ovarian Neoplasms 

Ovarian neoplasms can be divided into four categories 
based on the cell of origin (Box 7-9).302 The most com- 
mon subtype of ovarian neoplasm is derived from the 
epithelial lining cells of the ovary. Ovarian epithelial 
ovarian neoplasms comprise approximately 60% of 
all ovarian tumors and more than 85% to 90% of 
ovarian m a l i g n a n c i e ~ . ~ ~ ~ - ~ ~ ~  Germ cell neoplasms are 
derived from the primary ovarian germ cells and 
account for 15% to 30% of ovarian tumors. Tumors 
derived from cells derived from ovarian sex cord and 
stromal elements constitute a third type of ovarian 
neoplasm and comprise 5% to 10% of ovarian tumors. 

Metastatic tumors to the ovary are the final category 
of ovarian tumor and account for 5% to 15% of ovar- 
ian tumors.306 

Epithelial ovarian cancer. Ovarian cancer is the sec- 
ond most common gynecologic malignancy in women 
in the U. S. and the most common cause of death of 
all gynecologic malignancies. In 2004 it is estimated 
that 25,580 American women will develop ovarian 
cancer and that 16,090 will die of the disease. The life- 
time risk of developing breast cancer in American 
women is 1 in 70.307 Eighty-five percent to 90% of all 
ovarian cancers are epithelial ovarian cancers.304-308,309 
Nulliparous women have an increased risk of develop- 
ing ovarian cancer, while parous women and women 
who use oral contraceptives are at  increased risk.305 
Ovarian cancer is more common in older women. In 
one series, less than 15% of ovarian neoplasms in 
premenopausal women were malignant compared 
with a 45% chance of malignancy in postmenopausal 
women.304 

Screening for ovarian cancer, either by tumor 
markers (e.g., CA-125)310 or transvaginal sonogra- 
phys311 not been shown to decrease morbidity or 
m ~ r t a l i t y . ~ l ~ , ~ l ~  Only 50% of women with stage I ovar- 
ian cancer have elevated CA-125 levels, and up to 
20% of women with benign adnexal disease have 
false-positive elevation of CA-125.305 The one sub- 
group of women who are screened with sonography 
and CA-125 are those who are carriers of a BRCA 
gene.314 Some of these women choose to have pro- 
phylactic oophorectomy in order to eliminate the risk 
of developing ovarian cancer and to decreased their 
risk of developing breast cancer.315 
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Figure 7-34 . MR depiction of an arcuate configuration 
of the  uterus. A prior sonogram confirmed embryonic demise but SclerOsin 
could not exclude a cornual ectopic pregnancy. Axial T2-WI shows ~ e r t ~ / j - ~  
a mild indentation of the uterine fundus (black arrow). However, 
no midline fibrous or smooth muscle septum is present in the uter- Se*oli- 
ine cavity. An embryo with surrounding amniotic fluid is located Sertoli 
in the left fundus (curved arrow). This image unambiguously Leydig 
depicts the intrauterine location of the and was-able to 
exclude an interstitial-cornual ectopic pregnancy. Low SI hemor- 
rhage (H) distends the remainder of the endometrial cavity. 

MRI is not a cost-effective screening modality for 
ovarian cancer. However, it can be useful to evaluate 
the female pelvis after an indeterminate sonographic 
examination. By accurately characterizing benign 
conditions such as endometriomas and mature cystic 
teratomas316 (see below), MR can be cost effective by 
preventing unnecessary surgery or converting some 
planned laparotomies to laparoscopic procedures.317 
When compared with CT and sonography, MR was 

superior in the characterization of malignant ovarian 
lesions.318 

The most common subtype of ovarian cancer is the 
serous cystadenocarcinoma, which comprises half of all 
epithelial ovarian cancer (see Fig. 7-10).30s Mutinous 
cystadenocarcinoma and endometrioid carcinoma each 
make up 20% of epithelial ovarian cancers. Clear cell 
carcinoma is the least common subtype of epithelial 
ovarian cancer. Ovarian cancer is staged surgically 

Five-year Stage 
Cancer confined to the ovaries 
Unilateral tumor 
Bilateral tumor 
Microscopic peritoneal spread 
Extension beyond ovaries; contained within the  true pelvis 
Tumor involves fallopian tube or uterus 
Tumor involves other pelvic structures 
Microscopic peritoneal spread 
Peritoneal spread outside pelvis, or nodal spread of tumor 
Microscopic peritoneal implants 
Implants <2 cm 
Implants >2 cm 
Distant spread of cancer 

Survival 
80% to 90% 



Figure 7-35 MR appearance of uterus didelphys, with an obstructed right-sided system associated with 
developmental absence of the right kidney and acquired right-sided endometriosis. A and B, Oblique coronal 
T2-WI (A) and fat-suppressed TI-WI (B) show two widely separate uterine cavities in keeping with uterine didelphys. Normal 
zonal anatomy is present on the left with a normal endometrial stripe. Antegrade menstruation occurred through patent left- 
side cervix and vagina. There is obstructive right-sided hematometrocolpos with T1 hyperintense, T2 hypointense blood that 
distends the right endometrial canal (El, endocervix (arrow), and vagina 0. C, Midline fat-suppressed TI-W1 shows the 
extent of the hematocolpos 0. D, Right paramedian fat-suppressed TI-WI shows a hematosalpinx (curved arrow) secondary 
to retrograde menstruation. Abdominal imaging (not shown) revealed normal left kidney and an absent right kidney. 



according to the FIGO classification system (Box 
7-10). Because of multiple factors including the lack 
of a cost-effective screening test319 and the paucity of 
early specific signs and symptoms,320 70% of women 
have stage 111-IV disease at presentation. A patholo- 
gist grades removed tissue; 65% of ovarian cancers are 
poorly differentiated, 25% are moderately differenti- 
ated, and the remaining 10% are well differentiated. It 
is the FIGO stage and histologic grade that determine 
the prognosis. The subtype of epithelial cancer does 
not have additional prognostic import.308 

Most women with suspected ovarian cancer are 
best treated by total abdominal hysterectomy, bilateral 
oophorectomy, omentectomy, pelvic and para-aortic 
lymphadenectomy, peritoneal biopsy, and removal of 
any implants greater than 1 ~ m . ~ ~ ~ , ~ ~ ~  Some gyneco- 
logic oncologists will give preoperative chemotherapy 
to women with advanced ovarian cancer in whom 
cross-sectional imaging and/or initial direct inspec- 
tion (via laparoscopy or laparotomy) suggest that 
cytoreductive surgery (i.e., debulking the abdomen 
and pelvis of all implants > 1 cm) would be unsuc- 

Performing cytoreductive surgery after 
neoadjuvant chemotherapy improves disease-free 
survival and decreases the morbidity of surgery.324 It 
is estimated that only 35% to 45% of women with 
advanced ovarian cancer can be optimally debulked 
without preprocedural ~ h e r n o t h e r a p y . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Either 
CT or MR326,327 define the tumor burden within the 
abdomen and pelvis to determine which women 
might benefit from preoperative chemotherapy.308 

After patients are treated with surgery and 
chemotherapy, cross-sectional imaging can help deter- 
mine which women have been cured as opposed to 
those who have residual or recurrent disease. By 
establishing criteria with high specificity and positive 
predictive value of residual disease, imaging (includ- 
ing either CT or MR) may prevent many "second look 
surgeries to determine which subset of women would 
benefit from additional treatment.328-330 Recurrent 
ovarian cancer is defined as new tumor that develops 
in women with prior surgery, chemotherapy, and a 
disease-free interval of longer than 6 month~.~3l,332 CT, 
PET (positron emission tomography), and/or MR may 
be able to point out which subset of these women with 
recurrent disease may benefit from a second cyto- 
reductive s ~ r g e r y . ~ ~ ~ , ~ ~ ~  The imaging findings of 
hydronephrosis or pelvic sidewall tumor suggests 
unresectable disease that would not be amenable to 
r e o p e r a t i ~ n . ~ ~ ~  

Serous cystadenoma and cystadenocarcinoma. Serous 
ovarian tumors comprise approximately 25% of 
benign ovarian neoplasms (Figs. 7-36 and 7-37) and 
50% of ovarian cancers (Fig. 7-38; see Fig. 7-10).309,334 
The typical appearance of a serous cystadenoma on 
MRI is that of a unilocular cyst with cyst content 
that follows the SI of simple fluid on TI-WI, T2-WI, 
and enhanced imaging (see Fig. 7-36). In one series of 
proven ovarian neoplasms, only 1 in 297 unilocular 

cysts was mal i~ant .33~ Serous neoplasms are bilat- 
eral in 20% of tumors but present in 50% of 
malignant serous neoplasms. Besides bilaterality, 
other suggestive MRI findings of a serous tumor of 
low malignant potential (15% of serous tumors) or 
serous cystadenocarcinoma (25% of serous tumors) 
include larger size (>6 cm), combined solid and cystic 
components, and the presence of papillary projec- 
tions (see Fig. 7-38).305,336,337 Papillary projections are 
suggestive but not 100% specific for malignancy 
(they can be present in serous cystadenomas; see Fig. 
7-37), but they are specific for epithelial ovarian neo- 
p l a s m ~ . ~ ~ ~ - ~ ~ ~  Outside the ovary, the presence of 
peritoneal implants340 and ascites with enhancing 
p e r i t o n e ~ m 3 ~ ~ 3 ~ ~  is specific for malignancy and indi- 
cates stage I11 Intratumoral calcifications 
(termed psammoma bodies) are present in up to 30% 
of serous tumors and are poorly depicted on MRI. 

Serous epithelial ovarian neoplasms of low 
malignant potential may look similar to serous cys- 
tadenocarcinomas of the ovary on MRI.343 The best 
prognostic indicator is determined at subsequent 
pathologic evaluation of the peritoneum. Peritoneal 
implants that are classified as invasive behave simi- 
larly to serous cystadenocarcinoma, whereas serous 
ovarian tumors without implants or with noninvasive 
implants are cured with surgical resection alone.344 
Mucinous cystadenoma and cystadenocarcinoma. 
Mucinous ovarian tumors comprise approximately 20% 
of benign ovarian neoplasms and 10% to 20% of ovarian 
cancers. Compared with serous epithelial tumors, muci- 
nous ovarian neoplasms are typically larger, 
multiloculated, and unilateral and do not have papil- 
lary projections (Box 7-11). The size of a rnucinous 
tumor does not correlate with malignancy; some of the 
largest encountered ovarian tumors are benign muci- 
nous adenomas (Fig. 7-39).345 

A rnucinous ovarian neoplasm is often revealed as 
a multilocular cyst on MR (Fig. 7-40). The SI of the 
cyst contents varies according to the degree of hydra- 
tion of the intracellular and extracellular mucin. 
Hydrated mucin can have an MRI appearance similar 
to that of simple fluid with low T1 and high T2 SI. 
Viscous mucin with decreased hydration reveals vari- 
able decrease in T2 SI and increase in T1 SI. In the 
absence of rnucinous ascites (see Chapter 6 for a dis- 
cussion of pseudomyxoma peritonei and malignant 
rnucinous peritoneal implants), differentiating among 
benign, malignant, and borderline rnucinous tumors 
can be difficult and usually is determined at surgery. 

Endometrioid and clear cell adenocarcinomas of 
the ovary are less common epithelial ovarian neo- 
plasms. Unlike the serous and rnucinous subtypes, 
both the endometrioid and clear cell variants are 
almost always malignant.305,309 Although endometri- 
oid ovarian carcinoma does not have specific imaging 
features, its association with both endometr io~is~~~ 
and endometrial hyperplasialendometrial carcinoma 
can suggest the diagnosis. 
Brenner tumor (transitional cell tumor). Brenner 
tumor is an uncommon subtype of ovarian neoplasm 



Figure 7-36 Benign right-sided ovarian serous cystade- 
noma as revealed on MR. A, Right parasagittal T2-WI shows a 
nonaggressive unilocular right adnexal cyst (S). Portions of the 
normal remaining right ovary are present posteriorly (arrow). 
Normal uterine and cervical zonal anatomy is present. B and C, 
Axial T2-WI (B) and CE TI-WI (C) show no papillary projections 
or solid components within the lesion (S). A normal left ovary has 
high SI follicles (arrows), low-to-intermediate SI ovarian medulla 
(M), and very low SI cortex (curved arrows). Portions of the adja- 
cent right ovary are also shown (white arrow). 

composed of ovarian transition cells surrounded by 
dense fibrous tissue.347 Most ovarian Brenner tumors 
are small and detected incidentally in asymptomatic 
women.309,348 For unknown reasons, Brenner tumors 
are associated with other ovarian neoplasms in one 
third of w0men.3~7J~~ It  is the predominantly fibrous 
content of Brenner tumors that results in relatively 
low SI on T2-WI (see Fig. 7-37).347,349 The differential 
diagnosis of a low T2-SI ovarian lesion includes 
Brenner tumor, ovarian fibroma, and fibrothecoma. 
The presence of signs or symptoms of estrogen excess 
would suggest a fibrothecoma, while the presence of a 
second ovarian neoplasm favors a diagnosis of 

Brenner tumor. Otherwise, ovarian fibroma and 
Brenner tumor may be indistinguishable by imaging. 

Germ cell neoplasms (see Box 7-9) comprise approxi- 
mately 15% to 30% of all ovarian neoplasms.309 
Benign ovarian teratoma is the most common 
subtype of germ cell tumor and is composed of 
mature pluripotential germ cells. The other germ cell 
neoplasms are uncommon and malignant and account 
for less than 5% of malignant ovarian tumors but 
comprise two thirds of ovarian malignancies in 
females below the age of 20 years.350 Unlike epithelial 
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Figure 7-39 . Benign, 22-cm ovarian mucinous cystadenoma as revealed on MR. Size is not an accurate predictor of 
malignancy of mucinous ovarian tumors. A and B, Sagittal (A) and coronal (B) T2-WIs reveal a multiloculated pelvic mass 
that displaces the bladder (B) anteriorly and extends into the abdomen. All the cysts do not have the SI of simple fluid. Variable, mild 
T2-shortening is secondary to variation in mucin content. The uterus is surgically absent. C and D, Axial fat-suppressed TI-WIs obtained 
through the superior portion of the mass both before (C) and after (D) contrast reveals mild enhancement of the cyst wall and of the inter- 
nal septa (arrows). The large size, lack of papillary projections, and varying T2 SI all suggest a mucinous epithelial ovarian neoplasm. 

ovarian neoplasms, which occur in middle-aged to 
older women, germ cell neoplasms are more common 
in younger women and are the most common ovarian 
neoplasm in adolescent girls and pregnant women.351 
Mature cystic teratoma. Ninety-five percent of ovarian 
teratomas are benign mature cystic teratomas 
("dermoid cysts") that contain a variable combination 
of mature mesodermal, endodermal, and ectodermal 
tissues. The median age at  presentation is 30 years, 
the median tumor size is 6 cm, and teratomas are 

bilateral in approximately Most women with 
mature teratomas are asymptomatic. In symptomatic 
women, the most common presenting symptom is 
vague abdominal pain. Torsion is present in 3% to 
11% of lesions and is more common is symptomatic, 
larger The larger size of the tumor 
may be either or a contributing cause to or a conse- 
quence of the torsion. Malignant degeneration is rare 
and is present in less than 1% of mature cystic ter- 
a t ~ m a s , ~ ~ ~  typically develops in older women, and is 



usually secondary to the development of a squamous 
cell c a r c i n ~ m a . ~ ~ ~ . ~ ~ ~  

The treatment of choice for mature teratoma is 
laparoscopic Surgical removal prevents 
the complications of torsion and malignant degener- 
ation. When preserving fertility is desired, 
cystectomy can be performed and the remainder of 
the ovary preserved. While some spillage of the cyst 
contents may occur at the time of surgery, postopera- 
tive peritonitis is rarely reported. Some centers manage 

mature teratomas smaller than 6 cm with serial imag- 
ing as opposed to surgery.360 Mature teratomas show no 
interval growth in postmenopausal women and average 
growth of 2 m d y r  in premenopausal women. 

The hallmark for establishing the diagnosis of 
mature cystic teratoma is the presence of intra- 
tumoral fat or lipid, which is seen in approximately 
95% of l e ~ i o n s . ~ ~ l - ~ ~ ~  In vivo, the cyst contents are in 
liquid form, so fat-fluid and fat-fat levels may be 
present. There are three techniques for characterizing 



the presence of fat or lipid within mature cystic ter- 
a t ~ m a s . ~ ~ ~  Performing a TI-W sequence both with 
and without fat suppression is the method of choice 
for establishing the presence of adipose tissue within 
a mature cystic teratoma and distinguishing a ter- 
atoma from other adnexal lesions that have high SI 
on TI-WIs, namely, endometriosis and hemorrhagic 
functional cysts (Fig. 7-41).364-367 Identification of a 
chemical shift artifact in the frequency encoding 
direction within an adnexal cyst indicates the pres- 
ence of a fat-water interface and thus establishes 
diagnosis of a mature cystic t e r a t ~ m a . ~ ~ ~  This MRI 
feature of fat is of particular importance on low-field 
systems where chemically selective fat suppression 
cannot be performed. While short tau inversion 
recovery (STIR) sequences do suppress fat on low-field 
systems, other tissues with similar shortened T1 
(such as hemorrhage) may also be hypointense on 

STIR images, and therefore one cannot rely on STIR 
images alone to establish a tissue diagnosis of fat 
(Fig. 7-42).368 

Some mature cystic teratomas will not contain 
enough fat that a definitive diagnosis can be estab- 
lished with the use of fat suppression sequences or by 
detection of a chemical shift artifact. Use of in-phase 
and opposed-phase chemical shift sequences may 
allow detection of small amounts of fat that are con- 
tained within voxels that also contain nonfatty tissue 
(Fig. 7-43). The appearance of ovarian torsion is dis- 
cussed below in a later section. 

An uncommon subset of mature teratomas is the 
monodermal teratoma, which is composed of prima- 
rily one tissue subtype. These tumors include 
ovarian carcinoid and struma ~ v a r i i . ~ ~ ~  A suggestive 
MRI feature of struma ovarii is that of an ovarian 
mass with cysts of varying T2 SI reflecting the varying 

Figure 7-41 MR findings of a fat-containing mature 
cystic teratoma of the right ovary, a normal left ovary, 
and an exophytic leiomyoma. A, Axial T2-WI shows a het- 
erogenous right adnexal mass (T) with low, intermediate, and 
high SI components. The central lower SI portion of the mass was 
calcified cartilage on pathologic studies. A normal left ovary is 
present with high SI follicles, low-to-intermediate SI ovarian 
medulla (MI, and very low SI ovarian cortex (horizontal arrow). 
An exophytic, subserosal, low SI, 6-mm leiomyoma is depicted 
within the posterior uterus (vertical arrou.). Band C, Axial TI-WI 
(BJ and fat-suppressed T1-WI (C) show intermediate-to-high SI 
components in B that lose SI in C and thus establish the presence 
of macroscopic fat (FJ. 



concentrations of colloid within the ovarian cystic 
n o d ~ l e s . 3 ~ ~ - ~ ~ ~  A preoperative diagnosis can be con- 
firmed with nuclear scintigraphy if necessary.373 
Immature teratoma. Immature teratomas are uncom- 
mon malignant ovarian neoplasms that comprise 
less than 1% of ovarian germ cell t ~ m o r s . ~ ~ ~ , ~ ~ ~ , ~ ~ ~  
Immature and embryonic tissue from all three cell 
lines may be present within immature teratomas, 
and primitive neuroectodermal tissue is the most 
common malignant tissue subtype.350 Compared with 
mature teratomas, immature teratomas on average 
are larger, occur in younger women (in the first three 
decades of life), and show more solid components on 
imaging.355r374 Revealing the presence of small 
amounts of fat within an aggressive ovarian mass 
can suggest the diagnosis of malignant immature ter- 
atoma (Fig. 7-44). 
Dysgerminoma. Dysgerminoma is the female equiva- 
lent of a testicular seminoma. While uncommon, 
dysgerminoma is the most frequently encountered 
malignant germ cell neoplasm in women below age 
20 years.375 Pure dysgerminomas do not result in 
elevated levels of human chorionic gonadotrophin 
(hCG) or a-fetoprotein (AFP). Suggestive imaging 
findings of dysgerminoma are those of a large, multi- 
lobulated solid mass with enhancing internal septa 

in a young woman.376,377 Since two thirds of women 
with dysgerminomas are found to have stage I disease 
at surgery, conservative treatment with oophorectomy 
with or without postsurgical chemotherapy should be 
considered, especially when preserving fertility is 
a goal.378 
Endodermal sinus tumor (yolk sac tumor). Endodermal 
sinus tumor (yolk sac tumor) is another uncommon, 
solid, malignant germ cell neoplasm that occurs in 
young women. Imaging features of endodermal sinus 
tumor are not specific. Suggestive MRI findings 
include a large solid mass in a young woman with 
regions of intratumoral cyst formation and/or intra- 
tumoral flow voids secondary to necrosis and 
prominent tumor vessels, r e s p e c t i ~ e l y . ~ ~ ~ , ~ ~ ~  A diag- 
nosis of endodermal sinus tumor can be confirmed 
prior to surgery by detecting elevated levels of serum 
AFP. Serial serum AFP measurements can be used 
to follow treatment.381 Women with endodermal 
sinus tumors are treated with surgery and cisplatin- 
based chemotherapy. Those women who do not 
respond to chemotherapy have a poor outcome, and 
none survive beyond 3 years.382 
Other malignant germ cell tumors. Embryonal cell 
carcinoma and mixed malignant germ cell tumors 
are the female counterparts of identically named 
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Figure 7-43 The use of chemical shift imaging to detect the presence of intratumoral lipid within a 
mature cystic teratoma. A, In-phase TI-WI shows the presence of both intermediate and high SI components within 
a right adnexal mass (arrow). The high SI region has a C-shaped configuration (curved arrow). B, Opposed-phase TI-WI 
reveals loss of SI within the components of the mass that had intermediate SI in A. The tissue within these voxels 
contained both lipid and water. Some mature teratomas may have a paucity of macroscopic fat; opposed-phase chemical 
shift imaging is ideal for detecting and characterizing the presence of intratumoral lipid. C, Fat-suppressed, opposed- 
phase TI-WI shows optimal suppression of the C-shaped focus of macroscopic fat (curved arrow) and partial suppression 
of the remainder of the teratoma. D, Water-suppressed T1-WI reveals markedly hyperintense macroscopic fat (curved 
arrow) and intermediate SI tissue (arrow) that contains both lipid and nonlipid components. 

testicular neoplasms. However, they are much less 
frequently found in women. Primary ovarian 
choriocarcinoma is extremely rare. Metastatic chorio- 
carcinoma from the uterus and choriocarcinoma 
derived from an occult ectopic pregnancy are more 
commonly encountered. Independently of its origin, 
a diagnosis of choriocarcinoma can be confirmed by 
elevated serum hCG levels. None of these less com- 
mon malignant germ cell neoplasms have diagnostic 
imaging features. However, malignant germ cell 
tumor should be considered when imaging reveals an 
aggressive mass in a girl or young woman.350 

Ovarian tumors that are derived from the gonadal 
sex cords and mesenchymal cells of the embryonic 
gonads are terms ovarian sex cord stromal tumors. 
The five most common cell types in this group of neo- 
plasms are granulosa cells, theca cells, fibroblasts, 
Sertoli cells, and Leydig cells. The three most common 
sex cord-stromal tumors are the granulosa cell tumor, 

ovarian fibrothecoma, and Sertoli-Leydig cell tumor. 
Unlike the epithelial cell tumors that present in older 
women and germ cell tumors that present in younger 
women, sex cord-stromal tumors occur in women of 
all ages. Sex cord-stromal tumors are the one subtype 
of ovarian neoplasm that can be hormonally active. 
Affected women can have with signs or symptoms of 
hormonal hypersecretion. Finally, women with sex 
cord-stromal tumors commonly have stage I disease 
at presentation and are often cured by surgery. 
Granulosa Cell Tumor (GCT). Granulosa cell tumors 
(GCTs) are derived from the cells that surround 
developing ovarian follicles. GCTs are typically uni- 
lateral and solid and secrete estrogen. Pathologists 
distinguish between two subtypes of GCT based on 
the cell of origin: 95% are the adult form and 5% the 
juvenile The adult GCT typically presents 
in women in their sixth decade and is the most com- 
mon estrogen-secreting ovarian neoplasm. Women 
with GCTs thus commonly have postmenopausal 
bleeding or irregular bleeding. The excess estrogen 
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can also result in endometrial hyperplasia, endome- 
trial polyps, or even endometrial carcinoma, the last 
of which can develop in up to 25% of women with 
GCT.302,383-385 Prepubertal girls with either the juvenile 
or the adult subtype develop pseudoprecocious puberty 
("pseudo" because they still have not o ~ u l a t e d ) . ~ ~ ~ , ~ ~ ~  
GCTs are treated by surgical removal that is often 
curative; 90% of women have stage I disease at the 
time of surgery. However, GCTs can show malignant 
behavior, and examples of recurrent and metastatic 
disease have been reported years after "curative" sur- 
g e r i e ~ . ~ ~ ~  Thus, treated women need to be followed 
clinically to ensure the absence of disease recurrence. 

-- - 
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Juvenile and adult types of GCT have similar imag- 
ing features and are revealed as solid or cystic unilateral 
ovarian masses.309~389J90 An insensitive but suggestive 
MRI feature of a GCT is the presence of intratumoral 
hemorrhagic cysts that are revealed as foci of Tl-short- 
ening within the mass (Fig. 7-45).302,339,3903391 One 
insensitive but specific MRI pattern is that of a 
"sponge-like" appearance secondary to the inter- 
spersed solid and cystic portions of the tumor. Another 
imaging finding that can suggest a hypersecreting sex 
cord-stromal tumor is the presence of an abnormally 
thickened endometrium, reflecting the presence of 
hyperplasia, polyps, or endometrial carcinoma. 

Figure 7-45 . MR findings of a granulosa cell tumor of 
the right ovary in a 50-year-old woman. A, Axial TI-WI 
reveals a large right adnexal mass (G) with intratumoral hyper- 
intense foci (arrow) that did not lose signal with fat suppression. 
B, Axial T2-WI shows the suggestive "sponge-like" appearance of 
granulosa tumors with high SI intratumoral cysts and lower SI 
solid tumoral components. C, CE fat-suppressed TI-WI reveals 
enhancement of the solid components of the tumor and persistent 
high SI of intratumoral hemorrhage. (Images courtesy of E. K. 
Outwater, University of Arizona, Tucson.) 



Fibrothecoma/Fibroma. Fibrothecomas comprise 
approximately half of sex cord-stromal ovarian 
tumors and are composed of variable combinations of 
fibroblasts and theca cells. When the lesion is com- 
posed primarily of fibroblasts with paucity or absence 
of theca cells, it is termed an ovarian fibroma. 
Conversely, when theca cells predominate with mini- 
mal or absent fibroblasts, the tumor is categorized 
as a thecoma. Theca cells, like granulosa cells, are 
hormonally active, and women may have signs or 
symptoms of estrogen excess. Unlike granulosa cell 
tumors, fibrothecomas are benign and recurrent and 
metastatic disease is rare. 

MRI can suggest a diagnosis of fibrothecoma. 
On T2-WI small fibrothecomas usually reveal homo- 
geneous low SI (Fig. 7-46; larger fibrothecomas may 
have high SI components secondary to intratumoral 
edema, myxomatous change, or cyst f o r m a t i ~ n . ~ ~ ~ J ~ ~  A 
unilateral focal ovarian mass with relative low SI sug- 
gests a neoplasm of smooth muscle or fibrous 
origin340,347,392 and has a differential diagnosis of 
fibroma, fibrothecoma, Brenner tumor (see above), 
and exophytic uterine leiomyoma. MR can readily dif- 
ferentiate an exophytic leiomyoma from an ovarian 
neoplasm by showing a separate ovary or revealing 
direct continuity of the mass with the uterus.24 A 
thickened endometrium suggests estrogen production 
by the tumor and favors a diagnosis of fibrothecoma 
(Fig. 7-47). While it may not be possible to distinguish 
a fibroma from a Brenner tumor, the distinction is of 
little clinical import, since both are benign neoplasms 
that can be similarly cured with simple resection. 
Sertoli-Leydig cell tumors. Sertoli-Leydig cell tumors 
account for approximately 0.5% of ovarian neoplasms 
and are not as common as fibrothecomas or granu- 
losa cell tumors.309J94 Sertoli-Leydig cell tumors are 
usually small and mostly solid and are detected in 

Figure 7-47 MR depiction of bilateral ovarian fibrothe- 
comas and endometrial hyperplasia in a postmenopausal 
woman who was not taking hormone replacement therapy. 
Axial T2-WI reveals bilateral low SI adnexal lesions (F) that are 
separate from the uterus. The uterus shows multiple benign 
leiomyomas, one of which has a high SI rim (arrow). Thickening of 
the endometrial stripe (E) suggests that the fibrothecomas are 
functionally reactive. 

younger women. Thirty percent of Sertoli-Leydig cell 
tumors are hypersecretory; this tumor is the most 
common ovarian neoplasm associated with viriliza- 
tion. Most lesions present with stage I disease and 
are cured by surgery. For this uncommon tumor, it is 
the clinical presentation that is more characteristic 
than the imaging features. 

METASTATIC DISEASE TO THE OVARY 
Metastatic disease to the ovary comprised approxi- 
mately 20% of malignant ovarian masses in the 
Radiology Diagnostic Oncology Group306 and in a 
series of 300 malimant ovarian masses in Ja~anese  
women.395 When tge primary tumor involves isignet 
cell adenocarcinoma of the gastrointestinal tract 
(typically the stomach), the ovarian metastases are 
referred to as a Krukenberg tumor.396 Suggestive 
imaging features of metastatic disease include the 
presence of solid bilateral ovarian masses in which 
the shape of the ovary is preserved or has an ovoid 
configuration (Fig. 7-48).396v397 Bilateral ovarian 
masses that show low SI components on T2-WI are 
suggestive MRI  feature^.^^^,^^^ The presence of a mul- 
tilocular mass favors a primary ovarian tumor.306 

Ovarian Torsion and Massive Ovarian Edema 

Adnexal torsion results from the twisting of an ovarv 
Figure 7-46 . MR appearance of polycystic ovaries and or a fallopian tube around its vascular p&icle, resuli- 
right-sided ovarian fibroma. Axial T2-WI shows enlarged ing in variable ischemia.399 Untreated torsion can 
ovaries with multiple peripherally located follicles and hypertro- to ovarian infarction. ~~~t with 
phied central stroma, in keeping with the MR findings of classic 
Stein-Leventhal syndrome. A solid &cm mass of the posterior ovarian torsion have an associated benign cystic 
right ovary (F) has intermediate SI between that of smooth muscle ovarian neoplasm Or enlarged functi~nal cysts (e.g., 
and ovarian follicles. The subjacent uterus was normal (not shown). from ovarian hyperstimulation) .400-403 Ovarian cancer 



is rarely ( ~ 1 % )  the cause because associated inflam- 
mation and adhesions presumably keep the ovary from 
t w i ~ t i n g . ~ ~ ~ , ~ ~ ~  The treatment of choice for ovarian tor- 
sion is laparoscopic untwisting of the adnexa and 
resection of any enlarged cysts. Ovaries can remain 
viable up to 36 hours after twisting, and thus oophorec- 
tomy can be avoided in most women.400,404 

The MR findings of ovarian torsion are variable. 
A sensitive and specific finding on sonography is that 
of an enlarged ovary with peripheral 8- to 12-mm fol- 
l i c l e ~ . ~ ~ ~  Similar findings have been reported on 
MR.406 Additional MRI findings include the presence 
of acute or subacute hemorrhage within the ovary (as 
revealed by variable T1 and low T2 SI) (Fig. 7-49), 
minimal or no contrast enhancement, and deviation 
of the uterus to the side of torsion.399,406,407 

When an ovary twists but does not undergo hem- 
orrhagic infarction, massive ovarian edema may result 
from lymphatic and venous outflow obstruction. 
Massive ovarian edema is an uncommon entity that 
typically presents in younger nulliparous women.351 

Women can be asymptomatic or have pelvic pain and 
a palpable pelvic mass. On MR the affected ovary is 
enlarged (the size varies between 5 and 40 cm) with 
edematous stroma that shows low TI  and high T2 SI 
(Fig. 7-50).408,409 Peripherally located ovarian follicles 
is a characteristic imaging feature and should sug- 
gest a diagnosis of either massive ovarian edema or 
torsion.351,409,410 However, unlike for ovarian torsion, 
no high TI-WI hemorrhage should be present and 
the ovary should enhance after contrast. If massive 
ovarian edema can be diagnosed preoperatively, then 
orchiopexy can be performed instead of oophorec- 
tomy, since there is no underlying ovarian neoplasm. 

Endometriosis 

Endometriosis is the presence of endometrial glands 
and stroma outside the uterus. The etiology of 
endometriosis is hypothesized to be secondary to 
retrograde menstruation, which is more pronounced in 
women with disordered myometrial c o n t r a ~ t i o n s . ~ ~ ~ , ~ ~ ~  



Figure 7-49 rn MR findings of chronic infarction of a twisted mature ovarian teratoma, uterine leiomy- 
omas, and a benign endometrial polyp in a 74-year-old woman without acute symptoms. A, Axial TI-WI shows a 
7-cm, low-to-intermediate SI adnexal mass with small foci of high SI (arrows). B, Fat-saturated TI-WI shows that the 
high SI foci in (A) lose SI (arrows), thus establishing the presence of intratumoral fat. C, Fat-suppressed T2-WI shows 
low-to-intermediate SI within the mass (M), reflecting fibrosis and old hemorrhage. Two well-circumscribed myomas are 
present within the myometrium (arrows). The endometrial canal is mildly prominent (curved arrow) and has heteroge- 
neous intermediate-to-high SI tissue. It can be difficult to distinguish among endometrial hyperplasia, endometrial polyp, 
and localized endometrial carcinoma on MR. Tissue sampling established a diagnosis of endometrial polyp with cystic 
change. D, CE fat-suppressed TI-WI shows no enhancement of the infarcted teratoma (M) and mild enhancement of the 
leiomyomas and endometrial polyp. 

Retrograde menstruation alone is not sufficient to 
result in endometriosis, since only 10% of women 
with retrograde menstruation develop the disorder.413 
Impaired clearing of endometrial cells from the peri- 
toneal cavity secondary to alterations in the immune 
system or local peritoneal factors are other risk fac- 
tors for e n d o m e t r i o ~ i s . ~ ~ ~ , ~ ~ ~  Menstrual factors that 
place women at risk include dysmenorrhea, early 
menarche, and short menstrual cycles. Nulliparity 
can be either a consequence or a contributing cause 
of endometriosis. Pregnancy lowers the incidence of 
endometriosis for at  least two reasons. The dilation of 

the cervix that occurs with labor fosters subsequent 
antegrade menstruation.416 With each term pregnancy, 
a woman stops menstruating for at least 9 months, 
thus temporarily halting the cycle of retrograde 
menstruation. 

The prevalence of endometriosis in all women is 
estimated to be 5% to 10%.417,418 The most common 
symptoms of endometriosis are dysmenorrhea and 
pelvic pain. Endometriosis is responsible for 15% to 
60% of pelvic pain in women.419,420 Endometriosis is 
a common cause of infertility. Approximately 20% of 
infertile women have endometriosis, and 30% to 50% 
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Figure 7-50 . MR findings of massive ovarian edema in a 27-year-old woman. A and B, Sagittal (A) and axial 
(B) T2-WIs show a markedly enlarged left ovary that has high SI centrally in keeping with edema. Ovarian follicles 
(arrows) are present along the periphery of the mass, establishing it as ovarian in origin. C and D, Fat-suppressed TI-WIs 
obtained before (C) and after (Dl contrast reveal follicular enhancement both within the enlarged left ovary (arrows) and 
within the right ovary (curved arrows). 

of women with endometriosis have some degree of 
infer ti lit^.^^^,^^^ The severity of endometriosis does 
not correlate with degree of pain but does correlate 
with infertility. 

The goals of therapy are to minimize pain and 
restore fertility. Both medical and surgical therapies 
are successful in treating the pain associated with 
e n d o m e t r i o s i ~ . ~ ~ ~  No well-performed studies that 
compare surgical versus medical treatment have 
been made to date. Some women have a hysterec- 
tomy to control pain that is refractory to medical and 
laparoscopic therapy. Endometriosis is the leading 
cause for hysterectomy in the U. S.419 Medical therapy 

does not improve fertility in women with endometrio- 
sis; however, surgical removal of adhesions and 
obstructive masses can restore fertility.422,423 

More than half of women with endometriosis 
have involvement of the ovaries and the cul-de- 
s a ~ . ~ ~ ~ , ~ ~ ~  Approximately one-third of women have 
involvement of the posterior pelvic wall and the 
uterosacral ligaments. Less common sites of involve- 
ment include the ureter, bladder, sigmoid serosa, and 
within scars from cesarean sections. The last site is 
not secondary to retrograde menstruation but from 
direct implantation of endometrial tissue at  the time 
of s ~ r g e r y . ~ ~ ~ , ~ ~ ~  



MR FINDINGS OF ENDOMETRIOSIS 
The MR findings of endometriosis include endometri- 
omas, solid fibrotic masses, and hydrosalpinge~.~~~ 
Endometriomas are hemorrhagic/proteinaceous cysts 
that most commonly occur in the ovary. MR can 
detect and characterize endometriomas with high 
accuracy and provide a "road map" for therapeutic 
l a p a r o s ~ o p y . ~ ~ ~  Small endometrial implants and 
adhesions are two manifestations of endometriosis 
that are poorly shown by MR1429 and are more clearly 
revealed at l apa ro~copy .~~~  MR has only 75% sensitiv- 
ity for mild endometr i~s is .~~~ 

The "chocolate" appearance of an endometrioma 
on direct inspection is secondary to prior episodes of 
intracystic bleeding from functional endometrial 
glands that are present within the cyst wall. The MR 
findings of ovarian endometriomas are often charac- 
teristic. On TI-WIs, endometriomas have increased SI 
relative to muscle (Figs. 7-51 and 7-52; see Fig. 7-42). 

The TI-shortening of the cyst content is secondary to 
methemoglobin in subacute hemorrhage or the effects 
of concentrated protein. The capacity to depict the 
high SI foci within ovarian endometriomas is facili- 
tated by fat suppression. By eliminating the SI 
present in normal fat, fat-suppressed T1-WI has an 
improved dynamic range and increased sensitivity for 
revealing e n d o m e t r i ~ m a s ~ ~ ~ , ~ ~ ~  (see Figs. 7-42, 7-51, 
and 7-52) and distinguishes endometriomas from fat- 
containing derrnoid cysts of the ovaries (see Figs. 7-41 
and 7-43).434 On T2-WI, endometriomas may reveal 
lower SI than normal cyst fluid. This process, termed 
shading, reflects the decrease in free water content of 
the cyst secondary to hemorrhage or proteinaceous 
content.435 Endometriomas that do not decrease in 
size with hormonal therapy are more likely to reveal 
shading than do other endometrial 

A single ovarian cyst that reveals high SI on 
T1 WI (both with and without fat suppression) 



Figure 7-52 rn MR findings of ovarian endometriomas, functional ovarian cyst, and left-sided hemato- 
salpinx in a woman with prior right oophorectomy for endometriosis. A, Axial TI-WI shows two hyperintense 
anterior adnexal lesions (arrows), a hyperintense segment of fallopian tube posteriorly (curved arrow), and a minimally 
hyperintense lesion medially (open arrow) within the left ovary. B, Fat-suppressed TI-WI shows improved dynamic range 
such that it is easier to appreciate the differences in relative SI among the endometriomas (arrows), hematosalpinx 
(curved arrow), and functional cyst (open arrow). C, T2-WI shows the marked shading of the two endometriomas, mod- 
erate shading of the hematosalpinx, and minimal shading of the functional cyst. Two physiologic, simple cysts (*) are now 
revealed in the anterior portion of the left ovary. D, Sagittal T2-WI better depicts the tubular configuration of the hematos- 
alpinx (curved arrows). One of the endometriomas (arrow) and an ovarian cyst (.) are also shown on this image. 

and lower SI than simple fluid on T2-WI is not bilateral ovarian lesions with high SI on TI-WI 
diagnostic of an endometrioma, since functional (independent of T2 SI),438 extraovarian endometrio- 
ovarian cysts can have similar SI finding~.~37 tic cysts (which have similar imaging features to 
Findings that add specificity for a diagnosis of ovarian endometriomas), and other pelvic findings 
endometrioma are the presence of multiple and (discussed below). 



Endometrial implants can form on both the 
serosal surface of the fallopian tube and the luminal 
mucosa. Scarring and adhesions can result in tubal 
blockage and secondary infertility.263 MR can detect 
and characterize an adnexal mass as dilated fallopian 
tube (see Figs. 7-35 and 7-52).439 The presence of 
hyperintensity within the tube on fat-suppressed 
TI-WIs suggests the presence of hemorrhagic or 
proteinaceous tubal content and increases the likeli- 
hood of endometr ios i~ .~~~ 

Although MR is insensitive in the detection of 
small implants, larger, solid fibrotic masses of 

endometriosis can be revealed on MR.* Peritoneum- 
based solid lesions of endometriosis are composed of 
endometrial glands and stroma with a large amount 
of fibrotic tissue and appear as poorly marginated 
hypointense masses of low SI on both TI- and T2-WIs. 
The low SI on T2-WIs reflects intralesional mature 
fibrosis (Figs. 7-53 and 7-54). Some solid masses of 
endometriosis have small foci of hyperintensity on 
T2-WIs, reflecting embedded endometrial glands (sim- 
ilar to adenomyosis) (see Fig. 7-54).427 It is uncommon 
for these glands to reveal T1 hyperintense hemorrhage 
that often is present with ovarian endometriomas. 

Figure 7-53 m MR illustration of solid endometrial implants within the cul-de-sac that invade the anterior 
serosa of the sigmoid colon. A and B, Axial T2-WI (A) and fat-suppressed TI-WI (B) show ill-defined, relatively low 
SI soft tissue within the cul-de-sac (arrows) that invades the anterior wall of the sigmoid. No T1 hyperintense foci of hem- 
orrhagic ectopic endometrial glands are present. C, Sagittal T2-WI depicts the cephalocaudal extent of the cul-de-sac 
endometriosis (arrows). D, Lateral projection barium enema shows narrowing and tethering of a segment of sigmoid colon 
(arrow) secondary to extrinsic invasion by endometriosis. 
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Associated imaging findings include other manifesta- 
tions of endometriosis including endometriomas or 
dilated fallopian tubes. Solid masses of endometriosis 
will enhance after contrast. Women with peritoneal 
spread of ovarian cancer may also have enhancing 
peritoneum-based lesions. However, these malignant 
implants usually have higher SI on T2-WIs, are multi- 
focal, and often are associated with malignant ascites 
and an aggressive ovarian lesion. 

Solid masses contained within an abdominal wall 
incision following cesarean section are a well-described 
subtype of solid endometriosis (see Fig. 7-54).425,426 
Women may have an abdominal wall mass that may 
show cyclical change in size or symptoms.425 This 
subtype of endometriosis is likely secondary to direct 
implantation of endometrial glands and stroma at  
the time of cesarean section, as opposed to retrograde 
menstruation. Surgical removal is curative. 

Another site of solid endometrial implants is the 
bladder. Endometriosis involves the urinary tract in 
1% of affected women. The bladder is affected in 85% 
of women who have urinary tract involvement.441 
Bladder endometriosis may result from direct inva- 
sion of the posterior bladder wall from endometrial 

implants in the anterior cul-de-sac; women with 
anteflexed uteri and endometriosis are more likely to 
develop posterior bladder e n d o m e t r i ~ s i s . ~ ~ ~ , ~ ~ ~  Direct 
implantation of endometrial glands may occur 
after cesarean section. Most women with bladder 
endometriosis do not have catamenial hematuria, 
because the bladder mucosa is not involved. The MR 
appearance of bladder endometriosis is similar to 
that of scar endometriosis and solid masses of 
endometriosis located elsewhere in the peritoneum 
(see Fig. 7-54).440,444 Symptomatic women are treated 
with surgery.443 

Women with endometriosis are at  risk of devel- 
oping either the clear cell or endometrioid variants of 
ovarian carcinoma.445 Women with endometriosis 
who develop these subtypes of ovarian cancer tend to 
have lower grade tumors at  an earlier stage at  pres- 
entation and survive longer than other women with 
ovarian can~e r .~~%y  women with endometriosis 
are at risk for these two tumors is not understood. 
One hypothesis is that ovarian endometriosis deacti- 
vates a tumor suppression gene that promotes 
development of the clear cell and endometrioid sub- 
types of ovarian cancer.447,448 Fortunately, malignant 



degeneration of ovarian endometriosis is rare, and 
the clear cell and endometrioid tumors can be differ- 
entiated from endometriosis on MRI by the presence 
of ascites and solid enhancing mural 

Polycystic Ovary Syndrome (PCOS), 
or Stein-Leventhal Syndrome 

Polycystic ovary syndrome (PCOS; Box 7-12) is one 
of the most common endocrinopathies in women and 
affects approximately 5% of women of reproductive 
age.451 There is no single definition of PCOS, but it is 
suggested on the basis of clinical, hormonal, and 
imaging features.452 The signs and symptoms of obe- 
sity, hirsutism, oligomenorrhea/amenorrhea, and 
infertility clinically characterize PCOS. Women with 
PCOS show elevated LHIFSH ratios and hyperinsu- 
linemia compared with normal women.453 Most 
women with PCOS have insulin resistance; treating 
these women with insulin sensitizing agents can nor- 
malize their reproductive, metabolic, and endocrine 
f~n~tion.451,454,455 

The imaging features of polycystic ovaries include 
the presence of multiple peripheral ovarian follicles. 
More than 20% of women have polycystic ovaries on 
sonography, but only 10% of these women with have 
typical PCOS.456 Similar lack of specificity has been 
shown on MRI.5,457 In women with PCOS, increased 
number of peripheral follicles correlates with higher 
L W S H  levels.458 Imaging findings that are more 
specific for PCOS include the presence of ovarian 
enlargement and of stromal hypertrophy (see Figs. 7-22 
and 7-46).459 The ratio of ovarian stroma to ovarian area 
is the best predictor of PCOS by ~onography.~~~ 

Nonovarian Causes of Adnexal Masses 

PERITONEAL INCLUSION CYST (PIC) 
Peritoneal fluid in premenopausal women is produced 
by normally functioning ovaries and is reabsorbed by 
the mesothelial cells of the peritoneal cavity.461 A 
peritoneal inclusion cyst (PIC) represents an abnormal 
accumulation of pelvic peritoneal fluid that is not 
resorbed secondary to pelvic adhesions (Box 7-13).462 
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Fibrous adhesions and the mesothelial cells of the 
surrounding peritoneum line the PIC. PICs most 
commonly develop in premenopausal women who 
have pain or a palpable mass after pelvic surgery. 
Untreated PICs can grow secondary to continued 
cyclic fluid exudation by the ovary that is not 
resorbed. 

On MRI a PIC appears as unilocular or multiloc- 
ulated pelvic fluid collection that abuts and often 
surrounds one or both ovaries (Fig. 7-55). The average 
size range of a PIC is 10 to 12 ~ m . ~ ~ ~  The fluid content 
is most often simple but can be c o m p l e ~ . ~ ~ ~ , ~ ~ ~  The 
borders of a PIC are defined by the pelvic peritoneal 
cavity, and there is not a well-defined cyst wall.25 
Some adhesions or portions of the vascularized 
mesothelium-lined wall of a PIC may have a nodular 
configuration and can enhance. However, the pres- 
ence of a normal adjacent ovary should exclude a 
diagnosis of ovarian ne0plasm.4~~ A loculated cystic 
collection that surrounds an ovary in a menstruating 
woman who has had prior pelvic surgery should be 
considered a PIC. Symptomatic PICs can be treated 
with hormones to suppress ovarian function so that 
additional ovarian fluid is not s e ~ r e t e d . ~ ~ ~ , ~ ~ ~  PICS that 
are resistant to hormonal therapy could be treated 
with transvaginal sonographic guided aspiration.466 

PARATUBAL CYST 
Paratubal (parovarian) cysts can originate from the 
pararnesonephric ducts, mesonephric (Wolffian) ducts, 
or mesothelium-derived inclusion cysts.25 Paratubal 
cysts can represent up to 10% of adnexal masses 
revealed on ~onography.~~ The most common origin of 
a paratubal cyst is from the hydatid of Morgagni, a 
derivative of the paramesonephric ducts that is 
located in the broad ligament adjacent to the fimbrial 
end of the fallopian Paratubal cysts are not 
uncommon and account for 10% to 20% of all cystic 
adnexal  lesion^.^^,^^^ Most paratubal cysts are small 
and asymptomatic. Larger cysts may become compli- 
cated by torsion or internal h e m ~ r r h a g e . ~ ~ ~ , ~ ~ ~  On 
MRI, an uncomplicated paratubal cyst is revealed as a 
unilocular simple hypointense TI, hyperintense T2, 
nonenhancing lesion located adjacent to an ovary 
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within the broad ligament (Fig. 7-56).471 By showing 
an adjacent normal ovary, one can exclude a primary 
ovarian neoplasm.472 If a separate ipsilateral ovary 
cannot be revealed, it may be impossible to exclude 
the presence of a cystic ovarian neoplasm.473 

TARLOV CYST 
Perineural cysts can extend ventrally through the 
anterior sacral foramina and mimic an ovarian mass 
or parovarian mass on s o n ~ g r a p h y . ~ ~ ~ , ~ ~ ~  MRI can 
readily show the communication of these multilocu- 
lar cysts with the sacral foramina and thus establish 
the diagnosis (Fig. 7-57). Although usually asyrnp- 

may result in sacral radiculopathy, which can be 
treated with cyst aspiration or excision.476 

DILATED FALLOPIAN TUBE AND PELVIC ~NFLAMMATORY 
DISEASE (PID) 
Pelvic inflammatory disease (PID) is a common con- 
dition in sexually active women. Most cases result 
from an ascending infection from the vagina and 
cervix to involve the endometrium,477 fallopian tube, 
ovary, andlor remainder of the adnexa.478,479 The two 
most common responsible infections are Neisseria 
gonorrhoeae and Chlamydia trachomatis. Affected 
women are given antibiotic theraw for acute disease 
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Figure 7-58 MR findings of pelvic inflammatory disease complicated by a pelvic abscess. A and B, Axial 
(A) and fat-suppressed coronal (B) T2-WIs show a complex multiloculated left adnexal mass with thick walls (arrows). 
Normal uterine zonal anatomy is revealed in B. C and D, CE fat-suppressed TI-WIs obtained before (C) and after (D) 
contrast show moderate enhancement of the walls of the abscess but no internal enhancement within three loculi (*) that 
had higher SI in A .  Pus was drained from the left side of the pelvis subsequent to this MR. 

depicted as high SI.485 The outer muscle layer, which 
is composed of striated smooth muscle, shows low T2 
SI. It functions to preserve urinary continence. MRI 
can show thinning of the outer muscularis in women 
with stress incontinence.486 Endovaginal or endorec- 
tal coil imaging provides high resolution images of 
the urethra and periurethral soft t i s s ~ e s . ~ ~ ~ - ~ ~ ~  
Endourethral coils have been developed that provide 
very high resolution urethral images491; however, the 
small field of view of the resultant images limits 
evaluation of the periurethral soft tissues. 

Urethral Diverticula 

Urethral diverticula occur more commonly in women 
than in men. Diverticula result from inflammatory 
obstruction of or trauma to the periurethral glands 

that subsequently ruptures into the urethral lumen.492 
The most common symptoms of urethral diverticula 
are pain, urinary incontinence, and dyspareunia. 
Because these symptoms are nonspecific, the diagno- 
sis of urethral diverticula may go unrecognized. In a 
series of 46 consecutive women with symptomatic 
urethral diverticula, the mean time between onset of 
symptoms and diagnosis of the diverticulum was 
more than 5 years.493 The most common location of a 
urethral diverticulum is the posterolateral aspect of 
the r n i d - ~ r e t h r a . ~ ~ ~  Symptomatic diverticula are best 
treated by direct e x ~ i s i o n . ~ ~ ~ ~ ~ ~ ~  

Because of its excellent soft tissue contrast 
and direct multiplanar imaging, high-resolution 
MR can accurately localize urethral diverticula 
(Fig. 7-59).492,495-500 The cephalocaudal extent of a 
urethral diverticulum (including relationship to the 



bladder base), degree of circumferential involvement 
around the urethra, and presence of a diverticular 
neck should be described to aid in guiding a potential 
surgical resection. Complications such as infection, 
calculi, or tumor formation within a diverticulum 
can also be revealed by MR.48835013502 

MRI occasionally is performed in women who 
have had diverticulectomy in order to evaluate 
response to therapy and exclude a recurrent divertic- 
ulum. The presence of fat within the urethrovaginal 
space is secondary to a Martius flap (labial fat inter- 
posed between urethra and vagina) and is a normal 
postprocedural finding (Fig. 7-60).503 

Urethral Cancer 

The most commonly encountered cancer of the ure- 
thra is direct extension of transitional cell carcinoma 
of the bladder. In women with bladder cancer who 
undergo cystectomy, the urethra can be left in situ 
provided there is no tumor of the bladder neck and 
that biopsy specimen of the proximal urethra at the 
time of surgery reveals no tumor.504 Primary urethral 
cancers are rare. Squamous cell carcinoma is the 
most common subtype of the distal female urethra, 
while transitional cell and adenocarcinomas are more 
common in the proximal urethra. MR can localize 
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Figure 7-60 MR illustration of transposed labial fat between the vagina and urethra in a woman after 
urethral diverticulectomy and Martius flap reconstruction. A and B, Axial TI-WI (A) and T2-WI (B) show fatty 
tissue (F) between the vagina and urethra. No recurrent urethral diverticulum is present. C, Sagittal T2-WI shows 
the longitudinal extent of the interspersed fat (F). Normal urethral zonal anatomy is revealed, with low SI mucosa 
(arrow) and outer muscular layer (double arrows). Submucosal bladder edema is present (curved arrow). D, Coronal 
T2-WIs reveal the right labial (L) origin of the fat (F). 



Figure 7-61 . MR depiction of a primary transitional cell carcinoma of the urethra with invasion of the 
bladder base in a 76-year-old woman with hematuria and urinary retention. A and B, Sagittal T2-WIs show a 
heterogeneous intermediate-to-high SI mass (MI that surrounds the Foley catheter. The vagina is displaced posteriorly 
(V, curved arrows). The detrusor muscle of the bladder base is attenuated (arrows) and poorly defined from below, sug- 
gesting secondary bladder invasion, which was confirmed by subsequent cystoscopic study. 

a cancer to the urethra and serve to evaluate for either radiation therapy alone505 or combined 
adjacent organ invasion, pelvic adenopathy, and chemotherapy and radiation therapy.506 
metastatic disease (Fig. 7-61). Patients with low-stage In the differential diagnosis of solid urethral 
disease benefit from complete surgical resection, masses is periurethral collagen (Fig. 7-62).507 Either 
whereas those with advanced disease are treated with surgery or periurethral collagen injections are 

I Figure 7-62 . MR illustration of periurethral collagen 
and submucosal edema in a woman treated for urinary 
incontinence. Without a history of prior periurethral injections, 
an infiltrative neoplasm would be difficult to exclude. A and B, 

I 
Sagittal and coronal T2-WIs reveal circumscribed intermediate SI 
masses (C) that surround the urethra (lower arrow). Submucosal 
bladder edema is revealed as high SI between elevated mucosa 
farrows) and detrusor muscle. 
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BACKGROUND

The use of MRI in the evaluation of the developing
fetus was revolutionized by the introduction of
ultrafast scans developed for adult abdominal
MR imaging.' Before the development of ultrafast
scans, maternal sedation or fetal paralysis was
required to eliminate fetal motion and obtain diag
nostic images. In the 19906, faster imaging sequences
were developed including half-Fourier acquisition
single-shot turbo spin-echo (HASTE) and echo-planar
imaging CEPI).2 These sequences acquire a single lice
in less than 400 msec that decrease or eliminate the
artifacts caused by fetal motion.

Ultrafast MR imaging is useful for fetal evalua
tion and reveals detailed and reproducible fetal
anatomy.3-6 MRI is most useful in evaluation of
abnormalities of the fetal brain, neck, chest, and
abdomen. MR can add additional diagnostic informa
tion to sonography in fetuses for which prenatal
intervention is being considered.7 The extremities
are not well evaluated with MRI because of motion.
Imaging evaluation prior to 18 weeks gestation is
difficult because of the small size of the fetus.

Safety is paramount in evaluating the fetus. To
date, no known harmful effects to the developing
human fetus have been documented using clinical
scanners at field strengths of 1.5 tesla or less.
However, safety has not been proved. Animal studies
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have been performed looking at the effects of
radiofrequency (RF) fields on fetal development.9

Even at high levels well above maximum permissible
human guidelines, consistent morphologic or organ
abnormalities have not been identified. Evaluation
of health care workers employed in MRI showed no
increased incidence of fetal anomalies or sponta
neous abortion compared with controls.1o In utero
exposure to echo planar imaging has not been shown
to have any effect on fetal growth.ll One long-term
follow-up of children who were imaged in utero
showed no demonstrable increase in occurrence of
disease. 12

Heat is a major safety concern. One study evalu
ated heating affects of MRI with HASTE imaging in
a pregnant pig model. 13 Fiberoptic probes showed no
heating occuned in the fetal tissue or amniotic fluid
during HASTE imaging. Animal models may not be
adequate to evaluate human RF deposition and heat
ing, since RF deposition is related to the size, shape,
and position of the patient.

As further improvements in MRI technology
provide even faster imaging techniques and higher
re olution, the applications for fetal imaging will
increase. At present, MRI is an adjunct to prenatal US.
Fetal MRI provides significant additional information
that can affect the accuracy of diagnosis, prenatal
counseling, management prenatal intervention, and
delivery planning.
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FETAL MRI TECHNIQUE 

At the author's institution, MRI is performed in a 1.5 T 
magnet using a phased array body coil. A phased 
array surface coil may not accommodate some 
women who are in the third trimester of pregnancy; 
body coil imaging may be performed in these 
patients.14 The pregnant woman is positioned supine, 
with the feet placed first into the magnet to minimize 
claustrophobia. The imaging sequences are obtained 
are listed in Box 8-1. Similar MRI protocols have 

been published.8 The examination takes approxi- 
mately 40 minutes. Contrast agents are not used in 
pregnant patients, because gadolinium crosses the 
placenta. The toxicity of gadolinium to the human 
fetus is not known. Toxicity has been demonstrated 
in animal studies, with increased incidence of fetal 
death and abnormalities.15 

CENTRAL NERVOUS SYSTEM 

Ultrasonography (US) is the primary screening 
modality for evaluation of the fetus. There are pit- 
falls in the evaluation of the fetal brain and spine 
with US.16 The normal and abnormal appearance of 
the brain on US is based on the ability to obtain spe- 
cific images of the cerebrum, cerebellum, and spine. 
Maternal obesity, oligohydramnios, or a suboptimal 
fetal lie may cause inability to obtain adequate US 
images. MRI is less affected by these factors. MRI 
changed the diagnosis and management in up to 40% 
of fetuses with CNS abnormalities suspected on prior 
sonography .17-20 

Normal Brain Maturation 

MRI has made a significant impact on the evaluation 
of the fetal brain, providing more specific informa- 
tion about normal development. Myelination of the 
fetal brain can be evaluated in vivo. MRI reveals 
changes in the developing brain due to neuronal 
migration, gyral formation, and myelination. In vitro 
MRI shows specific patterns of growth that correlate 
with known anatomic developments based on patho- 
logic  specimen^.^^ At 16 to 20 weeks' gestation, the 
cerebral surface is relatively smooth, with minimal 
infolding of the sylvian fissures (Fig. 8-1). With brain 
maturation, increased sulcation is clearly d e p i ~ t e d . ~ ~ , ~ ~  
Appearance of specific sulci can be used as an indica- 
tor of fetal maturity (Fig 8-2).24 The in utero MRI 
visualization of specific sulci lags 2 to 3 weeks behind 
the visualization in fetal pathologic  specimen^.^^,^^ 
A multilayered pattern of brain parenchyma corre- 
sponding to cellular migration has been shown 
with in vivo MRI (Fig. 8-3). Normal migration of the 
parenchymal layers, gray matter, early myelination 
of the internal capsule, optic radiations, and corona 
radiata have been shown in the second and third 
trimesters in vivo. MRI depicts SI changes corre- 
sponding to both increased cellularity and maturing 
myelinat i~n.~~ The fast imaging with steady-state free 
precession technique (TruFISP) is used to evaluate 
brain maturation. HASTE and TruFISP provide com- 
parable imaging quality in the second trimester when 
there is little myelination. Myelination in the third 
trimester is better revealed with TruFISP imaging as 
hypointense bands. Cortical sulcation is equally 
shown on both  sequence^.^^ 

MRI has shown normal development of the fetal 
skull base that correlates with pathologic studies.29 
The width of the posterior cranial fossa increases 
disproportionately to the length. The growth of 
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Figure 8-1 rn MR findings of a normal 21-week fetal brain. A, Axial T2-WI of the midventricular level shows the 
normal appearance of the immature brain. The cortical surface is smooth with minimal infolding of the sylvian fissures 
(large arrow). The germinal matrix (curved arrow) lining the ventricular system is hypointense. There are three discrete 
parenchymal zones: periventricular (small arrow), cortical (double arrow), and intermediate. B, Axial T2-WI through the 
posterior fossa shows a normal prominent cisterna magna (large arrow), a normal fourth ventricle (double arrow), and 
normal cerebellar hemispheres (small arrow). (Note: all T2-WIs in this chapter use the half-Fourier acquisition single- 
shot turbo spin-echo [HASTE] technique.) 

Figure 8-2 Vclrrnal 29-week fetal brain as shown on MRZ, A, k d  T2-i+ t through the lc~cl the \y lv~an  
Iiusurc fr~.hlte armrlj bltow.: i n c r e d  sulcatlon of  the coltex and increasing complchity of the ~nlerme&atr 7one 11arg~  
amjw).  B, Sagi td  Ti-U'I through the mldl~ne shows hra~nstem ~curvedamw),  cecerehllum (dozihl~ arrow/, a we1l-developed 
corpus c d o s u m  rbroud arrow), and increased .sulcation uf the parietal lobe (small errozul. 



cases of lissencephaly, 73% of polyrnicrogyria, and 
100% of schizencephaly prenatally.33 Polymicrogyria, the 
presence of increased number of small =if has been 
documented in utero.17J2 Polymicrogyria may result 
from injury to normal cellular interactions at the 
external limiting membrane, the pial-glial barrier. 
The most common form of injury is thought to be 
ischemia.Z2 Schizencephaly is a neuronal migration 
anomaly characterized by gray matter-lined clefts 
extending from the ventricle to the cortical surface. The 
lips of the clefts may be fised or separate. Prognosis is 
related to the amount of cortex involved. The cause 
may be genetic or ischemic. The defect is better visual- 
ized and characterized with MRI.34 Although in most 
cases, the abnormality can be documented in the third 
trimester, it is hoped that abnormalities in neuronal 
migration will be documented earlier in fetal life. 

Ventriculomegaly 

Ventriculomegaly is the most common reason for 
MRI evaluation of the fetal CNS. The criterion for 
determination of enlargement of the ventricles 
on US is an atrial measurement greater than 10 mm 
in width on the transverse image of the brain. Mild- 

Figure 8-3 ¤ MR depiction of a normal 34-week fetal to-moderate enlargement of the ventricles is frequently 
br&n. Midline sagittal TB-WI shows increasing size of the cere- associated with other anomalies.35 Outcomes of fetuses 
bellum (small arrow) with a well-developed vermis. There is born with hydrocephalus reveal normal intelligence 
marked infolding of the cortical sulci with increasing complexity of 
the intermediate zone (large arrow). The pituitary stalk is present in only 50% to 60%. Associated CNS ElbnormaIities 
(double arrow). There is a normal colpus callosum (curved arrow). have been diagnosed in 84% of fetuses with hydro- 

cephalus. In-those cases with severe, rapidly 

the anterior skull base is almost twice that of the 
posterior skull base, and the increases in the width of 
the posterior cranial fossa exceed the increases in 
length. MR has shown that the differential growth of 
the cerebral and cerebellar components of the brain 
is related to the inferoposterior rotation of the tento- 
rium cerebelli toward the posterior cranial base.30 
This developmental information may result in earlier 
and more accurate diagnosis of abnormalities. An US 
study evaluated the clivus to supraocciput angle as a 
measure of development of the posterior fo~sa .~ l  The 
angle did not change during gestation in normal fetuses 
(average value of 79"). All cases of Chiari type I1 mal- 
formations showed a value below the fifth percentile. 
This may help differentiate ventriculomegaly caused 
by Chiari malformation from other etiologies. The same 
measurements can be made on MRI. 

Abnormalities of Neuronal Migration 

Abnormalities of neuronal migration were previously 
thought to be rare. However, with MRI they are seen 
in more than 20% of postnatal diagnoses of CNS 
anomalies (Fig. 8-4).32 Abnormalities of neuronal 
migration may be isolated or be present in associa- 
tion with other cerebral anomalies. MRI visualized 
areas of heterotopic brain in 54% of third trimester 
fetuses with a postnatal diagnosis of migrational 
disorder. Third trimester MRI demonstrated 80% of 

Figure 8-4 MR illustration of gray matter heterotopia 
in a 25-week fetus. Axial T2-WI through the lateral ventricles 
shows an area of low SI (arrow) in the subcortical area consistent 
with heterotopic brain with asymmetric infolding of the cortical 
sulci. There is agenesis of the corpus callosum. 
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Figure 8-8 MR findings of ischemic hemorrhage follow- 
ing co-twin demise imaged at 25 weeks. Axial T2-WI shows 
mild ventricular dilation (curved arrow) with enlargement of the 
extra-axial space and mild diffuse cortical thinning. There are 
areas of low SI (small arrows) in the periventricular zone consis- 
tent with hemorrhage. 

enlargement of the extra axial spaces with cerebral 
atrophy. With postischemic or postinflammatory 
changes in the brain, there may be irregularity of the 
ventricular surfaces. 

The frequency of in utero cerebral ischemic 
injuries is not known. Fourteen percent of perinatal 
deaths in one study were associated with ischemic 
changes.39 Ischemic injury to the fetal brain has a 
variable appearance. The morphology depends on 
the area affected and the amount of time between 
the insult and MR imaging.40 MRI findings include 
ventricular dilation, microcephaly, hydroencephaly, 
porencephaly, multicystic encephalomalacia, capsu- 
lar ischemia, periventricular leukoencephalomalacia 
with cyst formation, and corpus callosum and cere- 
bral atrophy. MRI is superior to US in demonstrating 
these changes before birth (Fig. 8-8). 

Abnormalities of the Corpus Callosum 

Abnormalities of the corpus callosum are often diag- 
nosed on prenatal imaging. There may be complete 
or partial absence of the corpus callosum. The corpus 
callosum is normally well developed by 20 weeks, so 
major abnormalities of the corpus callosum should be 
present on prenatal MRI (Fig. 8-9). MR reveals asso- 
ciated CNS abnormalities in 60% of patients.33 MR 
and US appearance of complete absence of the corpus 
callosum is similar. There is increased separation of 
the bodies of the lateral ventricles and upward dis- 
placement of the third ventricle, with or without an 
associated interhemispheric There is lack of 
connecting white matter fibers between the cerebral 

Figure 8-9 MR appearance of agenesis of the corpus calm 
losum in a 28-week fetus. Axial T2-WI shows absence of normal 
white matter fibers (small arrow) crossing the midline. There is 
widening of the interhemispheric fissure (large arrow), mild 
colpocephaly with dilation of the occipital horns (curved arrow) 
of the lateral ventricles, and heterotopic gray matter (double 
white arrow). 

hemispheres. Partial absence of the corpus callosum 
may be difficult to diagnose on US. The lack of devel- 
opment of the posterior corpus callosum or thinning 
is shown with MRI. Arachnoid cysts occur in the mid- 
line in the area of the roof of the third ventricle and 
may be misinterpreted as agenesis of the corpus 
callosum (Fig. 8-10). MRI can differentiate these two 
conditions by revealing the wall of the cyst and the 
presence of a normal corpus callosum. 

Holoprosencephaly 

Holoprosencephaly is a malformation of the prosen- 
cephalon with failure of normal midline cleavage, 
frequently associated with incomplete midface 
development. The severe forms, semilobar and alo- 
bar holoprosencephaly, are easily diagnosed because 
of the presence of a monoventricle and obvious 
fusion of the cerebral hemispheres (Fig. 8-11). MRI is 
most helpful to distinguish the lobar form of holo- 
prosencephaly from other causes of ventriculomegaly 
and hydrocephal~s.3~,~~ In lobar holoprosencephaly 
there is a falx and some separation of the cerebral 
hemispheres. In all forms of holoprosencephaly there 
is some fusion of the thalami and rostral portion of 
the brain. 



Figure 8-1 0 rn MR illustration of an arachnoid cyst of the 
roof of the third ventricle in a 29-week fetus. Sagittal T2-WI 
shows a cyst (double arrow) in the area of the roof of the third 
ventricle. The corpus callosum (large arrow) and aqueduct (curved 
arrow) are normal. 

Vein of Galen Malformation 

Vein of Galen malformation is uncommon but is the 
most common cerebrovascular malformation diagnosed 
prenatally because the large vein is easy to identify 
and congestive heart failure is frequently present. A 
midline mass of low SI is revealed in the region of the 
dilated straight sinus and vein of Galen on both TI- 
and T2-Wls secondary to flow within the dilated vas- 
cular segments (Fig. 8-12).42 On US this may be 
confused with a midline arachnoid cyst or other tumor 
if Doppler US is not performed. Ventriculomegaly 
may be present on the basis of obstruction of the 
third ventricle by the dilated vein, or cerebral atro- 
phy due to a vascular steal phenomenon. 

Tuberous Sclerosis (TS) 

Tuberous sclerosis (TS) is an autosomal dominant dis- 
order that affects brain, heart, skin, kidneys (see 
Chapter 4 for a discussion of renal angiomyolipoma), 
and other organs (Fig. 8-13). Mental retardation and 
seizures may be mild or severe. Prenatal imaging diag- 
nosis is based on detecting cardiac rhabdomyomas 
that can be shown in mid-second trimester. The diag- 
nostic accuracy increases with increasing numbers of 
cardiac rhabdomy~mas .~~ Approximately half of 
patients with postnatal diagnosis of TS have cardiac 
rhabdomyomas; however, most of these are not pre- 
sent on 20-week gestation US. MRI provides better 
definition of the periventricular region than does US. 
Subependymal tubers have been demonstrated in the 
brain at 21 weeks. The tuber is of low SI on T2-WIs 
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Figure 8-1 1 MR illustration of holoprosencephaly in a 
22-week fetus. Coronal T2-WI shows a large monoventricle 
(large arrow) with no division of the cortex (curved arrow) in the 
midline. The thalami are fused (double arrow). 

and high SI on TI-WIs. The lesion may be seen as a 
defect in the contour of the ventricular wall. 
Heterotopic brain may be identified in the subcortical 
region. Hamartomas may not develop in the brain 
until after birth, which makes screening difficult.43 

Posterior Fossa Abnormalities 

Many abnormalities of the posterior fossa have a 
poor prognosis.44 Evaluation of the posterior fossa on 
US depends on a single-angled axial view through 
the cerebellar hemispheres and region of the cisterna 
magna. Dandy-Walker malformation, Dandy-Walker 
variant, and mega cisterna magna represent a spec- 
trum of developmental abnormalities. Mega cisterna 
magna demonstrates an intact cerebellar vermis and 
fourth ventricle with an enlarged posterior fossa 
cerebrospinal fluid space (Fig. 8-14). Dandy-Walker 
malformation is agenesis of the inferior vermis, 
cystic dilation of the fourth ventricle communicating 
with the cisterna magna, and enlargement of the 



Figure 8-1 2 Vein of Galen malformation in a 34-week fetus revealed by MRI. A, Sagittal T2-WI shows severe 
dilation of the straight sinus (white arrow) and multiple areas of low SI representing collateral vessels (curved arrow). 
The heart is enlarged, and there is dilation of the jugular vein (double arrow). B, Axial TI-W GRE image shows the 
enlarged central veins (large arrow) and multiple collateral vessels (curved arrow). 

Figure 8-13 . MR findings of tuberous sclerosis in a 24-week fetus. A, Coronal T2-WI of the brain shows 
heterotopic gray matter (double arrows) in the subcortical area and a small periventricular nodule (curved arrow). 
B, Axial T2-WI shows a large intermediate SI rhabdomyoma (arrow) of the left ventricular wall. 



Figure 8-14 MR illustration of mega cisterna magna in 
a 28-week fetus. Sagittal T2-WI though the posterior fossa 
shows an intact inferior cerebellar vermis (curved arrow) and a 
normal fourth ventricle. The CSF space of the posterior fossa is 
enlarged (double arrow). 

posterior fossa with upward displacement of the 
tentorium (Fig. 8-15).33 Dandy-Walker variant con- 
sists of hypoplasia of the inferior cerebellar vermis, 
with cystic dilation of the fourth ventricle but with- 
out enlargement of the posterior fossa (Fig. 8-16). 
Isolated mild vermian hypoplasia has a good prognosis. 
Supratentorial malformations are present in 68% 
of Dandy-Walker malformations. Hydrocephalus 
usually develops postnatally. Compared with US, 
MR better shows the posterior fossa, specifically the 
vermis, fourth ventricle, and associated abnormali- 
t i e~ .~5  MRI differentiates posterior fossa arachnoid 
cysts from abnormalities of vermian development 
(Fig. 8-17). 

Hematomas have been reported in the tento- 
rium simulating posterior fossa lesions such as 
Dandy-Walker malformation or arachnoid cysts. 
Sonography shows a cystic mass with echogenic 
material and possible thick rim. MRI confirms blood 
products in the lesion and its position relative to the 
tentorium and posterior f ~ s s a . ~ ~  

Spinal Dysraphism 

Various abnormalities of the brain are associated 
with spinal dysraphism. Ventriculomegaly may be 
present. The posterior fossa MR findings in Chiari I1 
malformation include a small, cone-shaped posterior 
fossa, obliteration of the fourth ventricle, and down- 
ward herniation of the cerebellar tonsils.17 Open spina 

Figure 8-1 5 MR illustration of a Dandy-Walker cyst in a 23-week fetus. A, Sagittal T2-WI shows agenesis of the 
inferior cerebellar vermis (double arrow) and a large cisterna magna (curved arrow). B, Axial T2-WI shows inferior vermian 
agenesis (double arrow). The dilated fourth ventricle (small arrow) communicates with the cisterna magna (curved arrow). 
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Figure 8-1 7 rn MR illustration of a posterior fossa arach- 
noid cyst in a 34-week fetus. Sagittal T2-WI shows compression 
of the inferior cerebellar hemisphere (double arrow) by a cyst 
(curved arrow). The fourth ventricle is normal. 

Figure 8-16 MR findings of Dandy-Walker variant in a 
30-week fetus. Coronal T2-WI through the posterior fossa 
demonstrates an intact superior vermis, with mild hypoplasia of 
the inferior cerebellar vermis (curved arrow) and minimal dilation 
of the fourth ventricle (double arrow). 

bifida can be diagnosed with MRI and US. MRI shows 
a cystic lesion, usually in the lumbosacral spine, with 
widening of the lamina (Fig. 8-18). There may be a 
simple meningocele or neural elements within the 
sac.47 MRI and US can determine the level of dys- 
raphism. In one study US was more accurate in 
determining the defect level and evaluating small 
sacral lesions.48 MRI has a disadvantage in that spon- 
taneous movement of the lower extremities may be 
difficult to infer. 

In utero fetal surgery can repair meningomyelo- 
cele (MMC).49 Following in utero surgery there is 
improvement in hindbrain herniation with revisual- 
ization of the fourth ventricle and reaccumulation 
of cerebral spinal fluid within the posterior fossa 
(Fig. 8-19). Short-term follow-up of patients treated 
with in utero repair of MMC showed a decreased inci- 
dence of postnatal ventricular shunt placement. Only 
59% of those treated in utero required shunts, com- 
pared to 91% of those who had postnatal MMC 
closure.50 

Myelocystoceles represent 5% of skin-covered 
masses in the lower spine. They may occur in the cer- 
vical or sacral region. They are commonly associated 
with other anomalies, especially midline pelvic and 
abdominal defects, imperforate anus, caudal regres- 
sion, and renal anomalies. Myelocystoceles are 
skin-covered cysts with dilation of the central canal 
and protrusion of structures through a bony defect. 
No neural elements are contained within the sac, and 
the cord ends at a normal level. The posterior fossa 
structures are usually normal. MRI and US can both 
differentiate myelocystocele from MMC.S1 

Sacrococcygeal Tumor (SCT) 

Sacrococcygeal tumors (SCTs) can be diagnosed in 
utero. The natural history of prenatal SCT is different 
from that of neonatal SCT. Prenatal diagnosis has a 
worse prognosis than do tumors diagnosed in the first 
year of life.52 In one series of 17 fetuses with prenatal 
diagnosis of SCT, three died in utero, one had malignant 
tumor, one had recurrence of embryonal carcinoma, and 



Figure 8-18 MR findings of a myelomeningocele in a 22-week fetus. A, Sagittal T2-WI shows mild ventricu- 
lomegaly (curved arrow) with a small posterior fossa and downward displacement of the cerebellar tonsils (double arrow) 
consistent with Chiari I1 malformation. In the distal lumbar spine, there are absent posterior spinous processes with a 
small sac present (small arrow). B, Axial echo planar T2-WI through L5 shows widening of the lamina (curued arrow) 
with a small thecal sac (small arrow). The iliac crests (double arrow) are well defined. 

two had recurrence with mature hi~topathology.~~ SCTs 
arise from the coccyx, are usually benign, and are clas- 
sified according to the amount of extra or intrapelvic 
component (Box 8-2 and Fig. 8-20).54 The classification is 
important to the surgeon in predicting whether the 
tumor can be resected. SCT may be cystic, solid, or both 
(Fig. 8-21). SCT is frequently associated with polyhy- 
dramnios. The larger the solid component the more 
likely the lesion will have increased vascularity. There 
may be associated hydrops and subsequent fetal demise. 
Color flow and Doppler US better demonstrate increased 
flow in the fetal aorta and inferior vena cava (IVC) and 
increased fetal cardiac output. Poor outcome has been 
related to the degree of increased vascularity of solid 
lesions.55 Size of tumor did not correlate with outcome. 
MRI correlates well with US in evaluating size of tumor 
as well as solid versus cystic components. MRI better 
defines intraspinal and intrapelvic extension of the 
t ~ m o r . ~ ~ , ~ ~  MRI differentiates predominantly cystic 
tumors from s a d  meningomyelocele. There is rare vas- 
cular placental dissemination of SCT with enlargement 
and inhomogeneity of the placenta.57 

In fetuses with hydrops, SCT has been success- 
fully removed in utero with resolution of the 
hydrops. Surgery may also be performed immediately 

after delivery.5s Accurate knowledge of the extension 
of the tumor into the pelvis, displacement of the uri- 
nary bladder, and position of the rectum are important 
for adequate surgical planning before or at birth. 

NECK 

Fetal neck masses are uncommon but important to 
identify, since they may cause life-threatening air- 
way obstruction at birth. The most common neck 
masses are cystic hygromas, teratomas, and goiters. 
These lesions can be identified with prenatal US. 
MRI is used for further characterization of the lesion 
and delivery planning.59 

Cystic Hygroma 

There are various types of cystic hygromas, a congen- 
ital failure of normal cannulation of the lymphatic 
system.60 Lesions occurring early in the second 
trimester in the posterior nuchal region are fre- 
quently associated with hydrops and chromosomal 
abnormalities including trisomy 18, Turner's syn- 
drome, and Down syndrome. Cystic hygromas (also 





tumors are solid and cystic (Fig. 8-23).59,62 Occasionally, 
neck teratomas appear as solitary thick-walled cysts 
without seotations. Calcifications are freauentlv - --. - A 

present in teratomas and are easily identifiid witL 
US and difficult to show with MRI. Large fetal ter- 
atomas often cause hypoplasia of the adjacent facial 
bones (Fig. 8-24). 

Type IV Pelvis and abdomen components, 
frequently malignant 

termed cystic lymphangiomas) of the anterior neck or 
retropharyngeal area are usually isolated abnormali- 
ties. Lymphangiomas may result in morbidity when 
they infiltrate tissue planes and surround neurovas- 
cular structures (Fig. 8-22).'j0 Lymphangiomas have a 
multilocular appearance on MRI with fluid-fluid levels 
shown on T2-WIs. TI-shortening may be present sec- 
ondary to intracystic hemorrhage or protein. There 
may be extension into the anterior media~t inum.~~ 

Teratoma 

Teratoma of the neck usually occurs in the midline, 
and 40% contain thyroid tissue." On MRI, these 

CHAOS Syndrome 

Congenital high airway obstruction syndrome 
(CHAOS) is caused by intrinsic complete or partial 
obstruction of the fetal airway preventing the egress 
of alveolar fluid from the lungs.63 The causes include 
laryngotracheal atresia, laryngeal web, and laryngeal 
cyst (Fig. 8-25). The prenatal presentation is large, 
fluid-filled lungs that are echogenic on US with ever- 
sion of the diaphragm and dilation of the 
tracheobronchial tree. The echogenic lungs may be 
misdiagnosed as bilateral congenital cystic adenoma- 
toid malformation (see next section) although bilateral 
CCAM is rare. There usually is hydrops with skin 
and scalp edema and ascites due to compression of 
the heart and obstruction of venous return. The 
lungs are large, homogeneous, and very high in SI on 
T2-WI.'j4 The dilated tracheobronchial tree is hyper- 
intense on T2-WI, establishing its fluid content and 

Figure 8-20 MR of a sacrococcygeal teratoma in a 22-week fetus. A, Sagittal T2-WI reveals a multicystic mass 
(small arrows) arising from the distal spine (double arrow). There is intrapelvic extension with superior displacement of 
the bladder (curved arrow). B, Sagittal T1-W GRE image shows a low SI mass (small arrows) posterior and inferior to 
the rectum (double arrow) with superior displacement of the bladder (curved arrow). 



Figure 8-21 . MR demonstration of a sacrococcygeal 
teratoma in a 24-week fetus. Sagittal T2-WI shows a large, 
mixed solid and cystic lesion (curved arrow) arising from the tip 
of the spine (large arrow). There is intrapelvic extension of the 
tumor (white arrow) with superior displacement of the bladder 
(double arrow). 

the diagnosis. The level of the obstruction can be 
revealed with MRI. 

By means of the EXIT (ex utero intrapartum 
treatment) procedure, it is now possible to deliver a 
fetus with a large neck mass or other abnormality 
associated with ventilation compromise while main- 
taining umbilical and placental circulation to the 
fetus.65 A hysterotomy is performed under deep 
maternal anesthesia to relax the uterine muscula- 
ture and delay placental-uterine ~epa ra t ion .~~  This 
allows 40 to 50 minutes of continued perfusion of 
the fetus to establish an airway, vascular access, and 
possible removal of the mass. The technique has been 
successful in maintaining oxygenation of the infanV7 
and allows an airway to be established in a controlled 
fashion. However, deep anesthesia can cause mater- 
nal bleeding with the risk of hysterectomy or death. 
Consequently, as much information as possible about 
the anatomy of the mass and its relationship to the 
airway and great vessels is needed to plan delivery 
and possible immediate 

CHEST 

The most important determinant of fetal survival 
after birth is adequate development of the lungs. 
The bronchi and bronchioles are developed by 16 to 

20 weeks' gestational age, with the appearance of a 
significant number of alveolar ducts and blood vessels 
by 16 to 24 weeks' gestation. The normal fetal lung on 
T2-WI is homogeneous, with intermediate-to-high SI 
relative to muscle. With maturation the SI of the 
lungs increases with increasing production of alveolar 

The best imaging predictor of lung maturity 
has been comparison of the US-measured circumfer- 
ence of the fetal chest to gestational age and femur 
length.69 These measurements, however, will be inac- 
curate if there is an intrathoracic mass. Normal lung 
volumes have been documented with echo-planar 
MR and have been shown to increase exponentially 
with increasing gestational age.70 A larger study 
using fast spin-echo T2-WI showed that the normal 
fetal lung volume increased with age as a power 
curve and the spread of values increased with age.71 
The relationship between left and right lung was 
constant throughout gestation. The MRI lung vol- 
umes were 10% less than volumes obtained on 
pathologic specimens. Fetal lungs have also been 
shown to have progressive decrease in TI-SI and 
increase in T2-SI with g r o ~ t h . ~ ~ J ~  Relaxation time 
measurements may provide additional information 
about normal and abnormal development of the 
lungs in utero. Studies are being done to determine 
whether lung volumes may be predictive of survival 
in pulmonary hypoplasia (Fig. 8-26).74 

Congenital Cystic Adenomatoid 
Malformation (CCAM) 

The most common masses within the fetal chest are 
congenital cystic adenomatoid malformation (CCAM), 
bronchopulmonary sequestration, fetal hydrothorax 
(FHT), and congenital diaphragmatic hernia (see 
next sections). CCAM is an uncommon lesion charac- 
terized by a multicystic mass of pulmonary tissue 
with an abnormal proliferation of bronchiolar struc- 
tures that connects to the normal bronchial tree. 
CCAM differs from normal lung by an increase in cell 
proliferation and a decrease in a p o p t ~ s i s . ~ ~  The vas- 
cular supply is from the pulmonary artery and drains 
via the pulmonary veins. CCAM may arise from any 
segment or lobe of the lung and occasionally involves 
multiple lobes. 

On prenatal MRI, the appearance of CCAM is 
variable and depends on whether they are micro- or 
macr~cyst ic .~~ Type 1, or microcystic lesions, are 
hyperintense on T2-WI compared with the normal 
lung and relatively homogeneous (Fig. 8-27). With 
increasing numbers of micro- or macrocysts, discrete 
cysts can be revealed on MRI (Fig. 8-28). MRI 
demonstrates normal compressed lung tissue better 
than US does, which is important in determining 
re~ectabili ty.~~ The natural history of CCAM is vari- 
able. CCAM may decrease in size or involute on 
prenatal US in 15% to 30% of cases. However, this 
imaging appearance may be misleading. In a study of 
infants with prenatal involution of a CCAM, 22 of 23 
had postnatal CT scans that showed lung cysts or 
focal lobar hyperinflati~n.~~ 
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Figure 8-22 MR illustration of a lymphangioma of the anterior neck in a 36-week fetus. A, Sagittal T2-WI 
shows a large multicystic mass (curved arrow). The base of the tongue (double arrow) is mildly displaced but not involved. 
The oropharyngeal airway and trachea (small arrow) are patent. B, Axial T2-WI through the lower cervical spine reveals 
a septate cystic mass (curved arrow) in the anterior neck with patent, mildly displaced trachea (small arrow). 

Figure 8-23 MR depiction of a cervical teratoma in a 30-week fetus. A, Sagittal T2-WI shows a very large, mixed 
SI, solid and cystic mass (double arrows) in the anterior neck with obliteration of the oropharynx (white arrow) and distor- 
tion of the facial bones with elevation of the nose and maxilla (curved arrow). There is severe polyhydramnios. B, Axial T2-WI 
reveals severe displacement and compression of the trachea (white arrow) at the thoracic inlet by the mass (curved arrows). 



Figure 8-24 rn MR illustration of a soft tissue hemangioma 
of the lateral neck in a 36-week fetus. Coronal T2-WI shows a 
large, mixed, heterogeneous solid mass (large arrow) in the lateral 
neck and skull base with multiple enlarged vessels in and around 
the mass and enlargement of the sigmoid sinus (small arrow). 

Hydrops may be present with large CCAM owing 
to obstruction of venous return. Hydrops may occur 
in up to 40% of fetuses with CCAM. A CCAM volume 
ratio (CVR) normalized for gestational age has been 
developed to help predict o ~ & o m e . ~ ~   het tumor vol- 
ume is divided by the head circumference. A CVR 
greater than 1.6 at presentation predicts an increased 
risk of hydrops. A CVR less than 1.6 in the absence 
of a dominant cyst is associated with less than 3% 
risk of developing hydrops. Lesions with large cysts 
have a high incidence of hydrops. Large tumors asso- 
ciated with hydrops and a dominant cyst may be 
treated with thoracoamniotic shunting. In utero 
removal of a CCAM with h-vdrovs in a fetus less than 

Figure 8-25 rn MR of congenital high airway obstruction 
syndrome (CHAOS) in a 22-week fetus. Coronal T2-WI shows 
bilateral, severely enlarged, high SI lungs with eversion of the 
diaphragm (double arrow). The trachea (curved arrow) is dilated 
below the glottis. The pharynx (large arrow) is normal. There is 
severe skin and scalp edema (small arrows). 

32 weeks' gestation results in a 60% survival rate.78 
After 32 weeks' gestation, the fetus can be delivered 
and the tumor removed. 

Bronchopulmonary Sequestration (BPS) Figure 8-26 rn MR of bilateral pulmonary hypoplasia in a 
21-week fetus. Axial T2-WI shows severe hypoplasia of the lungs 

Bronchopu~monary sequestration (BPS) is a mass of (double arrows) with only minimal low SI tissue in the posterior 

nonfundioning tissue that lacks connedion chest. Normal lung tissue should be of higher SI (see Figs. 8-29 
and 8-36). The heart (broad arrow) is elevated and rotated poste- 

the tracheObronchial tree. BPS detected prenatally riorly, and the liver (curved arrow) extends into the chest owing to 
usually is extralobar. Extralobar sequestrations receive volume loss. 



Figure 8-27 MR illustration of congenital cystic adeno- 
matoid malformation of the lung in a 24-week fetus. 
Coronal T2-WI shows a large high SI &tic mass (curved arrow) 
that crosses the midline with displacement and compression of the 
heart (double arrow) and eversion of the diaphragm (small arrow). 
There is ascites (large arrow). 

blood supply from a systemic artery. Although most 
common in the posterior segment of the left lower 
lobe, they may occur in any segment or lobe.79 Half of 
BPSs are atypical and associated with other anom- 
alies including congenital diaphragmatic hernia (see 
next section) represents a failure of formation of the 
diaphragmatic leaflets, occurring most commonly, 
anomalous pulmonary venous drainage, pulmonary 
hypoplasia with scimitar syndrome, bronchogenic 
cyst, bronchial esophageal connection, and horseshoe 
lung. Pulmonary sequestrations are a subgroup of 
lung lesion with a favorable prognosis.80 Hydrops is 
uncommon unless there is an associated pleural effu- 
s i ~ n . ~ l  On T2-WIs, there is a wedge-shaped area of 
very high, homogeneous SI (Fig. 8-29).'j4rB2 Prenatal 
US better demonstrates anomalous systemic vessels 
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Figure 8-28 MR demonstration of a congenital cystic 
adenomatoid malformation in a 23-week fetus. Axial T2 SI 
shows a large high SI mass (curved arrow) in the left lower lobe 
with multiple large cysts that cross the midline. A small amount 
of compressed contralateral lung (small arrow) is present. 

because of the ability to perform real time vascular 
imaging with color flow. Current MR can sometimes 
show the anomalous vessels on prenatal MRI.82 

BPS may occur in the upper abdomen and be 
confused with an adrenal tumor. Although BPS in 
the chest is usually solid and homogeneous, in the 
upper abdomen it is usually cystic, is located in the 
area of the adrenal gland, and may be confused with 
neurobla~toma.~~ 

Figure 8-29 w MR illustration of bronchopulmonary 
sequestration in a 26-week fetus. Axial T2-WI shows a focal 
left lower lobe wedge-shaped mass (curved arrow) in the left lower 
lobe that is of higher SI than the normal lung (small arrows). 



Figure 8-30 . MR illustration of a hybrid lesion (patho- 
logically containing components of congenital cystic 
adenomatoid malformation, bronchopulmonary seques- 
tration, and/or bronchogenic cyst) in a 23-week fetus. 
Coronal T2-WI reveals a mixed high SI mass (small arrow) con- 
taining cysts in the left lower lobe with a feeding vessel (large 
arrow) that originates from the descending aorta. 

Multiple chest lesions may be found simul- 
taneously. Although chest lesions such as CCAM, 
BPS, and bronchogenic cyst used to be thought of 
as distinct lesions, there is significant overlap in 
their pathologic occurrence, suggesting similar 
embryologic development and abnormality (Figs. 8-30 
and 8-31). The most common lesion is a hybrid 
(Fig. 8-32). The cystic lesion has US, MRI, and patho- 
logic characteristics of CCAM and systemic arterial 
blood supply consistent with BPS.84 Lesions consist- 
ing of BPS, CCAM, and bronchogenic cyst have been 
d e s ~ r i b e d . ~ ~ , ~ ~  

Congenital Diaphragmatic 
Hernia (CDH) 

Congenital diaphragmatic hernia (CDH) represents 
a failure of formation of the diaphragmatic leaflets, 
occurring most commonly in the posterior aspect of 

Figure 8-31 . MR illustration of a bronchogenic cyst in 
a 26-week fetus. Axial T2-WI through the subcarinal region 
shows a small, discrete, high SI mass (arrow) inferior to the carina 
tracheae and anterior to the spine. 

Figure 8-32 . Duplication cyst of the esophagus as 
revealed on MR in a 29-week fetus. Axial T2-WI shows a well- 
defined, high SI mass (curved arrow) anterior to the aorta (small 
arrow) and spine. 



the left hemidiaphragm. CDH is present on the left 
side in 88% and the right side in 10% and is bilateral 
in 2%. Survival rates in fetuses with CDH range from 
40% to 90% with no significant improvement over 
the last 20 years.S7 Survival is related to the degree of 
pulmonary hypoplasia associated with the CDH. The 
best prenatal predictor of outcome remains the lung- 
to-head (LHR) circumference ratio as revealed by 
imaging.88 Fetuses with an LHR greater than 1.4 have 
a favorable outcome, while those with a ratio of less 
than 1.0 rarely survive. There is a positive correlation 
between the lung volume determined on MRI with 
both fetal outcome and the US-determined LHR in 
fetuses with isolated left CDH after adjustment for 
gestational age at delivery and birth weight.89 In a 
study at the author's institution it was the percentage 
of liver that herniated into the chest and not the cal- 
culated fetal lung volume that correlated positively 
with outcome in fetuses with CDH.go Herniation 
of liver into the chest in a patient with CDH has 
been shown to be associated with a worse outcome 
and survival of less than 50%. Antenatal branch 
pulmonary artery (PA) size correlates positively with 

postmortem lung weight. In fetuses with CDH, a 
larger contralateral PA, significant size discrepancy 
of branch PA, and larger main PA diameter corre- 
lated positively with postnatal death andrespiratory 
morbidity. Progressive ipsilateral PA hypoplasia sug- 
gested progressive in utero lung hypopla~ia.~~ On US, 
CDH is diagnosed by demonstrating a shift of the 
heart away from the midline and an area of increased 
echogenicity in the base of the chest.92 Careful evalu- 
ation of the position of stomach in the chest is 
important. Uncertainty in the early diagnosis of 
CDH that presents as an echogenic chest mass is still 
described.93 In a study of patients with postnatal 
repair of CDH, the diagnosis had not been estab- 
lished on prenatal US in 50% of fetuses.94 Evaluating 
the position of the liver on US may be difficult, as the 
echotexture of liver and lung is similar. US depends 
on the depiction of the position of the portal and 
hepatic veins above or below the diaphragm to pre- 
dict herniation of the liver into the chest, providing 
indirect information about the hepatic position.95 
With MRI there is direct visualization of the position 
of the liver (Fig. 8-33).59 On TI-WIs, the liver is of 



high SI and very conspicuous adjacent to the low 
SI lungs. Consequently, the position of the liver 
above or below the diaphragm is easily determined. 
MRI has been shown to be more sensitive than 
US in detecting thoracic liver h e r n i a t i ~ n . ~ ~  
Meconium-filled bowel is hyperintense on TI-WI, 
making the position of bowel segments easy to deter- 
mine. On T2-WI, the liver is of low SI and isointense 
to muscle (see Fig. 8-33). MRI is most helpful in the 
evaluation of right-sided CDH, which is more 
frequently confused with CCAM than left-sided 
CDH, since the stomach remains in the left upper 
quadrant.8g Right-sided CDH usually contains liver 
and bowel. 

The diagnosis of bilateral CDH is easily missed 
on US.9"igns include anterior displacement of the 
heart with minimal lateral shift.97 The diagnosis 
is readily made on MRI by showing liver in the right 
chest and bowel in the left chest. The prenatal 
recognition of bilateral CDH is important because of 
the significant increased incidence of chromosome 
abnormalities and syndromes compared with uni- 
lateral CDH. 

Intrauterine therapy has been performed at some 
institutions using tracheal occlusion to promote lung 

Criteria for inclusion in this therapy were 
herniation of liver into the chest and lung volumes that 
fell into a poor prognostic category. Consequently, 
accurate knowledge of the position of the liver and the 
lung volumes was necessary. Tracheal occlusion 
resulted in ~ i ~ c a n t  lung growth in a subset of 
fetuses with severe CDH, but survival remained poor 
because of abnormalities in pulmonary function and 
prematur i t~ .~~ 

Eventration of the diaphragm is uncommon but 
may be confused with CDH. MRI can be helpful in dif- 
ferentiation because of accurate demonstration and 
localization of the bowel, diaphragm, and lung.loO The 
differentiation is important, since the prognosis of 
eventration is significantly better than that of CDH 
(Fig. 8-34). 

MRI is useful for evaluating atypical chest 
masses.64 A foregut cyst on MRI is a fluid-filled cyst 
with high, homogeneous T2 SI.lol The cyst may be 
large, and there is a connection to vertebrae and 
associated vertebral body anomalies (Fig. 8-35). 

Anterior mediastinal masses are uncommon in 
utero (Fig. 8-36). Fetal mediastinal teratoma has 
rarely been reported.lo2 On US these are complex 
cystic and solid masses. Because they are unusual 
lesions they may be misdiagnosed as a CCAM 
crossing the midline. MRI demonstrates the ana- 
tomy of the trachea and great vessels in the thoracic 
inlet, superior mediastinum, and normal lung. 
Lymphangiomas may occur anywhere in the body. 
Lymphangioma is more likely to violate tissue 
planes. Lymphangiomas appear as complex cystic 
masses with a variable solid component. Any chest 
mass may be associated with hydrops if there is 
obstruction of venous return. 

Figure 8-34 rn Left congenital diaphragmatic hernia with 
sac shown by MR in a 22-week fetus. Sagittal T2-WI reveals 
stomach (small arrow) and liver (curved arrow) in the chest above 
the anterior diaphragmatic leaflet @road arrow). There is a 
smooth curved contour to the superior liver and stomach cause by 
the bowel-containing sac. There is a moderate amount of left lung 
tissue (double arrow). 

ABDOMEN 

Liver 

The fetal liver is well visualized on prenatal MRI, 
being very high in SI on TI-WI (see Fig. 8-33) and 
low to intermediate in SI on T2-WLM Physiologic 
changes have been demonstrated within the fetal 
liver using EPI.lO3 Iron results in lower SI on EPI 
and T2-WI owing to susceptibility effects. Early in 
fetal life, erythropoiesis occurs primarily in the liver; 
consequently, a large amount of iron is bound to 
fetal hemoglobin in the liver. Between 20 and 26 
weeks' gestation, the site of erythropoiesis changes 



Figure 8-35 m MR illustration of a neurenteric cyst in a - 
19-week fetus. Sagittal T2-WI shows a large cyst (curved arrow) 
in the chest and abdomen connecting to an associated defect in 
the spine with kyphosis and focal expansion of the dural sac 
(broad arrow). 

from the liver to the bone marrow. Changes in liver 
SI are present throughout fetal development. 
This has potential use in early noninvasive physio- 
logic assessment of the fetus. Changes in T2* 
measurements of the fetal liver have been docu- 
mented following maternal oxygenation based on the 
blood oxygenation level dependence (BOLD) of the 
MRI signal.lo4 This technique may help in the evalu- 
ation of abnormalities such as placental insufficiency 
and intrauterine growth retardation. 

Abdominal masses can be detected with prenatal 
MRI (Fig. 8-37).lo5 Tumors of the liver are rare in the 
fetus and include hemangioendothelioma, hepato- 
blastoma, and hamartoma. Hemangioendotheliomas 
are mixed in intensity depending on the size of 
the vascular pools and the degree of fibrosis. 
Hepatomegaly usually is present. Hepatoblastoma is 
a rare malignant tumor that produces a-fetoprotein. 
Imaging reveals a solid heterogenous liver mass sec- 
ondary to intratumoral necrosis and hemorrhage. 

Bowel 

Fetal bowel is visualized on prenatal MRI as a high- 
SI meconium-filled tubular structures on TI-WI 
(see Fig. 8-33).64,106 Meconium is detectable in the 
rectum on MRI as early as 14 weeks' gestation. 
Meconium is seen in the normal mid to distal fetal 
bowel. If meconium is not revealed, an anomaly of 
the bowel should be suspected, such as atresia or 
perforation. On T2-WI, the stomach and proximal 
bowel are high in SI, similarly to amniotic fluid, and 
the distal bowel is lower in SI. MRI helps differentiate 
abnormalities such as bowel obstruction from cystic 
abdominal masses. MRI can determine the site of 
bowel atresia. lo7 

Adrenal Gland 

Neuroblastoma is one of the more common solid 
childhood tumors, arising from undifferentiated 
neural tissue in the adrenal medulla or sympathetic 
ganglia.los Neuroblastic nodules are present in the 
adrenal glands of 100% of second-trimester fetuses 

~ a m a k o m a s  are typically irregular cystic masses. Figure 8-36 m Thymic hyperplasia revealed on MR in a 
Calcifications may be present. ~ ~ ~ ~ t ~ ~ ~ ~ a l ~  may 30-week fetus referred for evaluation of a chest tumor. 

Coronal T2-WI shows an enlarged, intermediate SI, homogeneous be seen with hydrops9 anemia, thymus (small arrow) with normal lungs (curued arrours) and 
metabolic abnormalities, and Beckwith-Wiedemann he& (broad arrow). ~ h ~ i ~  hyperplasia can develop secondary to 
syndrome. maternal hypothyroidism. 



Figure 8-37 Duodenal duplication cyst revealed on MR in a 32-week fetus referred for evaluation of an 
anterior chest mass. A, Axial T2-WI shows a large cyst (double arrow) in the anterior upper abdomen. Normal kidneys 
are present (curved arrows). B, Sagittal T2-WI shows the cyst (double arrow) below the liver without dilation of the 
biliary tree and anterior to the duodenum (broad arrow) intimately related to the duodenal bulb. 

and in 2% of neonates and represent a normal 
embryologic structure that regresses or differenti- 
ates with maturation. The incidence of clinical 
neuroblastoma is 1 in 10,000 to 30,000. Adrenal cysts 
ar present in fetal neuroblastomas but are uncom- 
mon in postnatal neuroblastoma. Cysts may be a 
variant of the normal development of the fetal adrenal 
gland. 

Kidney and Urinary Tract 
Congenital renal masses are rare, but mesoblastic 
nephroma has been diagnosed in utero.lo8 These 
are predominantly solid masses but may contain 
cysts. Hemorrhage may be present within areas of 

tumor necrosis. This or any abdominal mass may 
be associated with polyhydramnios secondary to 
compression of the bowel. 

Fetal renal anomalies are often associated 
with oligohydramnios, a condition that may make 
the performance of US difficult.log MRI is not sig- 
nificantly affected by diminished amniotic fluid. 
The normal fetal kidney is intermediate in SI on 
T2-WI and higher than surrounding muscle (see 
Fig. 8-37). T2 SI of the cortex is sligh& lower than 
of the medulla. The renal pelves and bladder are 
very high in SI on T2-WI. Normal ureters are not 
visualized. 

Renal anomalies are increasingly detected 
with US because of significant improvements in 
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Figure 8-38 MR demonstration of posterior urethral valves in a 22-week fetus. A, Sagittal T2-WI shows 
marked enlargement of the urinary bladder (small arrow) with thickening of the bladder wall and dilation of the poste- 
rior urethra (broad arrow). There is oligohydramnios and a small chest (curved arrow) consistent with pulmonary 
hypoplasia. B, Coronal T2-WI reveals severe dysplasia with numerous small renal cortical cysts (double arrows). The 
lungs (broad arrow) are hypoplastic and are of decreased SI for this gestational age. 

technology. It is estimated that 1 in 1,000 fetuses 
have a renal anomaly.l1° The mortality after antenatal 
detection of fetal uropathy ranges from 20% to 
50%.ll1 Associated anomalies have been found in 50% 
of f e t u ~ e s . ~ ~ ~ ~ ~ ~ ~  

With uropathy due to lower urinary tract 
obstruction (LUTO), the urinary bladder is dilated 
and thick walled (Fig. 8-38). MRI is equal to US in 
the accuracy of identifying a LUTO but is no better 
at differentiating the three main causes: posterior 
urethral valves, urethral atresia, and prune-belly 
syndrome (Fig. 8-39). With progressive obstruction 
of the bladder there is dilation of one or both renal 
collecting systems. Renal dysplastic changes occur 
with progressive dilation of the renal tubules and 
progress to cortical and medullary cysts.l12 Renal 
dysplastic changes are revealed as heterogeneous 
areas of increased cortical T2 SI and as cysts. 
In cases of questionable increased echogenicity on 
US, MRI can help determine whether abnormalities 
are dysplastic changes or a normal cortical variant. 
Renal dysplasia associated with a LUTO is a poor 
prognostic sign and associated with decreased 
renal function. If dysplastic changes are present pre- 
natally, intervention is usually not indicated. In a 

Figure 8-39 . Urethral atresia as revealed on MR in a 
25-week fetus. Sagittal T2-WI shows a dilated thick walled bladder 
(curved arrow) with dilation of the proximal urethra (broad arrow). 



fetus with no sign of renal dysplasia and favorable 
levels of urine electrolytes and P-macroglobulins, 
vesicoamniotic shunting can be offered. Trials of 
in utero antegrade fetoscopy are being performed to 
diagnose LUTO and to ablate posterior valves if 
present. 113 

MRI is accurate in defining urinary tract anatomy 
(Fig. 8-40).l14 Areas of upper tract obstruction or 
dilation are :,evealed, as well as intermittent dilation 
of the ureter with primary megaureter or reflux. 
Ureteroceles and duplicated collecting system can be 
defined (Fig. 8-41). 

MRI is most helpful in defining the anatomy of 
complex renal anomalies, such as bladder extrophy 
and cloacal anomalies (Fig. 8-42). The ability to 
define the bowel and the urinary tract helps distin- 
guish these from other forms of LUTO. To date, 
cloacal anomalies have not been treated successfully 
in utero. 

Figure 8-40 rn MR illustration of multicystic dysplastic 
kidney in a 22-week fetus. Axial T2-WI shows multiple discrete 
left renal cysts (double arrow) without identifiable renal 
parenchyma. The right kidney is intermediate in SI with two cysts 
present (curved arrows), consistent with mild dysplastic changes. 

Figure 8-41 rn Duplex renal collecting system with ureterocele as shown on MR in a 30-week fetus. 
A, Sagittal T2-WI shows dilation of the upper pole (broad arrow) renal collecting system with associated cortical 
thinning. The lower pole is normal (curved arrow). B, Coronal T2-WI reveals a distended bladder (curved arrow) with a 
small left ureterocele (broad arrow). 



Figure 8-42 a MR illustration of bladder extrophy in a 
22-week fetus. Sagittal T2-WI shows absence of fluid in t he  
urinary bladder with a defect (curved arrow) i n  t he  lower anterior 
abdominal wall below the  umbilicus. 
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MRI OF THE SCROTUM

Sonography remains the primary modality for
cross-sectional imaging of the scrotum and penis.
However, MRI is an excellent problem-solving tool
for situations in which sonography is suboptimal or
yields equivocal findings,1.3 or for patients in whom
there is discordance between clinical findings and
sonographic results. Selective use of scrotal MR can
improve patient care and decrease costs and the fre
quency of unnecessary surgical procedures.4

MR Technique

Appropriate patient positioning facilitates optimal MR
of the crotum and penis. With the patient supine, a
folded towel is placed between the patient's legs infe
rior to the perineum, to elevate the scrotum and penis.
For penile imaging, the penis is dorsiflexed against the
lower midline abdomen and taped in position to
reduce organ motion during the examination (Box 9-1 .

Sections on the scrotum and penis were primarily authored by
E. Scott Pretorlus, end those on the prostate and bladder were primarily
authored by Evan S. Seige1man.

MAl of the Prostate
MAl Techniques
Zonal Anatomy of the Prostate
Normal MR Appearance of the Prostate

and Periprostatic Soft nssues
Prostate Cancer
Other Prostate Malignancies
Nonneoplastic Disease of the Prostate

and Seminal Vesicles
MAl of the Bladder

MAl Techniques
MR Appearance of Normal Bladder
Bladder Cancer
MAl of Bladder Cancer
Subtypes of Bladder Cancer
Other Neoplastic Bladder Diseases
Nonneoplastic Bladder Diseases

MR protocols depend on the clinical que tions to
be answered. For imaging of the scrotum and penis,
a 3-inch or 5-inch surface coil is placed on the area
of interest in order to obtain images with rela
tively small fields of view (14 to 16 em) high matrix
(256 x 256), and thin slice (3- to 4-mm skip 1 rom).
We acquire axial (short axis) SE T1-Wl followed by
axial, sagittal coronal fast spin-echo (FSE) T2-WI,
employing fat suppression in one of these planes.
Fat-suppression increases the dynamic range so that
subtle differences in SI can be distinguished.

For men in whom primary testicular or penile
malignancy is known or uspected, body coil or pelvic
coil axial T1-Wls are obtained to evaluate for the
presence of lymphadenopathy. For penile malig
nancy, inguinal or obturator nodes are the initial
sites of lymphatic spread. For testicular malignancy,
images should be acquired superior to the level of the
renal hila, a lymphatic drainage of the testicle par
allels gonadal blood supply and lymph node
metastases can extend to renal hilar nodes.

If contrast injection is required for characteriza
tion of a scrotal or penile lesion, the authors obtain
either two-dimensional 2D) or three-dimensional
(3D) fat-saturated TI-W GRE images. 'l'he utility of
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hypointense lobular septa (arrow) are *resent that converge on the 
mediastinum testis and rete testis. 

contrast has not been firmly established in MR imaging 
of the scrotum and penis. In general, contrast is helpful 
in differentiating testicular cystic lesions from cystic 
neoplasms, in staging scrota1 and penile malignancies, 
and in establishing the presence of perfksion to an organ, 
such as in the evaluation of testicular torsion. 

For penile imaging, the injection of 10 pg of 
prostaglandin E, (alprostadil) into the proximal third 
of one of the cavernosal bodies can induce erection5 
and facilitate MR imaging by allowing for easier posi- 
tioning of the organ and enabling the acquisition of 
more slices at increased fields of view. Prostaglandin 
injection is contradicted in patients with predisposi- 
tion to priapism, including those patients with sickle 
cell anemia, multiple myeloma, invasive penile 
malignancy or implanted penile prostheses. 

Normal Testes 

The normal testes are ovoid structures of homogeneous 
intermediate T1 SI and high T2 SI relative to skeletal 
m ~ s c l e . ~  T2-WIs (Fig. 9-1) are the mainstay of scrotal 
MR imaging and afford excellent contrast between the 
testicle and other scrotal structures. TI-WIs are less 
usefbl in delineating anatomy but are important for tis- 
sue characterization. For example, TI-WIs can reveal 
high SI secondary to methemoglobin within a subacute 
hematoma in the setting of trauma or characterize fat 
within a testicular teratoma or a paratesticular hernia. 

Each testicle has approximately 200 to 350 small 
lobules, which contain the seminiferous tubules. 
The epithelium of the seminiferous tubules consists 
of spermatogenic (germ) cells and Sertoli (support) 
cells. In the interstitium between tubules are the 
testosterone-secreting Leydig cells. 

Individual lobules are separated by septa that 
coalesce to form the mediastinum testis, which can 
be identified routinely on MR imaging as a thin, 
hypointense band on T2-WI relative to the testicular 
parenchyma (see Fig. 9-1). The mediastinum testis is 
oriented along the long axis of the testicle, is thickest 
cranially, and is eccentrically located dorsally within 
the testicle. The seminiferous tubules converge to 
form the rete testis, which lies adjacent to the medi- 
astinum testis and which also can be identified on 
MR.7 A thick fibrous band of tunica albuginea sur- 
rounds each testicle, which is hypointense to the 
testicle on both TI- and T2-WI. 

The epididyrnis lies posterior to the testicle and 
consists of a single convoluted tubule that functions 
as a site for sperm maturation. The epididymis has 
similar T1 SI and lower T2 SI to the testicle. Sperm 
cells progress from the rete testis to the epididymal 
head and course though the epididymal body and tail 
before entering the vas deferens near the posterior, 
inferior margin of the testis. The vas deferens pro- 
ceeds through the inguinal canal as part of the 
spermatic cord, which also contains the testicular 
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artery and veins, lymphatics, nerves, and spermatic 
cord fascia. The vas deferens receives fluid from the 
seminal vesicles before forming the ejaculatory duct, 
which in turn enters the urethra. Superior to the 
epididymal head lies the tortuous, tubular, pampini- 
form venous plexus, which receives the venous 
return from the testicle. Slow flow within these 
veins is revealed as high SI on T2-WI. 

The parietal and visceral layers of the tunica 
vaginalis, which lie in contiguity with the mesothelial 

lntratesticular Lesions 

A primary indication for imaging the scrotum is to 
exclude the presence of an intratesticular mass 
(Box 9-2). Solid intratesticular lesions are highly sus- 
picious for malignancy, whereas the vast majority of 
extratesticular lesions are benign. A major goal of diag- 
nostic imaging, therefore, is to determine whether a 
palpable scrota1 mass lies within the testicle or in an 
extratesticular location. 

In the U. S. in 2004 there will be an estimated 
8,980 new cases of testicular malignancy with an 
estimated 360  death^.^ Carcinoma of the testicle 
presents most commonly as a palpable intrascrotal 
abnormality, but it may present as a sensation of 
"heaviness" of the affected testicle or, in a minority 
of cases, as testicular pain. Carcinoma of the testicle 
is of germ cell origin in 95% of cases (see Box 9-2).9 
Seminoma is the most common cell type (Figs. 9-2 
and 9-3). Nonseminomatous germ cell tumors include 
embryonal carcinoma (Fig. 9-41, yolk sac tumor 
teratoma (Fig. 9-5), and choriocarcinoma. A mixed 
cell type that includes both seminomatous and non- 
seminomatous elements also is common (Fig. 9-6). 

Non-germ cell tumors include Leydig cell and 
Sertoli cell neoplasms. These are malignant in a 
minority (5% to 10%) of cases. Gonadoblastoma is a 
rare tumor arising from both germ cell and stromal 
elements and is seen primarily in patients with 

Figure 9-2 MR demonstration of a seminoma in a 34-year-old man with a palpable mass. A and B, Axial 
(A) and sagittal (B) T2-WIs show a hypointense, multifocal intratesticular neoplasm (arrows). Seminomas tend to have 
more homogeneous SI compared with nonseminomatous tumors. 



Figure 9-3 . MR illustration of a locally invasive semi- 
noma in a 43-year-old man with palpable mass and scrotal 
pain. Sagittal T2-WI reveals an intratesticular mass (arrow) that 
extends from the superior aspect of the left testicle and invades 
the adjacent epididymis and spermatic cord (curved arrow). 

gonadal dysgenesis; affected individuals often have 
chromosomal abnormalities. 

Lymphoma is the most common intratesticular 
neoplasm in men over age 50 years, and it may 
represent primary lymphoma or a manifestation of 
systemic disease (Fig. 9-7). The testicle is a common 
site of recurrence for lymphoma, since the blood- 
testis barrier limits delivery of chemotherapeutic 
agents. 

Most intratesticular tumors are relatively iso- 
intense to the normal testis on TI-W images and 
hypointense on T2-W images. Testicular malignancies 
tend to enhance more heterogeneously than normal 
testicular parenchyma. MRI cannot reliably differenti- 
ate the different subtypes of testicular neoplasms. 
However, seminomas are generally homogeneous on 
all pulse sequences and discrete in location, while non- 
seminomatous tumors tend to be more heterogeneous 
in MR SI owing to hemorrhage and mixed cell types. 
Lymphomas tend to be multifocal (Box 9-3) and infil- 
trative and present in an older age group. 

Metastatic disease is present at time of diagnosis 
in 20% to 25% of seminomas and approximately 40% 
of nonseminomatous tumors (Box 9-4).1° Testicular 
lymphatic drainage parallels blood supply, and the 
para-aortic lymph nodes near the renal hilum are 
among the first sites of disease extension. Invasion of 
the epididymis or spermatic cord, which have differ- 
ent lymphatic drainage from the testes, may lead to 
early involvement of the internal iliac and external 
iliac nodes. 
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BENIGN INTRATESTICULAR LESIONS no enhancement following gadolinium injection 
Testicular cyst. Testicular cysts can occur in up to (Fig. 9-81. Contrast-enhanced (CE) images are highly 
10% of menl1 and can originate within either the recommended in the evaluation of such lesions, to 
testicle or the tunica albuginea.12 Intratesticular differentiate simple cysts from cystic components of 
cysts are sharply demarcated, thin-rimmed, and testicular neoplasms, such as cystic teratomas.13 
isointense to fluid on all pulse sequences, and display Unlike testicular malignancy, most testicular cysts 

Figure 9-6. MR depiction of a mired malignant germ cell 
tumor in a 24-year-old man with palpable abnormality. A, 
Axial T2-WI shows multifocal, heteio&neous solid and cistic 
intratesticular lesions (arrows). B, Axial CE TI-WI reveals het- 
erogeneous tumoral enhancement. 



Figure 9-7 MR illustration of bilateral intratesticular lymphoma in a 40-year-old man with AIDS and 
non-Hodgkin's lymphoma. A, Coronal T2-WI shows bilateral hypointense intratesticular lesions (arrows). B, Axial CE 
T1-WI reveals that the lesions enhance less (arrows) than the normal testes. 

are not palpable. They are usually incidental findings 
of ultrasound (US) or MRI examination, and are 
most commonly found near the mediastinum testis 
and may originate from the rete testis.12J4 
Epidermoid inclusion cyst. Epidermoid inclusion cysts 
are the most common benign intratesticular neoplasm 
(Box 9-5). They are of uncertain origin, and some 
authors have speculated that they represent monoder- 
mal, benign teratomas. They are composed of cystic 
cavities lined by stratified squamous epithelium, sur- 
rounded by multiple lamellated layers of keratin 
debris.l5 US examination displays concentric rings of 
alternating hypo- and hyperechogenicity.16 MRI shows 
an "onion ring" appearance, with alternating whirled 
bands of high and low SI (Fig. 9-9).17 With gadolinium 
injection, epidermoid inclusion cysts are avascular and 
usually sharply demarcated against the background of 
the enhancing testicle. Since preoperative imaging can 
identify most epidermoid inclusion cysts, they can be 
treated with enucleation and frozen-section diagnosis 
rather than with orchiectomy. 

obstruction, as the condition is associated with prior 
vasectomy, hernia repair, epididymal head cysts, and 
spermato~eles.~~ 

MR examination demonstrates the characteristic 
appearance of this benign fi11ding7,~O (Fig. 9-10). 
Oriented along the superior portion of the mediastinum 
testis, cystic dilation or ectasia of the multiple small 
tubules of the rete testis will be identified. These will 
be either isointense or hyperintense to the normal 
testicular parenchyma on T2-WIs. Following gadolin- 
ium enhancement, the ectatic, fluid-filled tubules do 
not enhance. 

ADRENAL RESTS 
Testicular adrenal rests are of uncertain etiology, 
but their existence is likely related to the common 
embryologic origin of the adrenal gland and testes. 
Bilateral testicular lesions identified in the setting 
of congenital adrenal hyperplasia and elevated 
ACTH are almost certainly due to adrenal rests. 

On US, affected testes display bilateral homo- 
geneous hypoechoic nodules.21 On MRI,22,23 lesions 
are hypointense to the normal testicular tissue on 
T2-WIs and enhance following contrast adminis- 
tration (Fig. 9-11). Since these imaging findings are 

DILATION OF THE RETE TESTIS 
Dilation of the rete testis can in some cases simulate 
an intratesticular mass on US, although most 
cases are depicted on US examination as a region 
composed of small hypoechoic foci.18 Dilation of the 
rete testis may indicate distal partial or complete 
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Figure 9-8 . Benign intratesticular cyst as revealed on MR in a 48-year-old man. A, Axial T2-WI shows a 
homogeneous hyperintense lesion (*) in the right testicle. B, Axial CE T1-WI shows normal testicular enhancement and 
absent enhancement in the simple testicular cyst (*). 

nonspecific, endocrinologic workup is needed to 
evaluate for elevated ACTH and congenital adrenal 
hyperplasia. Serial imaging of patients with con- 
genital adrenal hyperplasia and testicular adrenal 
rests may reveal that the lesions remain stable in 
size, grow larger or smaller, or resolve.24 

LEYDIG CELL HYPERPLASIA 
Testicular Leydig cell hyperplasia is a rare, benign 
condition characterized by small (1 to 6 mm), multi- 
focal, bilateral testicular nodules. Adult patients 
with Leydig cell hyperplasia are usually asympto- 
matic, although some patients may present with 
testicular pain, swelling, or infertility. Lesions typi- 
cally are not palpable, and serum tumor markers 
usually are normal. 

Histologically, Leydig cell hyperplasia is charac- 
terized by an increased number of hyperplastic 
testicular Leydig cells that infiltrate between semi- 
niferous tubules rather than displacing and 
compressing them, as occurs with Leydig cell 
tumors.25 Leydig cell hyperplasia is thought to be 

ir and bet 
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due to a faulty hypothalamic-pituitary-testicular 
axis with resultant chronic Leydig cell stimulation, 
and patients often have elevated serum luteiniz- 
ing hormone or human chorionic gonadotropin 
(hCG).26 Causes of Leydig cell hyperplasia include 
cryptorchidism, congenital adrenal hyperplasia, hCG 
production by germ cell tumors or choriocarcinoma, 
pituitary abnormalities, Klinefelter's syndrome, 
exogenous hCG therapy, and anti-androgen therapy 
for prostate cancer. 

On MRI, Leydig cell hyperplasia may be depicted 
as multiple, bilateral solid lesions that are 
hypointense on T2-WIs relative to normal testicular 
parenchyma, display mild contrast-enhancement, 
and range in size from 1 to 6 mm (Fig. 9-12).27 Other 
differential possibilities include lymphoma, leukemia, 
metastatic disease, and bilateral primary testicular 
neoplasm. If clinical history and laboratory workup 
reveal an etiology for Leydig cell hyperplasia, medical 
treatment may be feasible, thereby obviating the 
need for operative exploration and possible radical 
orchiectomy. 

Polyorchidism is a rare condition in which division of 
the genital ridge during genital formation (between 
weeks 6 and 8 of intrauterine development) results 
in development of one or more supernumerary 

Tntratesticuls iig-n 
Sonogaphy: 

 testicle^.^ This condition is more common on the left 
c rings of and 

hyperccho~ (71%) than on the right (20%), although both sides 
MRT: alternating high and low 5 (10%) may be involved.2s Seventy-five percent of 
("onion ring" appearance) the supernumerary testicles are intrascrotal, 20% 

Relatively avascu lm are inguinal, and 5% are located within the retro- 
Pathologic: multiple Iayelg of kerat~n deb peri t~neum.~ US29 and MR imaging0 demonstrate 

one or more supernumerary testicles, which are often 



Figure 9-9 . MR depiction of an intratesticular epider- 
moid inclusion cyst in a 26-year-old man with a palpable 

testicular location of the mass (arrow) and reveals the "onion 
skin" appearance that is characteristic of epidermoid inclusion 
cyst. C, Sagittal CE TI-WI shows absent enhancement within the 1 lesion. There is mild internal SI. which was present on precon- 

slightly smaller than the normal testes (Fig. 9-13). 
The supernumerary testicle may share an epididymis 
and vas with another testicle or may be missing 
these structures. Torsion of a supernumerary testicle 
can occur de novo31 or complicate an inadequate 
f u r a t i ~ n . ~ ~  

TESTICULAR PROSTHESIS 
Testicular prostheses are placed for either cosmetic 
or psychological purposes, following orchiectomy or 
for a congenitally absent testicle. They are of vari- 
able appearance on MR, as they may contain internal 
fluid silicone or be composed of solid materials.33 No 
evidence suggests that silicone testicular prostheses 
place men at risk for systemic disease (Fig. 9-14).34 
Most testicular prostheses are of homogeneous high 
T2 SI, similarly to the normal testis, but can easily be 
differentiated from native testicles by their lack of 
normal internal testicular architecture. 

Extratesticular Processes 

HYDROCELE 
Hydrocele is fluid (Box 9-6) between the parietal and 
visceral layers of tunica vaginalis testk2 A small 
amount of physiologic fluid is revealed by sonography 
in this space in greater than 80% of asymptomatic 
men.35 Hydroceles can be either congenital or 
acquired. Acquired hydroceles can be idiopathic 
or secondary to torsion or associated with infection or 
tumor. The cause of these hydroceles is hypothesized 
to be secondary to increased production of fluid from 
the mesothelial cell lining, decreased absorption of 
fluid from the mesothelium, or decreased lymphatic 
drainage.2 Hydroceles are generally an asymptomatic 
finding on MR imaging of the scrotum. High T2 SI 
fluid surrounds the entire testicle, with the exception 
of the "bare area" (Fig. 9-15). Symptomatic hydro- 
celes can be treated with ~clerotherapy.~~ 
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Hemorrhagic fluid between the layers of the 
tunica vaginalis testis is termed a hematocele and 
may be a complication of scrotal t r a ~ m a . ~  MR SI 
characteristics depend on the amount and age of 
the hemorrhage. In general, subacute hemorrhage 
will have higher T1 SI than will simple fluid. Unlike 
a simple hydrocele, a hematocele may distort the 
adjacent te~t icle .~ In the pediatric population, scrotal 
swelling from hematocele may originate from blood 
in the peritoneum due to splenic trauma.37 Blood 
reaches the scrotum through a patent processus 
vaginalis. 

Infected fluid between the layers of the tunica 
vaginalis is termed pyocele or scrotal abscess. Pyoceles 
generally have thick walls and multiple septations. 
Diagnosis is based largely on clinical presentation, 
although US, and rarely MRI, may play a confirma- 
tory role. Scrota1 abscess is most commonly a 
complication of adjacent epididymo-or chi ti^.^ Less 
commonly, peritoneal infection (e.g., appendicitis) 
can extend into the scrotum via a patent processus 
vag ina l i~ .~~  

SPERMATOCELE AND EPIDIDYMAL CYST 
Spermatoceles are sperm-filled retention cysts, often 
located within the epididymal head in close associa- 
tion with the rete testis. They are associated with 
distal obstruction and are especially common follow- 
ing vasectomy or herniorrhaphy. Spermatoceles 
most commonly present as palpable scrotal masses, 
superior and posterior to the testis. Spermatoceles 
may contain higher T1 SI than does simple fluid 
owing to their internal content of dead spermatozoa. 
Torsion of a spermatocele is rare and reportable and 
can clinically mimic testicular torsion.39 Epididymal 
cysts are congenital lesions also located most com- 
monly in the epididymal head. On MRI, epididymal 
cysts have content similar to simple fluid6 (see Fig. 9-5). 
Differentiating between a spermatocele and an 
epididymal head cyst has little clinical importance. 
A large epididymal head cyst-spermatocele can be 
differentiated from a hydrocele at MRI because 
the latter surrounds the testicle while the former 
displaces the adjacent testicle.40 Asymptomatic epi- 
didymal cysts and spermatoceles are present in up to 
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Figure 9-15 rn MR depiction of a benign hydrocele in a 
35-year-old man with signs and symptoms of epididymo- 
orchitis. Imaging was performed to exclude an underlying mass 
lesion. Coronal T2-WI reveals a large hydrocele (*) and skin thick- 
ening and marked subcutaneous edema (El. No occult testicular 
neoplasm was present. 

Figure 9-16 . MR illustration of a varicocele in a 33-year- 
old man with a palpable scrota1 mass. Coronal T2-WI shows 
intermediate-to-high SI serpiginous left varicocele (arrows), which 
correspond to the palpable abnormality. Slow flow within veins 
often has high SI on T2-WIs. There is a normal right testis. The 
left testis (not shown) also was normal. 

and may consist only of fluid within the processus 
vaginalis testis or may contain mesenteric fat with 
mesenteric vessels or fluid- and air-containing loops 
of bowel. The MR appearance of an inguinal hernia 
extending into the scrotum is variable and dependent 
on the nature of the herniated contents. Mesenteric 
fat within the inguinal canal will appear similar to 
mesenteric fat in an orthotopic location. Oblique 
coronal or oblique sagittal images can show contiguity 
of intrascrotal bowel segment with adjacent bowel in 
the peritoneal cavity (Figs. 9-17 and 9-18). 

Paratesticular Lesions 

Most paratesticular lesions are benign (Box 9-7). 
The three most common neoplasms of paratesticular 
tissues are spermatic cord lipoma, adenomatoid 
tumor, and papillary c y s t a d e n ~ m a . ~ , ~ ~ , ~ ~  Spermatic 
cord lipomas comprise approximately 45% of para- 
testicular neoplasms.49 They are benign, usually are 
asymptomatic, and follow simple fat on all MR pulse 

1-Lindau disease 

Rhabdomyosarcoma 
Malignant 
Pediatric population 
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Figure 9-17 . MR characterization of a fat-containing inguinal hernia as the cause of a palpable scrotal 
mass in a 27-year-old man. A and B, Axial T1-WI (A) and T2-WI (B) show that the "mass" represents herniated mesen- 
teric fat (F) with small mesenteric vessels and is situated between normal testes (T). A testicular or scrotal neoplasm was 
excluded. 

sequences. A spermatic cord lipoma could be consid- 
ered a normal developmental variant, since dis- 
section reveals them in more than half of individuals 
examined at autopsy.50 Adenomatoid tumor is a 
benign intrascrotal, extratesticular solid lesion that 
can originate from the epididymis, tunica vaginalis, 
or spermatic cord.3 Adenomatoid tumor is most com- 
monly found in or near the epididymal tail and 
represents the most common neoplasm of the epi- 
d i d y m i ~ . ~ , ~ ~  On MR imaging, adenomatoid tumors 
are generally of higher SI than epididymis on T2-WI 
(Figs. 9-19 and 9-20). Papillary cystadenomas are 
benign epididymal lesions, present in 25% of patients 
with von Hippel-Lindau (VHL) disease. Two thirds 
of individuals with a papillary cystadenoma have 
VHL disease; 40% of men have bilateral papillary 
cystadenomas, which is more specific for VHL.2 

Malignant paratesticular lesions are rare. The 
most common is rhabdomyosarcoma, which is seen 
almost exclusively in ~ h i l d r e n . ~ ~ , ~ ~  In adults, the most 
common malignant neoplasm is liposar~oma.~ MR 
imaging can be useful in demonstrating the parates- 
ticular nature of these lesions and excluding the 
presence of an intratesticular mass. 

Scrotal Inflammatory Disease 

Epididymitis is the most common cause of scrotal 
pain in adult men. Imaging is not generally 
required for diagnosis, which can in most cases be 
made by clinical history, physical examination, and 
urinalysis. Epididymitis is usually due to an 
ascending urethritis from Neisseria gonorrhoeae or 
Chlamydia trachomatis in younger men2 and 

Figure 9-18 . MR illustration of a fat- and fluid-containing hernia sac in a 59-year-old man with a palpa- 
ble scrotal mass. A and B, Axial T1-WI (A) and coronal (B) T2-WIs reveal an inguinal hernia containing both fluid (F) 
and fat (*I. No bowel segments were present. Normal testes (T) are revealed in B. 
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Orchitis may be difficult to distinguish from testicu- 
lar malignancy, but in the case of infection normal 
testicular architecture will remain present, along 
with ipsilateral epididymitis, hydrocele, and scrotal 
skin thi~kening.~ 

Testicular Torsion 

Testicle torsion is a surgical emergency and results 
when the testis abnormally rotates and twists the 
spermatic cord, compromising testicular perfusion. 
Absence of or defect in the testicular fixation at the 
"bare area" predisposes to torsion. Testicular torsion 
is most common in patients below age 25 years, and 
85% of cases occur in patients between the ages of 12 
and 18 years. Prompt surgical intervention with 
orchiopexy is curative and organ saving, provided the 
testicle has not yet infarcted. 

US, or less often, scintigraphy, is used as a con- 
firmatory procedure prior to surgical c~ r rec t ion .~~  
MRI is a not a primary modality for evaluation of the 
acutely twisted testicle, largely because of the 
greater availability of other modalities on an emer- 

Figure 9-19 rn MR findings of an adenomatoid tumor in a gent basis. On MRI, the acutely twisted testicle is 
56-year-old man with a palpable mass. Coronal T2-WIs show usually enlarged and hyperintense compared with 
a hyperintense extratest~cular mass (arrow) located adjacent to the normal testicle on both TI- and ~2-4471 owing to 
the epld~dymls A small left hydrocele (*) 1s present The bilateral 
hypolntense testlcular foc~ (curved arrows) represent segments of areas of hemorrhage. enhance- 
the med~astlnum testes depicted m cross-sect~on ment can be used to demonstrate blood flow to the 

testicle.55 MR may be more useful in the diagnosis of 
subacute or chronic torsion, and especially in differ- 
entiating these entities from epididymitis. In chronic 
torsion, the testicle generally becomes hypointense 

Escherzchza colt in older men.40 US or MRI may be on T2-WIs. The twisted spermatic cord may be 
performed when clinical findings are equivocal or directly visualized, and the affected testicle will 
when there is suspicion of abscess. MRI generally enhance less than the normal testicle on enhanced 
demonstrates a large epididymis which is hypointense images.53 
on T2-WI compared with the unaffected contralat- 
era1 epididymis and which enhances avidly following Testicular Trauma 
gadolinium admini~tration.~~ 

Testicular infection and inflammation, orchitis, is Testicular fracture is defined by rupture of the 
depicted on MRI as heterogeneous regions of low SI on tunica albuginea. As there is exceptionally high con- 
T 2 - w ~ ~ ~  and heterogeneous enhancement following trast between the testicular parenchyma and the 
gadolinium administration (Fig. 9-21; see Fig. 9-15). tunica albuginea on both T2-WI and gadolinium- 
A reactive hydrocele is almost always present. enhanced images, MR is an excellent modality for 

Figure 9-20 rn MR depiction of an adenomatoid tumor. A and B, Coronal T2-WI (A) and CE TI-WI (B) show a 
T2-hypomntense enhancing paratest~cular mass (arrow) Enhancing cavernosal arter~es (whzte arrows) are revealed In B 
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Figure 9-21 MR illustration of orchitis in a 28-year-old 
man with scrotal pain. Coronal T2-WI shows no intratesticular 
mass. However, there is scrotal skin thickening (arrow) and a small 
hydrocele (*). There are hypointense bands (curved arrows) within 
the right testicle, an imaging feature characteristic of orchitis. 

diagnosis of testicular fracture. MR can identify tears 
of the tunica albuginea not revealed by US examina- 
t i ~ n . ~ ~  Acquisition of images in multiple planes is 
indicated, to evaluate the entire tunica. Associated 
intratesticular hematoma (Fig. 9-22) or scrotal 
hematocele (Fig. 9-23) may be present. 

Undescended Testis 

One or both testes remain undescended in 3% 
of full-term male births and 30% of premature 

May be intra-abdominal or in inguinal canal 
Increased risk of malignancy, 38-45 times baseline 
MRI superior to sonography for identification 

infants (Box 9-8). Most undescended testes will 
spontaneously descend within the first year of life, 
so surgery is generally deferred until age 1 year, 
when the incidence of undescended testis is 0.8%. 
The inguinal canal is the most common location for a 
cryptorchid testis. The risk of malignancy developing 
within an undescended testicle is approximately 
35 to 48 times baseline,57 and testicular malignancies 
associated with cryptorchidism comprise 10% of all 
testicular carcinomas. After age 32, however, the 
risk of surgery outweighs the risk of malignancy, 
and surgery is generally not performed after this 
age.58 

A complete imaging evaluation for an unde- 
scended testicle extends from the renal hila to the 
scrotum. MRI is superior to US at  identifying unde- 
scended testes, largely due to the superiority of MRI 
at  identifying intra-abdominal testes.59 A cryptorchid 
testis is depicted on MR imaging (T2-WI) as a high 
SI, round or oval mass located along the path of tes- 
ticular descent, parallel to the course of the gonadal 
vessels (Figs. 9-24 and 9-25). In some patients, 
enhanced sequences may be helpful in identifying 
the pampiniform plexus of the undescended, atrophic 
testis.'jO 

Figure 9-22 MR depiction of an intratesticular hematoma. A, Axial T2-WI shows a low SI mass (H) within the 
right testicle. A testicular neoplasm could have a similar T2 appearance. B, Axial T1-WI reveals a hyperintense rim 
(arrows) in the right testicle that is characteristic of the rim sign of a subacute hematoma. Since testicular neoplasms 
may sometimes develop intratumoral hemorrhage, the images should be reviewed carefully to ensure that there is no 
occult tumor. 



Figure 9-23 rn Scrotal hematoma revealed on MR in a man after trauma. A and B, Axial TI-WI opposed-phase 
gradient echo image (A) and T2-WI (B) show a large, TI-hyperintense (arrows) scrotal hematoma. The testes (TI, which 
are of normal SI, remain intact. The right testicle is hyperintense compared with the left testicle because the former is 
closer to the anteriorly placed surface coil. 

Figure 9-25 rn MR illustration of an undescended testicle 
in a 57-year-old man. Coronal T2-WI shows a normal left 
testicle and small left hydrocele. The right testicle (white arrow) is 

Figure 9-24 rn MR findings of bilateral undescended atrophic, maldescended, and located within the inguinal canal. No 
testes in a 25-year-old man with an "empty scrotum" on intratesticular mass lesion is seen. The paired dorsal corpora 
physical examination. Coronal fat-saturated T2-WI shows cavernosa, with their medially located central cavernosal arteries 
bilateral undescended inguinal testes (T) that have similar high SI (black arrows), are also depicted. The corpus spongiosum (S) is 
to the paired corpora cavernosa (C) .  unpaired and is located midline and ventrally. 
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MRI OF THE PENIS 

Normal Penis 

MR imaging of the p e n i ~ ~ l p ~ ~  is performed rarely, as US 
and physical examination are sufficient to answer most 
clinical questions. MRI, however, is a useful adjunct to 
US for imaging a wide range of penile path010g-y.~~ MR 
imaging of the penis is best reserved for those men for 
whom US is equivocal or those in whom there is dis- 
cordance between clinical and US findings. 

The penis consists of three tubular endothelium- 
lined vascular spaces: the paired, dorsolateral 
corpora cavernosa and the single, ventral corpus 
spongiosum (Fig. 9-26). Posteriorly, the corpora cav- 
ernosa flare laterally to form the crura and attach to 
the ischial tuberosities. The bulbar and pendulous 
portions of the urethra traverse the corpus spongio- 
sum, which forms the penile bulb posteriorly and the 
glans penis anteriorly. 

All three corporal bodies tend to be of intermedi- 
ate T1 SI and high T2 SI relative to skeletal muscle. 
The corpora cavernosa are isointense to one another, 
as their vascular sinuses communicate through fen- 
estrations in the membranous intercavernosal 
septum. The corpus spongiosum may normally have 
a different MR SI from that of the corpus caver- 
nosum, since its vascular channels are functionally 
separate (see Fig. 9-26). The differential SI is related 
to different rates of flow of sinusoidal blood. Both the 
corpus spongiosum and the corpora cavernosa are 
surrounded by a low T1 and T2 SI tunica albuginea. 
This hypointense band appears thicker around the 
corpora cavernosa than around the spongiosum, 
since the corpora cavernosa are also surrounded by 
Buck's fascia, a separate fibrous layer that is insepa- 
rable from the tunica on imaging. 

The cavernosal arteries are revealed on short-axis 
T2-WI as hypointense foci located medially within the 

corpora cavernosa. The cavernosal arteries are end 
branches of the common penile artery, which arises 
on each side from the internal pudendal artery, which 
in turn originates from the anterior division of the 
internal iliac artery. Vascular resistance to flow 
within the flaccid penis is high. Following appropriate 
psychological or physical stimulation, parasympa- 
thetic nerves relax the smooth muscle within the 
corporal sinusoids, increasing inflow of blood from 
the cavernosal arteries. The corporal bodies normally 
drain to veins within the wall of the tunica albug- 
inea, but the expanding sinusoids compress these 
veins, trapping blood within the corporal bodies and 
sustaining penile erection. 

Penile Malignancies 

Squamous cell carcinoma of the penis (Box 9-9) is 
rare in the U. S., with an estimated 1,570 cases that 
will arise in 2004 and result in 270  death^.^ In Africa 
and Asia, it is among the most common malignancies 
of adult male patients.64 This difference in incidence 
is in part related to the practice of circumcision, as 
the chronic irritative effect of smegma is an impor- 
tant risk factor in the development of penile cancer. 
Human papillomaviruses 16 and 18, which have 
been implicated in the development of carcinoma of 
the female genital tract, are also known risk factors. 
In the U. S., penile squamous cell carcinoma usually 
presents in men in the sixth or seventh decade of life. 
Delays in diagnosis are common because the lesions 
often are not painful and many men delay in seeking 
medical attention. 

Carcinoma of the penis has traditionally been 
staged clinically using the Jackson classifica- 
tion (Box 9-10). Carcinoma of the penis most com- 
monly arises in the skin of the glans penis. On MRI, 
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Figure 9-26 Normal penile anatomy. A, Cross-sectional illustration of penile anatomy. (Courtesy of F. M. Corl; 
reproduced from Pretorius ES, Siegelman ES, Ramchandani P, Banner, MP. MR imaging of the penis. Radiographics 
2001;21(Spec No.):S28343298; discussion 32984299, with permission.) B, Axial T2-WI shows the penis dorsiflexed against 
the lower abdominal wall. Although the corpora cavernosa are isointense to one another, they are of different SI from the 
corpus spongiosum. This is a normal finding. The collapsed, low SI urethra (arrow) is visible within the corpus spongiosum. 
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squamous cell carcinoma of the penis is hypointense 
to the corpora on both TI- and T2-WI (Fig. 9-27) and 
enhances less than the normal corpora. Both T2-WI 
and enhanced images can determine the presence 
and extent of invasion of the corpora. Although a 
small surface coil is required for genital imaging, 
pelvic or body coil images should be obtained of the 
pelvis to detect regional lymph nodes. Unlike testic- 
ular carcinomas, the primary lymphatic drainage 
of penile malignancies is to pelvic lymph node 
chains. Treatment of carcinoma of the penis is usually 
surgical, with radical or partial penectomy. 

Squamous cell carcinoma of the penis accounts for 
95% of primary penile malignancies. The remaining 
cases are mostly primary penile melanomas and 
penile sarcomas, which include epithelioid sarcoma, 
Kaposi's sarcoma, leiomyosarcoma, and, particularly 
in children, rhabdomyosar~oma.~~ Penile melanomas 
present in similar fashion to melanomas at other 
sites.66 Imaging rarely is required, although, as with 
other penile malignancies, MR may be used to deter- 
mine whether cavernosal invasion has occurred. 
Primary melanoma is most commonly hyperintense 
to skin on both TI- and T2-WI. Following gadolinium 
administration, the tumor enhances avidly. 

The cell type of normal urothelium changes along the 
course of the urethra. Transitional cells line the pro- 
static and membranous urethra, pseudostratified 
columnar epithelium is present in the bulbar and pen- 
dulous segments, and squamous cells line the fossa 
navicularis and urethral meatus. Primary urethral 
carcinomas are most common in men with a history of 
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urethritis and urethral strictures, and tumors occur 
most commonly in the bulbar and membranous por- 
tions of the urethra, followed by the fossa navi~ularis.~ 
Squamous cell carcinomas of the urethra are the most 
common primary urethral malignancy.67 

On MR imaging, primary urethral carcinomas 
are most commonly depicted as bulky masses, often 
in association with proximal urethral dilation. A major 
goal of imaging is to determine the proximal extent 
of tumor, as this determines appropriate surgical 
management.68 Urethral carcinomas involving the 
glans or distal penile shaft are treated by partial or 
radical penectomy. Lesions involving the proximal 
shaft or posterior urethra are treated by radical 
penectomy, with or without cystoprostatectomy. 

METASTASES TO THE PENIS 
Metastases to the penis constitute distant organ 
spread and therefore connote a very poor prognosis. 
Genitourinary tumors, particularly prostate and 
bladder malignancies, are the most common primary 
tumors of origin.'j9 Penile metastases present with 
single or multiple palpable nodules, superficial ulcer, 
pain, swelling, hematuria, obstructive urinary symp- 
toms, or even malignant priapism. Metastases to the 
penis have variable MR appea ran~e .~~  In most cases, 
one or more discrete enhancing masses are seen in the 
corpora cavernosa, with or without invasion of the 
tunica albuginea or corpus spongiosum. Simultaneous 
imaging of the pelvis is recommended and may reveal 
the genitourinary or rectosigmoid primary and associ- 
ated pelvic lymphadenopathy. 

Benign Penile Disorders 

Several benign conditions of the penis may present 
as palpable masses. Although history and physical 
examination are the mainstays of diagnosis, MR 
imaging can play an important role in equivocal cases 
or in confirming a clinically suspected diagnosis. 

COWPER'S DUCT SYRINGOCELE 
The bulbourethral glands are located inferior to the 
prostatic apex in the urogenital diaphragm and drain 
into the bulbar urethra. Cystic dilation of the main 
duct of the bulbourethral (Cowper's) glands is 
termed Cowper's duct syringocele. Patients with this 
entity may have postvoid dribbling, urinary frequency, 
recurrent infection, weak stream, or hematuria. 
Surgical marsupialization is curative.I1 MRI of the 
penile bulb most commonly demonstrates a midline 
high T2 SI structure near the bulbourethral glands 
(Fig. 9-28). 

Segmental thrombosis of a corpus cavernosum may 
occur as a result of trauma or a hypercoagulable state 
and most commonly presents as partial priapism or 
focal hardness of a single cavernosal body. The 
affected corporal body will appear distended and com- 
press its normal, contralateral mate. The MR signal 
intensity of the affected segment dependson the age 
of the thrombus, but in general will be hyperintense 
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to the normal corpora on TI-WI and hypointense on inflammation subjacent to the tunica albuginea and 
T2-WI (Fig. 9-29).72,73 progresses to focal fibrous thickening of the tunica 

that may extend into the intercavernosal septum. 
PEYRONIE'S DISEASE The resulting fibrous plaques can be single or multi- 
Peyronie's disease is an idiopathic chronic disorder ple and may calcify, in which case they will be visible 
in middle-aged men. It begins as an area of vasculitic on radiography. Clinical manifestations of Peyronie's 



disease include painful erection, penile deviation, 
poor-quality erection distal to the involved area, and 
even inability to perform intercourse. 

The disease starts with an active inflammatory 
stage, lasting 12 to 18 months, associated with painful 
erections. This is followed by a second stage of mature 
scar formation associated with painless penile defor- 
mity. Sonography and MRI are similar in their ability 
to demonstrate fibrous plaques,74 although CE MRI 
may depict active inflammation within or around 
a fibrous plaque.75 This may be helpful in guiding 
therapy, as the early stage of Peyronie's disease is 
generally treated not with surgery but with anti- 
inflammatory medications. On MRI, the fibrous 
plaques of Peyronie's disease appear as thickened 
and irregular low SI areas on both TI- and T2-WI in 
and around the tunica albuginea (Fig. 9-30). 

Penile Trauma 

Fracture of the penis is defined as a tear in the tunica 
albuginea, and MRI is the most sensitive means of 
identifying this finding. Penile fracture usually 
results from blunt trauma to the erect organ, such as 
might be incurred during vigorous intercourse or 

Figure 9-28 . MR illustration of Cowper's syringocele in m a s t ~ r b a t i o n . ~ ~ , ~ ~  A tear in the tunica albuginea or 
a 43-year-old man with a palpable mass at the base of the disruption of the urethra is an indication for surgical 
penis. Axial TO-WI shows a high SI midline structure (arrow) near repair, whereas other cases of blunt penile trauma, 
the penile bulb, representing a Cowper s~ringocele. (Reproduced such as isolated corporal or subcutaneous hematoma, 
from Vossough A, Pretorius ES, Siegelman ES, Ramchandani P, 
Banner MP. Magnetic resonance imaging of the penis. Abdom may be managed 
Imaging 2002;27:640-659, with permission.) Fracture of the tunica albuginea is depicted on 

MR imaging as discontinuity of the T2-hypointense 
tunica albuginea (Fig. 9-31).78 Associated hematoma 
may also be present. CE MRI may more easily demon- 
strate a tunical tear or the extent of hematoma, but 

Figure 9-29 . Partial cavernosal thrombosis revealed on MR in an 18-year-old man who presented with 
a firm mass at the base of his penis. A, Axial T1-WI shows a hyperintense expanded left corpus cavernosum (TI. 
B, Corresponding T2-WI reveals the region to be hypointense to the remainder of the corpus cavernosum. This repre- 
sented segmental cavernosal thrombosis. (Reproduced from Pretorius ES, Siegelman ES, Rarnchandani P, Banner MP. 
MR imaging of the penis. Radiographics 2001;21(Spec No.):S283-S298; discussion S298-S299, with permission.) 
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Figure 9-30 MR depiction of Peyronie's disease. A and 
B, Axial TI-WI (A) and T2-WI (B) of the dorsiflexed penis show 
focal thickening of the intercavernosal septum (arrow). C, 
Oblique coronal T2-WI reveals low SI of intercavernosal septum 
thickening (arrow), consistent with fibrosis within this subtype of 
superficial fibromatosis. 

unenhanced MR images are sufficient for almost 
all cases. Extravasation of urine from an injured 
urethra will appear as a high SI collection on T2-WIs. 
Although complications of urethral injuries can be 
revealed on MR imaging, they are best evaluated 
with retrograde urethrography. 

~ Penile Prostheses 

Most penile prostheses are MR compatible, but the 
OmniPhase and Duraphase penile implants (Dacomed, 

Minneapolis, MN) have test positive for relatively 
strong ferromagnetic deflection forces when exposed 
to static 1.5 tesla magnetic  field^.^^,^^ In theory, any 
implanted device can result in heat generation in the 
scanner, and the patient should be removed from the 
scanner immediately if he complains of pain. 

The most common indication for the placement of 
a penile prosthesis is erectile dysfunction that is not 
responsive to pharmacologic therapy. There are many 
kinds of penile prosthesis, but the most common 
is the inflatable prosthesis, consisting of paired 



392 1 BOW MRT 

inflatable rubber tubes within the cavernosa, an 
abdominal fluid reservoir, and a small scrotal pump 
used to fill the tubes from the reservoir. On MR 
imaging, the cavernosal cylinders have internal SI 
isointense to fluid, surrounded by a low TI,  low T2 
hypointense rim (Fig. 9-32). 

Complications of penile prostheses include infec- 
tion and mechanical failure. Infection may lead to 
abscess formation andldevelopment of a sinus tract, 
both of which can be demonstrated by MR imaging. 
Mechanical failures include fluid leakage, tube kink- 
ing, and aneurysmal dilation of the ~y l inde r s .~~  Some 
patients with chronic penile pain following device 
placement have been demonstrated by MR to have 
buckling of the penile cylinders.B2 

MRI OFTHE PROSTATE 

MRI Techniques 

Most MR imaging of the prostate is performed for the 
staging of prostate cancer.83 The ideal technique 
includes a combination of a phased-array pelvic 

Figure 9-31 . MR illustration of a tunical fracture in a 
32-year-old man with pain and palpable abnormality fol- 
lowing vigorous sexual intercourse. Coronal TI-WI shows a 
fracture of the tunica albuginea (arrow) with associated hyperin- 
tense hematoma in the pericavernosal soft tissues. (Reproduced 
from Vossough A, Pretorius ES, Siegelman ES, Ramchandani P, 
Banner MP. Magnetic resonance imaging of the penis. Abdom 
Imaging 2002;27:640-659, with permission.) 

coil and an endorectal coil and multiple imaging 
 plane^.^^-^^ Initially we perform a large-field-of-view 
sagittal sequence to confirm optimal placement of 
the endorectal coil and to provide survey images of 
the lumbar spine and retroperitoneum. If the coil is 
appropriately positioned, small-field-of-view, high- 
resolution images of the prostate are obtained that 
include axial TI-WI and axial, coronal, and sagittal 
T2-WI. Fast spin-echo T2-WI is preferred to conven- 
tional T2-WI because of decreased motion artifact 
from rectal spasm and patient motion.85 Finally, 
larger field-of-view axial imaging is performed of the 
pelvis to evaluate for adenopathy and osseous 
metastatic disease. The use of gadolinium contrast 
does not improve the ability of MRI to stage prostate 
c a n ~ e r , ~ ~ ~ ~ ~  although some have found dynamic CE 
MRI useful to detect prostate cancer.89 

A staging MR examination in a man with biopsy- 
proved prostate cancer should be confined to the 
pelvis. CT of the abdomen and pelvis is not cost effec- 
tive for detecting comorbid disease in men with 
prostate c a n ~ e r . ~ ~ , ~ ~  The pelvis should be evaluated for 
osseous metastatic disease and adenopathy. It is rare 
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Figure 9-32 A 40-year-old man with an uncomplicated penile prosthesis as revealed by MRI. A and B, 
Coronal TI-WI (A) and T2-WI (B) show paired, fluid-filled prosthetic tubes (*) within the corpora cavernosa. The corpus 
spongiosum retains its normal intermediate T1 and high T2 SI. 

for a man with isolated metastatic disease to the (Fig. 9-34A; see Fig. 9-33A). On T2-WI the normal 
abdomen to not also have demonstrable metastatic peripheral zone of the prostate reveals relative high 
disease within the pelvis. SI secondary to the presence of mucin-rich glandular 

tissue (Fig. 9-34B; see Fig. 9-33B). Reticular low SI 
Zonal Anatomy of the Prostate foci within the peripheral zone on T2-WI represent a 

Before the MR appearance of normal prostate tissue 
and prostate cancer are described, a brief description of 
the zonal anatomy of the prostate is p r o ~ i d e d . ~ ~ . ~ ~  The 
peripheral zone of the prostate accounts for 70% of the 
volume of the prostate in young men and contains most 
of the prostate glandular tissue (Fig. 9-33). Seventy 
percent of prostate cancers originate in the peripheral 
zone. The transitional zone makes up only 5% of the 
prostate volume in young men and comprises the glan- 
dular prostatic tissue that surrounds the proximal 
prostatic urethra. The transition zone is the site of 
benign prostatic hyperplasia (BPH) and progressively 
enlarges as men age. The central zone makes up 25% of 
the prostate volume in young men and surrounds the 
transition zone at the prostate base. The central zone 
becomes compressed and is less well visualized in older 
men. Twenty percent of prostate cancers originate 
within the transition zone, and the remaining 10% 
arise from the central zone. The central  land is 
the term used to describe the region of the irostate 
composed of the central and transitional zones. 

supporting network of collagenous septa. The true 
prostate capsule is a 2- to 3-mm fibromuscular layer 
that has low SI on T2-WI and separates the high SI 
peripheral zone of the prostate from the periprosta- 
tic soft tissues (Box 9-11). 

The periprostatic soft tissues are composed of 
variable amounts of fat and the paired neurovascular 
bundles. The neurovascular bundles are composed of 
nerves that innervate the corpora cavernosa and 
branches of Santorini's venous plexus; these nerves 
and vessels are present along the posterolateral 
aspect of the left and right sides of the gland. These 
bundles have low SI compared with the surrounding 
periprostatic fat. The SI is variable on T2-WI. While 
the nerves show low SI relative to fat, the veins may 
reveal high SI secondary to slow flow. 

Most men who have an MR examination to 
stage established prostate cancer have some degree 
of BPH. BPH originates from the periurethral 
transition zone that is part of the central gland. BPH 
is revealed as multiple nodules of varying SI on 
T2-W194,95 (see Fig. 9-34). Relatively low SI nodules 

Normal MR Appearance of the Prostate are stroma-rich foci of BPH, while higher SI foci 
and Periprostatic Soft Tissues are glandular-rich nodules.95 The central gland (com- 

posed of both central and transitional zones) 
On TI-WI the normal prostate has relatively homoge- is separated from the peripheral zone by a low 
neous low-to-intermediate SI with poor differentiation T2-SI band of tissue known as the surgical capsule, 
between the central gland and the peripheral zone which is of little clinical import. 



I Figure 9-33 . MR depiction of normal prostate gland 
anatomy in a 45-year-old man with symptoms of prostati- 
tis. In younger men, the central gland comprises a minority of the 

The seminal vesicles are paired structures 
located above the prostate that are responsible for 
the formation and storage of the ejaculate. Each sem- 
inal vesicle is composed of multiple lobules whose 
contents have SI of relatively simple fluid and whose 
walls have low SI on both TI- and T2-WI (Fig. 9-35). 
The ampullae of the vas deferens are paired tubular 
structures that pass through the medial aspect of the 
seminal vesicles. The walls of the ampullae can mea- 
sure up to 3 to 4 mm. The vas deferens joins the 
outflow of the seminal vesicles to form the ejacula- 
tory ducts, which empty into the prostatic urethra 
(see Fig. 9-35). 

volume of the prostate. A, ~ x i a l  T1-WI shows poor distinction 
between the central gland and peripheral zone of the prostate. 
The periprostatic fat is of high SI. The paired neurovascular bun- 
dles are revealed as tubular low SI structures (arrows) within the 
periprostatic fat a t  the 5 and 7 o'clock positions. B, Axial T2-WI 
shows excellent distinction between the heterogeneous low-to- 
intermediate SI central gland and the higher SI peripheral zone. 
The low SI curvilinear structures within the peripheral gland are 
normal fibrous septa (arrows). The central gland and peripheral 
zone are separated by a low SI surgical capsule (double arrows) 
that has little clinical import. The true prostatic capsule (curved 
arrows) is revealed as a low SI structure between the peripheral 
zone and the high SI periprostatic soft tissue. The latter is hyper- 
intense secondary to fat and slow flow within veins. C, Coronal 
T2-WI again shows excellent contrast differentiation between the 
hyperintense peripheral zone and the heterogeneous lower SI cen- 
tral gland. There is a normal superior extension of hypointense 
central gland (arrows) located immediately subjacent to the sem- 
inal vesicles that should not be confused with peripheral zone 
tumor of the prostate base. The central segments of the right sem- 
inal vesicle (S) and vas deferens (arrow, D) join to form the 
ejaculatory duct (open arrow). 

Prostate Cancer 

Prostate cancer is the most commonly diagnosed 
malignancy and the second leading cause of cancer 
deaths in American men.96 In 2004 it is expected that 
230,110 men in the U. S. will be newly diagnosed with 
prostate cancer and that 29,900 men will die of this 
d i sea~e .~  In 2004 prostate cancer will account for one 
third of new cancers in American men and 10% of 
cancer-related  death^.^ The number of men with 
newly diagnosed prostate cancer is stabilizing, in 
part because the number of tumors detectable by 
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Figure 9-34 MR findings of benign prostatic hyperplasia, a midline prostatic cyst, and a defect due to 
prior transurethral resection in a 67-year-old man. A, Axial TI-WI shows an enlarged prostate with poor defini- 
tion of prostate zonal anatomy but good contrast between the peripheral zone and the normal periprostatic fat. The 
normal neurovascular bundles are revealed in cross-section (arrows). B, Axial T2-WI shows a markedly enlarged and het- 
erogeneous central gland secondary to benign prostatic hyperplasia. The hyperintense central gland foci represent 
glandular-rich BPH nodules, while the lower SI foci represent stromal dominant foci. The peripheral zone is compressed 
between the inner hypointense surgical capsule (arrows) and the less well delineated outer low SI surgical capsule (curved 
arrows). C and D, Coronal (C) and sagittal (D) T2-WIs show segmental dilation of the intraprostatic urethra (.) that is 
secondary to a prior transurethral resection of the prostate (TURP) performed for symptomatic BPH. Low T2 SI fibro- 
sis can develop around a TURP defect and should not be diagnosed as central gland tumor. With the advent of successful 
medical therapies for symptomatic BPH, it is expected that fewer TURP procedures will be performed. A midline 
prostatic cyst is present (arrow). 
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current screening methods is d i m i n i ~ h i n g . ~ ~  This is reduced the prevalence of prostate cancer in men 
a reversal of the trend that occurred between 1983 by 25% after 7 y e a r ~ . ~ ~ ~ o w e v e r ,  the tumors that 
and 1992 when the incidence of prostate cancer in developed were less differentiated tumors. I t  is 
the U. S. tripled.98 hypothesized that by decreasing androgen levels 

African American men have an increased inci- within the prostate finasteride gave a survival 
dence of prostate cancer and almost twice the advantage to the less differentiated tumors that were 
mortality of prostate cancer compared with less reliant on androgens for growth.lo3 
Caucasian men.99 The reasons are multifactorial and 
include social, genetic, and environmental factors.100 ScREENING P R ~ ~ T A T E  CANCER 
Genetic risk factors for prostate cancer are reviewed The American Cancer Society states that the screen- 
elsewhere.lOl Finasteride, an inhibitor of 5a-reductase, ing for prostate cancer consists of an annual digital 

Figure 9-35 MR illustration of normal seminal vesicles, confined peripheral zone tumor, and postbiopsy 
peripheral zone hemorrhage. A, Axial TI-WI obtalned at  the level of the midgland to base reveals hyperintense 
peripheral zone from postbiopsy hemorrhage. Areas of T1 hyperintensity wlthln the peripheral zone suggest the absence 
of infiltrative cancer, especially when Imasng 1s performed more than 2 weeks after blopsy. Infiltrative tumors are resls- 
tant to developing lntratumoral hemorrhage, whereas normal glandular tissue 1s not. The hypointense focus of peripheral 
zone (arrow) represents either normal glandular tissue or prostate cancer. B, Corresponding axial T2-WI shows that the 
spared segment of peripheral zone hemorrhage 1s hypolntense and thus is consistent wlth prostate cancer. Peripheral 
zone hemorrhage can have varlable T2 SI depending on the amounts of extracellular and intracellular methemoglobln 

(Conttnued) 
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rectal examination (DRE) and a measurement of 
serum prostatic specific antigen (PSA) for men above 
age 50 years who have a life expectancy of at least 10 
years.lo4 This strategy of screening with DRE and 
PSA can be performed at reasonable cost, and eligi- 
ble men benefit from screening.lo5 If either the DRE 
or the PSA level is abnormal (>4 ng/mL), then a 
transrectal sonogram with biopsies is recommended. 

In men with borderline elevated PSA values 
(between 4 and 10 ng/mL) and a normal DRE, it is 
recommended that a free PSA level be measured to 
increase specificity without significantly decreasing 
the sensitivity of prostate cancer detection. Free PSA 
levels are lower in men with prostate cancer than in 
men without prostate cancer. Only those men with 
free PSA values of less than 25% in this indeterminate 
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subgroup would then proceed to US-guided biopsy.lo6 
Another recommended strategy to improve the speci- 
ficity of the PSA screening test is to confirm an 
abnormal value (>4 ng/mL) with a repeat PSA test 
after several weeks.lo7 Up to 40% of men may have a 
subsequent normal PSA value due to normal fluctu- 
ations or resolution of occult prostatitis. 

At the time of sonography, biopsy specimens 
should be taken of any focal abnormalities of the 
peripheral zone of the prostate gland. Since sonogra- 
phy is not sensitive enough to act as screening test, 
at  least six random biopsy specimens are also 
tested.los US is not accurate for establishing the pres- 
ence or absence of extracapsular tumor, and so other 
parameters are used.log 

A pathologist evaluates for the presence or 
absence of cancer within each tissue sample, estimates 
the percentage of each core that was involved by 
tumor, and assigns a Gleason grade. The Gleason 
grade can range from 1 through 5. Grade 1 tumors 
closely resemble the normal prostate and are well- 
differentiated cancers, while grade 5 tumors are 
poorly differentiated. The most prevalent type of can- 
cer cell in the sampled tissue is assigned a Gleason 
grade. The two most prevalent types of cancer cells are 
added together to form a Gleason sum or Gleason 
score.l1° The higher the Gleason score, the more 
likely the tumor is not confined to the prostate. 

Once the diagnosis of prostate cancer has been 
made, accurate staging is important because it influ- 
ences treatment and prognosis (Box 9-12). Men with 
localized tumor (stage I and I1 disease) who have 
a life expectancy of at least 10 years are candidates 
for prostate~tomy.~~ Prostatectomy decreased cancer- 
specific mortality and the frequency of metastatic 
disease by approximately 50% when compared 
with watchful waiting in a randomized study of 
Scandinavian men.lll When experienced surgeons 
perform a prostatectomy at a high-volume hospital, 
there is significant reduction in postoperative 
morbidity and late urinary complications.112 Men 
with extracapsular tumor, seminal vesicle invasion, 
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malignant adenopathy, or bone metastases are not 
ideal candidates for prostatedomy113 and would derive 
greater benefit from radiation therapy, cryotherapy, 
or hormonal therapy. The presence of extracapsular 
tumor can be difficult to evaluate. Approximately 
60% of men who are diagnosed with prostate cancer 
are considered to have localized disease.l14 However, 
approximately 40% to 50% of men who do undergo 
prostatectomy are shown not to have had organ- 
confined disease. 1109115-117 

To improve the ability to establish the presence 
of resectable or unresectable prostate cancer, nomo- 
grams that estimate the likelihood of confined disease 
based on the results of the DRE, PSA test, and 
Gleason score were ~reated.ll~-~l9 These nomograms 
have been prospectively evaluated and updated.lZ0 
Those men who have an intermediate-to-high proba- 
bility of extracapsular tumor would most benefit 
from MR imaging. Such men would have clinically 
localized disease, PSA value of greater than 10, and 
at least 50% positive core tissue  specimen^.^^^^^^^ 
Staging MRI of the prostate can be cost effective if 
selectively performed in this subset of men.123,124 

Men with nonpalpable tumor, a low PSA value, 
low tumor volume, and low tumor grade based on 
the biopsy specimen can be managed expectantly 
with serial PSA measurements, DREs, and annual 
biopsies.lZ5 After 81 such men were followed, 70% 
were able to avoid treatment, with a median follow- 
up of 2 years. The prevalence of extracapsular tumor 
in this subset of men would be so low that MR imag- 
ing probably is not warranted. 

MRI APPEARANCE OF PROSTATE CANCER 
AND POSTBIOPSY HEMORRHAGE 
Prostate cancer is isointense to surrounding prosta- 
tic tissue on T1-WI. Thus, based on TI-WI alone, it is 
difficult to detect the presence of confined prostate 
cancer. Postbiopsy hemorrhage results in high TI-SI 
secondary to the presence of methemoglobin (Fig. 9-36; 
see Fig. 9-35). Since most cancers are resistant to the 
development of intratumoral hemorrhage, one can use 
the presence of high SI on TI-WI to determine where 
cancer is not present (the "MR exclusion sign"). 

On T2-WI, prostate cancer is of lower SI than the 
normal peripheral zone of the prostate (see Fig. 9-35). 
Postbiopsy hemorrhage has variable T2-SI but shows 
low SI components in approximately 80% of foci 
secondary to the presence of intracellular methemo- 
globin.lZ6 When the TI- and T2-WI are viewed together, 
one can usually determine whether a low T2-SI focus 
represents cancer or hemorrhage. Blood has high 
SI on the T1-WI, whereas cancer does If any low 
T2-SI focus in the peripheral zone is characterized 
as prostate cancer independently of the TI-SI, then 
foci of bland hemorrhage will be rnischaracterized as 
tumor. lZ7 

Small central gland tumors often are not 
detected on prostate MR imaging. It can be difficult, 
if not impossible, to distinguish between stromal 
dominant BPH and central gland adenocarcinoma. 
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Figure 9-36 . MR illustration of benign postprocedural peripheral zone hemorrhage. A, Axial T2-WI 
through the prostate midgland reveals an alternating pattern of low (arrows) and high SI. The hypointense foci are poten- 
tial prostate cancers, while the hyperintense foci represent normal glandular tissue. B, TI-WI shows that the hypointense 
foci in A correspond to hyperintense hemorrhage (arrows). No midgland tumor was present on prior biopsy specimen or 
subsequent prostatectomy. 

As stated previously, most central gland cancers are 
of little clinical import and do not affect the staging or 
management of a man with biopsy-proved prostate 
cancer of the peripheral zone. One subpopulation for 
whom MRI could be considered for primary prostate 
cancer detection are those men who have elevated 
PSA values with or without an abnormal DRE and 
prior prostate tissue samples that did not reveal 

Some of these men may have infiltrative 
cancers, especially of the central gland, that can be 
shown with MRI (Fig. 9-37).131 If these men do not 
have MRI, then tissue sampling of the transitional 
zone should be considered in order to diagnose an 
occult central gland tumor.132 Some urologists sug- 
gest that the transition zone and anterior aspect of 
the peripheral gland be sampled along with the 
peripheral zone at  the time of initial biopsy in order 
to decrease the false-negative rate of initial prostate 
biopsy, which can be as high as 25%.133 

MRI FINDINGS OF UNRESECTABLE PROSTATE CANCER 
Most MR evaluations of men with prostate cancer 
are for cancer staging and not detection. Evaluation 
of the extraprostatic tissues has greater clinical 
importance than evaluation of the prostate itself. 
The four extraprostatic regions to evaluate for tumor 
involvement are the periprostatic fat, seminal vesi- 
cles, pelvic lymph nodes, and pelvic bone marrow. 
Invasion of periprostatic fat. Tumor extension through 
the prostatic capsule into the periprostatic fat 
indicates T3a, stage I11 disease. Most surgeons will 

not operate on men with established extracapsular 
tumor. By limiting the MR criteria to either the pres- 
ence of an irregular bulge of the prostate capsule 
or the presence of tumor in the periprostatic fat 
(Figs. 9-38 and 9-39),134 greater than 90% specificity 
may be achieved for establishing extracapsular tumor 
with modest ~ e n s i t i v i t y . l ~ ~ J ~ ~  False-positive diagnoses 
should be avoided, since they could prevent a poten- 
tially curative resection. A false-negative MR for 
extracapsular tumor, while less than ideal, does not 
necessarily mean that the patient will have an unsat- 
isfactory postsurgical result. Some of these men are 
found to have microscopic invasion of the capsule 
("focal capsular penetration") and not extensive spread 
of tumor through the capsule ("established capsular 
penetrati~n"). '~~ In a postprostatectomy group of men 
who had T3a disease without malignant adenopathy or 
seminal vesicle invasion, almost 50% had focal capsu- 
lar penetration alone; this subset of men had similar 
cure rates after prostatectomy to those men with 
confined disease. 136 

Seminal vesicle invasion. Seminal vesicle invasion is 
found histologically in approximately 15% of men 
who undergo prostatectomy for clinically localized 
disease.137 The route of spread of tumor to the 
seminal vesicles is most commonly by direct superior 
extension by subjacent tumors of the base of the 
p r 0 ~ t a t e . l ~ ~  Thus, if a patient's biopsy specimen 
does not show tumor of the prostate base, it is 
unlikely that the patient will have seminal vesicle 
invasion revealed at MR imaging or p ro s t a t e~ tomy .~~~  
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Figure 9-37 . MR depiction of occult central gland tumor in a man with an elevated PSA and prior nega- 
tive prostate biopsies. Occult central gland cancer is one of the causes of false-negative prostate biopsy. A-D, Four 
consecutive axial T2-WIs show normal, high SI peripheral zone. The left side of the central gland reveals heterogeneous 
SI in keeping with BPH. The central to right portions of the central gland show low SI (*). There was no corresponding 
hyperintensity on the TI-WI (not shown) to suggest bland hemorrhage (the central gland was not sampled on the prior 
biopsy). This is the typical MRI appearance of an infiltrating central gland tumor. 

Conversely, if a man has an abnormal DRE or trans- 
rectal ultrasound (TRUS) examination of the prostate 
base, then sampling of the seminal vesicles at the time 
of initial biopsy should be considered. In addition, 
some authors advocate taking biopsy specimens of the 
seminal vesicles and neurovascular bundles in all men 
with suspected prostate cancer who come to TRUS 
examination, independently of the DRE and sono- 
graphic findings.140 

MR has approximately 80% to 90% accuracy in 
evaluating for seminal vesicle invasion, with greater 

than 90% specificity and more modest sensitiv- 
ity.122,141,142 The MR findings of seminal vesicle 
invasion are that of low T1 and T2 SI within the lob- 
ules of the seminal vesicles and an adjacent cancer of 
the prostatic base (Figs. 9-40 and 9-41). The corre- 
sponding TI-WI should always be evaluated to 
exclude the presence of seminal vesicle hemorrhage 
(Fig. 9-42), which may appear similar to tumor on 
T2-WI. A rare and reportable cause of abnormal, low 
SI seminal vesicles on T2-WI is secondary to infiltra- 
tion by a m y l o i d o ~ i s . ~ ~ ~ , ~ ~ ~  Although seminal vesicle 
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Figure 9-38 . MR depiction of macroscopic extension of prostate cancer into the periprostatic fat. A and 
B, Axial TI-WI (A) and T2-WI (B) of the prostate base reveal an infiltrative, low SI peripheral zone tumor that extends 
into both the right (arrow) and left (curved arrow) periprostatic fat. 

amyloid can mimic tumor, there usually is no adja- 
cent cancer within the prostate base. 
Malignant pelvic lymphadenopathy. An MR examination 
of the prostate should include larger field-of-view 
images of the pelvis to evaluate for adenopathy. 
Diagnosing malignant adenopathy is important in 
men with prostate cancer because these individuals 
are not candidates for either curative prostatectomy 
or local radiation therapy. TI-  and T2-SI do not dis- 
tinguish between benign and malignant nodes. 
However, larger nodes (short axis >6 mm) and nodes 
that are spherical are more likely to be malignant 
(Fig. 9-43). As for other primary malignancies, 
micrometastasis can be ~ r e s e n t  in normal-sized 
nodes and enlarged pelvic iymph nodes can be reac- 
t i ~ e . l ~ ~  Ultrasmall super paramagnetic iron 
oxide-enhanced MR can help distinguish between 
reactive and malignant lymph nodes when imaging 
men with prostate cancer.146,147 

The main lymphatic sites of spread of prostate 
cancer include the obturator lymph nodes and the 
external, internal, and common iliac lymph node 
chains.148 Biopsy specimens can be taken from suspi- 
cious lymph nodes under imaging guidance, or the 
nodes can be removed laparoscopically.145~149~150 AS 
mentioned above, abdominal imaging is not cost 
effective in patients with prostate cancer. When 
enlarged mesenteric lymph nodes are detected on 
abdominal imaging studies in patients with prostate 
cancer, the nodes are more likely to be involved by 
lymphoma than by metastatic prostate cancer.151 
Some urologists do not perform lymphadenectomies 

at  time of prostatectomy in men at  low risk of nodal 
e x t e n ~ i o n . l ~ ~ - ' ~ ~  The most conservative reference sug- 
gests that men with PSA values of less than 10 with 
either well or moderately differentiated tumors can 
forego lymphadene~torny . '~~ ,~~~ 
Osseous metastases. Patients with bone metastases 
from prostate cancer such as men with malignant 
adenopathy are not candidates for curative surgery 
or irradiation (Fig. 9-44). Because the prevalence 
of bone metastases is so low in men with PSA 
values below 10 ng/mL, bone scanning is not 
r e c ~ m m e n d e d . l ~ ~ - ~ ~ ~  Only 1% of men with untreated 
prostate cancer with PSA value below 50 ng/mL, clin- 
ical stage T2b or lower, and Gleason score less than 
8 had a positive bone scan.lGO Independent of the 
PSA, it is still prudent to obtain images of the 
pelvic bone marrow when performing a staging MR 
examination for patients with prostate cancer. 
Uncommonly, men with poorly differentiated or 
undifferentiated cancers have bone metastases on 
initial presentation with PSA values below 10 
ng/mL.lG1 MRI can reveal intramedullary metastatic 
disease in men with normal bone scans when 
the tumor has not yet involved the cortical bone162; 
MR can also evaluate for complications such as cord 
compre~sion. '~~ 

MRI after prostatectomy. While radical prostatectomy 
is an effective treatment for men with clinically local- 
ized prostate cancer, up to one third of patients will 
not be cured and will have localized recurrent disease 



or metastatic disease (Fig. 9-45).l'j4 Patients who 
have isolated recurrent disease within the prostate 
bed may benefit from localized radiation therapy,l'j5 
while those with metastatic disease are better 
treated with hormonal therapies. There is no con- 
sensus concerning the importance of confirming the 
presence of localized recurrent disease either by 
imaging or by biopsy in men with detectable PSA 
after surgery.l'j4 The postprostatectomy PSA level 
and doubling time are the best predictors of which 
men will benefit from radiation therapy.16'j The sub- 
group of men who best benefit from radiation to the 
prostate bed are those who do not develop a 
detectable PSA level until at least 2 years after 

surgery and have a PSA doubling time of greater 
than one year.lW Thus, imaging studies that reveal 
the presence of osseous metastatic disease or tumor 
outside the prostate bed may better change patient 
management than will high-resolution imaging of 
the prostate bed.l'j8 Some men who become inconti- 
nent after prostatectomy are injected with 
periurethral collagen in order to increase urethral 
closure and increase resistance of the perisphincteric 
tissues.l'j9 On MRI, periurethral collagen is revealed 
as focal nodules of low SI on TI- and T2-WIs and can 
mimic recurrent disease (Fig. 9-46). 

MRI after radiation seed placement. Radiation 
seed therapy (brachytherapy) is another treatment 
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option for men with prostate cancer. Although no 
randomized controlled trials comparing radiation 
seed therapy with either prostatectomy or external 
beam therapy have been performed, men treated 
with brachytherapy appear to have equivalent 
survival to men who have pros ta te~tomy.~~~ When 
MRI was performed prior to planned brachytherapy 
in a series of 327 men, the number and distribution 
of seeds was modified in over half based on the 
MR fi11dings.17~ In some centers the brachytherapy 
seeds are being placed in an interventional MR 
system.172 After brachytherapy, MRI can confirm 
satisfactory distribution of radiation seeds and eval- 
uate for potential untreated cancer or developing 
sites of tumor (Fig. 9-47; see Fig. 9-41).173 After radi- 
ation seed therapy or external beam therapy, the 
normal high SI peripheral zone loses SI because of 
decreased free water and mucin. It can be extremely 

difficult to distinguish sterile radiation fibrosis 
and granulation tissue from viable prostate cancer. 
As described below, MR spectroscopy may help in 
this evaluation. 

FUTURE ROLE OF MRI IN THE EVALUATION 
OF PROSTATE CANCER 
MR spectroscopy (MRS) and MR elastography are 
two potential imaging techniques that may play a 
larger role in prostate imaging in the future. MRS 
can detect the presence and amount of hydrogen- 
containing metabolites such as citrate, creatine, lysine, 
and choline within a chosen voxel of tissue. The 
prostate peripheral zone contains abundant citrate 
and choline, whereas prostate cancer depletes choline 
and increases citrate  concentration^.^^^ One can infer 
the presence of prostate cancer on MRS when the 
ratio of (choline + creatinine) / citrate > 0.75 which is 
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Figure 9-42 rn MR depiction of right-sided seminal vesicle hemorrhage. Seminal vesicle hemorrhage can be 
secondary to direct biopsy or retrograde extension of prostatic blood. A, Axial T2-WI reveals normal hyperintense fluid 
of the left seminal vesicle lobules and abnormal, low ST right seminal vesicle content (arrow). However, the right semi- 
nal vesicle walls are thin and uniform. B, Corresponding T1-WI reveals hyperintense right seminal vesicle blood (arrow) 
that is well contrasted with the normal adjacent walls. No subjacent tumor was present within the right prostate base, 
and the seminal vesicles were free of tumor at  subsequent prostatectomy. 

greater than two standard deviations from normal.135 
Thus, in vivo MRS may increase the accuracy of 
endorectal coil MR imaging in the staging of pros- 
tate cancer.135J75,176 MRS may be able to detect 
the presence of viable prostate cancer in men 
who have been treated with hormone or radiation 
therapy173,177 and to evaluate the success of future ther- 
apies. MRS can complement MRI in the evaluation 

Figure 9-43 rn MR depiction of malignant adenopathy 
from prostate cancer. Subsequent laparoscopic lymph node dis- 
section confirmed the diagnosis of metastatic adenopathy, and 
prostatectomy was avoided. Axial TI-WI shows multiple bilateral 
iliac lymph nodes (arrows) with short-axis dimensions of >lO mm. 

of men with suspicion of prostate cancer and 
a prior negative biopsy. MRS shows promise 
in distinguishing between the benign entities of 
fibrosis, prostatitis, and hemorrhage and malignant 
t ~ m o r . ~ ~ ~ , ~ ~ ~  

MR elastography is a phase contrast technique 
that evaluates the stiffness of tissue.179 Prostate cancer 
has decreased elasticity compared with normal 
prostate tissue. This maturing MR technique may 
increase the accuracy of prostate cancer detection 
and staging. 

Other Prostate Malignancies 

Adenocarcinoma of the prostate accounts for greater 
than 95% of primary prostate malignancies. The next 
most common primary tumor of the prostate is tran- 
sitional cell carcinoma, which arises within the 
periurethral prostatic ducts and accounts for approx- 
imately 3% of primary prostatic cancers.lsO More 
than half the tumors are associated with bladder 
carcinoma. Patients have urinary obstruction with or 
without hematuria.lsl 

Prostate sarcomas are rare aggressive lesions.1s2 
The most common presenting symptom is urinary 
retention. The two most common subtypes are rhab- 
domyosarcoma and leiomyosarcoma (Fig. 9-48). The 
two factors that predict long-term survival are nega- 
tive margins at time of surgery and absence of 
metastatic disease at presentation.ls2 Tumor size, sub- 
type, and histologic features do not influence patient 
survival. MR can evaluate for metastatic disease and 
help determine whether the prostatic sarcoma is 
resectable.lm 



Figure 9-44 . MR findings of bladder extension of prostate cancer and osseous metastatic disease. A and 
B, Axial TI-WI (A) and T2-WI (B) show the superior aspect of an aggressive, infiltrative, low SI prostate cancer (arrow) 
that extends anteriorly to invade the bladder base (curved arrow). Osseous metastatic disease involves both acetabula and 
the left femoral head (double arrows). 
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Figure 9-46 . MR findings of periurethral collagen that was 
used to treat postprostatectomy incontinence. Without the 
clinical history of prior collagen injections, recurrent prostate can- 
cer would have to be considered in the differential diagnosis. Axial 
T2-WI shows low-to-intermediate SI masses (C) in the prostate bed 
that surround the urethra (arrow). No recurrent disease was present 
based on serial PSA and subsequent stable examinations. 

Metastatic disease to the prostate cancer is 
uncommon and accounts for approximately 2% of 
solid prostatic tumors. More than half these tumors 
are direct extensions of either bladder or rectal 
cancers.ls4 Patients usually have hematuria, pelvic 

pain, and imaging findings of metastatic disease 
elsewhere. 

Nonneoplastic Disease of the Prostate 
and Seminal Vesicles 

PROSTATITIS 
Prostatitis has been termed the "neglected third dis- 
ease" of the prostate after prostate cancer and 
BPH.ls5 Chronic prostatitis is considered part of the 
chronic pelvic pain syndrome that affects up to 15% 
of young and middle-aged men.ls6 Only a minority of 
affected patients have active prostatic bacterial infec- 
tion requiring antibiotic therapy. Many men with 
clinical prostatitis have nonprostatic causes of their 
symptoms, which include pelvic floor muscular dys- 
function and functional somatic and myofascial pain 
syndromes.ls7 Imaging is rarely performed in the 
evaluation of affected men. Occasionally MR imaging 
is performed to exclude an abscess or an obstructing 
mullerian duct cyst (see below).lss Chronic inflam- 
mation of the prostate can appear similar to prostate 
cancer on MR in that both chronic inflammation and 
cancer can demonstrate low SI on T2-WI.1s9,190 
Prostatitis can result in relatively diffuse low T2 SI 
of the peripheral zone without focal mass or capsular 
irregularity (Fig. 9-49). 

PROSTATIC AND EJACULATORY DUCT CYSTS 
Approximately 5% to 8% of men will have a prostate 
cyst depicted on imaging.1g1,192 Cysts can be categorized 
as either midline or paramedian. There are two types 
of midline prostatic cysts: utricle cysts and mullerian 
duct cysts.lg3Jg4 Utricle cysts are smaller, usually less 

Figure 9-47 . MR depiction of the distribution of brachytherapy seeds. A and B, Axial TI-WI (A) and coronal 
T2-WI (B) show linear, low SI peripheral zone foci (arrows) that represent susceptibility artifact from brachytherapy 
seeds. MR spectroscopy may be of value in determining whether viable tumor is present in the low T2 SI peripheral zone 
or the thick-walled ampullae of the vas deferens (curved arrows) in B. 



figure 9-48 . MR depiction of a prostate sarcoma in a 37-year-old man with pain and urinary retention. 
A and B, Sagittal (A) and axial (B) T2-WIs show an aggressive infiltrative mass (MI of the posterior aspect of the prostate 
with superior extension. A Foley catheter balloon (F) is present in situ, and an air-fluid level is present in the bladder (B). 
The axial image shows that the mass originates from the posterior aspect of the prostate (arrows). Prostate adenocarci- 
noma would be unusual in a man of this age. 

than 1 cm, and rarely extend above the prostate gland treated with either aspiration or resection.lg3 Another 
(Fig. 9-50), while miillerian dud cysts are larger and potential complication of prostatic and periprostatic 
can extend above the prostate gland (Fig. 9-51).lg5 Most cysts is obstruction of the ejaculatory duds with sec- 
of these cysts are smaller than 10 mm and asympto- ondary infertility. The obstruction of the ejaculatory 
matic; lg2 however, an occasional cyst can cause pain or ducts can be relieved and fertility restored by 
urinary t rad infection. Symptomatic cysts can be transurethral resection of the obstructing cyst. 

Figure 9-49 . MR findings of diffuse prostatitis in a 22-year-old man with signs and symptoms of prostatitis1 
chronic pelvic pain syndrome. A and B, Axial T1-WI (A) and T2-WI (B) of the prostate midgland reveal a diffuse, 
homogeneous, T2 hypointense peripheral zone (*I. No focal mass or abscess is present. No BPH is present in this young 
man, and thus the central gland is not enlarged. 
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Figure 9-50 . MR illustration of an incidental <lo mm utricle cyst revealed on a staging examination for 
prostate cancer. A, Axial TI-WI obtained a t  the level of the base of the prostate shows a hyperintense midline 
structure (arrow). Hemorrhagic and proteinaceous content within utricle cysts, miillerian cysts, and seminal vesicles 
is common after prostate biopsy is performed. B, Coronal T2-WI reveals hyperintense fluid (arrow) and the cephalocaudal 
extension of the cyst. 

Focal dilation of the prostatic urethra from a 
prior transurethral resection of the prostate (TURP; 
see Fig. 9-34) can be misinterpreted as a utricle or 
miillerian duct cyst. Knowledge of the history of a 
TURP procedure as treatment for symptomatic BPH 
is usually sufficient to establish a diagnosis of a 
TURP defect. The low T2 SI tissue that surrounds a 
TURP defect is secondary to postprocedural fibro- 
sis/scarring and should not be interpreted as central 
gland cancer (see Fig. 9-34). Effective treatments are 
available for symptomatic BPH. Combination ther- 
apy with an a-adrenergic-receptor antagonist and 
5a-reductase inhibitors has been shown to decrease 
progression of symptomatic BPH.lg6 AS mentioned 
above, it is unclear whether dual therapy should be 
recommended because of the potential risk of 
5a-reductase inhibitors promoting the growth of 
higher grade t u m o r ~ . l ~ ~ J ~ ~  

ABSENT SEMINAL VESICLES AND VAS DEFERENS 
Another cause of male infertility that can be depicted 
by MR is absence of the vas deferens or the seminal 
vesicles.198 Absence of the vas deferens is responsible 
for infertility in men with cystic fibrosis.lg9 Some 
asymptomatic or minimally symptomatic men who 
are infertile secondary to absent vas deferens have a 
single mutation of the cystic fibrosis gene.200 This sub- 
type of obstructive azoospermia cannot be directly 
treated. However, these men can reproduce through 
the use of intracytoplasmic sperm injection. Men with 
absent vas deferens who request assisted reproduc- 
tion should consider seeking genetic counseling.199 

Seminal vesicle cysts are uncommon benign lesions 
that are occasionally revealed in US or MR images of 
men with prostate cancer. When this occurs, addi- 
tional renal imaging should be considered because 
seminal vesicle cysts are associated with ipsilateral 
renal and autosomal dominant 
polycystic kidney disease in 40% of affected individu- 
a l ~ . ~ ~ ~  Men with symptomatic seminal vesicle cysts can 
be treated with endoscopic incision204 or laparoscopic 
cy~ tec tomy .~~~  

MRI OFTHE BLADDER 

MRl Techniques 

The use of a phased-array pelvic coil increases the 
signal-to-noise ratio of bladder MRI so that smaller 
field-of-view, higher resolution images can be 
obtained.205 When the body coil is used, bladder lesions 
less than 15 mm may be undetectable.206 Endorectal 
coil MR can be used for the specific evaluation of the 
bladder neck, base, or posterior bladder wall and can 
provide a further increase in signal-to-noise ratio 
and spatial resolution compared with a phased-array 
pelvic c0il.~O7 

For tumor staging, TI-WIs are useful for show- 
ing extension of bladder cancers into the perivesical 
fat (Figs. 9-52 and 9-53) and for revealing pelvic lym- 
phadenopathy (see Fig. 9-52) and osseous metastatic 
disease (see above) .208 T2-WIs are performed in three 



orthogonal planes to optimize tumor detection and 
staging. Imaging in a plane that is perpendicular to 
the tumor-bladder wall interface most accurately 
shows the presence and extent of tumor invasion 
of the bladder wall.209 The patient should void 
2 hours prior to scanning. An underdistended blad- 
der has a thickened contracted wall that can obscure 
some bladder lesions, while an overdistended 
bladder can limit a patient's ability to tolerate 
s~anning.~"J Dynamic CE-MRI is a useful technique 

for determining the presence and depth of bladder 
carcinoma invasion. 

MR Appearance of Normal Bladder 

Urine has low SI on TI-WI and high SI on T2-WI 
(similarly to other relatively simple stagnant fluids). 
Excreted gadolinium within the bladder can have 
variable SI that is dependent on the concentration of 
gadolinium and on the type of T1 sequence used. 
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Figure 9-52 . MR illustration of muscle invasive bladder 
cancer with malignant adenopathy. A and B, Axial TI-WI 
(A) and T2-WI (B) obtained through the bladder base show pos- 
terior extension of tumor (arrows) through the detrusor muscle 
into the perivesical fat. C, Axial T2-WI obtained at  a higher level 
shows additional muscle invasive tumor (arrow) and bilateral 
adenopathy (curved arrows). 

Gadolinium is paramagnetic and results in both T1 edema, the bladder mucosa will be revealed as a low SI 
and T2 shortening (Fig. 9-54). Dilute gadolinium layer located between high SI urine and edema. 
within the bladder is hyperintense on TI-WI, whereas Bladder mucosa, submucosa, and transitional cell car- 
concentrated gadolinium may show lower SI on TI-WI cinomas enhance during dynamic CE MRI, whereas 
because of T2-shortening effects.211 Similarly to the detrusor muscle enhances on delayed imaging. 
delayed enhanced CT, excreted intravesical gadolin- 
ium can mimic intraluminal soft tissue.212 Similarly to Bladder Cancer 
sonography and CT plus sonography, ureteral jets can 
be revealed on MRI as curvilinear high SI or low SI on Transitional cell carcinoma of the bladder is the most 
enhanced TI-WI or T2-WI, respectively (see Figs. 7- common malignancy of the genitourinary tract (Box 
31C and 9-53). 9-13). Bladder cancer is more common in men than 

The bladder wall is composed of four layers. in women (M:F = 3:l)  and the mean age at 
From the bladder lumen outward, they are the mucosa, time of diagnosis is approximately 65 years.214 More 
submucosa, detrusor muscle, and serosa. The normal than 70% of patients with bladder cancer have micro- 
bladder wall is revealed as homogeneous low-to-inter- scopic or gross hematuria. Less than 25% have pain. 
mediate T1 SI and low T2 SI secondary to the dominant In the U. S. in 2004 it is estimated that 60,240 peo- 
detrusor muscle.213 Normal bladder mucosa, submucosa, ple will develop bladder cancer and that 12,710 will 
and serosa are not normally depicted as distinct layers. die of the d isea~e .~  Bladder cancer accounts for 6% of 
Submucosal edema is hyperintense to detrusor muscle developing cancers in American men and 3% of 
and minimally hypointense to urine on T2-WI (see cancer deaths. Greater than 90% of bladder cancers 
Figs. 7-60 and 7-62). In the presence of submucosal are transitional cell carcinomas.20s The remainder 
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consist of squamous cell carcinomas (approximately 
5%), adenocarcinoma (approximately 2%), and other 
rare sarcomas.215 In Egypt and many other parts 
of Africa, bladder cancer is the most prevalent 
malignancy. Unlike in the U. S., the most common 
subtype of cancer is squamous cell carcinoma; chronic 
infection by schistosomiasis (bilharziasis) contributes 
to the development of most of these squamous cell 
bladder cancers.215 

In the U. S., cigarette smoking is the most preva- 
lent risk factor for the develo~ment of bladder cancer. 
secondary to carcinogens that are excreted by the kid: 
neys. Smokers have a two- to sixfold increased risk of 
developing bladder cancer compared with nonsmok- 
ers; smoking contributes to the development of up to 
half of bladder cancers.213~214~216~217 Compared with the 
urothelium of the renal pelvis and ureter, the bladder 
urothelium has a larger surface area and a longer expo- 
sure to ~otential toxins in the urine. These factors 
partiallyLexplain why bladder cancer is 40 times more 
common than cancers of the upper urinary tracts. 

Patients with sus~ected bladder cancer are evalu- 
ated with cystoscop~to inspect the bladder mucosa 
and take tissue samples of any visualized lesions.218 
Bladder cancer is staged by the TNM classifi~ation,~~~ 

which has replaced the older Jewitt-Str~ng-Marshall~~~ 
scheme (Box 9-14). Initial pathologic evaluation of a 
bladder biopsy specimen is not necessarily the gold 
standard for staging bladder cancer. When biopsy 
specimens are re-evaluated by specialized bladder 
pathologists, patient stage and management can be 
a f f e ~ t e d . ~ ~ ~ , ~ ~ ~  For example, some T1 tumors will be 
reinterpreted as T2 lesions that require cystectomy. 
Conversely, initial overstaging can result in unneces- 
sary cystectomy. When lamina propria is not present 
in the biopsy specimen, one cannot evaluate for muscle 
invasion. Cystoscopy and transurethral biopsy cannot 
be used to evaluate for lymphadenopathy or metastatic 
disease. 

From 60% to 80% of transitional cell carcinomas 
of the bladder are superficial and of the papillary 
subtype (Fig. 9-55).223,224 Ninety-nine percent of blad- 
der tumors that are less than 1 cm in size are 
superficia1218 (Tis, Ta, and T1 lesions) and are suc- 
cessfully treated with transurethral resection. 
Depending on factors such as tumor grade and num- 
ber, patients may receive additional treatment. 
Intravesical BCG (bacille Calmette-Gubrin) therapy 
is the adjuvant agent of and can improve 
survival, slow progression rate, and decrease the 
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Figure 9-54 . MR illustration of the T2-shortening effects 
of concentrated gadolinium. Sagittal T2-WI obtained after intro- 
duction of gadolinium shows variable low SI urine (G) secondary to 
the T2-shortening effects of gadolinium. Nondependent air (*) is 
present anteriorly within the bladder. Simple hyperintense fluid is 
present within the Foley catheter balloon (F). Excreted gadolinium 
may mimic a solid bladder mass or an enhancing lesion on T2- or 
T1-WIs, respectively. 

need for future cystectomy in patients with high-risk 
superficial tumors. 

Approximately one third of bladder tumors 
greater than 1 cm are muscle i n v a s i ~ e . ~ ~ ~  The 20% to 
40% of bladder cancers that are muscle invasive tumors 
are most often treated with radical cystedomy with or 
without neoadjuvant c h e m ~ t h e r a p y . ~ ~ ~ , ~ ~ ~  In selected 
patients, a bladder-sparing approach to surgical resec- 
tion can be performed.228 Eligible patients are treated 
with a wide local excision and close clinical follow-up, 
since they are at risk of developing locally recurrent 
disease of a new focus of bladder cancer.228 For indi- 
viduals who are not candidates for surgery, attempt 
at curative radiation can be performed.229 Radiation 
therapy after cystectomy can effectively treat residual 
or locally recurrent disease. Systemic chemotherapy 
for advanced disease has shown modest survival 
benefit.230 For patients with extensive malignant 
adenopathy or metastatic disease, palliative radiation 
therapy and chemotherapy are used and cystectomy is 
not routinely performed.224 

Clinical 
Most common malignant tumor of the urinary tract 
In U. S., >904 of bladder malignancies are transitional 

cell carcinomas 
In Egypt and Africa, squarnous cell carcinoma is 

most common secondary to chronic infection by 
schistosomiasis or bilharziasis 

In U. S., 5% of developing cancers and 29h of cancer deaths 
M:F = 3:1, mean age = 65 
70% have hematuria 

Pathology 
60% to 80% of bladder cancers are superficial 
20% to 404 of cancers are muscle invasive 
Lesion size <1 cm: 99% are superficial 
Tumor >1 cm: one third are muscle invasive 
Papillary growth pattern: 85% are superficial 

MRI 
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Figure 9-55 rn MR demonstration of a superficial papillary transitional cell carcinoma with a fibrous core. 
The patient was successfully treated by transurethral resection. A, Axial endorectal coil T2-WI reveals an intraluminal 
bladder mass with a low SI central core (arrow) and heterogeneous SI outer portion. The subjacent detrusor muscle is 
intact. B, Dynamic CE TI-WI reveals moderate enhancement of the outer portion of the tumor with a nonenhancing 
central core (arrow). No deep muscle invasion is revealed. C, Interstitial phase CE TI-WI shows delayed enhancement of 
the fibrous core (arrow) and relative washout of contrast from the peripheral tumor. D, Axial T2-WI in another patient 
shows similar-appearing superficial papillary tumors with low SI fibrous cores (black arrows). The ampullae of the vas def- 
erens (white arrows) and the ducts of the seminal vesicles (curved arrows) are well depicted proximal to the formation of 
the ejaculatory ducts. 

MRI of Bladder Cancer 

MRI of the bladder can help evaluate and 
stage patients with biopsy-proved bladder cancer. On 
TI-WIs, bladder cancer has similar SI to detrusor 
muscle, higher SI than urine, and lower SI than 
perivesical fat. Macroscopic extension of low SI 
tumor into the perivesical fat is specifically diagnos- 
tic of T3b disease and is well depicted on TI-WI (see 
Figs. 9-52 and 9-53).231 On T2-WI, cancer is of lower 
SI than urine but of higher SI than adjacent detrusor 
muscle. Thus, visualization of an intact low SI detrusor 

muscle subjacent to a bladder tumor suggests 
absence of muscle invasion (see Fig. 9-55).20s If either 
a T2-W "MR hydrogram" or a delayed-phase CE 
TI-W urogram shows a dilated ureter to the level of 
an ureteropelvic junction bladder tumor, then a 
muscle invasive tumor can be inferred (see Fig. 9-53). 
MR techniques of evaluating the ureter ("MR urogra- 
phy") are discussed in Chapter 4. In patients with 
bladder cancer who were treated with radiation ther- 
apy, the MRI T stage, size of tumor, and presence 
of hydronephrosis provided additional prognostic 
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Figure 9-56 MR depiction of muscle invasive transitional cell carcinoma with extension into bilateral 
periureteral Hutch diverticula. A, Axial fat-suppressed T2-WI reveals bilateral fluid-filled periureteral Hutch diver- 
ticula (distal ureters were present on adjacent images that are not shown). Tumor extends through the orifices of both 
diverticula (curved arrows), indicating extramural tumor extension. There are two different types of soft tissue in the 
bladder lumen: higher SI tumor posteriorly (T) and lower SI clot-debris (C) anteriorly. A fluid-fluid level is present in the 
left-sided diverticulum. B, Axial CE fat-saturated T1-WI shows heterogeneous enhancement of the tumor with extension 
through the wall of the bladder into both diverticula (curved arrows). The anterior clot and necrotic debris do not enhance. 
A Foley catheter is depicted in cross-section (arrow). 

information to the clinical T stage and histologic 
grade; 20% and 30% of these patients were clinically 
downstaged and upstaged, respectively.232 

Suspected or indeterminate muscle invasive can- 
cers are most accurately evaluated with dynamic CE 
MRI (Fig. 9-56).210,231,233-235 Bladder cancer enhances 
earlier than both normal detrusor muscle and 
postbiopsy inflammation and granulation tissue, 
and so dynamic MR imaging can improve tumor 
~ t a g i n g . ~ ~ ~ , ~ ~ ~  Barentsz and colleagues have reported 
that bladder cancer enhanced 6 to 7 seconds after the 
arterial phase of enhancement while postbiopsy non- 
cancerous tissue enhanced after 13 to 14 
Another criterion for distinguishing between 
noninvasive and invasive cancers is the presence or 
absence of a continuous enhancing layer of submu- 
cosa on enhanced imaging obtained after 5 minutes.23s 
Thus, both dynamic and delayed enhanced MR pro- 
vide useful information for determining the T stage 
of bladder cancer. 

The MR evaluation of malignant adenopathy in 
patients with bladder cancer is challenging because 
metastatic transitional cell carcinoma can be present 
in normal-sized nodes.145,217 Like CT and sonography, 
MR can measure the dimensions of the node to esti- 
mate the probability of malignancy. Some have used 
3D TI-WI to facilitate the distinction between spher- 
ical and cylindrical shaped nodes; the former are 
more likely to be ma1igr1ant.l~~ Individuals with T2B 

tumors have a 30% prevalence of malignant 
adenopathy, which increases to 60% in those with 
T3 lesions. If the presence or absence of tumor 
within a suspect node influences the decision to per- 
form cystectomy, a laparoscopic or image-guided 
biopsy of the node can be p e r f ~ r m e d . ~ ~ ~ , ~ ~ ~  MR evalu- 
ation of bone metastases has greater sensitivity and 
specificity compared with bone scanning,240 and thus 
MR could be a "one-stop" imaging modality for the 
staging of bladder cancer. 

Subtypes of Bladder Cancer 

Superficial papillary transitional cell cancers contain 
a central stalk composed of fibrous connective tissue 
with variable edema, vascularity, and inflammatory 
change.241 From 80% to 90% of papillary (mushroom- 
like) tumors revealed at cystoscopy are noninvasive.218 
Ninety-five percent of pedunculated bladder tumors 
that contain a stalk are benign. MR can reveal both 
the papillary configuration of a bladder tumor and 
the fibrous tissue within the stalk as low SI on T2-WI 
(see Fig. 9-55).213 

TRANSITIONAL CELL CARCINOMA ARISING WITHIN 
BLADDER DIVERTICULA 
There is a 5% to 7% incidence of transitional cell car- 
cinoma within bladder diverticula, and approximately 



7% of bladder cancers occur within d i v e r t i ~ u l a . ~ ~ ~ , ~ ~ ~  
Bladder diverticula are at increased risk for develop- 
ing dysplasia and carcinoma because their urothelial 
lining has increased exposure to static 
Because diverticula do not contain detrusor muscle, 
diverticular tumors often have invaded the perivesical 
fat at diagnosisZ3l (see Fig. 9-56). If a diverticular neck 
is occluded or not visualized at cystoscopy, diverticular 
tumors may go undetected for prolonged periods. If 
diagnosed early, a superficial tumor within a diverti- 
culum can be cured by cystoscopic resection or a 
bladder sparing diverticulectomy .244,245 The direct mul- 
tiplanar capability of MRI facilitates distinguishing 
between a tumor within an exophytic diverticulum 
and a solid extravesical mass.246 Uncommonly, a large 
bladder diverticulum can mimic an adnexal cyst in a 
woman. 

The urachus is the remnant of the embryonic segment 
of the allantois. The involuted urachus forms the 
median umbilical ligament, which extends from the 
anterior bladder dome to the umbilicus (see Fig. 7-33). 
Incomplete regression of the urachus can result in an 
urachal cyst, sinus, or diverticulum. Urachal rem- 
nants can be present in the mucosa or intramural 
segment of the bladder dome or be located above the 
bladder. The most common complication of an urachal 
remnant is infection. 

A less common complication of a urachal remnant 
is the development of urachal carcinoma (Fig. 9-57 and 
Box 9-15).2473248 Greater than 80% of urachal cancers 
are adenocarcinomas that develop from columnar 
metaplasia of the urachal epithelium.215 While urachal 
carcinomas comprise less than 1% of bladder cancers, 
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they represent one third of bladder adenocarcinomas. 
At histology 75% of urachal adenocarcinomas 
contain intratumoral mucin and 25% of patients 
have m u ~ i n u r i a . ~ ~ ~  The rnucinous components of an 
urachal adenocarcinoma are revealed as high SI on 
T2-WI (see Fig. 9-57). MR can differentiate muci- 
nous vs. nonmucinous adenocarcinomas in other 
organs as well based on the difference in T2 SI.249,250 
MR can differentiate intratumoral cyst formation 
and liquefactive necrosis from rnucinous adenocarci- 
nomas with the use of contrast; the latter enhances, 
while the former does not. Intratumoral dystrophic 
calcification within urachal tumors is more readily 
detected and characterized by CT.251 

Other Neoplastic Bladder Diseases 

Metastatic disease to the bladder is rare. Most 
reported cases involved adjacent spread of prostate 
and rectal cancers in men (see Fig. 9-44)252 and uterine 
and cervical cancers in women (see Fig. 7-12). When 
other carcinomas have metastasized to the bladder 
by hematogenous or lymphatic spread, there is usu- 
ally widespread metastatic disease present at  other 
sites.253 An exception is renal carcinoma that may 
present as an isolated bladder "drop-metastasis" via 
the ureter.254 

Lymphoma of the bladder can present in one of three 
clinical situations. In order of decreasing frequency, 
they are lymphoma of bladder in the setting of wide- 
spread extranodal disease (see Fig. 7-11), recurrent 
secondary lymphoma, and primary lymphoma of the 
bladder.255 Primary bladder lymphoma is often from 
a low grade B-cell lymphoma and has a good progno- 
sis, whereas the former two diseases involve large 
cell lymphoma and have a poorer prognosis. 
Endometriosis of the bladder (see Fig. 7-54) can 
mimic a bladder neoplasm (see Chapter 7). 

Nonneoplastic Bladder Diseases 

BLADDER CALCULI 
Bladder calculi are uncommon intraluminal masses. 
Most bladder stones develop in situ within stagnant 
urine in the setting of bladder outlet obstruction or 
within bladder diverticula.256 Less commonly, blad- 
der calculi originate more proximally within the 
kidney and ureter and migrate distally. Independent 
of stone composition, MR usually reveals calculi as 
low SI on T2-WI (Fig. 9-58). To demonstrate that a 
bladder calculus is not located within the distal ureter 
or does not originate from the bladder wall, repeat 
scanning in the prone position can be performed to 
show bladder stone mobility.257 

Inflammatory and infectious diseases of the bladder 
do not routinely require imaging. Interstitial cystitis, 
termed the "great enigma of is an idio- 
pathic, sterile, inflammatory condition of the 
bladder. Affected patients may experience suprapu- 
bic pain, urinary frequency, and urgency. No specific 
imaging findings have been reported. Infectious cys- 
titis can usually be diagnosed by clinical symptoms 
and urine culture. Imaging can help establish the 
unusual diagnosis of emphysematous ~ y s t i t i s . ~ ~ ~ , ~ ~ ~  
Cystitis glandularis is an uncommon inflammatory 
condition that is associated with pelvic l ipomato~is~~l 
(see Fig. 6-17). Foci of cystitis glandularis have been 
reported to mimic bladder neoplasms on both imag- 
ing and cystoscopic s t ~ d i e s . ~ ~ ~ , ~ ~ ~  

INFLAMMATORY PSEUDOTUMOR 
Included in the differential diagnosis of solid bladder 
neoplasms is inflammatory p s e u d ~ t u m o r . ~ ~ ~ - ~ ~ ~  

Figure 9-58 MR depiction of bladder calculi and small 
diverticula. Axial T2-WI shows multiple bladder diverticula and 
dependent hypointense bladder stones (arrows). 



Other names for this nonneoplastic lesion include 
atypical myofibroblastic tumor and pseudosarcoma- 
tous fibromyxoid tumor. Inflammatory pseudotumor 
can mimic other bladder tumors in terms of tumor 
size, symptomatology, and imaging features. A sug- 
gestive MR imaging feature is relative low SI on 
T2-WI (Fig. 9-59). However, tissue sampling usually 
is necessary to establish the diagnosis and exclude a 
n e ~ p l a s m . ~ ~ ~ , ~ ~ ~  Patients with inflammatory pseudo- 
tumor of the bladder can be treated conservatively. 
Metastatic disease has not been reported. 

Pelvic floor relaxation is characterized by abnormal 
descent of the bladder, vaginaluterus, and/or rectum. 
The support of the bladder and other pelvic floor 
structures is by the urogenital diaphragm. The mus- 
cles that contribute the most to the stability of the 
pelvic floor are the puborectalis and iliococcygeus; 
both are components of the levator ani. Abnormal 
descent of the bladder (as well as the vagina, rectum, 
and other pelvic floor structures) can be evaluated 
with the use of breath-hold T2-WIs.267-272 Breath-hold 
sequences are obtained with and without having the 
patient perform the Valsalva maneuver. If the blad- 
der descends below a line drawn from the last joint of 
the coccyx to the most inferior portion of the symph- 
ysis during straining, then an MR diagnosis of 
cystocele is established (see Fig. 7-26). 

less likely to be asymptomatic and are more 
commonly discovered in adults incidentally. Children 
more frequently present with ectopic ureteroceles 
and are more likely to have secondary symptoms. 
Ectopic ureteroceles are associated with the upper 
pole moiety of a duplex collecting system. The most 
common complication of ectopic ureterocele is 
urinary tract infection secondary to obstruction. 
Heavily T2-WIs (MR hydrography; Fig. 9-60) or 
delayed TI-WIs following administration of furosemide 
(Lasix) and gadolinium (MR urography) can be used 
for ureterocele evaluation.273 MR hydrography can 
better evaluate dilated and obstructed ureters; CE 
MR urography can better evaluate normal-caliber 
functioning ureters. Symptomatic orthotopic uretero- 
celes and intravesical ectopic ureteroceles may be 
treatable by endoscopic puncture, whereas extraves- 
ical ureteroceles and those associated with a duplex 
collecting system more often require open surgical 
repair.274 

Bladder fistulas are uncommon complications of 
surgery, inflammatory bowel disease, diverticulitis, 
and cancer. Most cases of vesicovaginal fistula are 
secondary to either gynecologic surgery or complica- 
tions of childbirth in developing c o ~ n t r i e s ~ ~ ~ , ~ ~ ~  (see 
Fig. 7-22). Affected women have urinary inconti- 
nence. Surgical repair can be performed though a 
transabdominal or vaginal approach.277 Enterovesical 
fistula is less common than vesicovaginal fistula. 
The three main causes of enterovesical fistula are 
inflammatory bowel disease, infiltrative cancer, and 
complications of d i v e r t i c ~ l i t i s . ~ ~ ~ ~ ~ ~ ~  Patients may 
have with pneumaturia, fecaluria, or recurrent 
urinary tract infections. Treatment consists of surgi- 
cal removal of the affected bowel segment with or 
without urinary diversion. 

URETEROCELE 
Ureterocele is defined as a congenital dilation of the 
submucosal segment of the intravesicular portion 
of a ureter. The incidence of ureterocele on autopsy 
is up to 1 in 500. Ureteroceles are four to seven times 
more common in females and are bilateral in 10%. 
orthotopic ureteroceles are located at the normal 
position of the ureterovesicular junction. They are 

Figure 9-59 . MR illustration of an inflammatory pseudotumor of the bladder. A and B, Axial TI-WI (A) and 
T2-WI (B) show a lobular solid mass (arrow) of the left bladder wall. The hypointense T2 SI suggested a lesion of smooth 
muscle or fibrous origin. Since this biopsy-proved inflammatory pseudotumor has caused no symptoms, the patient 
has been treated conservatively. The mass has not grown in 5 years. 
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Figure 9-60 . MR findings of an ectopic ureterocele. A subsequent conventional urogram confirmed a duplicated 
left collecting system with an obstructed upper tract moiety. A and B, Sagittal (A) and fat-saturated coronal (B) T2-WIs 
show a cystic intramural bladder mass (U) that represents the dilated distal ureteral segment. The obstructed dilated 
proximal ureter is revealed in B (arrow). 
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INTRODUCTION

Why Perform Breast MRI?

While mammography and sonography are the main
stays of breast imaging for detection of malignancy
and evaluation of clinical breast abnormalities, breast
MRI is being more commonly used as an adjunctive
imaging modality in a variety of clinical situations.
MRI is the mo t accurate modality for evaluation of
breast implants and has high sensitivity for detecting
invasive cancer. Breast MR is also u eful for evaluat
ing the patient after breast conservation therapy
or following reconstruction. The use of breast MRI
for screening high-risk patients is currently under
evaluation.

Breast MRI in Cancer Detection
and Lesion Characterization

Both mammography and sonography have shown
efficacy as an adjunct to the physical examination in
the evaluation of known or suspected breast cancer.1.3

The efficacy of creening mammography for the detec
tion of unsuspected breast cancer has achieved near
univer al acceptance.4 Nevertheless, both mammogra
phy and sonography have several shortcomings in the

MR Appearance of Specific Breast Lesions
Non-neoplastic Conditions
Benign Neoplastio Lesions
Malignant Thmors
Paget's Disease
Phyllodes Tumor (PT)

Specific Clinical Applications of Breast MAl
Lesion Identification and Diagnosis
Breast Cancer Staging
MAl and Breast Cancer Treatment
Breast Cancer SCreening with MRI

Interventional Breast MAl
Lesion Localization and MAl-guided Biopsy
Monitoring of Minimally Invasive Therapy

of Breast Lesions

detection of cancer and the characterization of
palpable lesions. Estimates of the ensitivity of mam
mography for cancer detection vary between 50%
and 90%.5,6 In certain patient groups, such as younger
women or women who are taking hormone replace
ment therapy, the sensitivity may be 10wer.7 The
positive predictive value of mammography ranges
between 20% and 60%, ,9 resulting in a large number
of biopsies and surgical procedures for benign
disease.

Traditionally, sonography has been used as a
means of differentiating olid lesion from cysts.
Although sonography may also be able to distinguish
between benign and malignant solid mas eS,2 the
evaluation is operator-dependent. Even with refmed
criteria, the false-positive rate of solid mass character
ization by sonography and mammography combined
may be as high as 60%,10

Many features of breast MRI make it an attrac
tive modality for breast imaging. The sensitivity of
MRI for invasive breast cancer is nearly 100%.11.16 Its
specificity is not nearly so high. However research is
ongoing toward improving pecificity through
refined interpretation criteria.17,16

Several obstacles limit the use of breast MRI
in general clinical practice. MRI is unlikely to be a
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cost-effective screening modality for the general 
population. Additionally, there are limited numbers of 
MR systems capable of performing optimized breast 
imaging and of radiologists trained in breast MRI 
interpretation. Furthermore, routine integration of 
breast MRI in the imaging diagnosis of breast disease 
is limited by the absence of agreed-upon uniform stan- 
dards for both breast MR examination protocols and 
interpretation criteria.lg Only though continued evalu- 
ation of breast MRI in well-controlled clinical trials will 
its proper role in various clinical circumstances be 
defined. 

Indications for Breast MRI 

Breast MRI has potential value as an adjunctive 
imaging modality for a variety of clinical indications 
(BOX 10-1).~~-3~ 

The high sensitivity and negative predictive value 
of contrast-enhanced MRI for detection of invasive 
tumor make it an attractive modality for patient 
evaluation when physical, mammographic, and sono- 
graphic findings are indeterminate. This is true for 
the patient with increased breast density but also in 
patients whose normal breast architecture has been 
disrupted by surgery, irradiation, or chemotherapy. 

TECHNICAL CONSIDERATIONS 

Magnetic Field Strength 

Breast MRI is ideally performed on high-field (1.0 tesla 
or greater) clinical imaging systems. Breast MRI 
obtained on lower field systems is limited by the diffi- 
culty in achieving selective fat s a t~ ra t ion .~~  Another 
potential disadvantage of breast MRI at lower fields is 
that the degree of contrast enhancement may be 
reduced owing to the dependence of tissue T1 values on 
magnetic field.32 As such, enhancing lesions may be less 
apparent on low-field MRI examinations. 

Radiofrequency Coils 

As for all MRI examinations, choice of the proper 
detection coil is critical for obtaining a high-quality 
study. There is no current uniform standard breast coil 
or agreed-upon design that combines all the desirable 
features of an MRI coil (Box 10-2). 

The ideal breast coil should have a high degree of 
patient and technologist acceptance, while maintain- 
ing good signal-to-noise ratio and receptive field 
uniformity throughout the breast. Since many poten- 
tially cancerous lesions are detectable only by MRI, 
access to the breast during MR imaging is important 
for MR-guided localization procedures and biopsies. 

Breast MRI coils may be unilateral or bilateral. 
They may be of a single loop, solenoid, or phased-array 
d e ~ i g n . ~ ~ - ~ ~  Breast coils may or may not allow for 
breast compression or access for interventional proce- 
dures. All these factors, which can affect the quality 
of the MRI examination, must be considered when 
evaluating the performance of a breast MR imaging 
system. 

A unilateral breast coil with sagittal compression 
and a four-coil phased array d e ~ i g n ~ ~ , ~ ~  allows for 
high-resolution imaging of the breast with optimal 
signal-to-noise  characteristic^.^^ Four-coil array bilat- 
eral breast imaging coils (two coils for each breast) 
are also available (Fig. 10-l).3s While these devices 

Figure 10-1 . Breast coil for 1.5 T MR systems. (Courtesy of 
MEDRAD, Pittsburgh, PA.) 
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Figure 10-2 . Examples of incorrect and correct positioning of the breast within a sagittal compression 
coil. A, Axial T1-WI shows incorrect positioning of the breast for an MRI examination. Much of the glandular tissue has 
not been included (arrow) between the compression plates. This can lead to inadvertent exclusion of glandular tissue from 
the imaged volume. B, Axial TI-WI in a different patient with proper positioliing reveals satisfactory coverage of the breast 
parenchyma, which includes a primary cancer (arrow) of the axillary tail (same patient as depicted in Fig. 10-17). 

have a signal-to-noise ratio approximately 30% less terminal ductal lobular unit (TDLU). The individual 
than that of the dedicated unilateral coil, they offer TDLU is composed of a grouping of glandular tissue 
the advantage of simultaneous bilateral breast exam- arranged in separate lobules, each of which feeds into 
ination. a separate terminal ductule. Most breast cancers 

originate within the TDLU. 
Patient Positioning In addition to the lobular and ductal glandular 

For any breast MRI study, optimized patient posi- 
tioning is required. Breast MRI is performed with 
the patient in the prone position, with the breast or 
breasts positioned dependent in the receiver coil. 
Prone positioning minimizes excursions of the chest 
wall and breast during respiration and displaces the 
breast away from the heart, thus limiting the degree of 
pulsatility artifact. Dependent positioning also allows 
for compression of the breast, which facilitates 
immobilization, more rapid volumetric imaging, and 
access to the breast for interventional procedures. If 
a breast coil with a compression array is utilized, 
care should be taken by the technologist to insure 
that compression includes all of the breast tissue, as 
axillary parenchyma may be inadvertently excluded 
from the field of view (Fig. 10-2). 

THE FEMALE BREAST 

Anatomy 

The female breast develops between the superficial 
and deep layers of the superficial fascia. It has 
between 8 and 20 segments, each of which contains a 
major duct extending from the nipple. Each major 
duct ramifies into smaller ducts, all of which end in a 

tissue, the breast contains fibrous connective tissue, 
which lends structural support to the breast. This 
fibrous tissue is arranged in a regular array of ori- 
ented sheets and fibers within which the glandular 
elements are arrayed. The breast lymphatics are also 
found within this fibrous supporting framework. 
In mammography, the fibrous and glandular tissues 
are often grouped together as the "fibroglandular 
elements" of the breast. Finally, variable amounts of 
fat are present in the subcutaneous and retromam- 
mary spaces, leading to variation in size and density 
of the mature female breast. 

MRI Features of the Normal Breast 

On TI-WI (Fig. 10-3A), the fat within the breast 
reveals high signal intensity (SI) owing to the short 
T1 of adipose tissue. The fibroglandular tissue is of 
lower SI because of its longer TI. In general, fibrous 
and glandular tissue cannot be distinguished solely 
on the basis of T1 SI. In a breast with a moderate or 
large amount of fat, the fibrous septa appear as thin, 
low SI strands between fatty lobules, whereas 
glandular tissue has a more mass-like appearance. 
However, in breasts with a paucity of fat, it is 
difficult to distinguish fibrous tissue from glandular 
elements. 
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On fat-saturated TI-WI (see Fig.10-3B), the high 
SI from lipid will be decreased or eliminated, and sig- 
nal from the breast parenchyma and skin will be more 
readily shown secondary to the improved dynamic 
range. Fat saturation will also improve the conspicuity 
of enhancing lesion lesions, which, following contrast 
administration, may achieve SI equal to that of non- 
suppressed fat. Fat-suppressed TI-WI images are 
therefore ideal for evaluating enhancing breast 
 lesion^.^^,^^ 

On T2-WI (see Fig. 10-30, glandular tissue is 
of intermediate SI, hyperintense to muscle, and 
hypointense to fluid. In most clinical applications, 
fast spin echo (FSE) T2-WI is used. Since fat has 
relatively high SI on FSE sequences, the relative SI 
of glandular tissue on T2-weighted FSE images will 
be hypointense to surrounding fat. On fat-saturated 
T2-WI, glandular tissue is isointense or slightly hyper- 
intense to suppressed fat, and there is greater con- 
spicuity of fluid-containing structures such as cysts 
and ducts. On lower field systems that do not allow for 
selective fat suppression, short tau inversion recovery 
(STIR) imaging may be used to suppress the signal 
from fat on T2-WI. 

Contrast Enhancement of Normal 
Breast Parenchyma 

Given the importance of enhancement for breast 
lesion detection and characterization, there has been 

much investigation into the behavior of normal glan- 
dular tissue on CE MRI. The biologic behavior of the 
breast changes during the menstrual cycle with 
corresponding cyclical fourth weeks of the menstrual 
cycle, with the least enhancement in the second 
~ e e k . ~ O - ~ ~  Thus, breast MRI in premenopausal women 
should ideally be performed mid-cycle (second week), 
when baseline parenchymal enhancement is at its 
lowest.44 

In the nonproliferating breast, low-level parenchy- 
mal enhancement is common.45 Typically, there is a 
generalized mild increase in SI of the glandular 
tissue after contrast administration but much less 
than for adjacent peripheral and intrathoracic ves- 
sels, axillary lymph nodes, and the cardiac chambers. 
The skin overlying the breast enhances to a variable 
degree. Mild to moderately intense nipple enhance- 
ment is also common (Fig. 10-4)46,47 and should not be 
confused with an enhancing neoplasm. Typically in 
premenopausal women, glandular tissue will demon- 
strate low-to-moderate levels of diffuse or regional 
enhancement. This pattern of enhancement usually 
is gradual and often will resolve on follow-up imaging 
(Fig. 10-5).41,42 In addition, diffuse or regional enhance- 
ment patterns featuring a fine stippled appearance 
(Fig. 10-6) are thought to represent a spectrum of 
normal parenchymal enhan~ement .~~ 

In the actively proliferating breast, during 
the early or late phases of the menstrual cycle, there 
is more variability in the degree and pattern 

Figure 10-4 . MR illustration of normal nipple enhancement. A and B, Fat-suppressed TI-WIs obtained before 
(A) and after (B) contrast show intense enhancement of the superficial aspect of the nipple (arrow). 





Figure 10-6 MR depiction of benign diffuse glandular enhancement. A and B, Fat-suppressed T1-WI 
obtained before (A) and after (B) contrast shows diffusely scattered punctate, or stippled, 1- to 3-mm foci of glandular 
enhancement (arrows). 

of enhancement. Moderate or even intensely enhanc- 
ing parenchyma may be present, with variable 
morphologic appearances. While this pattern is gen- 
erally diffuse, local or regional enhancement has been 
described,45 potentially complicating the interpreta- 
tion of a breast MRI examination. During high-level 
hormonal activity in the breast, such as pregnancy or 
lactation, there maybe extensive parenchymal 
enhancement, making the detection and characteri- 
zation of a breast malignancy a challenge.49 

IMAGING PROTOCOLS AND INTERPRETATION 

Implant Evaluation 

PURPOSE 
In 1992, the U. S. FDA issued a moratorium on the 
use of silicone implants, allowing for their use only 
under strict criteria and in controlled clinical studies 
[http://www.fda.gov/cdrh/breastimplants/bichron. 
html, accessed January 20041. Currently placed breast 
implants, whether for cosmetic or reconstructive 
purposes, are of the saline type. It is estimated that 
1 to 2 million women in the U. S. underwent breast 

implant placement prior to 1992.50,51 While many of 
these women have undergone elective explantation, 
the prevalence of silicone implants in the population 
remains high. 

The purpose of an MRI examination for implant 
evaluation is to detect disruptions of the external 
elastomer shell of the implant. MRI is the most reli- 
able imaging technique for evaluation of implant 
integrity.52 Furthermore, MRI may reliably demon- 
strate the presence of silicone in the soft tissues of 
the breast or chest 

Implant evaluation requires examination of the 
entire external surface of the implant. Imaging is 
performed in two orthogonal planes-usually sagittal 
and axial. TI-WI is of less value than T2-WI, since 
both saline and silicone are hyperintense and differ- 
entially depicted on T2-WI.54 Fat saturation is desirable 
but is complicated by the location of the up-field 
silicone resonance near that of the lipid resonance. 
At 1.5 T, approximately 220 Hz separates the fat and 
water resonances. At the same field strength, lipid 
and silicone are separated by approximately 80 Hz 
(BOX 10-3).55 
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Chemical selective fat-suppression techniques Silicone-only sequences are ideally suited for detection 
may therefore be compromised by inadvertent sili- of extracapsular silicone in the adjacent breast tissue or 
cone suppression (Fig. 10-7).56 Unwanted silicone lymph nodes (Fig. 10-9). Other strategies utilizing 
suppression may be more pronounced on lower chemical shift artifacts may be used for evaluation of 
strength scanners and scanners with nonuniform water/silicone  interface^.^^ 
magnetic field homogeneity. 

To avoid the possibility of artifact arising from 
chemical selective fat suppression, alternative 
sequences are available. Heavily T2-WI (with echo time 
(TE) >I80 ms) accentuates the slight differences in T2 
relaxation between silicone and saline (Fig. 10-8A).57 
A second type of sequence that is invaluable in evaluat- 
ing silicone implants is a "silicone-only" sequence (see 
Fig. 10-8B). To achieve selective silicone imaging, a 
three-point Dixon technique58 or a sequence that 
utilizes a combination of chemical selective water 
suppression and STIR fat suppre~sion~~ may be used. 

Figure 10-7 MR illustration of inadvertent silicone sup- 
pression during frequency-selective fat saturation. 
Fat-suppressed T2-WI in a woman with a silicone implant. The SI 
of the intraluminal silicone has been suppressed (S) along with 
fatty (F) breast tissue. 

NORMAL AND ABNORMAL IMPLANT APPEARANCE 
A large variety of breast implant designs are in cur- 
rent and past use. In general, implants are saline-only 
or silicone-containing types." Silicone implants may 
have additional saline components (Fig. 10-10A). All 
breast implants have a thin outer elastomer shell that 
maintains implant integrity. 

Following implant placement, there is a local 
inflammatory reaction at the site of placement, 
which results in the formation of a fibrous capsule of 
varying thickness. This thick layer of fibrous tissue 
lies immediately adjacent to, and often adheres to, 
the elastomer shell of the implant. As such, the elas- 
tomer shell of an intact im~lant  is not revealed as a 
separate structure on MRI; instead, a hypointense 
band of tissue representing the fibrous capsule and 
the adherent elastomer shell is shown. 

Saline-only implants are revealed as a single 
lumen with uniform hyperintensity on T2-WI. Saline 
implants are often used as tissue expanders for 
cosmesis following unilateral mastectomy. An access 
port is revealed as a low SI structure protruding into 
the lumen of the implant on T2-WI (see Fig. 10-10B). 
Silicone-containing implants reveal high SI on silicone- 
only sequences and are readily distinguishable from 
the saline-only type. 

Intact implants are generally round or oval. 
Infolding of the elastomer shell is not uncommon and 
can lead to a confusing appearance on MRI. Imaging 
in at least two orthogonal planes is needed for com- 
plete evaluation of the outer contour of the implant. 
Small amounts of fluid accumulation may be present 
within the outer fibrous capsule, but external to the 
elastomer shell. in areas of incom~lete adherence 
between the imblant shell and the kbrous capsule. 
These regions of "condensation" are particularly 
common in areas of shell infolding, and MRI will often 
depict small water droplets that appear to be located 
within the silicone-containing lumen (Fig. 10-11). 
This is not a sign of rupture. 

For silicone-containing implants, three types 
of ruptures are described. Extracapsular rupture 



Figure 10-8 . MR techniques of siliconelfluid differentiation as illustrated in an uncomplicated, single- 
lumen, retropectoral silicone implant. A, Heavily T2-WI (TE = 180 ms) accentuates the SI differences between 
silicone (S) and fluid (F). The two parallel bands of low and high SI within the anterior implant represent chemical shift 
displacement of physiologic fluid (F, curved arrow) in the frequency-encoding direction within a normal radial fold 
(arrow). This phenomenon is explained in Chapter 3. B, Short tau inversion recovery (STIR) imaging with frequency- 
selective water suppression allows for silicone-only imaging, which is useful for excluding extracapsular extension of 
silicone into adjacent tissues. The physiologic fluid within the radial fold (arrow) depicted in A has been suppressed. 

Figure 10-9 MR findings of extracapsular silicone in a woman with implant rupture. A, T2-WI shows nor- 
mal extracapsular tissues and a single-lumen retroglandular implant. On an adjoining slice (not shown), there were 
findings of implant and capsular rupture. B, Silicone-only imaging with STIR and frequency-selective water suppression 
reveals extracapsular silicone (arrow) in the adjacent soft tissues. This silicone leak was not depicted in A because of 
relative isointensity with adjacent fat. 



Figure 10-1 0 . MR depictions of breast implant models. A, T2-WI of a double-lumen implant with silicone in the 
outer shell and saline in the inner lumen. The fluidlsaline (W) is hyperintense to silicone (S). B, Axial T2-WI of a single- 
lumen saline implant reveals the tissue expander port as a small focus of low SI defect protruding into the lumen (arrow). 

Figure 10-1 1 . MR illustration of normal radial folds in a 
silicone implant. Axial T2-WI shows several low SI folds 
(arrows) of the elastomer shell projecting into the lumen of the 
implant. Physiologic fluid present within these radial folds is 
depicted as higher SI relative to the intermediate SI of the silicone. 
Displacement of these droplets along the frequency axis (right to 
left in this image) reflects the difference in chemical shift between 
silicone and water (see Chapter 3). 

represents the presence of silicone beyond the con- 
fines of the fibrous capsule. Focal extracapsular 
silicone can be present in the adjacent breast 
parenchyma or lymph nodes. A less severe form of 
silicone leak comes from intracapsular rupture, in 
which there is collapse of the elastomer shell, but the 
silicone remains contained by the outer fibrous 
capsule. In intracapsular rupture, low SI linear 
structures, representing remnants of the elastomer 
shell, are revealed interspersed with contained sili- 
cone (Fig. 10-12). This finding, termed the "linguine 
sign"62 is specific for implant rupture. Finally, a gel 
bleed can be present in which small amounts of sili- 
cone protrude beyond the elastomer shell, without 
rupture of the surrounding fibrous capsule (Fig. 10-13). 
This results from of transudation of silicone gel through 
small tears in an otherwise intact elastomer shell. 
Small collections of silicone gel accumulate between 
folds of the elastomer shell and the intact fibrous 



Figure 10-12 . MR depiction of intracapsular rupture 
of a single-lumen retropectoral silicone implant. Sagittal 
T2-WI depicts fine linear bands (arrows) of the elastomer shell freely 
floating within the fibrous capsule ("linguine" sign). No silicone 
extension beyond the fibrous capsule is revealed. 

capsule; when located solely within a radial fold this has 
been termed the "noose" or "keyhole" sign.63 

Breast Cancer 

BACKGROUND 
It is estimated that in 2004, approximately 215,990 
women in the U. S. will develop breast cancer, which 
will represent nearly one third of all new cancers.64 
Breast cancer mortality rates have fallen in recent 
years, largely due to a combination of early detection 
and improved treatment regimens. Nevertheless, in 
2004, it is estimated that breast cancer will account for 
15% of cancer-related deaths among American women 
and that 40,110 women will die of their disease.64 

Early investigations of unenhanced breast 
MRI for evaluation of breast cancer had low diagnos- 
tic accuracy.65 However, with the use of contrast- 
enhanced imaging, improved accuracy was 
~ b t a i n e d . ~ ~ ! ~ ~  CE MRI is now used as a means of 
detecting and characterizing benign and malignant 
breast diseases. 

Specific protocols and approaches to MR imaging 
for breast cancer differ among imaging centers. 
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Figure 10-13 MR findings of extensive gel bleed. STIR 
image with water saturation shows silicone (S) on either side of 
the elastomer shell (arrows) but contained within the outer 
fibrous capsule. No elastomer shell disruption is present. 

Optimal imaging plane, slice thickness, and in-plane 
resolution depend on the type of detector coil as well 
as the performance of the imaging system. Regardless 
of the exact imaging protocol utilized, a breast MR 
examination includes both TI-WI and T2-WI, followed 
by a dynamic CE TI-WI series. 

TI-WI before contrast is useful for assessing 
overall glandular volume and architecture. TI-WI 
can depict focal masses, which appear hypointense 
against the background of hyperintense fat and areas 
of architectural distortion. TI-WI obtained without 
fat suppression may also be useful for depicting fat 
within masses, or the fatty hilum of an intramam- 
mary lymph node. In addition, fat necrosis and breast 
hamartomas contain macroscopic lipid SI on T1-WI. 
Subacute blood in postprocedural seromas or within 
ducts also is hyperintense on TI-WI. However, 
hyperintense blood and proteinaceous material are 
better revealed on fat-suppressed TI-WI. 

T2-WI is useful for evaluating dilated ducts, 
cysts, fibroadenomas, intratumoral cystic necrosis, 
and postprocedural seromas.14 With T2-WI, fat 
suppression often is performed. This may be 
accomplished by either an inversion-recovery (IR) 
technique or the use of chemical selective suppres- 
sion. Fat saturation can be used to minimize the 
hyperintense SI of adipose tissue commonly present 
on FSE imaging. The increased dynamic range of 



fat-suppressed T2-WI is useful for increasing the 
conspicuity of hyperintense cysts and ducts as well as 
for revealing fine detail of hyperintense lesions, such 
as the notched configuration of a lymph node or the 
presence of hypointense internal septations in a 
fibroadenoma. 

Regardless of the specific imaging protocol chosen, 
some form of contrast-enhanced TI-WI sequence is 
always performed. Adipose tissue will show the high- 
est SI on TI-WI. Following contrast administration, 
enhancing lesions may achieve SI equal to that of fat, 
rendering them less conspicuous. For these reasons, 
the authors recommend the use of fat suppression for 
breast MRI. 

While various fat-suppression techniques are 
available, current manufactures offer schemes tai- 
lored to rapid imaging, including selective water 
e ~ c i t a t i o n ~ ~  and partial selective lipid inversion.54 
Nonselective inversion recovery techniques are not 
appropriate for CE TI-WI. Contrast agent accumula- 
tion in breast lesions will lower the T I  relaxation 
rate, thereby decreasing the SI of these lesions on IR 
imaging. 

A fat-saturated TI-W sequence should be obtained 
prior to contrast administration. This is usually fol- 
lowed by one or several repetitions of the same imaging 
sequence immediately following contrast administra- 
tion. In this way, meaningful comparisons between 
pre- and postcontrast images can be made regarding 
the pattern and degree of enhancement. Gradient 
echo (GRE) sequences (two- or three-dimensional) 
are preferred over spin-echo (SE) sequences for more 
rapid acq~is i t ion .~~ Computer-generated subtraction 
methods are useful for increasing the conspicuity of 
enhancing t i s s ~ e . ~ ~ , ~ ~  Subtraction image depiction 
becomes more important when fat saturation cannot 
be performed, such as on low-field MR systems or 
MR systems that cannot achieve homogeneous fat 
suppression. Of note, if an opposed-phase echo time 
(e.g., -2 ms at 1.5 T) is used in GR imaging, paradoxic 
suppression of the SI of small enhancing lesions may 
occur owing to chemical shift cancellation effects if fat 
suppression is not used.69 Thus, if GR TI-WI is used 
without fat suppression (not recommended), then the 
shortest in-phase echo time should be chosen. 
Dynamics of contrast enhancement. Breast cancers will 
generally enhance more rapidly than benign lesions 
or normal parenchyma.12,45 This observation led to 
early investigations into the use of kinetic measures 
of contrast enhancement with MRI as a means of dis- 
criminating between benign and malignant breast 
le~ions.~O-7~ Measurement of such parameters as 
the time to peak enhancement or the rate of early 
enhancement of breast lesions has been used to dis- 
criminate between benign and malignant lesions.20,73-75 
Rapid temporal sampling of a specific lesion or region 
of anatomy following gadolinium administration 
allows such parameters to be determined with a higher 
degree of precision. However, since the units of 

MR signal intensity are arbitrary, the value of such 
measurements may vary depending on the specific 
imaging sequence parameters, magnetic field 
strength, and amount and rate of contrast adminis- 
tration. As such, rigorous comparison among different 
imaging protocols is problematic. Furthermore, with 
existing MR gradient technology, rapid temporal sam- 
pling (on the order of one image every 2 to 3 seconds) 
generally restricts the imaging evaluation to only a 
small portion of the breast. 

Sophisticated pharmacokinetic analyses of 
breast lesion enhancement kinetics, which eliminate 
the dependence of machine settings, have been per- 
f ~ r m e d . ~ ~ - ~ ~  However, other variables, such as reader 
definition of the area of enhancement, may compli- 
cate quantitative m e a s ~ r e s , ~ ~ - ~ l  and pharmacokinetic 
modeling does not appear to give added clinical 
benefit over a more qualitative analysis of the kinetics 
of lesion e n h a n ~ e m e n t . ~ ~ . ~ ~  The latter method requires 
one to obtain fewer sequences after contrast- 
sometimes as few as two-and generate an enhance- 
ment curve that falls into one of three patterns: 
progressively enhancing, plateau, or washout (Fig. 
10-14).84a5 This strategy is more compatible with 
high-resolution scanning of the entire breast, allow- 
ing simultaneous evaluation of lesion morphology 
and qualitative lesion enhancement dynamics. Since 
the lower rate of temporal sampling allows for the 
acquisition of higher resolution images, internal het- 
erogeneity of dynamic enhancing patterns within a 
lesion may be shown.86 

Lesions that reach peak enhancement during the 
first 1 to 2 minutes following contrast administration 
are classified as either "plateau" or "washout," based 
on the relative degree of enhancement on delayed 
imaging. Lesions that continue to increase in SI for 
3 or more minutes following contrast administration 
are labeled as progressively enhancing. Using either 
plateau or washout curve types as a sign of malig- 
nancy, Kuhl and colleagues demonstrated sensitivity 
of 91% and specificity of 83% for detection of malig- 
nancy.87 Only nine of 146 lesions that demonstrated 
type I enhancement curves were malignant, whereas 
137 of 165 benign enhancing lesions (83%) demon- 
strated this type of enhancement profile. Other 
researchers have confirmed that the presence of con- 
trast washout following initial enhancement is 
predictive of malignan~y.~~-~O 

Characterization of enhancing breast lesions requires 
evaluation of not only the temporal pattern of lesion 
enhancement, but also lesion shape, borders, and 
enhancement morphology. The vocabulary for 
description and categorization of focal enhancing 
lesions is MRI has been derived in large part from 
the successful use of such descriptors to categorize 
focal masses in mammography or sonography, as 
codified in the Breast Imaging Reporting and Data 
System (BI-RADS) lexicon.g1 In 1999, the Lesion 
Diagnosis International Working Group on Breast 
MRI issued a technical reportg2 summarizing the 
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Figure 10-14 . Dynamic enhancement curve types for 
focal breast lesions. A, Gradual enhancement (type I), charac- 
teristic of benign lesions. B, Plateau enhancement (type 111, an + 

indeterminate finding. C, Washout enhancement (type 1111, most - 
commonly seen in malignancies. f + 
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consensus results regarding the use of descriptors in 
reporting the characteristics of focally enhancing 
lesions. These results classified the shape (round, 
oval, lobulated, irregular, stellate), margin (smooth, 
scalloped, irregular, spiculated), and enhancement 
morphology (homogeneous, heterogeneous, rim- 
enhancing, and enhancing or nonenhancing internal 
septations) of lesions. This report was issued in the 
hope of arriving at a standard set of descriptors to be 
used for classifying lesions present on breast MRI, so 
that future single- and multisite studies evaluating 
the performance of breast MRI in various clinical set- 
tings would generate reproducible data.93,94 

Border classification of focally enhancing masses 
has proved to be the most reliable static descriptor 
for differentiating benign and malignant enhancing 
lesions. As is true in mammography, lesions with irreg- 
ular or spiculated margins (Fig. 10-15) have the highest 
rate of malignancy, with the positive predictive value 
(PPV) ranging between 76% and 91%.15,16,1s,95,96 The 
margins of benign lesions, in comparison, are more 
likely to be smooth or lobulated, with negative predic- 
tive values for malignancy in the range of 90% (see Fig. 
10-15).16,95,96 These results suggest that the morpho- 
logic characteristics of invasive breast cancers 

Time 

(infiltrative growth, desmoplastic reaction) that allow 
for accurate mammographic characterization can also 
be identified on MRI. 

Beside border characterization, the morphology of 
lesion enhancement has diagnostic value. Certain 
enhancement patterns, particularly irregular rim 
enhancement, are associated with invasive cancer (Fig. 
10-16).97,98 The PPV of rim enhancement for malig- 
nancy ranges from 79% to 92%.16 Heterogeneous 
enhancement in a mass also is associated with 
malignan~y,9~ and the PPV of heterogeneous enhance- 
ment for malignancy was 84% in one study.loO 
Homogeneously enhancing lesions are more likely to 
be benign. Of note, the presence of thin, nonenhancing 
internal septations within an otherwise uniformly 
enhancing lesion is not considered to be a form of 
heterogeneous enhancement, since this pattern of 
enhancement is commonly present in fibroadenomas 
(see Fig. 10-15).16,101 
Regional enhancement. Regional enhancement refers 
to ill-defined enhancement (usually low-to-moderate 
in degree but occasionally intensely enhancing) that 
occupies only a portion of the breast. Unlike a focally 
enhancing lesion, regional enhancement has borders 
that fade into the background parenchyma, defying 



Figure 10-15 . MR findings of fibroadenomas. A and B, T1-WI (A) and T2-WI (B) depict two smooth lobulated masses (arrows) 
with low T 1  and intermediate-to-high T2-SI. In B, internal hypointense collagenous septations are well contrasted with hyperintense ade- 
nomatous lobules. High, SI-dependent layering pleural fluid (curued arrow) is a normal finding. C and D, Fat-suppressed TI-WIs obtained 
before (C) and after (D) contrast reveal low-level enhancement farrows) with internal nonenhancing septa, a characteristic of fibroadenomas. 

(Continued) 
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Figure 10-1 5 . Cont'd E-H, MR illustration of a mature fibroadenoma in a different woman. E and F, Sagittal TI-WI (El and fat- 
suppressed T2-WI (F) show a well-circumscribed, low SI mass on both images (arrows). The lesion is difficult to depict in F because it is relatively 
isointense to the adjacent suppressed fat. G, Fat-suppressed TI-WI obtained before contrast shows improved depiction of the mass (arrow) 
due to improvements in dynamic range. H, Subtraction image from the portal phase of enhancement show absent enhancement within 
the mature fibroadenoma (*). There is minimal low-level enhancement of the surrounding glandular tissue. A 2-mm focus of enhancement 
present anteriorly corresponds to a T2 hyperintense focus in F and likely represents an immature fibroadenoma or focus of glandular tissue. 



Figure 10-16 rn MR depiction of rim-enhancing cancer in two different patients. A, Fat-suppressed CE TI-WI 
reveals a small, irregular, enhancing mass (arrow). B, Subtraction image better depicts the thick rim enhancement of this 
lesion (arrow). C and D, TI-WI (C) and T2-WI (D) in a second woman show a spiculated mass (arrow) of the axillary 
portion of the upper outer quadrant of the breast (same patient as depicted in Fig. 10-2B). Pulsatility artifact (curved 
arrows) from a blood vessel is present in the phase-encoding direction on the T2-WI (D). (Continued) 





border classification schemes. Terms such as 
clumped, confluent, or stippled are often used to cat- 
egorize such patterns of enhancement (Fig. 10-17).92 

Confluent enhancement is enhancement that is 
continuous within a region of the breast, without inter- 
vening nonenhancing areas. Stippled enhancement 

Figure 10-17 . MR illustration of DCIS revealed as seg- 
mental enhancement in a 40-year-old woman with a strong 
family history of breast cancer. Mammography (not shown) 
revealed dense breasts with no suspicious abnormality. Fat- 
suppressed CE TI-WI depicts intense regional enhancement (arrow) 
in the lower breast, in a segmental pattern. MR-guided core biopsy 
and subsequent lumpectomy showed DCIS without invasive cancer. 

is characterized by multiple punctate 1- to 2-mm 
foci of enhancement that are separated by inter- 
vening nonenhancing tissue. Both confluent and 
stippled enhancement represent a uniform pattern of 
enhancement and often are associated with benign 
etiologies. Clumped enhancement is more heteroge- 
neous and is characterized by clustering of larger 
enhancing foci (usually > 5 mm in diameter) that can 
be separated by nonenhancing or minimally enhanc- 
ing parenchyma. Clumped enhancement has been 
associated with malignancy, particularly ductal car- 
cinoma in situ (DCIS).48,102 Segmental enhancement 
is enhancement that is confined to a single ductal 
distribution,lo3 although the enhancement itself 
may not appear to be confined solely to the ducts 
themselves. 

Regional enhancement is a nonspecific finding. If 
the degree of enhancement is low (i.e., only slightly 
greater than that of background parenchymal 
enhancement), then the probability of malignancy is 
low (negative predictive value [NPVI for malignancy 
of 92%).18 Regional enhancement that is segmental, 
demonstrates clumped morphology, or is exceedingly 
more intense than that of the background parenchy- 
mal enhancement suggests malignancy, specifically 
DCIS (Fig. 10-18).101,104,105 Low-level regional enhance- 
ment may resolve on short-term follow-up examination, 
especially when timed at a different phase of the 
menstrual Regional enhancement that is 
markedly hyperintense to parenchymal tissue after 
contrast, or persists on follow-up examination, requires 
histologic sampling to exclude DCIS. 
Ductal enhancement. Ductal enhancement is a subtype 
of regional enhancement. It refers to a linear or 
branching pattern of enhancement isolated to a por- 
tion of the ductal system (Fig. 10-19). When a pattern 
of ductal enhancement is identified, biopsy to exclude 
DCIS is r e c ~ m m e n d e d . ' ~ l ~ ~ ~ ~ - ~ ~ ~  Architecture-based 
models of enhancement patterns suggest that the 
positive-predictive value of ductal-type enhancement 
is 80% to 85%,16,18 including both isolated DCIS and 
DCIS associated with invasive cancer. However, duc- 
tal enhancement can be present in benign conditions, 
including fibrocystic change.16 A lower PPV for 
malignancy of 24% has been reported for linear or 
ductal enhancement in patients without a correspond- 
ing mammographic a b n ~ r m a l i t y . ~ ~ ~ , ~ ~ ~  A clumped 
pattern of ductal enhancement is more likely to be 
associated with malignancy than either smooth or 
irregular linearbranching enhancement. 

TEMPORAL VERSUS SPATIAL RESOLUTION 
The optimal breast MR imaging protocol would yield 
high-resolution images in rapid temporal sequence 
following gadolinium administration. Different 
breast MR imaging groups advocate protocols that 
vary the emphasis between morphologic and kinetic 
information. With high-resolution imaging using 
optimized surface coils, in-plane resolution of several 
hundred microns per pixel is achievable although imag- 
ing time is proportionately increased. Alternatively, 
rapid temporal sampling of 2 to 3 seconds per image 
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Figure 10-1 8 4 findings of d~lctal enhancement secondnq to DCIS in a 4&-yeal--old woman with hloody 
nipple discharge. A, Ftit-cupprcsrt*d TI-Wl shows n c ~ n t r a l  duct w ~ t h  high SI content (arrrlurt estt*nding lntrl l l ~ e  
deep ccntrcd hrewt tlssuc. Filgh SI withm ducts 1s usually secondary to hemorrhage or proteinacrous content. 
B, Fat-suppressed CE TI-WI reveals branching I m m  enhancement fcz~rved arrows) at the lerminatlon oi'the central 
high TI-SI duct. (Continuud) 

may be achieved, but only by compromising image images with a sampling rate of approximately 
resolution or anatomic coverage. The larger anatomic 80 seconds. Exceptions are made for patients for whom 
coverage required in simultaneous imaging of both bilateral imaging is desirable (e.g., high-risk screening), 
breasts limits the ability to acquire high-resolution in which case the authors utilize an imaging protocol 
imaging with rapid temporal resolution. The authors with slightly lower spatial resolution, to allow for 
recommend the use of unilateral breast MR imaging imaging of both breasts with sufficient temporal 
with sagittal compression, to obtain high-resolution resolution. 



Figure 10-1 8 . Cont'd C, Subtraction image facilitates depic- 
tion both of the ductal morphology of the enhancement and of the 
enhancement within the proximal duct segment that has T1 
hyperintense content (double arrow). 

MR APPEARANCE OF SPECIFIC 
BREAST LESIONS 

Non-neoplastic Conditions 

CYSTS 
Breast cysts are commonly revealed on MRI and gen- 
erally do not pose a diagnostic dilemma. As for 
sonography, specific MR criteria exist that enable 

one to define a simple cyst. Simple cysts are com- 
posed of uniformly hyperintense fluid on T2-WI, with 
corresponding low SI on TI-WI (see Fig. 10-19). 
Cysts may have internal protein or hemorrhage that 
can result in relative increase in TI-SI and decrease 
in T2-SI (Fig. 10-20). Fluid-debris and fluid-fluid 
levels can also be present in complex cysts. 

All cysts should have thin uniform walls. Following 
gadolinium administration, cyst walls may enhance 
(Fig. 10-21). However, the wall should remain thin and 
uniform throughout. A cyst with rim enhancement 
should not be confused with a rim-enhancing tumor or 
breast abscess. These latter entities will have thicker 
and more irregular wall enhancement. 

Certain solid lesions, such as fibroadenomas or 
mucinous tumors, can demonstrate relatively high SI 
on T2-WI.110-112 However, both mucinous tumors and 
mature fibroadenomas will demonstrate internal 
enhancement not present in cysts. 

The major subareolar ducts may distend and fill 
with simple or proteinaceous fluid, a process termed 
duct ectasia. The patient may be asymptomatic or 
have tenderness or a palpable abnormality. 
Spontaneous discharge may be present. Dilated 
ducts extending from the retroareolar region will 
generally be hyperintense on T2-WI (Fig. 10-22A) 
and have variable SI on TI-WI.l13 Ducts filled with 
simple fluid will demonstrate low T1 SI, whereas 
proteinaceous or hemorrhagic ductal contents 
reveal variable T1 shortening. On unenhanced fat- 
suppressed TI-WI, these ducts may have the 
highest SI in the image (see Fig. 10-22B). Strict 
attention to image interpretation is needed, so that 
subtle ductal enhancement-which may represent 
DCIS-is not overlooked. Inspection of baseline and 
subtracted images can detect ductal enhancement. 
However, artifactual enhancement may be pro- 
duced on subtracted images if there has been even a 
small degree of motion between the pre- and post- 
contrast sequences.l14 Automated motion correction 
schemes have been proposed that adjust for breast 
motion between pre- and postcontrast i m a g e ~ , l l ~ J ~ ~  
although such algorithms are not routinely available 
for clinical use. 

Proliferative breast disease encompasses a range of 
histologic abnormalities, from fibrocystic changes to 
atypical ductal or lobular hyperplasia and lobular 
carcinoma in situ (LCIS). MRI findings in these 
cases are variable and nonspecific. In 192 women 
with palpable or mammographic lesions who under- 
went breast MRI,95 67 were subsequently found 
to have fibrocystic changes, and an additional 14 
women had hyperplastic or other proliferative find- 
ings (including lobular carcinoma in situ). Of these 
81 women, 32 (40%) had no enhancing lesion; 39 
(48%) had focal enhancing masses (Fig. 10-23), the 
majority of which were smooth or lobulated; and 
10 (12%) had regional or ductal enhancement. 
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Figure 10-19 . MR illustration of a simple breast 
parenchymal cyst. MR was requested to further characterize a 
mass lesion depicted on a prior mammogram. A, TI-WI depicts a 
smooth mass with uniform low SI (arrow). B, Fat-suppressed 
T2-WI shows that the lesion has high SI (arrow) with low SI 
internal septa. The differential diagnosis includes an immature 

fibroadenoma or septated cyst. C, Subtraction fat-suppressed por- 
tal phase CE TI-WI reveals absent enhancement in keeping with 
a cyst (*). Normal liver enhancement is present (curved arrow). 

Proliferative breast disease also demonstrates 
heterogeneous enhancement dynamics in breast 
MRI. Kuhl and colleaguesa7 studied the dynamic 
properties of 266 enhancing breast lesions, all with 
pathologic confirmation. Sixty-two of these lesions 
were fibrocystic change, accounting for approxi- 
mately 40% of all benign enhancing lesions. The 
majority of these lesions demonstrated progressive, 
low-level enhancement. However, 15 of these lesions 
demonstrated early enhancement rates of 80% or 
greater, and 8 lesions demonstrated plateau or 
washout type enhancement curves. 

RADIAL SCAR 
A radial scar, or complex sclerosing lesion, is a non- 
neoplastic breast abnormality characterized by 
bands of connective tissue radiating outward from a 
central nidus, often containing fat (Box 10-4).l17 

The mammographic appearance reflects this 
histologic finding: stellate lesions, often with lucent 
centers, causing surrounding architectural distortion. 
However, there is considerable overlap in the mammo- 
graphic appearance of radial scars and invasive cancers, 
and excisional biopsy is often required for pathologic 
confirmation. 



Figure 10-20 . MR illustration of complex and simple breast cysts. A, T1-WI shows multiple low SI simple 
cysts (*). Some of the cysts (arrows) contain increased SI owing to hemorrhagic or proteinaceous contents. B, Fat- 
suppressed TI-WI shows lower SI in the complicated cysts (arrows) and uniform high SI within the simple cysts. None 
of the cysts revealed internal enhancement or solid components. 

On MRI, radial scars may be depicted as irregu- 
lar or spiculated masses.95 Enhancement can be vari- 
able (Fig. 10-24).l18 While the degree and kinetics of 
enhancement may suggest benignity, the irregular 
morphology of radial scars is usually reason enough 
for diagnostic concern, and excision is ultimately 
required to exclude an invasive cancer. The presence 
of intralesional fat, a finding that is not found 
within breast cancers, may suggest the diagnosis of 
radial scar. 

FAT NECROSIS 
Fat necrosis involves traumatic injury to the breast, 
with hemorrhagic infarction and delayed scarring. 
It can also occur following anticoagulation therapy. 
Fat necrosis usually occurs in the setting of surgery 
or radiation therapy to the breast. Lesions repre- 
senting fat necrosis are generally focal, usually 

measuring 2 cm or less. If superficially located fat 
necrosis may be accompanied by skin thickening or 
retraction. 

Fat necrosis may be difficult to distinguish 
from carcinoma, both by clinical examination and by 
imaging. Lipid cysts are commonly present in fat 
necrosis, and may be represented mammographically 
as a lucent round or oval mass, occasionally with rim 
calcification.l19 However, other findings, including 
spiculated masses indistinguishable from invasive 
cancer have been r e p ~ r t e d . ' ~ ~ , ' ~ ~  

The appearance of fat necrosis on MRI has been 
described. A classic lipid cyst with rim enhancement 
is one benign MR appearance (Fig. 10-25).121 Fat 
necrosis can also be revealed as a focal mass with irreg- 
ular or rim en.han~ement.l~~-l~~ This MR appearance of 
fat necrosis may confound the MR interpretation in 
women following breast conservation therapy. 122,124 
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Figure 10-21 . MR depiction of cysts with rim enhancement. A and B, Fat-suppressed T1-WIs obtained before 
(A) and after (B) contrast shows several cysts (C) with thin uniform rim enhancement (arrows), reflecting inflammation. 

Lymph nodes, both axillary and intramammary 
can often be identified on breast MR examinations. 
Lymph nodes have well-defined borders and typically 
demonstrate an oval or notched appearance. They are 
uniformly of low-to-intermediate SI on TI-WI and 
intermediate-to-high SI on T2-WI. A central fatty hilum 
can often be identified on non-fat-suppressed TI-W 
sequences, a pathognomonic finding. Intramammary 
lymph nodes are most commonly present in the upper 
and lower outer quadrants but can be found in any 
portion of the breast.126,127 Lymph nodes may enhance 
following gadolinium administration, sometimes avidly 
(Fig. 10-26).lZs Nevertheless, their location adjacent and 

parallel to vessels and their characteristic appearance 
usually are sufficient for definitive diagnosis. 
Occasionally, intramammary lymph nodes may present 
as enlarging enhancing masses, necessitating biopsy to 
exclude an underlying malignancy. 

Gynecomastia is unilateral or bilateral breast enlarge- 
ment secondary to proliferation of the rudimentary 
glandular tissue of the male breast. Gynecomastia is a 
common finding, especially during puberty or in the 
elderly. Causes are various and include androgen- 
estrogen imbalance, estrogen-secreting tumors 
(testicular or adrenal), exogenous medication, or 



Figure 10-22 MR findings of ductal ectasia. A, Multiplanar thin-slab sagittal maximal intensity projection image 
from a fat-suppressed T2-W sequence reveals segmental retroareolar ductal distension (arrows). CE TI-WI (not shown) 
revealed no enhancement. B, MR illustration of serosanguineous fluid in the retroareolar ducts after a breast biopsy. The 
patient did not have a discharge prior to the biopsy but developed serosanguineous drainage after the procedure. Fat- 
suppressed maximal intensity projection obtained from a fat-suppressed unenhanced TI-WI reveals complex hyper- 
intense fluid within distended ducts. The ducts did not enhance after contrast (not shown). 

however, is a relatively rare entity. It is estimated 
that 1,450 new cases will be diagnosed in 2004 and 
result in 470 deaths in American men.64 Male breast 
cancer presents later in life (mean age at presenta- 
tion of approximately 60 years) but at an earlier age 
in men with Klinefelter's syndrome.130 

Clinically, differentiation between gynecomastia 
and male breast cancer can be established based on 
history and physical examination. Unilateral breast 
enlargement that is focal and firm raises concern 
for breast cancer. In a man with unilateral or asym- 
metric breast swelling, mammography is the 
preferred imaging modality to differentiate between 
benign gynecomastia and male breast cancer, 
with sonography used as an adjunctive modality.131 
In selected cases, MRI may be used for evaluation of 
gynecomastia (Fig. 10-27).132 Unlike male breast can- 
cer, which will usually enhance avidly following 
gadolinium administration, gynecomastia will 
demonstrate no or low-level heterogeneous enhance- 
ment, akin to that of normal parenchyma in the 
female breast. 

and T2-V 
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Figure 10-24 rn MR illustration of a radial scar in a 48-year-old woman with discomfort at a prior biopsy 
site in the inferior breast. A, T1-WI image reveals subtle architectural distortion (arrow) superiorly in a region that 
was remote from the site of focal symptoms. B, Fat-suppressed CE TI-WI reveals irregular focus of enhancement (arrow) 
a t  the site of distortion. 

Benign Neoplastic Lesions most common benign entities that present as a focal 
mass on (Box 10-5).133 

FIBROADENOMA While certain fibroadenomas demonstrate a 
Fibroadenomas are benign neoplasms of the fibrous pathognomonic appearance on mammography and 
and glandular elements of the lobule and one of the sonography, many are more variable in appearance 



Figure 10-25 . MR depiction of fat necrosis. A, TI-WI reveals a mass with a central hyperintense interior 
and hypointense rim (arrow). Postlumpectomy fibrosis and scarring are present posteriorly to this lesion (curved arrow). 
The fat-suppressed T1-WI obtained prior to contrast confirmed that the hyperintense T1 signal was secondary to fat. 
B, Fat-suppressed CE TI-WI subtraction image reveals thin rim enhancement of the fat necrosis (arrow) and no enhance- 
ment of the mature postprocedural scar (curued arrow). 

and may not be reliably differentiated from cancer. 
On sonography, roughly two thirds of fibroadenomas 
are prospectively diagnosed c o r r e ~ t l y . ~ , ~ ~ ~  

On MRI, fibroadenomas are revealed as round, 
oval, or lobulated masses with well-defined bor- 
ders.lOl The appearance of fibroadenomas on T2-WI 
is variable and correlates with the degree of involu- 
tion and sclerosis on histologic specimens. A sclerotic 
fibroadenoma is hypointense on T2-WI and may 
not be revealed on fat-saturated T2-WI. The more 
common immature, nondegenerated fibroadenoma is 
hyperintense on T2-WI (see Fig. 10-15). T2 hyper- 
intensity is a reassuring MR imaging feature when a 
focally enhancing mass with indeterminate morpho- 
logic and enhancing characteristics is revealed, since 
cancers tend to have more intermediate SI on T2-WI, 
akin to that of normal breast parenchyma.135 
However, an enhancing mass that is hyperintense on 
T2-WI is not diagnostic of a benign fibroadenoma, 
because certain malignancies, such as the mucinous 
subtype of invasive ductal cancers136 and phyllodes 
tumors,137 can also show high SI on T2-WI. 

Figure 10-26 . MR illustration of reactive intramammary ~ o s t  fibroadenomas wig enhance following intra- 
lymph nodes in a woman with breast implant rupture- venous (TV) gadolinium administration although the At surgery, the removed nodes showed inflammatory changes 
without tumor. Fat-suppressed T2-WI shows multiple lymph degree of enhancement can be Low-1eve1, 
nodes (arrows) of the upper outer quadrant, axillary tail, and gradually increasing enhancement is most typical, 
axilla. but higher levels of enhancement, with "plateau" or 



occasionally "washout" enhancement curves, occur in 
up to 20% of fibr0aden0mas.l~~ In general, enhance- 
ment patterns correspond with the degree of stromal 
cellularity, with immature cellular fibroadenomas 
demonstrating more rapid and intense enhancement 
than mature degenerated f ibr~adenomas.~~~ 

An MR imaging feature of enhancing breast 
masses that is highly specific for fibroadenomas is 
the presence of thin, nonenhancing, internal septa- 
tions.lOl The nonenhancing septa correlate with 
collagenous bands on histopathology, while the 
enhancing tissue represents nodules of glandular and 
stromal elements. Generally, fibroadenomas enhance 
in a relatively uniform manner. This may reflect the 
even distribution of microvessel density within the 
lobules of the fibr0adenoma.~39,~~~ 

Intraductal papillomas are benign neoplasms arising 
from the epithelial lining of the breast ducts (Box 10-6). 
Papillomas are often asymptomatic, and may be an 
incidental finding following a biopsy for an adjacent 
abnormality. The presence of a papilloma may incite 
an inflammatory reaction within the duct, and 
women may have nipple discharge.141 Papillomas 
may be shown as filling defects during galactogra- 
phy142 or as one or several solid masses associated 
with a dilated duct on ~ o n o g r a p h y . ~ ~ ~  

On MRI, an intraductal papilloma is usually 
depicted as a well-marginated mass within a duct and 
associated duct dilation (Fig. 10-28).l13 Frequently, 
segmental ductal dilatation can be seen both centrally 
and peripherally to the lesion, and this finding also is 



Most common benign neoplasm of the breast 
More common in adolescents and young women 
Found in 8% to 10% of women at autopsy 
Comprises 10% to 20%. of mammographically detected 

masses 
Multiple in 10% to 15% of cases 

Pathology 
Usually several millimeters to 3 to 4 cm in diameter 
Lobular proliferation of glandular and stromal 

elements with intervening collagenous bands 
Histologic patterns 

Immature: increased stromal cellularity, 
myxoid change 

Mature or degenerated: sclerotic stroma, calcification 

MRl 
Isolated, round or lobular mass 
Hypointense on TI-WI 
Variable appearance on T2-WI 

Cellular or myxoid stroma: hyperintense on T2-UTT 
Sclerotic stroma: hypointense on T2-WI 
Gadolinium enhancement 
Usually low level, gradual 
Uniform enhancement, with internal nonenhar 

septa pathognomonic 
Occasional increased enhancement and washou 

Differential Diagnosis 
Lymph node 
Phyllodes tumor 
Mucinous carcinoma 

noted on ~ o n o g r a p h y . ' ~ ~ , ~ ~ ~  Small papillomas (< 1 cm) 
are often incidental findings unless the patient has 
with spontaneous nipple discharge on presentation. 
Larger lesions (2 to 3 cm) usually present as a marn- 
mographically detected lesion or a palpable mass. 
Enhancement following contrast administration was 
frequently noted in one report.l13 In a different 
series,145 enhancement beyond a threshold of 100% in 
the first 3 minutes only occurred for papillomas with 
associated malignancy. 

Malignancy, generally DCIS, can be associated 
with papillomas, as can invasive papillary cancer. 
Papillomas that harbor in situ or invasive malignancy 
are more likely to demonstrate contrast enhancement 
on MRI.145 Furthermore, the MR imaging findings of 
intraductal papillomas overlap with other forms of in 
situ and invasive malignancy. Regardless of the shape 
of a lesion, an enhancing abnormality associated with 
ductal dilatation merits histologic evaluation to 
exclude associated malignancy. 

A breast hamartoma (fibroadenolipoma) is a rare, 
benign mass composed of well-encapsulated fatty, 
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Clinical 
Most frequently found in postmenopausal women but 

can occur throughout life 
Spontaneous nipple discharge most common 

presenting symptom 
Small lesions (< 1 cm) present with discharge 
Larger lesions may present as palpable mass or 

mammographic abnormality 

Pa thology 
Intraductal epithelial tumor of mammary ducts 
Often solitary; multiple papillomas occur in younger 

women 
Most frequently seen in central (subareolar) duct 

(75%) 

MRI 
Duct dilatations with or without intraductal filling 

defect on T2-WI 
Enhancing lesions, usually round and smooth 

fibrous, and adenomatous elements. Breast hamar- 
tomas often present as a prominent palpable mass or 
as gross breast asymmetry; they vary in size from 
1 and 20 cm, with a mean size of 6 cm.146 The mam- 
mographic appearance of hamartomas is usually 
diagnostic, and excision is generally performed for 
cosmesis. Although MRI is not generally indicated 
for evaluation of a suspected hamartoma, it can 
be used to confirm the presence of intratumoral fat 
(Fig. 10-29).147 The parenchymal elements of a 
hamartoma may enhance following IV gadolinium 
administration, though usually to a much lesser 
degree than will a malignant lesion. 

Malignant Tumors 

INVASIVE DUCTAL CARCINOMA (IDC) 
Greater than 90% of invasive cancers in women are 
ductal in origin. Approximately 85% to 90% of inva- 
sive ductal cancers (IDCs) are categorized as invasive 
ductal cancer, not otherwise specified (IDC-NOS). 
However, invasive ductal cancer also includes several 
distinct categories of less common histologic types, 
including medullary, mucinous (colloid), and tubular 
cancers. Mammographically IDC is most likely to 
present as either a focal mass or an area of architec- 
tural distortion. A spiculated mass is the classic 
mammographic appearance of IDC; however, it 
may present as smooth or lobulated solid masses at  
mammography. 

On MRI, IDC generally presents as focally 
enhancing mass, often with either spiculated or 



irregular margins (Fig. 10-30).95 Border evaluation can 
be more difficult in smaller lesions, and even smooth 
or lobulated borders in a focally enhancing lesion do 
not in themselves exclude m a l i g n a n ~ y . ~ ~ , ~ ~ J ~ ~  Certain 
enhancement patterns, including rim enhancement 
(see Fig. 10-16), are highly suggestive of malignancy 
and are commonly present in IDC.97,14s IDC most com- 
monly demonstrates either washout or plateau 
enhancement pattern (Fig 10-14).87 Gradual enhance- 
ment does not exclude malignancy, however, and a 
gradually enhancing lesion with suspicious morphology 
merits histologic sampling. 

Medullary cancers are a subtype of infiltrating ductal 
carcinoma in which certain macro- and microscopic 
pathologic features predominate. These include a 
well-circumscribed tumor, with a syncytial growth 
pattern and a large peripheral lymphocytic infiltrate. 
The relative lack of fibrotic stroma in these cancers 
lends them a soft, "fleshy" appearance, as indicated 
by their nomenclature. Medullary cancers constitute 
between 5% and 7% of invasive ductal cancers.149 
They are often unifocal, although they can present as 
multifocal tumors in 8% to 10% of cases. Bilaterality 
is also reported with medullary carcinoma. They 
present at a slightly earlier age than other types 
of IDC, are associated with BRCAl mutation carri- 
ers, and generally carry a more favorable prognosis 
(BOX 10-7).150 

At mammography or sonography, medullary can- 
cers are typically unifocal masses with lobulated or 
smooth, well-defined borders.151 However, medullary 
carcinomas are more likely than other types of duc- 
tal cancers to be mammographically o c c ~ 1 t . l ~ ~  
Medullary cancers are revealed as well-marginated, 
enhancing lobulated masses,95 correlating well with 
their histologic and mammographic features. With 
their smooth borders, medullary cancers could con- 
ceivably be mischaracterized as fibroadenoma on 
MRI. At high-resolution MR imaging, fibroadenomas 
usually have nonenhancing internal septations and 
show progressive enhancement kinetics. Medullary 
cancers are not hyperintense on T2-WI, do not 
have internal septations, and are more likely to show 
heterogeneous enhan~emen t .~~  

Tubular carcinomas com~rise 1% to 2% of invasive 
cancers. Tubular cancers are generally slow growing 
and metastasize less often than other forms of inva- 
sive cancer. Histologically, the tumors reveal 
intratumoral desmoplasia, often with a stellate con- 
figuration (Box 10-8). This architectural feature of 
tubular cancers, combined with the typical slow 
growth of the tumor, lends itself to mammographic 
detection before the lesion is clinically evident.153 

Tubular cancer frequently presents as a spicu- 
lated mass on mammography and MRI and is 
often difficult to differentiate from radial s ~ a r s . ~ ~ , ~ ~  
The frequent incidence of tubular carcinoma within 

Figure 10-28 MR depiction of an intraductal papilloma 
in a 58-year-old woman with nipple discharge. A, Fat- 
suppressed T2-WI reveals a mildly distended hyperintense retroare- 
olar dud  (arrow) with a focal i n t r a d u d  low SI lesion (curved 
arrow). (Continued) 

radial scar further compounds the diagnostic diffi- 
culty. Therefore, a spiculated or stellate enhancing 
breast lesion, regardless of its dynamic enhancement 
profile, warrants excision to exclude carcinoma. 

Mucinous carcinoma is a subtype of invasive ductal 
carcinoma characterized by abundant mucin-producing 
glands. The prognosis of this subtype of invasive 
cancer is more favorable that that of other invasive 
ductal carcinomas, and metastatic lymphadenopathy is 
infrequent. On mammography, mucinous tumors 
appear as lobulated masses, with borders that may be 
either well- or i l l -def i~~ed. l~~J~~ Mucin-containing breast 
masses that are ill defined on mammography are more 
likely to represent mixed mucinous tumors (e.g., inva- 
sive ductal cancers with mucinous feat~res1.l~~ 





Figure 10-29 MR findings of a breast hamartoma in a 31-year-old woman with a large, palpable breast 
mass. A, TI-WI reveals a large, well-encapsulated breast mass. The mass is largely of low SI, with small foci of higher 
SI (arrows). B, Fat-suppressed TI-WI shows loss of SI (arrows) within the hyperintense foci depicted in A, thereby estab- 
lishing the presence of intratumoral fat. The enhanced images (not shown) revealed minimal intralesional enhancement. 
The characterization of fat within a well-circumscribed breast mass is characteristic of a hamartoma. 

Because of their high mucin content, these 
tumors have a distinctive appearance on MR imaging 
(Box 10-9). They are hyperintense to glandular tissue 
on T2-WI (Fig. 10-31) and hypo- or isointense to 
parenchyma on Tl-WI.136 Thus, mucinous tumors 

osis 

are different from most other breast malignancies, 
which demonstrate isointensity to normal glandular 
tissue on T2-WI. This distinctive appearance of 
mucinous tumors represents a pitfall in breast 
MRI, as hyperintensity on T2-WI is more commonly 
associated with benign lesions such as lymph nodes 
and immature fibroadenomas. 

The enhancement pattern of mucinous tumors 
may also be variable. The intratumoral extrace- 
llular mucin shows no enhancement, while the 
mucin-producing glandular elements do enhance. 
The kinetic pattern of solid enhancement in these 
tumors may be variable, and mucinous tumors 
can demonstrate a delayed or gradual enhancement 
pattern.26,97,110,136,157 

Invasive lobular carcinoma (ILC) comprises only 10% 
of all invasive breast cancers but is increasing in fre- 
q u e n ~ y . l ~ ~ l ~ ~  ILC is less likely to invoke a desmoplastic 
reaction in the breast and thus is more insidious in its 
clinical and imaging presentation.160 Among marnmo- 
graphically detected cancers, invasive lobular cancers 
tend to be larger, often with poorer prognostic features 
at the time of dete~tion.~J~l Compared with IDC, ILCs 
are more likely to have positive surgical margins after 
breast-conserving surgery.162 This may be due, in 
part, to the difficulty in recognizing the boundaries 
of the tumor, either clinically or mammographically. 
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Figure 10-31 MR illustration of a mucinous carcinoma. Mucinous tumors may mimic cysts or fibroadenomas 
on T2-WI, and thus CE imaging is required for characterization. A, Fat-suppressed T2-WI reveals an irregular lesion with 
uniform high SI (arrow). B, Fat-suppressed CE TI-WI reveals moderate uniform enhancement (arrow). The irregular 
margins and lack of nonenhancing internal septa distinguish this lesion from a fibroadenoma. 

ILC has a high propensity toward bilaterality (6% to 
28%),163,164 and patients with ILC are approximately 
twice as likelv as ~ a t i e n t s  with IDC to harbor or 
develop contralateral breast cancer (Box 10-10).165 

ILC can present on MRI as a focal irregular 
mass, similarly to IDC. However, ILC may also com- 
monly appear as multiple small foci of discontinuous 
enhancement or as diffuse parenchymal enhance- 
ment (Fig. 10-32).166,167 This type of imaging pattern 
reflects the propensity of ILC toward infiltrative 
growth, rendering it difficult to visualize mammo- 
graphically. 

MRI defines the histologic extent of resected 
invasive lobular cancers more accurately than mam- 
m ~ g r a p h y . l ~ ~ - l ~ l  In  a retrospective evaluation of MR 
in patients with pure ILC,167 clinical management 
was altered in 50%16,32 of patients on the basis of MRI 
findings. These included identification of mammo- 
graphically occult multifocal/diffuse tumor or residual 
tumor following excisional biopsy. 

Owing to its propensity for infiltrative growth, 
MRI findings of ILC can be subtle. ILC is more likely 
than IDC to present without a focally enhancing 
mass, and the pattern of ill-defined enhancement may 
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No particular age predilel 
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Pathology 
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MRI 
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Figure 10-32 MR depiction of a diffusely infiltrating lobular carcinoma in a 46-year-old woman who pre- 
sented with painless enlargement of the breast. On mammography there was asymmetric density but no focal 
mass. A and B, Fat-suppressed TI-WIs obtained before (A) and after (B) contrast reveal diffuse moderate-intense 
enhancement of the glandular tissue (arrows) without a well-defined focal mass. 

be misinterpreted as normal enhancing glandular 
tissue. ILC is commonly ,represented among patients 
with false-negative MRI  examination^.'^^ One third of 
ILCs may show a more gradual pattern of dynamic 
enhancement, or they may lack discernible enhance- 
ment (Fig. 10-33).44 

Inflammatory breast cancer does not represent a sep- 
arate histologic subtype of breast cancer but instead 
is a clinical entity of tumor infiltration to the lym- 
phatics of the skin. Signs and symptoms of diffuse 

breast swelling, erythema, and skin thickening and 
axillary adenopathic findings similar to those of mas- 
titis characterize inflammatory breast cancer. When 
symptoms do not respond to empiric medical therapy, 
skin biopsy often is used to establish a diagnosis. 

Mammographic findings of inflammatory 
breast cancer include breast enlargement, skin 
thickening, nipple retraction, and increased density.lI3 
Focal masses or abnormal calcifications are less 
commonly p r e ~ e n t , l ~ ~ J ~ ~  and differentiation from 
nonmalignant causes of breast enlargement may be 
difficult. 



Figure 10-33 MR findings of a subtle ILC with low-level enhancement in a 47-year-old woman with 
questionable architectural distortion revealed only on the craniocaudal mammogram (not shown). 
A and B, Fat-suppressed TI-WIs obtained before (A) and after (B) contrast reveal a hypoenhancing spiculated lesion 
(arrow). (Continued) 

The findings of inflammatory cancer in MRI fol- 
low those of mammography and physical examination. 
Diffuse or peritumoral breast edema on T2-WI may 
be present.176 Skin thickening and trabecular thick- 
ening are also common (Fig. 10-34). Following 
contrast administration, there is usually diffuse 
enhancement, similar to or somewhat greater than 
that revealed with mas ti ti^.^^^,^^^ In women in whom 
the diagnosis of inflammatory cancer is clinically 
suspected but cannot be confirmed, MRI may be useful 
for guiding tissue biopsy of the most focally enhancing 
region. 

carcinoma in situ (LCIS), a pathologically and clini- 
cally distinct entity. DCIS is a precursor of invasive 
ductal cancer, and surgical resection is the treatment 
of choice. DCIS may be associated with invasive 
tumors or may be present without invasive cancer.179 
The fraction of breast cancer representing pure DCIS 
has increased with the advent of screening mam- 
mography.' Although DCIS may occasionally present 
as a mass lesion, it is more often asymptomatic 
and usually presents as mammographically detected 
 calcification^.^^^ 

Histologically, DCIS demonstrates two dominant 
subtypes: comedo and noncomedo. The noncomedo 

DUCTAL CARCINOMA IN SITU (DCIS) subtypes are further distinguished as solid, cribriform, 
Unlike invasive cancers, ductal carcinoma in situ and papillary. Comedo DCIS is the more aggressive 
(DCIS) represents a malignant proliferation of ductal subtype and is more frequently associated with 
epithelial cells without invasion beyond the base- invasive ductal cancers. Like its invasive counter- 
ment membrane. The term intraductal carcinoma is part, comedo DCIS is more likely to promote tumor 
often used for DCIS, to avoid confusion with lobular angiogenesis. 
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grade foci of DCIS lesions tend to show contrast dynarn- 
ics suggestive of malignancy (plateau or washout), 
many cases of DCIS show progressive enhance- 
ment,lOs a pattern more suggestive of benignity.ls2 
Therefore, regardless of specific enhancement 
dynamics, certain regional patterns of enhancement, 
especially those following a ductal or segmental 
distribution, should be sampled and tested to 
exclude DCIS. 

Paget's Disease 

Involvement of the nipple by breast cancer (invasive 
or in situ) is termed Paget's disease, described 
first by James Paget in 1874. Women have scaly 
eczematous or psoriatic changes of the nipple and 
areola that generally precede the diagnosis of 
underlying malignancy. The cancer may be limited to 
the subareolar ducts or may be deeper within the 
breast parenchyma, with ductal extension toward 
the nipple. 

Mammography in Paget's disease is often 
n0rmal,l85,l~~ although a retroareolar tumor can be 
depicted in some women.ls6Js7 In women with inva- 
sive cancers who underwent maste~tomy,4~ MRI was 
100% accurate in identifying those with or without 
nipple involvement. Diffuse enhancement of the 
nipple and retroareolar complex suggested malig- 
nant involvement, whereas the uninvolved or 
contralateral nipple demonstrated linear superficial 
enhancement only. 

Phyllodes Tumor (PT) 

Phyllodes tumors (PTs) are a class of breast neo- 
Figure 10-33 Cont'd C, Subtraction image better depicts the plasms arising from periductal stromal tissue. The 
tumoral enhancement (arrow). older term cystosarcoma phyllodes was changed 

because phyllodes tumors have a wide range of neo- 
plastic potential, from benign to borderline to 
frankly malignant. There are no reliable clinical or 

The MR imaging characteristics of DCIS are imaging indicators to distinguish benign from bor- 
more variable than those of IDC. DCIS is more likely derline or malignant PT; classification requires 
than IDC to be occult on MR imaging.106,107,1s1-1M analysis of histologic features such as mitotic 
While the vast majority of invasive cancers will be index. Phyllodes tumors are related histologically 
depicted on a technically adequate breast MRI, to fibroadenomas but generally present as larger 
a false-negative image may occur in 5% to 60% of masses. The median size of phyllodes tumors is 
cases of DCIS. DCIS lesions that are inapparent on 4 to 5 cm,18s,1s9 while the majority of fibroadenomas 
MRI tend to be smaller171 and lack findings of angio- are less than 3 cm.lgO Phyllodes tumors, even histo- 
genesis on histologic specimens.lo6 logically benign lesions, have a propensity toward 

Given its intraductal distribution, one would local recurrence following excision. 
expect DCIS to manifest as linear or branching On mammography, PTs are revealed as lobulated, 
enhancement on MR imaging. This pattern often is well-circumscribed masses.191J92 Sonography demon- 
present in patients with DCIS with or without asso- strates mixed tumors with cystic and solid spaces.193,194 
ciated invasive ductal cancer.15,44,106 More commonly, Mammographic and sonographic features are not reli- 
however, DCIS presents as regional enhancement on able in distinguishing between phyllodes tumors and 
MRI, often with a clumped appearance (Fig. 10-35).95,107 f i b r o a d e n ~ m a s , ~ ~ ~ , ~ ~ ~  nor between benign and malig- 
DCIS may also occasionally present as a focally enhanc- nant variants of phyllodes tumors.lg4 Larger size and 
ing mass, especially when associated with invasive more prominent cystic spaces suggest malignancy.lg3 
tumor. The MR appearance of PTs have been 

There is also more variability in the dynamics of The tumor is hyperintense relative 
contrast enhancement with DCIS.106,108,183 While higher to glandular tissue on T2-WI, with some tumors 



having low SI internal septations. The typically 
"leafy" pattern of solid papillary projection into cystic 
spaces has been depicted in larger tumors.lg6 Rapid 
enhancement is present for both benign and border- 
line malignant tumors. Thus, masses with otherwise 
benign morphologic features should be excised if they 
are large (>4 cm) or rapidly growing. 

SPECIFIC CLINICAL APPLICATIONS 
OF BREAST MRI 

Lesion Identification and Diagnosis 

Given its high sensitivity for invasive cancer, MR has 
been increasingly used as a adjunctive imaging modality 
for problematic mammographic abnorma l i t i e~ .~~J~~  
These include lesions that are only revealed on one 
view, or indeterminate lesions that cannot be readily 
characterized as benign or malignant on mammo- 
graphic and sonographic evaluation. 

Since MRI is nearly 100% sensitive for invasive 
cancers, it has been suggested that a negative MRI 
evaluation may obviate the need for biopsy or addi- 
tional short-term follow-up of mammographic masses 
or asymmetric density.lg8 Absence of enhancement for 
a palpable or mammographic abnormality has an 
NPV of 97% to 100%.15,95 In a study of MR for evalua- 
tion of indeterminate mammographic findings,21 
60189 cases demonstrated no corresponding enhanc- 
ing lesion on MRI and all with negative histologic or 
stable mammographic findings on follow-up. 

Despite these findings, false-negative MR results 
have been Technical limitations (e.g., 
lesion not included in imaging volume; misadministra- 
tion of intravenous contrast) account for some 
instances of tumor nonvisualization. In other women, 
the malignancy could not be identified because of 
either minimal enhancement or unrecognized infdtra- 
tive pattern of growth. False-negative studies can 
occur in patients with pure DCIS or invasive lobular 
cancers. In the setting of a negative MRI examination, 
a suspicious mammographic abnormality-particu- 
larly indeterminate mammographic calcifications- 
may still require biopsy to exclude malignancy. 

With values ranging between 37% and 97%, the 
specificity of MR for characterization of focal 
lesions is not as high as its ~ e n ~ i t i v i t y . ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ ~ , ~ ~ ~  
Improvements in specificity through careful evalua- 
tion of architectural features of focal and regional 
areas of enhancement have been proposed.15,16,18,95,g6 
In addition, kinetic enhancement features have 
been utilized to improve specificity in lesion charac- 
t e r i ~ a t i o n . ~ ~ , ~ ~ , ~ ~  

Despite these advances, it is not clear whether 
routine use of MR as an adjunct to mammography 
and sonography will improve the overall accuracy of 
breast imaging. While a negative MR examination may 
be reassuring, a positive MR examination may still 
result in a negative biopsy. Furthermore, additional 

unsuspected enhancing lesions are frequently identi- 
fied in MRI, and only a small portion of these findings 
result in a diagnosis of m a l i g n a n ~ y . ~ ~ ~ , ~ ~ ~  

Spontaneous nipple discharge is a relatively common 
symptom and may represent a diagnostic dilemma for 
the breast surgeon. Discharge that is bilateral or 
involves multiple ducts is more commonly physiologic. 
Unilateral discharge, especially that which is serosan- 
guineous or frankly bloody, can be a sign of 
underlying malignancy. Nevertheless, in the majority 
of women with nipple discharge, the underlying etiol- 
ogy is benign. The most common causes of breast 
discharge are solitary papilloma or papillomatosis 
(present in 35% to 50% of women with spontaneous 
nipple discharge) or ductal ectasia (15% to 35%), with 
malignancy reported in only 5% to 20%.201 

MRI can be useful for evaluating women with 
nipple discharge.145 In an MRI study in women 
with spontaneous nipple discharge of uncertain 
etiology,23 an enhancing lesion was identified in 11 of 
23 patients (48%). Of the 12 patients with normal 
MR examinations, 4 underwent ductal exploration. 
Of these 4 women, 2 were found to have papillomas, 
one had a fibroadenoma, and the fourth had normal 
tissue. The remaining eight women with normal MRI 
examinations underwent clinical and mammo- 
graphic follow-up, and all had complete or partial 
resolution of discharge. 

Of the 11 patients with enhancing abnormalities at 
MRI, excisional biopsy demonstrated four papillomas, 
one fibroadenoma, and six malignancies (all DCIS, two 
with microinvasion). In one patient, a small focus of 
DCIS not depicted on MRI was detected adjacent to a 
15-mm papilloma revealed by MRI. In another MRI 
study in 48 women with nipple discharge,145 MRI suc- 
cessfully depicted pathologic enhancement in all 8 
women who were ultimately shown to have invasive 
carcinoma. 

DEPICTION OF OCCULT PRIMARY BREAST CANCER 
In slightly less than 1% of patients with breast can- 
cer, metastatic adenopathy to the axilla is the only 
presenting sign.202 Mammographic examination 
yields variable results, depicting nonpalpable cancers 
in from 0% to 56% of these When 
breast cancer is suspected in women with malignant 
axillary adenopathy but no palpable or mammo- 
graphic abnormality, breast MRI may depict the 
site of primary malignancy in 36% to 86% of women 
(Fig. 10-36).13,243205-208 This finding may can allow the 
patient to avoid mastectomy in favor of lumpectomy 
and local irradiation. MRI may also be useful for con- 
firming or excluding breast cancer in a patient with 
distant metastatic adenocarcinoma and no known 
primary cancer. 

Breast Cancer Staging 

Accurate staging of breast cancer aids in the planning 
of appropriate therapy (i.e., mastectomy vs. breast 
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Figure 10-35 rn MR illustration of DCIS in a 35-year-old 
woman. Fat-suppressed CE TI-WI (subtraction image) shows 
heterogeneous clumped regional enhancement (arrows). 

conservation). The TMN staging system (Box 10-11) 
identifies characteristics of the primary tumor, pres- 
ence and degree of regional nodal tumor spread, and 
presence of distant metastatic disease. Staging of 
breast cancer helps determine prognosis and guide 
decisions regarding local and systemic therapy. 

Local breast cancer staging reflects the size of the 
primary tumor and associated spread to the adjacent 
skin or chest wall. Multifocality (two or more dis- 
tinct foci of cancer within a single quadrant of the 
breast) or multicentricity (two or more foci in sepa- 
rate breast quadrants) are additional features of 
local disease extent that, while not formally part of 
the TMN staging system, may zffect the surgical and 
radiotherapeutic approach. 

MRI is superior to traditional clinical staging 
(physical examination plus mammography) in depict- 
ing the size and overall extent of tumor in patients 
suspected of having confined disease.171,209~210 
MRI is particularly valuable in defining local extent 
of disease in patients with lobular ~ a r c i n o m a l ~ ~ , ~ ~ ~  
and in patients whose cancer includes an extensive 
intraductal c o m p ~ n e n t . ~ ~ ~ , ~ ~ ~  

Breast MRI can depict unsuspected multifocal or 
multicentric disease in 10% and 37% of patients, 
respectively (Fig. 10-37).13126,171,211-214 MRI is also the 

Figure 10-36 rn MR depiction of occult IDC in a 29-year- 
old woman with malignant axillary adenopathy. The 
patient did not have a primary breast cancer revealed on physical 
examination or mammography. Fat-suppressed CE TI-WI reveals 
a heterogeneously enhancing occult primary cancer (arrow). 

most accurate imaging modality for evaluation of 
pectoral muscle invasion.215 In patients whose 
tumors are more extensive or invasive than initially 
presumed, MRI can redirect surgical management 
from local excision to wider excision or mastectomy, 
thereby avoiding the need for multiple surgical 
procedures. 

AXILLARY NODAL STAGING 
In women with invasive breast cancer, accurate 
nodal staging helps determine patient prognosis 
and appropriate therapeutic regimens. The use of 
sentinel mapping has made nodal staging possible 
without incurring the increased cost and morbidity 
of extensive axillary nodal dissection. Patients with a 
positive sentinel lymph node evaluation will typically 
undergo intensive adjuvant systemic treatment 
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system (RES), including regional lymph nodes. Since 
metastatic tumor cells within lymph nodes are 
unable to take up iron particles by phagocytosis, 

ion 
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(AJCC), Chicago, IL. The original source for this material is the 
Cancer Staging Manual, 6th ed. New York, Springer-Verlag. 
www.~pringer-ny.com 

(chemotherapy -t hormonal therapy) following sur- 
gery and irradiation. Node-negative patients may be 
treated with local therapy alone or with less intensive 
adjuvant therapies. 

In the setting of breast cancer, enlarged lymph 
nodes with loss or distortion of the normal nodal 
architecture are characteristic of metastatic dis- 
ease.216,217 Dynamic enhancement patterns may 
provide additional diagnostic information concerning 
nodal characterizati~n.~~~-~~~ In one the com- 
bination of small lymph node size and lack of intense 
enhancement had 100% NPV for the presence of 
axillary metastases. However, the results of conven- 
tional MRI of the axilla do not obviate the need for 
diagnostic sentinel node biopsy. 

Ultrasmall superparamagnetic iron oxide parti- 
cles (USPIOs) as negative contrast agents on T2-WI. 
USPIOs are phagocytosed up the reticuloendothelial 

USPIOs have been develbped as a sibtype of MR 
contrast agent for differentiating between reactive 
and metastatic lymph nodes.220,221 Owing to the phar- 
macokinetics of these contrast agents, postcontrast 
imaging must be performed from 24 to 36 hours fol- 
lowing IV administration for optimal lymph node 
characterization. 

Enhanced MR imaging of axillary lymph nodes 
with USPIOs222,223 shows improved accuracy for 
defining malignant axillary involvement relative to 
unenhanced MRI. However, additional studies are 
required to determine the value of RES-directed MR 
imaging for assessment of axillary lymph nodes in 
women with newly diagnosed breast cancer. 

MRI and Breast Cancer Treatment 

MRI PRIOR TO RE-EXCISION 
In patients with breast cancer treated with breast 
conservation surgery, pathologic assessment of the 
surgical margins is required. Local recurrence rates 
are increased when invasive or intraductal tumor is 
transected by or lies close to the surgical margin.224,225 
Knowing the true extent of residual macroscopic 
disease prior to surgical re-excision can help guide 
subsequent treatment options involving the extent of 
surgery. In patients whose true extent of disease is 
much greater than initially suspected, mastectomy 
may ultimately be required for definitive surgical 
treatment.226 

MRI following excisional biopsy may be used to 
determine the extent of residual t ~ m o r . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  The 
optimal time for imaging is between 28 and 35 days 
following surgery.29 If imaging is performed less than 
4 weeks after excisional biopsy, enhancing granulation 
tissue can resemble residual tumor. 

Postbiopsy seromas or hematomas are demon- 
strated as irregular fluid-filled cavities, usually with 
a thin, uniform rim of enhancement (Fig. 10-38). 
Thick or nodular foci of enhancement are more 
suggestive of residual tumor. In a subset of patients 
imaged prior to re-excision, MRI may depict unsus- 
pected extensive residual or multicentric tumor 
(Fig. 10-39), necessitating alteration of surgical 
management from re-excision to mas te~ torny .~~  

Following lumpectomy and radiation therapy, local 
breast cancer recurrence rates range from 8% to 
20%.229 Recurrence may be at or near the site of 
original tumor, elsewhere within the same breast, 
or solely within regional lymph nodes. Most local 
recurrences at  or near the original tumor site 
occur within the first 5 to 7 years following lumpec- 
tomy and radiation therapy, while the recurrence 
rate for tumors more distantly located from the 
original surgical site peaks at  8 to 10 years.230 This 
latter finding suggests that some of these remote 



Figure 10-37 MR findings of a multifocal tumor in a 62-year-old woman with biopsy-proved IDC. A and B, 
Fat-suppressed CE TI-WIs reveal a dominant enhancing lesion representing the known cancer (arrow). Several addi- 
tional foci of enhancement (curued arrows) are present that were not clinically or mammographically evident. MR-guided 
needle localization of secondary nodule proved the existence of multifocal tumor. 

recurrences may, in fact, represent new primary 
breast cancers. 

Changes due to surgery and radiation therapy 
can mimic local recurrence on physical examina- 
tion and mammography, confounding the evalua- 
tion of the postlumpectomy breast. In one series, 
following lumpectomy and irradiation, 28% of 
patients with suspicious findings on both mammog- 
raphy and physical examination demonstrated 
benign findings on biopsy.231 Benign biopsy rates 
were even greater for patients with suspicious 
findings on only physical examination or only 
mammography. In these patients, fibrosis and fat 
necrosis were the most common benign entities a t  
histology. 

MRI is useful in the evaluation of the post- 
operative breast. In cases of suspected local tumor 
recurrence due to an evolving palpable or mam- 
mographic abnormality, MRI can be used to 
differentiate recurrent malignancy from benign 
posttreatment changes. In patients treated with 
lumpectomy and irradiation, MRI often shows 

regional or focal areas of low SI on Tl-WI.232 
Secondary findings of architectural distortion or 
skin thickening are also common following radiation 
therapy and are not specific for recurrent tumor. 
Masses with low SI on T2-WI are suggestive of a 
benign process, such as mature fibrosis,232 although 
some authors have not found T2-WI useful in distin- 
guishing benign treatment changes from recurrent 

As is true of primary tumors, recurrent breast 
cancers tend to enhance rapidly following contrast 
administration. The sensitivity of dynamic enhanced 
TI-WI for detecting recurrent tumor is between 90% 
and 100%,11,30,83~124,209,233-237 which is significantly 
greater than that of mammography or physical exam- 
ination (Fig. 10-40).209,237 However, the specificity 
of MRI in the irradiated breast may vary. In the first 
year following irradiation, foci of immature fibrosis 
and scar tissue may enhance, mimicking the appear- 
ance of locally recurrent However, in 
the 9 to 18 months following irradiation, fibrosis 
matures and becomes less vascular. These mature 
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Figure 10-38 . MR findings of a postbiopsy seroma. A, Fat-suppressed T2-WI reveals an irregular fluid-filled 
cavity (C) in the deep upper breast. Clip artifact is present (arrow). B, Fat-suppressed CE TI-WI subtraction image shows 
thin rim enhancement only. 

areas of fibrosis therefore enhance minimally, with 
gradual enhancement k i n e t i c ~ . l l , ~ ~ ~  Fat necrosis also 
may demonstrate solid enhancement and can occa- 
sionally mimic recurrent tumor. 122,238 

I 

' Local recurrence of breast cancer following mastec- 
tomy occurs within the chest wall or beneath 
the skin of the reconstructed breast (Fig. 10-41). 
Rates of such recurrence are similar to local recur- 
rence rates in conservatively treated patients. 
Concurrent distant metastases are present in 50% of 
patients with local recurrence following mastectomy, 
with nearly all patients eventually developing 
metastatic disease. 

In patients treated without reconstruction, local 
recurrence is generally evident on clinical examination. 
However, for patients with prosthetic or myocutaneous 
flap reconstruction (e.g., transverse rectus abdominis 
myocutaneous [TRAM] flap), recurrent disease 
may be difficult to distinguish from postoperative 
changes within the reconstructed breast. Scarring 
along the surgical planes is common and can mimic 
local tumor recurrence on physical examination or 
mammography. 

The normal and abnormal appearance of implants 
for breast reconstruction are discussed above. The MR 

imaging appearance of the TRAM flap-reconstructed 
breast can vary but is characterized by the replace- 
ment of normal glandular tissue with subcutaneous 
abdominal fat. The rectus abdominis may appear 
mass-like in the early postoperative period239,240 and 
should not be misdiagnosed as a tumor. With time, 
the rectus abdominis muscle undergoes progressive 
atrophy and fatty replacement. 

On MRI, local tumor recurrence is demonstrated 
as a rapidly enhancing mass, often with contrast 
washout on delayed imaging, similarly to local recur- 
rence following lumpectomy. Seroma and fat necrosis 
are other common complications, which generally 
may be differentiated by MRI.240,241 

For patients with locally advanced breast cancer (T3 or 
T4 tumors), preoperative ("neoadjuvant") chemother- 
apy can be used in an attempt to down-stage the extent 
of local tumor. While such therapy does not reduce the 
incidence of local recurrence, neoadjuvant chemother- 
apy can allow for less radical surgical treatments, such 
as lumpectomy, rather than full mastectomy.242 The 
use of neoadjuvant chemotherapy also provides an 
opportunity to observe the response of the patient 
to chemotherapeutic regimens, which then may be 



Figure 10-39 . MR findings of extensive residual carci- 
noma in a 32-year-old woman following excisional biopsy for 
IDC, with positive surgical margins. Fat-suppressed CE TI-WI 
reveals seroma cavity ( C )  with extensive confluent enhancement 
extending anterior to the biopsy site (arrows). Additional foci of con- 
fluent enhancement were seen in other quadrants of the breast. 
Subsequent mastectomy revealed extensive residual invasive and 
intraductal tumor. 

used subsequent to surgery in the hope of preventing 
distant metastatic disease. 

Evaluation of chemotherapeutic response is a 
critical component in the assessment of these patients 
and in the determination of appropriate operative 
therapy. However, both physical examination and 
mammography may be inadequate in assessing the 
true extent of residual tumor following neoadju- 
vant Interestingly, morphologic pheno- 
typing of locally advanced tumors (circumscribed 
vs. diffuselinfiltrating) has been used successfully 
to predict response to neoadjuvant therapy.245 In 
addition, chemotherapy-induced alterations in the 
degree of linearlductal enhancement extending 
from tumor margins has been shown to increase the 
likelihood of negative pathologic margins following 
lurnpec t~my.~~~ 

MRI is more accurate than either physical 
examination or mammography in defining the 
extent of viable tumor following chemotherapy 
(Fig. 10-42).247-251 However, chemotherapy may 
diminish the dynamic enhancement pattern of 
t ~ m o r . ~ ~ , ~ ~ ~  Conversely, granulation tissue in response 
to tumor regression may enhance avidly. Thus, MRI 

can over- or underestimate the true extent of resid- 
ual disease.251252-253 Since microscopic foci of tumor 
cannot be excluded in the setting of a complete imag- 
ing response,254 surgery (mastectomy or lumpectomy) 
is required following completion of chemotherapy. 
However, the physical findings in the patient undergo- 
ing neoadjuvant therapy can be confusing. Therefore, 
preoperative MRI may allow for more definitive surgi- 
cal planning. In addition, MRI can document lack of 
clinical response to ongoing chemotherapy, allowing 
the oncologist the option of changing chemotherapy 
regimens. 

Breast Cancer Screening with MRI 

SCREENING OF WOMEN AT HIGH RISK 
The overall lifetime risk for the development of breast 
cancer in women is estimated as high as 13% 
(American Cancer Society, Cancer Facts and Figures 
2004, http://www.cancer.org/docroot/STT/stt~O.asp, 
accessed September 2004). However, certain groups of 
women are at higher than average risk for breast can- 
cer development. Most prominently, women with a 
mutation in one of two breast cancer (BRCA) suscep- 
tibility genes, termed BRCAl and BRCA2, have a 
lifetime breast cancer risk of between 50% and 85%.255 
These women also experience breast cancer at an ear- 
lier age than the general population does.256 Other risk 
categories include women with a history of "high-risk" 
non-malignant conditions, such as atypical ductal 
hyperplasia (ADH) and lobular carcinoma in situ 
(LCIS), and women with a strong family history of 
breast cancer. 

In high-risk women, such as those known or 
suspected to be carriers of BRCA mutations, manage- 
ment options include prophylactic mastectomy and 
chemoprevention. Aggressive screening programs 
that include frequent clinical examinations and early 
mammography have also been recommended.257 The 
results of such a screening regimen have been disap- 
pointing, as mammographic sensitivity in these 
women appears to be 1 o ~ . ~ ~ ~ , ~ ~ ~  This may be due to 
the changing nature of the breast examination in 
premenopausal patients as well as the higher per- 
centage of women with dense breasts in this 
population. Early mammographic examination also 
carries a potential added morbidity by exposing 
patients to increased irradiation at an age when the 
breast parenchymal tissue is potentially more sensi- 
tive to irradiation. 

Several studies have evaluated the role of breast 
MRI as a screening tool in selected high-risk popu- 
l a t i o n ~ . ~ ~ ~ - ~ ~ ~  MRI has been shown to detect 
mammographically occult cancer in these women at 
rates between 1% and 4%. However, false-positive 
results are also commonly reported, leading to 
additional follow-up examinations and biopsies. 
Additional larger scale studies are needed to deter- 
mine which populations, if any, would truly benefit 
from MR screening. Other issues such as examina- 
tion protocol (high temporal vs. high spatial 
resolution) and optimal screening intervals need to 
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Figure 10-40 . MR depiction of fibrosis in the irradiated 
breast TI-W1 shows solid s~iculated mass in the area of 
prior surgery. A and B, TI-fVI (A) and fat-suppressed T2-WI 
(B) reveal a s~iculated mass of low T 1  and low-to-intermediate T2 
SI (arrow). Subcutaneous edema (curved arrow) is not uncom- 
monly revealed at  MR after lumpectomy and radiation therapy. 
C, Subtraction image of a CE fat-suppressed T1-WI shows no 
enhancement of the mature scar, minimal nipple enhancement 
(arrow), and gadolinium within the heart (curved arrow). 

be addressed in carefully constructed clinical trials to 
maximize the potential benefit of MR screening in 
high-risk populations. 

CONTRALATERAL BREAST CANCER 
SCREENING 
There is a 1% to 3% incidence of clinically or 
mammographically detected synchronous bilateral 
breast cancer.266-268 However, the frequency of 
pathologically identified cancers in patients undergo- 
ing elective contralateral mastectomy is higher,269 
as is the frequency of metachronous bilateral 
~ a n ~ e r s , ~ ~ ~ , ~ ~ ~ - ~ ~ ~  suggesting that a number of patients 
may have clinically and mammographically occult 

contralateral malignancies at the time of initial 
presentation. 

MRI also has been investigated as a means of 
screening for contralateral breast cancer in patients 
with recently diagnosed unilateral tumors. In patients 
with cancers initially detected by mammography or 
physical examination, MR can demonstrate occult 
contralateral malignancy in 4% to 9% of patients 
(Fig. 10-43).268176,271,272 The variability in the reported 
detection rates likely reflects the small number of 
patients in some series. False-positive MRI findings 
in the contralateral breast in these series range 
between 3% and 6%, with positive predictive values 
between 45% and 80%. 



Figure 10-41 . MR documentation of the response to neoadjuvant chemotherapy in a 44-year-old woman 
with inflammatory breast cancer. A, Fat-suppressed CE TI-WI prior to therapy shows extensive confluent enhance- 
ment throughout a large portion of the breast. Enhancement of the subjacent pectoral muscle suggests chest 
wall invasion (arrow). B, Corresponding fat-suppressed CE TI-WI obtained after four cycles of chemotherapy shows 
a marked reduction in the amount of enhancing glandular tissue. At surgery, there was no evidence of pectoral muscle 
invasion. 

Given the usefulness of MRI for local staging of 
breast cancer, it has been suggested that a bilateral 
breast MRI examination be performed following a 
new cancer diagnosis, allowing for simultaneous 
ipsilateral staging and contralateral screening. 
However, given the potential costs associated with 
routine use of MRI following cancer detection, addi- 
tional controlled studies are required to examine the 
true clinical benefit of this approach. Ongoing stud- 
ies are examining the clinical and economic 
outcomes of routine implementation of bilateral 
breast MRI in all patients with newly diagnosed 
breast cancer. 

INTERVENTIONAL BREAST MRI 

Lesion Localization and MRI-guided Biopsy 

The usefulness of breast MRI is limited if MRI-detected 
lesions cannot be sampled. Some MR-detectable 

I breast lesions will have a preexisting mammo- 
graphic, sonographic, or palpable correlate that can 
serve as the guiding modality for interventional 

procedures. In other cases, directed sonography 
toward a particular portion of the breast can lead to 
depiction of a previously undetected abnormal- 
ity.206,273 However, in many women, a suspicious 
enhancing lesion can be shown only by MRI,274 and 
MRI-guided localization procedures are therefore 
required for histologic evaluation.275 

Image-guided options for tissue diagnosis of 
suspicious nonpalpable breast lesions include fine 
needle aspiration (FNA), core biopsy, vacuum-assisted 
large-core biopsy, and excisional biopsy following 
wire localization. MRI-compatible needles are designed 
with nondeflecting metallic components, so that 
patients may be safely reimaged within the MRI 
scanner following placement of a localization device. 
The use of nonmagnetic components lessens the 
degree of metallic artifact, so that image distortion 
and lesion obscuration are minimized following 
placement of the device. 

Although freehand localization under MR guid- 
ance has been r e p ~ r t e d , ~ ~ ~ - ~ ~ ~  most MR-guided 
localization has been performed with targeted access 
to the immobilized breast.279-282 Immobilization 
facilitates needle placement and allows one to 
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Figure 10-42 rn MR findings of local tumor recurrence in 
a 31-year-old woman 1 year after mastectomy and TRAM 
flap reconstruction for IDC. The new abnormality was pal- 
pated a t  the inframammary crease of the neo-breast. 
Fat-suppressed CE T1-WI image identifies enhancing recurrent 
cancer (arrow) at  the site of palpable abnormality. 

localize lesions that, owing to the washout phenome- 
non, are only transiently revealed during the early 
phase of contrast enhancement. Overcompression 
of the breast during these procedures can impede 
contrast flow to the breast and thus lesion visualiza- 
t i ~ n . ~ ~ ~  Therefore, short-term follow-up may be 
required if a suspicious lesion does not enhance at  
the time of anticipated MR-guided biopsy. 

Histologic evaluation of solid lesions via FNA 
may be perf0rmed.~8~-~8~ However, the diagnostic 
accuracy of FNA of solid breast masses varies 
widelyza7 and requires an experienced cytopathologist 
to determine whether adequate cellular material has 
been obtained. Percutaneous MR-guided core biopsy 
has also been r e p ~ r t e d . ~ ~ ~ , ~ ~ ~  Vacuum-assisted biopsy 
with MR guidance allows for complete removal of 
small lesions (Fig. 10-44).290,291 The failure rate of 
these MR-guided procedures is low and often second- 
ary to far medial lesions not easily accessed from the 
lateral approach required by many biopsy systems.2ag 

For women who require an excisional biopsy, MR- 
guided wire localization can be performed.2a0~2a2~292-294 
An MR-compatible needle is inserted into the lesion 
(Fig. 10-45). Following verification of its position, 

Figure 10-43 MR depiction of occult contralateral 
breast cancer in a 43-year-old woman with DCIS identified 
in the left breast on screening mammography. Right breast 
mammogram showed no suspicious findings. Fat-suppressed CE 
T1-WI of the right breast performed at  the time of initial diagno- 
sis shows an 8-mm enhancing lesion (arrow) in the lower breast. 
Core biopsy revealed IDC with tubular features. 

the needle is exchanged for a hook wire device. 
Complications, including wire breakage or migration, 
have been reported.294 

An alternative strategy is MR guidance for coil or 
clip placement at  the site of an MR-visible lesion 
without ~ampl ing .~g~ Traditional mammographic- 
based localization can be performed subsequently. 
This allows MR localization at  a tertiary center, with 
subsequent surgery at  a different site where access to 
breast MRI is limited. 

Monitoring of Minimally lnvasive Therapy 
of Breast Lesions 

Minimally invasive therapy of breast lesions involves 
the use of interstitial laser therapy, focused ultrasound, 
or cryotherapy for tissue ablation. These therapies 
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are now routinely utilized to treat a variety of malig- 
nancies of the liver, kidney, and other organs.296-298 
However, since breast cancer is often amenable 
to curative surgery, the use of minimally inva- 
sive therapy for breast cancer treatment is contro- 
versial. Such therapies are more often utilized for 
ablation of benign breast lesions (e.g., fibroadeno- 
mas) in symptomatic patients who wish to avoid 

MRI also has a potential role in monitoring 
the performance and results of minimally invasive 
therapies in the breast.300 Real-time monitoring of 
tissue changes can be p e r f ~ r m e d . ~ ~ ~ , ~ ~ ~  Since MRI 
often is the optimal modality for delineating the 

exact location and extent of disease, it would be a log- 
ical choice for image-guided delivery of therapyzg9 as 
well as for post-therapeutic follow-up. 
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making it the examination of choice in this patient
population.

Coils and Patient Position

Patients are usually placed into the magnet supine
and feet first, although the use of prone positioning
may alleviate claustrophobia. Local coils should be used
whenever possible because they provide an increased
intrinsic signal-to-noise ratio, thereby allowing for
improved resolution through the use of smaller fie~ds

of view.6 Typically a multielement anteropos~nor

phased-array coil is placed~und the chest. In 'patie~ts

with suspected acute aortic syndromes, nomnvasIve
monitoring of the heart rate, blood pressure, and oxy
gen saturation is recommended. ~ p~tien~ in whom
electrocardiographic (ECG) gatmg IS desrred, lead
placement that result in a well-defined QRS com
plex allows for accurate triggering. Secure IV acce s
allows for bolu injection. Contrast should not be
injected ipsilateral to a su pected abnormality of the
aortic arch or great ve seLs, since artifact can occur
from concentrated gadolinium in the adjacent sub
clavian vein (Fig. 11_1).7,8

MR Pulse Sequences

The basic elements of an MR protocol for aortic
disease appear in Box 11-1. In hemodynamically
stable patients, most of the protocol sequences can

i gra y
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The Normal Aorta
Anatomy
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Aortic Size

Aortic Aneurysm
Aortic Dissection
Penetrating Aortic Ulcer (PAU)
Intramural Hematoma (IMH)
Acute Aortic Syndromes: Management

Decisions

The ao.rta presents several imaging challenges. It is a
large anatomic structure, and to provide a compre
hensive assessment the arterial structures must be
visualized from the level of the aortic valve to the
femoral heads. The branch vessels of the aorta are
relatively small and centrally located deep witJ:rin the
chest and abdomen. Artifacts from both resprratory
and cardiac motion can limit image quality.

Several imaging modalities have been employed for
evaluation of the aorta, including contrast-enhanced
magnetic resonance angiography (CE MRA)~ catheter
angiography, transesophageal echocardiography,
and computed tomographic angiography (CTA). To
provide all the information necessary for patient man
agement, an imaging test should evaluate the.extent
ofdisease aortic dimensions tatu of the aortic wall
and presence of complications. CE MRA is an accurate
imaging modality in the evaluation of aortic~~. 1-6

MR offers several advantage over other nomnvasIve
imaging modalities including. direct multiplana.r
imaging, intrinsically high soft-tissue contrast, sen 1

tivity to flow and capability of evaluating both the
aortic lumen and its wall. The gadolinium chelates used
as intravenous (IV) MR contrast media have less renal
toxicity and better patient tolerance than iodinated con
trast. 6,7 CE MBA examination may be performed safely
in patients with underlying renal dysfunction,

IMAGING THE AORTA
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be acquired. However, physician judgment becomes 
important in the evaluation of unstable patients, and 
in all patients a careful risk-benefit assessment 
should be taken to determine the necessary level of 
imaging detail. It is important to minimize examina- 
tion time in potentially unstable patients. 

T I  -WEIGHTED IMAGE (TI -Wl) 
TI-WIs should be acquired in all patients. There are 
two forms of TI-WI: spin-echo (SE) and gradient 
echo (GRE). GRE sequences can be modified such 
that they show bright-blood contrast and can be 
acquired in a breath hold. Before the introduction 
and implementation of CE MRA in the evaluation of 
vascular disease, "time-of-flight" imaging (a subtype 
of TI-W GRE sequences) was the most commonly 
used technique for M U .  TI-W SE sequences reveal 
flowing blood as low signal intensity (SI; "flow void") 
and offer excellent delineation of the aortic wall. SE 
acquisitions are usually acquired using ECG gating 
that requires longer acquisition times (see below). 

TI-WIs are valuable for the detection of hemor- 
rhagic complications of aortic disease (Fig. 11-2). The 
SI on TI-WI is a useful tool in determination of the 
chronicity of a hematoma-high SI within a hematoma 
is secondary to the T1 shortening effects of methe- 
moglobin and is present in the setting of subacute 
b l ~ o d . ~ ~ l ~  TI-WIs also provide excellent visualization 
of mediastinal and retroperitoneal pathology (such as 
fibrosis and adenopathy) due to the contrast provided 
by surrounding fat. 

Fat-suppressed TI-WI is are more sensitive than 
routine TI-WI in the detection of high SI methemoglo- 
bin within subacute hemorrhage and can demonstrate 
whether T1 hyperintensity is secondary to fat or blood. 
Similar pulse sequences are routinely obtained in the 
female pelvis to distinguish between hemorrhagic 
and fat-containing adnexal masses.ll 
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and pericardial effusions. T2-WIs are important in 
the assessment of patients with vasculitis, as T2 
hyperintensity has been shown in the aortic wall and 
periaortic tissue in patients with active disease.12-l4 
Conventional and fast spin-echo (FSE) T2-WIs require 
longer acquisition times and are obtained using cardiac 
gating or breathing-averaged techniques. Single-shot 
T2 methods (e.g., rapid acquisition with relaxation 
enhancement [RARE]) allow for the acquisition of 
images in less than 1 second thus minimize or elimi- 
nate motion artifact. Single-shot T2-WIs may be 
acquired in two orthogonal planes as "localizer" 
sequences that can delineate the vascular anatomy 
adequately for the placement of imaging volumes for 
subsequent angiographic pulse sequences. The use of 
cardiac gated RARE imaging has been described as 
a method of performing black-blood MU.15-l7 

CARDIAC GATED MRI 
In patients who are hemodynamically stable, cardiac 
gated MRI can provide structural and functional infor- 
mation about the aorta and its branches. Cardiac gated 
methods may be divided into "black-blood" and "bright- 
blood" techniques. Black-blood pulse sequences exploit 
flow phenomena to suppress intravascular signal and 
are usually based on spin echoes.16 Both spin-echo and 
double inversion recovery black-blood techniques have 
been described.18 In all these methods, suppression of 
the intravascular signal is achieved by motion of the 
blood during the application of the imaging pulses. 
Black-blood MRI provides excellent delineation of 
vascular morphology and is useful in the evaluation of 
suspected aortic dissection.17 

Bright-blood MRI methods use GRE techniques 
that result in high SI within vessels secondary to 
flow-related enhancement.lg Bright-blood MRI 
sequences are usually acquired in cine mode in which 
multiple temporally resolved images throughout the 
cardiac cycle are reconstructed at each slice location. 
Several different cine MRI methods have been 
described, including conventional spoiled GRE, seg- 
mented k-space, and true-FISP (fast imaging with 
steady-state precession) acq~isition.~O-~~ Cine pulse 
sequences can be acquired in selected planes to assess 

T2-WEIGHTED IMAGE (T2-WI) 
T2-W imaging of the aorta is challenging owing to 
the presence of motion and flow artifact. However, 
T2-WIs can accurately evaluate for the presence of 
free fluid and edema and so can reveal pleural 

aortic valve function and to e~aluat~dissection f l a ~  
extension. Cine pulse sequences may be used to dis- 
tinguish between slow flow and thrombosis in the 
setting of acute d i s s e ~ t i o n . ~ ~ - ~ ~  Bright-blood MRI may 
be used to provide a rapid assessment of the aorta 
without need for contrast i n j e c t i ~ n . ~ ~  

Figure 11-2 MR depiction of hemorrhagic complications 
of aortic disease. Fat-saturated CE TI-WI shows a large hemor- 
rhagic left pleural effusion (H) and adjacent enhancing atelectasis 
(arrow) in a patient with a ruptured aneurysm. 

CONTRAST-ENHANCED MRA (CE MRA) 
Three-dimensional (3D) CE MRA has become the 
predominant method of evaluating diseases of the 
a ~ r t a . ~ ~ - ~ ~  The CE MRA method is based on the use of 
a 3D GRE pulse sequence with a minimally short rep- 
etition time (TR), resulting in severe T1-weighting. 
The dynamic injection of gadolinium chelates selec- 
tively shortens the T1 of blood in the intravascular 
space. As a result of the short repetition time, such 
acquisitions may usually be performed within a 10- to 
30-second breath hold. Although cardiac triggering 



Single . 

4 
612 x ( 
2R4R 
Sagitta 
N o  
Phased 

reduces artifacts,30 it results in longer scan times and 
thus cannot be recommended with current MR 
systems. 

CE MRA is performed dynamically in sequential 
breath holds following dynamic intravenous contrast 
administration, providing arterial-, venous-, and 
delayed-phase images. A total dose of 0.1 to 0.2 mmoVkg 
of an extravascular gadolinium chelate is given as a 
bolus injection at a typical rate of 2 to 3 cclsec. Power 
injectors are useful for standardization of examina- 
t i o n ~ . ~ ~  Suggested acquisition parameters for CE MRA 
are provided in Box 11-2. The use of chemical fat sup- 
pression should be avoided in the chest because it may 
create artifactual suppression of the vascular lumen, 
mimicking thrombotic or occlusive d i~ease .~  The CE 
MRA images are transferred via a high-speed network 
to a dedicated workstation where multiplanar refor- 
matted (MPR) and maximum-intensity pixel (MIP) 
images are created using postprocessing  technique^.^^ 
In the future, virtual aortic endoscopy (similar to CT 
and MR c0lonography3~) may facilitate the evaluation 
of aortic plaque and occlusive disease.34 

Accurate bolus timing is a necessary component 
of high-quality CE MRA of the aorta.35 The goal is to 
acquire the low-frequency content of the Fourier trans- 
form (also called k-space) of the image during the peak 
phase of selective arterial enhancement. Acquisition 
of MRA data during either the wash-in or the washout 
of aortic enhancement can result in undesired "ring- 
ing" artifacts (Fig. 11-3).36 Several strategies for bolus 
timing have been described, including the use of timing 
runs,31 automated bolus and fluoroscopi- 
cally triggered CE Automated bolus detection 
methods are based on the repetitive sampling of a 
"tracker" volume that is usually defined in a large ves- 
sel such as the aorta.39 The signal in the tracker volume 
is monitored dynamically as contrast is injected and, 
upon detection of the upstroke of initial enhancement, 
data acquisition is automatically initiated after a brief 
delay. CE MRA data may be acquired using either a 
"centric" or a "noncentric" acquisition strategy.40 

In centric acquisition, the most important data, 
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resulting CE MRA image is a function of three pararn- 
eters: (1) the location of the tracker volume, (2) the 
delay between bolus-detection and image acquisition, 
and (3) the data acquisition order. Choice of these vari- 
ables must be coordinated such that the proper phase of 
enhancement is obtained. For patients with large aortic 
aneurysms, the tracker volume usually is placed in 
the descending thoracic aorta and a centric acquisi- 
tion is performed after an acquisition delay of 10 to 
20 seconds. This usually results in complete f a n g  
of the aneurysm in the arterial phase. It is important 
to adjust the acquisition parameters so that an early 
acquisition is avoided, especially in patients with 
aneurysm, since there is increased transit time. An 
alternative method of bolus timing is the use of 
"fluoroscopically triggered" MRA in which a time- 
resolved two-dimensional pulse sequence is used to 

the low freauencies. are acauired near the beffinning Figure 11-3 MR illustration of "ringing artifact." The 
of the breath hold.' In a noncentric acquisition, the "e&" appearance of the descending thoracic aorta (arrow) on 

low-frequency information is sampled toward the this dynamic CE MRA acquisition results from an early acquisi- 
tion and poor bolus timing. The low SI within the left axillary vein 

middle of the breath hold. Centric acquisition is use- arrow) is secondq to concentrated gadolinium. Blooming 
ful for patients who may not be able to complete the from T2* effects can result in artifactual stenosis of adjacent arte- 
breath-holding maneuver.41 The actual timing of the rial segments (see Fig. 11-1). 
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track aortic e n h a n ~ e m e n t . ~ ~ , ~ ~  When enhancement is 
observed in the desired arterial segment, data acqui- 
sition is initiated. 

In many patients, it is desirable to obtain angio- 
graphic images of the entire aorta and iliac arteries, 
to the level of the femoral heads, most notably in 
patients who are candidates for potential stent-graft 
repair.43 This coverage is extremely difficult to achieve 
in a single-station examination because of coil cover- 
age limitations. Multistation CE MRA has been 
described for evaluation of the a ~ r t a . ~ ~ , ~ ~  In the mul- 
tistation approach, the aorta is imaged in two or 
three separate acquisitions ("stations") with the 
table moving between stations after gadolinium 
i n j e ~ t i o n . ~ ~  The multistation technique has several 
distinct advantages over single-station examination: 
it allows for (1) imaging of the entire aorta and the 
iliac arteries with greater coverage than in a single- 
station examination, (2) the use of fat suppression 

- -8 8- - - 
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selectively in the abdomen, thereby avoiding poten- 
tial artifacts in the chest, (3) the use of a local coil to 
increase signal-to-noise ratio, and (4) higher resolu- 
tion imaging through the use of smaller volumes 
tailored to each station. Suggested parameter 
choices for both single- and multistation CE MRA 
evaluation of the aorta appear in Box 11-2. 

DELAYED-ENHANCED T1 -WI 
Delayed CE TI-WIs should be acquired in all patients 
who have dynamic CE-MRA of the aorta. The use of 
concomitant fat suppression results in an image con- 
trast that is largely dependent on gadolinium dis- 
tribution, and this acquisition often provides important 
information about the aortic wall and unsuspected non- 
vascular p a t h o l ~ g y . ~ ~ , ~ ~  Delayed CE images are an 
accurate and sensitive method for the evaluation of the 
aortic wall (Fig. 11-4) and for the diagnosis of venous 
disease. 
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THE NORMAL AORTA 

Anatomy 

The aorta is the largest artery in the human body, 
extending from the aortic valve to the iliac bifurcation. 
The ascending aorta consists of the following compo- 
nents: aortic annulus, sinus portion, sinotubular 
junction, and tubular portion. The term aortic root 
refers to the annulus and sinus portion. The aortic 
arch classically gives rise to the innominate artery, the 
left common carotid artery, and the left subclavian 
artery. Variations in aortic arch anatomy are common 
and are described below. The ligamentum arteriosum 
inserts on the anteromedial aspect of the aorta, just 
distal to the origin of the left subclavian artery. The lig- 
amentum arteriosum is the remnant of the ductus 
arteriosus and is an important site of potential injury 
in cases of trauma. The descending thoracic aorta 
passes through the aortic hiatus in the diaphragm at 
the level of T10. The celiac trunk is the first branch of 
the abdominal aorta, arising anteriorly at the L1-L2 
disk space. The superior mesenteric artery is the next 
branch, arising anteriorly at the superior aspect of L2. 
The renal arteries usually arise less than 1 cm inferior 
to the origin of the superior mesenteric artery, approx- 
imately at the mid-body of L2. The inferior mesenteric 
artery is the final major branch of the abdominal aorta, 
arising from the left anterolateral aspect at L3. 

Anatomic Variants 

Anatomic variation in the aortic arch is common, 
with more than 25 known variants (Box 11-3).49 

Figure 11-5 . CE MRA illustration of a separate origin of the 
left vertebral artery (arrow) from the aortic arch. This variant is 
present in 6% of the population. 

CE MRA is an accurate method for the detection of 
abnormalities of the aortic arch.50 A "bovine arch," in 
which the left common carotid artery arises from a 
common trunk shared with the innominate artery 
(see Fig. 11-12A) is the most common variant and is 
present in 20% to 25% of individuals. The left verte- 
bral artery arises as a separate branch from the arch 
in 6% of the population (Fig. 11-5). An aberrant right 
subclavian artery, in which the right subclavian artery 
arises as the last branch of the arch and courses in the 
posterior mediastinum to the right upper extremity 
(Fig. 11-6), occurs in 0.5% of individuals. The aberrant 
vessel may pass either posterior to the esophagus 
(80%), between the trachea and esophagus (15%), 
or anterior to the trachea (5%). An aberrant right 
subclavian artery does not comprise a vascular ring 
and therefore usually is asymptomatic unless there 
is an associated aneurysm at the origin of the aber- 
rant vessel.51 Symptomatic patients may have with 
dysphagia, dyspnea, or upper extremity ischemia.52 
A right-sided aortic arch is an uncommon variant, 
occurring in less than 1% of the population. 

Aortic Size 

Aortic size is the outer, or "adventitial," diameter. This 
measurement therefore includes the aortic wall. Aortic 
size is of critical importance in surgical planning and 
should be reported accurately. The size of the aorta is 
a function of age, sex, and body surface area (BSA).53 
Normal ranges for aortic dimensions are provided 
in Box 11-4. The diameter of the aorta should taper 
uniformly and gradually with increasing distance from 
the aortic valve plane. Expansion of the outer diameter 
to less than 150% of the normal value is termed ectasia, 
while aneurysm is defined as dilation to greater than 
150% of the normal value.54 Aneurysm extension into 
the iliac arteries is important in surgical planning, and 
size measurements of the iliac arteries also should be 
provided in any evaluation of the aorta. 
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AORTIC ANEURYSM 

Aortic aneurysm is a relatively common disorder, 
affecting 1% t o  5% of the population of the U. 5. each 
year, with an increasing incidence over the past 
30 year~.~%ppraximately 5% of men aged 65 years 
have aortic aneury~rns."~~~ Although the incidence of 
aortic aneurysm is increasing, there is also an 
improved prognosis, largely due to  advances in diag- 
nosis and sur~cal therapy.% Clinical factors such as 
age, sex, and body size should be assessed when 
evaluating for aneurysm. Elective surgery for  
aneurysms that me 4 to 5.5 cm in size does not 
improve Iong-tern survival.6S2 Interval change in 
aortic diameter i~ importamt, since patients with a 
rapid (>I cm/yr) increase in aortic diameter are often 
treated ~urgicall$~ as are patients with aneurysms 
larger than 6 cm.67 

Patients should be encouraged to quit smoking, 
since cigarettes me the only documented risk factor 
associated with aneurym groWthVB3 The mults of 
angoing randomized studies comparing endovascular 
repair and open surgical repair of aortic aneurysms 
are not available yet.&' Evidenced-b~ed techmques 
suggest that endovmcular repair has fewer short-term 
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aneurysm rupture after endovascular stent place- 
menV6 compared with surveillance a l ~ n e . ~ ~ , ~ ~  

Differential diagnostic considerations in aortic 
aneurysm appear in Box 11-5. Atherosclerosis accounts 
for approximately 80% of aortic aneurysms.54 
Inflammatory abdominal aortic aneurysm (IAAA) is an 
important variant that is characterized by marked wall 
thickening and inflammation in association with dense 
perianeurysmal fibrosis. The incidence of IAAA is 
from 5% to 23% of all aortic aneurysms.67 Inflamma- 
tory aneurysm is more commonly symptomatic, and 
patients often have abdominal, flank, or back pain; 
weight loss; and elevated sedimentation rate. MRI 
findings of inflammatory aneurysm include a thick- 
ened, aneurismal wall with a layered appearance and 
homogeneous e n h a n ~ e m e n t . ~ ~ , ~ ~  The relationship of 
IAAA to retroperitoneal fibrosis is further discussed in 
Chapter 6. 

The classification of aortic aneurysm depends on 
extent of disease. Thoracoabdominal aortic aneurysm 
(TAAA) is classified according to the Crawford 
scheme (Fig. 11-7),1° which provides a useful means 
for risk stratification and surgical planning. 
Abdominal aortic aneurysm (AAA) is classified 
as suprarenal, juxtarenal, or infrarenal depending 
on the proximal extent.55 A suprarenal AAA 
involves the renal artery origins but not the superior 
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mesenteric artery. A juxtarenal AAA extends proxi- 
mally to within 10 mm of the most inferior renal 
artery (excluding small accessory arteries and does 
not allow for safe clamping of the infrarenal aorta. 
An infrarenal aneurysm originates below the renal 
arteries and allows safe clamp placement. 

I I1 IIZ IV 
Figure 11-7 The Crawford classification of thoracoabdominal aortic aneurysm. This classification is based 
solely on the anatomic extent of the aneurysm and has important implications for both surgical treatment and prognosis. 
Type I, proximal descending to suprarenal abdominal aorta; Type 11, proximal descending to infrarenal abdominal aorta, 
Type 111, distal thoracic to abdominal aorta, Type IV, primarily abdominal aorta. 



MR has high accuracy in the assessment of aortic 
aneurysm, and CE MRA is an important component 
of the e~aminat ion.~,~ CE MRA provides excellent 
visualization of complex branch-vessel involvement 
(Fig. 1149, which may be difficult to evaluate on con- 
ventional aortography. Complications of aortic 
aneurysm, including rupture, embolization, fistula, 
and branch vessel occlusion/stenosis, usually are well 
shown with MR and CE MRA. Aortocaval fistula is a 
major complication that occurs in 0.2% to 1.3% of 
patients with aortic aneurysm.54 The most frequent 
site is fistula between the distal aorta and the infe- 
rior vena cava, just superior to the confluence of the 
iliac veins (Fig. 11-9). Findings associated with rup- 
tured aneurysm include hemorrhagic pleural 
effusion (see Fig. 11-21, mediastinaVretroperitoneal 

Figure 1 1-8 . MR illustration of branch-vessel disease in 
a patient with a thoracoabdominal aortic aneurysm. MIP 
image from CE MRA shows that both the celiac trunk (arrow) 
and superior mesenteric artery (curved arrow) originate from the 
aneurysm. 
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hematoma (Fig. 11-10), prominent mural enhance- 
ment, intramural hematoma, abnormal aortic contour 
(Fig. 11-11), and active contrast extra~asation.~~ The 
use of multistation examination allows for high- 
resolution MRA of the iliac arteries to the level of the 
femoral heads (Fig. 11-12). This is important in the era 
of stent-graft repair, since the luminal diameter of the 
iliac arteries is an important determinant of candidacy 
for minimally invasive therapy." 

Limitations of CE MRA in the evaluation of 
patients with aneurysm include insensitivity to cal- 
cium.72 CE MRA may still overestimate some 
vascular stenoses secondary to phase-induced turbu- 
lence or inadequate contrast bolus.73 Finally, CE MRA 
is not sensitive to the presence of aneurysm because 
it is a luminal imaging technique. Specifically, the 
adventitia is not visualized well at  CE MRA and 
thus the outer aortic diameter may not be accurately 
measurable. For this reason, it is important to 
acquire delayed CE TI-WIs to define the extent and 
size of an aneurysm. 

AORTIC DISSECTION 

Aortic dissection is a life-threatening condition that 
must be diagnosed promptly and a~cura t e ly .~~  The 
mortality rate in acute type A aortic dissection is 
1% per hour during the initial 24 hours and 80% in 
2 weeks.75 The incidence of aortic dissection is esti- 
mated to be more than 2,000 cases per year in the U. S. 
Dissecting thoracoabdominal aortic aneurysm (TAAA) 
differs fundamentally from atherosclerotic TAAA 
with respect to natural history, epidemiology, risk 
factors, and treatment.54 Risk factors for the devel- 
opment of aortic dissection include hypertension, 
connective tissue disorder (Marfan's syndrome, 
Ehlers-Danlos syndrome), bicuspid aortic valve, 
coarctation, Turner's syndrome,76 vasculitis, preg- 
nancy, cocaine use, and trauma. Complications due 
to dissection include stroke, renal failure, mesenteric 
ischemia, lower extremity ischemia, and paraplegia. 

Pathologically, aortic dissection is identified as a 
disruption of the inner layer of the media, associated 
with an intimal tear. Fenestrations of the intimal 
flap are frequently present in chronic dissection and 
provide communication between the true and false 
lumens. Aneurysmal dilation of the aortic lumen can 
be present secondary to loss of structural integrity, 
creating a so-called dissecting aneurysm. The etiology 
of aortic dissection is unclear. Proposed mechanisms 
include atherosclerosis, cystic medial necrosis, spon- 
taneous rupture of the vasa vasorum, and disorders 
of elastin. However, degenerative changes do not 
completely explain the development of dissection, 
and mechanical factors associated with increased 
focal stress on the wall of the aorta are thought to 
contribute as well. The most common sites of intimal 
laceration are the right lateral wall of the ascending 
aorta and the descending aorta in the region of the 
insertion of the ligamentum arteriosum. These 
are also the sites of greatest movement during the 



Figure 11-10 MR depiction of a periaortic posterior mediastinal hematoma from a ruptured type B 
aortic dissection. A, Axial TI-W spin-echo image shows circumferential soft tissue SI (arrows) around the descending 
aorta. Flow void is present in the anterior aspect of the aorta (*), while both lower and higher SI regions are present 
posteriorly. B, Delayed fat-suppressed TI-W GRE image shows the presence of flow within both true (T) and false (F) 
lumens of an aortic dissection (determination of the true lumen was established on dynamic CE MU). An active leak is 
present from the false lumen (curved arrow), resulting in the posterior mediastinal hematoma. 
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cardiac cycle and experience the greatest shear 
stress. Atherosclerosis is not considered a primary 
causative factor in the development of dissection. 
Aortic dissection often arises in the ascending aorta, 
an infrequent site of atherosclerosis, and dissection 
in the regon of an atheroma is frequently limited by 
surrounding fibrosis and calcification. 

Aortic dissection is classified according to the 
Stanford system as type A or type B.77 Type A dissec- 
tion involves the ascending aorta, and type B does 
not. Type A aortic dissection generally requires 
immediate surgical repair, while type B aortic dissec- 
tions are managed medically, principally through 
control of hypertension or by the use of aortic 
s t e n t ~ . ~ ~ , ~ s  In this system, dissection limited to the 
aortic arch would be classified as type B; however, such 

Fiaure 11 -1 1 rn MR illustration of an abnormal aortic dissections may necessitate surgical intervention. " 
contour in a patient with a documented contained rupture. Therefore, the r&olog<st should rely on such clas- 
Delayed CE TI-WI shows a markedly abnormal aortic contour with 
pronounced asymmetric sacculation (arrows) in this patient with a sification schemes and should instead convey clearly 
contained aortic rupture. and explicitly the extent of dissection. 

Figure 11 -1 2 rn Multistation CE MRA of a thoracoabdominal aortic aneurysm (TAAA). A and B, Oblique 
sagittal MIP image from a chest station (A) and coronal MIP image from an abdominal station (B) obtained in a patient 
with a Crawford type I1 TAAA shows a dilated aorta extending from the ascending aorta to above the aortic bifurcation. 
A fusiform aneurysm of the origin of the left subclavian artery (top arrow) and a bovine arch (*) are present. A segment 
of a normal-caliber right internal thoracic artery is well illustrated (arrows). The lower signal-to-noise ratio of the upper 
abdomen in A is secondary to limited coverage of the phased-array coil. 



MRI is a highly accurate method for the evalua- 
tion of aortic disse~tion.7~ CE MRA has increased 
its accuracy by providing excellent delineation of the 
type and extent of disease, branch-vessel involve- 
ment, and vascular dimensions, all of which must 
be identified prior to planning surgical therapy.80-82 
MRI is a sensitive technique for detection of the 
complications of dissection, including pericardial 
hematoma mediastinal hematoma (see Fig. 11-1 I), 
branch-vessel occlusion, and rupture (Fig. 11-13; see 
Fig. 11-2). 

Aortic dissection commonly involves both the 
thoracic and abdominal aorta, with extension com- 
monly into one or both iliac arteries. MRI is a useful 
method for following patients with type B or surgi- 
cally repaired type A d i s s e ~ t i o n ~ ~ - ~ ~  because it 
provides comprehensive evaluation of the entire 
aorta, allowing assessment of progressive thrombosis 
and residual flow in the false lumen.86 The SI char- 
acteristics of the false lumen may be used to estimate 
the chronicity of the lesion.26 Change in the size of 
the aorta and progressive branch-vessel involvement 
can be shown with MRI. 

Multistation CE MRA is particularly useful for 
the evaluation of the extension of aortic dissection into 
the iliac vessels. In addition to providing excellent res- 
olution of the aortic arch branch vessels, celiac, 
superior mesenteric and renal arteries, a dedicated 
lower abdominal-pelvic station may be chosen to pro- 
vide full coverage of the iliac arteries to detect flap 
involvement with high accuracy (Fig. 11-14).45 

Figure 11-13 . MR depiction of a ruptured of type B 
dissection. CE M U  MIP image shows active contrast extrava- 
sation in the setting of a ruptured dissection (arrow). 

PENETRATING AORTIC ULCER (PAU) 

In 1934 Shennan gave the first description of the 
clinical entity of penetrating aortic ulcer (PAU). 
PAU is characterized by ulceration of an atheroma 
with subsequent disruption of the internal elastic 
lamina and extension into the inner media. The 
ulcerated plaque may produce a localized intramedial 
dissection with variable amounts of associated intra- 
mural hematoma, ultimately placing the patient at 
risk for adventitial disruption, pseudoaneurysm for- 
mation, and free rupture. 

PAU is most frequently present in a background 
of advanced atherosclerosis. The clinical presenta- 
tion of PAU mimics that of aortic dissection. Patients 
usually have severe chest or back pain. However, 
symptoms and signs associated with branch vessel 
involvement and hypoperfusion are not typically 
present. Most cases (90%) of PAU involve the 
descending aorta. As for aortic dissection, anterior 
chest pain has been associated with anterior aortic 
involvement, and posterior (back) pain with PAU of 
the descending aorta.87 

Approximately 10% of patients with acute aortic 
syndromes on presentation were found on imaging 
studies to have PAU.87 A background of severe ath- 
erosclerosis was observed in all patients. Contrast- 
filled outpouchings of the aortic lumen were present 
in all patients, with varying degrees of associated 
focal intramural hematoma. PAU typically presented 
in older patients with larger aortic diameter than in 
dissection and often was associated with abdominal 
aortic aneurysm.88 PAU had a higher incidence of 
rupture (42%) than either aortic dissection or intra- 
mural hematoma (see below). Persistent pain, 
hemodynamic instability, and any evidence of expan- 
sion should prompt treatment with an aortic grafV9 
or stent p l a ~ e m e n t . ~ ~ , ~ ~  

The MR appearance of PAU is principally 
defined by the identification of focal ulceration or 
outpouching of the aortic lumen, often associated 
with localized intramural hematoma and inflamma- 
tory change (Fig. 11-15).92-94 Hemorrhagic processes 
are well depicted on fat-suppressed TI-WI, which 
should be acquired in all patients suspected of having 
PAU. Unlike simple ulcerated plaque, PAU extends 
beyond the elastic lamina of the aortic wall. 
However, this distinction is sometimes difficult, and 
ulcerated plaque can mimic PAU. Therefore, care 
should be taken in making the diagnosis of PAU in 
asymptomatic patients, particularly in the absence of 
findings of intramural h e m ~ r r h a g e . ~ ~  

INTRAMURAL HEMATOMA (IMH) 

Intramural hematoma (IMH) was first described by 
Krukenberg in 1920 as "dissection without intimal 
tear."96 However, it is now believed that IMH is a dis- 
tinct clinical entity with a different etiology from 
that of classic aortic dissection. The cause of IMH is 
thought to be rupture of the vasa vasorum in the 
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Figure 11-14 MR findings of aortic dissection on multistation CE MRA. A, Chest station MIP image shows 
prompt enhancement of the true lumen (.) with a large, posterior false lumen (F). B, MIP coronal image from the 
abdominopelvic station reveals termination of the flap in the right external iliac artery (small arrows). There is also 
segmental occlusion of the left external iliac artery (large arrow). 

outer two thirds of the aortic wall. The vasa vasorum 
are small arterioles that penetrate the outer half of 
the media and then arborize. IMH is not associated 
with either intimal disruption or focal ulceration of 
the aortic lumen. 

IMH may occur spontaneously in hypertensive 
patients, after blunt chest trauma, or secondary to 
atherosclerosis. Similarly to PAU, approximately 
10% of patients with acute aortic syndromes were 
found on imaging studies to have IMH.87 In these 
patients, the majority of lesions involved the 
descending thoracic aorta (71%), and there was a 
higher incidence of aortic rupture (35%) than 
observed for aortic dissection. All patients with IMH 
involving the ascending aorta went on to have a 
rupture. Intramural hematoma of the descending aorta 

may resolve with conservative therapy (Fig. 11-16). 
At surgery, patients with IMH were found to have 
medial hematoma in close physical proximity to the 
adventitia. This differs in patients with aortic dis- 
section who have hematoma limited to the inner 
portion of the media. IMH associated with acute 
trauma has a better prognosis than does nontrau- 
matic IMH.96 

Focal aortic wall thickening is the hallmark find- 
ing of IMH. Normally, the wall of the aorta is 3 mm 
or less in width. MR findings include a crescentic or 
circular distribution of wall thickening secondary to 
hemorrhage that is completely contained within the 
wall of the aorta (see Fig. 11-16). By definition, there 
is no free flap or focal ulceration. The MR SI charac- 
teristics are important in distinguishing IMH from 
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Figure 11-15 . MR imaging findings of a penetrating 
aortic ulcer (PAU). MIP image from CE MRA shows a saccular 
ulcer extending from the posterior aspect of the aorta (arrow) in a 
background of diffuse atherosclerosis. The superior segment of an 
abdominal aortic aneurysm is also present (curved arrow). 

chronic mural thrombus and dissection. Intramural 
hematoma is revealed as a hyperintense thickened 
aortic wall on TI-WIs (see Fig. 11-16). Chronic mural 
thrombus shows low T1 SI and tends to have an 
irregular contour. 

ACUTE AORTIC SYNDROMES: 
MANAGEMENT DECISIONS 

Although the acute aortic syndromes of dissection, 
intramural hematoma, and penetrating aortic ulcer 
have distinguishing clinical features (Box 11-6), it is 
difficult to make management decisions without imag- 
ing e v a l u a t i ~ n . ~ ~ , ~ ~  Immediate surgical therapy is the 
accepted management of most lesions involving the 
ascending aorta, including IMH and PAU. However, 
the management of descending aortic lesions remains 
controversial. Surgery should be considered in 
patients with worsening symptoms, with a large asso- 
ciated aneurysm, and with progressive luminal 
enlargement or expanding hematoma on follow-up 
imaging.87 In the absence of ominous imaging findings, 
a trial of medical management may be perf0rmed.9~ 
However, close interval follow-up imaging should be 
performed to document stability or resolution. 

THE POSTOPERATIVE AORTA 

It is important for the radiologist to recognize the 
common appearances of patients who have under- 
gone aortic repair.loO Detailed knowledge of the 
nature of the surgical procedure aids in the detection 
of complications after surgery. Surgical repair of the 
ascending aorta takes several forms, which may be 
broadly subdivided into those in which additional 
repair or replacement of the aortic valve is performed 
(composite repair) and those in which the aortic 
valve is preserved.lOl Bentall described the first sue- 
cessful composite repair of the ascending aorta in 
1967.1°2 The Bentall procedure is a composite graft 
repair consisting of a mechanical valve and a tube 
graft in the ascending aorta. The coronary ostia are 
sutured to the side to the graft. The Ross procedure 
is more complex, involving the use of the native pul- 
monic valve to replace the aortic valve. Homografts 
are human cadaveric tissue that in almost all cases 
are cryopreserved and sterilized. "Valve-sparing aortic 
root replacement" is a procedure in which there is 
prosthetic replacement of the sinus and tubular por- 
tions of the ascending aorta, with preservation of the 
aortic valve. In these valve-sparing procedures, the 
graft is sewn directly to the aortic valve annulus and 
coronary reimplantation is performed. Surgical repair 
of the descending thoracic or abdominal aorta typi- 
cally consists of prosthetic replacement, often 
including wrapping of the adventitia around the graft. 
Detailed knowledge of the surgical anatomy is 
required to ensure that an adequate study is obtained. 

MR plays an important role in the evaluation of 
patients who have had surgical aortic repair.lo0J03 lo4 

Postoperative complications that may be detected on 
MRI include anastomotic pseudoaneurysm, coronary 
occlusion, graft infection, perigraft fluid collections, 
and distal dissection. A common cause of death in 
patients who have had ascending aortic repair for 
dissection is distal extension of dissection with sub- 
sequent aneurysm formation and rupture. For this 
reason, it is imperative to image the entire thoracic 
aorta. Although enhancement within the adventitial 
wrap of a repaired aorta may be transiently present 
in the immediate postoperative period, follow-up 
imaging to confirm resolution of this finding should 
be performed. 

Perigraft fluid is a relatively common finding in 
patients who have undergone graft repair within the 
prior 3 months and does not necessarily imply infec- 
tion.105,106 Simple fluid has low SI on TI-WI, whereas 
complex fluid (protein, hemorrhage) has higher T1 SI. 
Perigraft fluid of lymphatic origin likely occurs as the 
result of a delayed hypersensitivity reaction, while peri- 
graft seromas are the result of direct plasma leakage 
from the graft. Perigraft seromas may be asymptomatic 
or symptomatic secondary to local mass effect and are 
deleted incidentally on postprocedural imaging.lo6 

Most patients with graft infection have a fever 
and an elevated white blood cell count on presenta- 
tion. After 3 months, the presence of perigraft fluid 
is considered abnormal and should raise suspicion of 
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graft infection. Prosthetic graft infections are diffi- 
cult to eradicate and can result in significant 
morbidity and mortality. The sensitivity of MR for 
graft infection is similar to that of CT.lo3 Suggestive 
MRI findings oY graft infection include thick peri- 
graft enhancement, perigraft fluid, pseudoaneurysm 
formation, hydronephrosis, retroperitonedmediastinal 
fluid extension, perigraft air, and bowel thickening. 
The presence of perigraft air in association with bowel 
abnormalities should raise suspicion for aortoenteric 
fistula. Aortoenteric fistula most commonly occurs in 
the transverse duodenum.lo7 

The use of covered stent-grafts is a minimally 
invasive therapy for aortic aneurysm and dissec- 
tion.43z78,108 MRI is useful in the preoperative 

evaluation of patients undergoing stent-graft 
repairlOgJ1O because it can delineate the morphology 
of the aortic lumen, allowing for measurement of key 
parameters such as length and diameter of the 
infrarenal neck (Fig. 11-17). For patients undergoing 
thoracic repair, the use of stepped-table technique 
allows for accurate depiction of the iliac arteries dur- 
ing a single injection (see Fig. 11-9). The luminal 
diameter of the iliac arteries is readily obtained. 

The majority of patients who are treated with a 
stent-graft are followed by CT. However, MRI may be 
used to follow patients with renal dysfunction after 
stent-graft repair, since many devices are composed 
largely of nonferrous materials (e.g., tantalum and 
polyethylene) and do not cause significant artifad.ll1-114 

Figure 11 -1 7 CE MRA illustration of an infrarenal abdominal aortic aneurysm. Coronal (A) and sagittal (B) 
MIP images of a 3D CE MRA of the aorta shows the relationship of the abdominal aortic aneurysm (A) to the renal and 
iliac arteries to good advantage. 
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However, nitinol, steel, and cobalt-based stents 
may produce artifacts that preclude diagnostic MR 
evaluation after p la~ement . l l~- l~~ The primary role of 
imaging in this patient population is to define aortic 
size, confirm aneurysm shrinkage, and detect and 
characterize endoleaks.l13 An endoleak is defined 
as contrast enhancement within the aneurysm sac 
following stent-graft repair.11s,119 The classification 

MR Imaging and MR Arte 

scheme of endoleak is as follows: type I, related to 
graft attachment site; type 11, collateral supply to 
sac; type 111, leakage between graft components; and 
type IV, transgraft leakage seen acutely following 
placement. The most common is the type I1 endoleak, 
and the vessels most commonly implicated in type I1 
endoleaks are the inferior mesenteric artery and 
lumbar arteries (Fig. 11-18). The presence of air within 

Figure 11 -1 8 . MR depiction of a type I1 endoleak in a patient after stent graft repair. A, Coronal MIP image 
of a 3D CE M U  of the aorta shows a bifurcated aortic stent graft (arrows) without leak. B and C, Thick (B) and thin (C) 
section MIP images obtained 20 seconds later reveal contrast in the endoleak (curued arrows), which is external to the stent. 
The thin section image reveals adjacent lumbar arteries (arrows) that were presumed to represent the source of this type I1 
endoleak. D, Delayed axial fat-suppressed TI-WI shows contrast within the bifurcated graft and within the endoleak (arrow), 
revealed in cross-section. The patient's endoleak was subsequently treated by embolization via a translumbar route. 



the aneurysm sac after stent-graft repair is normal 
only in the immediate postoperative period.lZ0 

AORTOlLlAC OCCLUSIVE DISEASE 

MRI is a highly accurate method for the diagnosis of 
patients with occlusive disease of the aorta and iliac 
arteries.121-lZ4 The accuracy of CE MRA is equivalent 
to that of digital subtraction angiography (DSA) 

using pressure measurements as the gold standard 
for detection of hemodynamically significant iliac 
stenosis.lZ5 CE MRA provides an accurate depiction 
of the luminal morphology, including the length 
and degree of stenoses. In occlusive disease, CE 
MRA demonstrates collateral pathways (Fig. 11-19). 
CE MRA is a useful method for planning interventional 
therapy and also for following patients after stent place- 
ment, although luminal measurements within the 
treated vessel are not a c c ~ r a t e . ' ~ ~ J ~ ~  A careful history 

Figure 11 -1 9 . CE MRA illustration of an infrarenal aortic occlusion. Coronal (A) and sagttal (B) MIP images 
show an infrarenal aortic occlusion (arrow) with a prominent arc of Riolan (curved arrow) that reconstitutes the inferior 
mesenteric artery. (Continued) 
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1 reserved for evaluation of equivocal findings 
revealed on an initial CT. 

I AORTIC INFECTION 

Figure 11-1 9 Cont'd The pelvic station MIP image (C) 
shows reconstitution of the distal aorta and iliac vessels. 

should be obtained in all patients, since artifact from 
metallic stents can mimic occlusive disease (Fig. 11-20). 

AORTIC TRAUMA 

The most common site of traumatic aortic injury in 
patients who survive the immediate trauma is at the 
insertion of the ligarnentum arteriosum, just distal to 
the left subclavian artery (Fig. 11-21). At this location, 
the aorta is relatively fixed, and deceleration1 
acceleration forces produce excessively high local 
shear stress on the aortic wall. Other common sites 
of aortic injury include the aortic root and the aortic 
hiatus. The aortic injury may extend either com- 
pletely or partially through the aortic wall. Although 
CT is the most common cross-sectional imaging study 
performed in patients with acute trauma,126,127 MR 
has also been shown to be a safe and accurate method 
for the evaluation of this patient population.lZ8 
However, since CT is sensitive in detection of the 
direct findings of pseudoaneurysm, intimal flap, and 
periaortic hematoma,129-131 MR should probably be 

The term mycotic aneurysm is misleading and does 
not imply a fungal etiology. The word mycotic refers 
to the mushroom-shaped configuration of many 
infected aneurysms. Mycotic aneurysms are fre- 
quently saccular rather than fusiform and most 
commonly affect the abdominal aorta. The differen- 
tial diagnosis for a saccular aortic aneurysm is 
infection, pseudoaneurysm (Fig. 11-22), and athero- 
sclerosis. The triad of fever, abdominal pain, and a 
pulsatile abdominal mass should suggest the diagno- 
sis clinically. 

BacterialIFungal Aortitis 

Patients with bacterial or hngal injection of the aorta 
typically present with fever, pain, leukocytosis, and 
positive blood cultures. Most cases of bacterial or fun- 
gal infection of the aorta occur secondary to 
hematogenous spread of the organisms, such as from 
an infected valve (endocarditis) or from a complication 
of catheterization. Direct spread of an organism from 
an adjacent structure such as a disk space is possible. 

Figure 11-20 . False-positive vascular occlusions second- 
ary to susceptibility artifacts from vascular stents as 
revealed on CE MRA. The presence of wall stents in the aorta 
(arrow) and iliac bifurcation (curved arrows) mimic occlusive 
disease. 



Figure 11 -22 MR depiction of a postprocedural pseudo- 
aneurysm at the origin of an occluded renal artery bypass 
graft. Coronal MIP image from CE MRA shows a saccular 
pseudoaneurysm (arrow) that displaces the adjacent aorta to the 
left. There is an absent right nephrogram secondary to renal 
infarction due to occlusion of the bypass graft. 

Figure 11 -21 . MR illustration of an aortic transection in or of the vasa vasorum of the media occurs in the other 
a 16-year-old after a motor vehicle accident. Sagittal CE 25%. The abdominal and thoracic aorta are involved 
MRA shows a contained transedion (arrow) of the aorta near the with equal frequency. Other clinical evidence, includ- 
isthmus. ing abnormal chest X-ray and sputum analysis, often 

suggests the diagnosis. Miliary tuberculosis when 
present is thought to be the result, and not the cause, 

Common bacterial pathogens affecting the aorta are of the m~cotic 
Staphylococcus, Salmonella, Streptococcus, and 
Pseudomonas s p e c i e ~ . ' ~ ~ - l ~ ~  Gram-negative bacteria VASCULITIS OF THE AORTA: TAKAYASU,S and fungal infections are also possible. The most com- 
mon fungal pathogen affecting the aorta is Aspergillus. ARTERlTlS (PULSELESS DISEASE) 

Infectious (mycotic) aneurysms are often saccu- 
lar; however, many patients with this entity do not Many different vasculitic conditions can affect the 

have specific features to allow for definitive diagnosis. aorta, including Takayasu's arteritis, ankylosing 

An infectious cause may be suggested when there is spondylitis, rheumatoid aortitis, and giant cell arteri- 

thick delayed periaortic enhancement,135 sometimes tis (temporal arteritis). The most commonly 

associated with erosion into adjacent structures. encountered is Takayasu's arteritis. The incidence is 
Mycotic aneurysm can be complicated by aorto~aval l~~ relatively high in younger women (aged 15 to 40 years) 

(see Fig. 11-10) or aortoesophageal f i~ tu1a . l~~  and in Asia. In histologic studies, the arterial wall is 
infiltrated by a dense band of inflammatory cells. The 

Tuberculous Aortitis local immune reaction leads to chronic wall thicken- 
ing and subsequent luminal obliteration. Treatment 

Tuberculous infection of the aorta may result in true usually consists of immunosuppression with oral 
aneurysm formation, pseudoaneurysm, or sten~sis.~'  corticosteroids. 
Most mycotic tuberculous aneurysms are saccular The American College of Rheumatology has 
pseudoaneurysms.~~~~~~~ Tuberculous aneurysm results established criteria for the clinical diagnosis of 
from direct contiguous spread in 75% of patients, Takayasu's arteritis. Specifically, a patient must 
either from infected lymph nodes or a para-aortic meet three or more of the following criteria: onset 
abscess.138 Hematogenous seeding of the adventitia by age 40, claudication of an extremity, diminished 
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brachial pulses, greater than 10 mm Hg difference in 
arm blood pressure, and subclavian/aortic bruit. 
There are four subtypes of Takayasu's arteritis. 
Type I involves the aortic arch and great vessels. 
Type I1 involves the descending and the abdominal 
aorta with relative sparing of the arch. Type I11 has 
features of both types I and 11. Type IV involves the 
pulmonary artery. This classification system, 
although commonly used, provides little prognostic 
information. 

MRI is an accurate imaging modality in the 
anatomic assessment of patients with Takayasu's 
arteritis 12-149141-143 Ilesults have been mixed concerning 
the capability of MRI to predict disease a ~ t i v i t y . l ~ J ~ ~ , l ~ ~  
In active phases of the disease, there is marked wall 
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thickening (Fig. 11-23) that shows intermediate T1 SI, 
high T2 SI, and avid enhancement. In chronic, inactive 
disease, the wall is relatively thin with luminal 
narrowing. CE MRA is a useful technique for surgical 
planning in these patients.142 

CONGENITAL ANOMALIES OF THE AORTA 

Marfan's Syndrome 

Marfan's syndrome is an autosomal dominant disorder 
of connective tissue in which cardiovascular, skeletal, 
ocular, and other abnormalities are present to a vari- 
able d e g ~ - e e . l ~ ~ - l ~ ~  Prevalence has been estimated to 



be 1 in 3,000 to 5,000. Clinical diagnosis is based on 
the Ghent criteria.149 Affected individuals are com- 
monly tall and thin with long extremities and fingers 
(arachnodactyly). Scoliosis, pectus carinatum, pectus 
excavatum, and dural ectasia are associated orthope- 
dic conditions. Ectopia of the lens is observed in 50% 
to 80% of affected individuals. By age 21, more than 
half of patients with Marfan's syndrome will have 
cardiovascular involvement. New mutations account 
for 25% to 30% of cases. The clinical features are the 
result of a weakening of connective tissues due to 
defects in the gene (FBNI) on chromosome 15 that 
codes for fibrillin-1, a glycoprotein and a principal 
component of the extracellular matrix microfibri1.148-'50 
More than 200 mutations in FBNl have been 
described. 

The mean survival of patients with Marfan's syn- 
drome who are not treated is 40 years.151 Both 
medical and surgical therapies have improved life 
expectancy significantly. The risk of type A dissec- 
tion increases with increasing aortic root diameter. 
However, dissection may occur even in the absence of 
aneurysm. The use of beta blockade and the avoid- 
ance of high-stress sports activity are generally 
recommended. Indications for surgery in Marfan's 
syndrome include the following: (1) maximal aortic 
root diameter greater than 55 mm, (2) maximal aor- 
tic root dimension greater than 44 mm if pregnancy 
is desired, (3) aneurysm greater than 5 cm involving 
other parts of the aorta, and (4) severe mitral regur- 
gitation associated with symptoms of progressive left 
ventricular dysfunction. Surgical intervention may 
also be employed in patients who have a prior history 
of dissection or who do not have involvement of the 
aortic valve. The surgical procedure of choice in 
patients with Marfan's syndrome is composite graft 
repair, and outcomes continue to i m p r o ~ e . l ~ ~ - l ~ ~  

The most common site of vascular involvement 
in patients with Marfan's syndrome is the aortic 
root. There is disruption of the elastic media of the 
aortic wall, leading to the characteristic finding on 
pathology of cystic medial necrosis. This usually 
results in marked dilation of the aortic annulus and 
sinus portion, so-called annuloaortic ectasia. 
Myxomatous changes may be observed in the tricus- 
pid valves, and associated valvular dysfunction 
(aortic insufficiency, aortic stenosis) also is common. 
These patients are at  high risk for superimposed aor- 
tic dissection, which is commonly seen affecting the 
ascending aorta (type A). 

The classic imaging finding in patients with 
Marfan's syndrome is the tulip-shaped aorta, in 
which there is aneurismal dilation of the aortic root. 
Cine images often show jet phenomena secondary to 
superimposed aortic insufficiency and aortic stenosis. 
Calcification of the aortic wall or valve annulus may 
be present. Meticulous inspection for the presence of 
superimposed dissection must be performed. MRI 
can provide a complete evaluation of the aorta and its 
branch vessels in patients with Marfan's syndrome 
both before and after surgery.155 

Bicuspid Aortic Valve 

Bicuspid aortic valve occurs when there are only two 
cusps in the aortic valve and the noncoronary cusp is 
absent. The incidence in the general population is 1% 
to 2%.156 Individuals are usually asymptomatic until 
the valve orifice area is reduced to below 40% of 
normal. Clinical symptoms and signs include a pal- 
pable thrill and murmur, angina pectoris, exertional 
dyspnea, syncope, and reduction in systemic blood 
pressure. Sudden death occurs in 10% to 20% of cases 
at an average age of 60 years, presumably owing to 
arrhythmia. MRI findings in patients with bicuspid 
aortic valve may include jet phenomena on cine 
images secondary to aortic valvular dysfunction, 
valve calcification, and aneurysm of the ascending 
aorta.157 Aneurysms are usually confined to the tubu- 
lar portion of the ascending aorta, and involvement 
of the root is less common. 

Coarctation 

Coarctation is narrowing in the aorta that usually 
occurs in the region of the ligamentum arteriosum. 
Rarely, it can occur in the arch or distally in the 
descending thoraciclabdominal aorta. It is most com- 
monly a discrete lesion; however, a variant may be 
seen in which there is more diffuse hypoplasia of the 
aorta (Fig. 11-24). Coarctation has an incidence of 
approximately 1/10,000 (0.01%). It is more common 
in males (M/F=1.5) and is usually sporadic. However, 
genetic influences can play a role (up to 35% of indi- 
viduals with Turner's syndrome [45,Xl have aortic 
coarctation). 

Coarctation typically presents in adult life with 
symptoms and signs attributable to chronic aortic 
occlusive disease, including upper limb hypertension, 
differential arm-leg pulses, headache, and claudica- 
tion. Murmurs secondary to aortic valve disease may 
be detected. Symptoms are often absent. The mean 
survival of patients with untreated coarctation is 
35 years, with 75% mortality by 46 years of age. Most 
patients had systemic hypertension and subsequent 
cardiac failure. Associated complications include heart 
failure, aortic ruptureldissection, infection, aortic 
valve dysfunction, and cerebral hemorrhage. Surgery 
is the gold standard therapy for coarctation.158 

The most common form of coarctation detected 
in adult life is "simple" coarctation, which arises in 
the absence of associated congenital heart disease. 
"Complex" coarctation occurs in the presence of 
other important congenital cardiac anomalies and 
usually is diagnosed in infancy. Cardiovascular 
abnormalities that have an association with coarcta- 
tion include ventricular septal defect (VSD), bicuspid 
aortic valve (up to 85%),15' intracranial berry 
aneurysm (3% to 5%), anomalous right subclavian 
artery (5%), and cystic medial necrosis of the ascend- 
ing aorta. Nonvascular abnormalities involving the 
respiratory, gastrointestinal, or genitourinary tracts 
or the musculoskeletal system have been reported in 
up to 25% of patients. 
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Figure 11 -24 . CE MRA depictions of two different patients with aortic coarctation. A, Oblique MIP image 
of a classic juxtaductal coarctation of the descending aorta at the insertion of the ligamentum arteriosum (arrow). 
Prominent posterior mediastinal collateral vessels are present (curued arrows). B, Oblique MIP image of another patient 
with a variant long-segment coarctation consisting of long-segment hypoplasia of the descending thoracic aorta (arrows). 
Aneurysmal dilation of the right internal mammary artery is present (curued arrows). 

MR plays a useful role in the evaluation of 
patients with aortic c o a r c t a t i ~ n . ~ ~ ~ , ~ ~ ~  CE MRA accu- 
rately provides morphologic data regarding the 
primary lesion; specifically, it allows for accurate 
computation of the percent reduction in cross- 
sectional area at  the site of stenosis. In addition, CE 
MRA helps in surgical planning because it accurately 
depicts both extent of disease and presence of 
enlarged collateral vessels (see Fig. 11-24). 161 The 
presence of poststenotic aneurysm may lower the 
threshhold for performing surgical repair. MRI is 
also useful in the assessment of patients who have 
undergone surgical repair, in the detection of com- 
plications including pseudoaneurysm formation, 
restenosis, and dissection. 

The term pseudocoarctation refers to a variant 
anatomy of the aortic arch in which there is an acute 
"kink" in the aorta just distal to the arch. This lesion 
is usually not of hemodynamic significance and does 

not typically create a pressure gradient. MR findings 
of pseudocoarctation have been rep0rted.l6~J~~ 

Right-sided Aortic Arch 

Right-sided aortic arch is an uncommon condition 
with an estimated incidence of less than 1%. A modi- 
fied version of the Stewart system is a currently used 
classification method, in which five major anatomic 
types of right-sided aortic arch are recognized based 
on the arrangement of the arch ~es se1s . l~~  Type I 
consists of a mirror-image arch branching configura- 
tion (left innominate, right common carotid, right 
subclavian). Type I1 is also a mirror-image branching 
pattern, with an additional left ductus arteriosus 
extending from the proximal descending aorta to the 
left pulmonary artery. Type I11 is distinctive for an 
aberrant left subclavian artery that is not derived 
from a left innominate, instead arising as a separate 



Figure 11-25 rn MR illustration of a type I1 right aortic arch. Coronal (A) and oblique (B) views on CE MRA 
reveal a right aortic arch with mirror-image branching of the great vessels. An asymptomatic ductal diverticulum (arrow) 
also is present. This study was reformatted using a shaded-surface display algorithm. Studies suggest that this method 
does not offer advantages over routine MIP techniques for CE MRA of the thoracic and abdominal aorta.170 

branch of the descending aorta after the other arch 
vessels. Type IV consists of an aberrant left innomi- 
nate artery that arises as the third arch vessel and 
courses behind the esophagus. Type V contains an 
isolated left subclavian artery that is a branch from 
the left pulmonary artery (via left ductus arteriosus) 
rather than the aorta. The most common type is one 
in which there is an aberrant left subclavian artery 
(type 111). 

The clinical presentation of patients with right- 
sided aortic arch is variable. While the aberrant arch 
anatomy itself does not cause symptoms per se, its 
associated abnormalities do. In types in which there 
is mirror-image branching of the great vessels (types 
I and 11), there is a high frequency (96% to 98%) of 
cyanotic congenital heart disease; types I11 to V have 
an accompanying cardiac abnormality in 10% to 
15%.165J66 The most common associated cardiac 
abnormalities are tetralogy of Fallot, truncus arterio- 
sus, tricuspid atresia, and situs i n v e r s ~ s . ~ ~ ~  Another 
commonly observed constellation of symptoms occurs 
when the abnormal vascular configuration, referred 
to as a vascular ring or sling, results in encirclement 
of the trachea and esophagus. 

MRI is an accurate method for the diagnosis of 
right aortic arch variants.168 Black-blood MRI is useful 
for delineation of the arch anatomy and for vessel 
measurements (Fig. 11-25). CE MRA accurately depicts 
luminal morphologic features. Delayed postcontrast 
images aid in the detection of associated aneurysms. 
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Adrenal adenomas, 130-133, 130f-132f
hypersecreting, 133
nonhypersecreting, 133-134
vs. adrenal metastasis, 132-133, 132b, 134

Adrenal cortex
neoplasms of, 130-134
normal anatomy of, 129

Adrenal cysts, 139-141, 145f
in fetal neuroblastoma, 363

Adrenal gland, 129-145
chemical shift imaging of, 129-130, 130f
fetal,363
metastasis to, 134-135, 138f-140f

adrenal adenoma vs., 132-133, 132b, 134
of renal cell carcinoma, 140f, 156

normal anatomy of, 129
Adrenal gland hemorrhage, after liver transplantation, 42-43
Adrenal hematoma, 139, 145f
Adrenal medulla, normal anatomy of, 129
Adrenal metastases, 134-135, 138f-140f

adrenal adenoma vs., 132-133, 132b, 134
of renal cell carcinoma, 140f, 156

Adrenal myelolipoma, 137-139, 143f, 144f
Adrenal pheochromocytoma, 135-137, 139b, 140f-142f
Adrenal pseudocyst, 145f
Adrenal rests, testicular, 376-377, 379f
Adrenalectomy, for pheochromocytoma, 136-137
Adrenocortical adenomas, 13D-133, 130f-132f

hypersecreting, 133
nonhypersecreting, 133-134
vs. adrenal metastasis, 132-133, 132b, 134

Adrenocortical carcinoma, 134, 134b, 135f-137f
AIDS (acquired immunodeficiency syndrome), cholangiopathy

due to, 74
AIS (androgen insensitivity syndrome), 299
Alprostadil, for penile imaging, 372
Amebic hepatic abscess, 19
AMLs. See Angiomyolipomas (AMLs).
Ampullary carcinoma, 76-77, 77f
Ampullary lesions, of bile ducts, 76-77, 77f
Ampullary neoplasms, 76-77, 77f
Ampullary stenosis, 76
Amyloidosis, of seminal vesicles, 400-401
Androgen insensitivity syndrome (AIS), 299
Aneurysm(s)

aortic. See Aortic aneurysm.
defined, 486
pseudoaneurysm. See Pseudoaneurysm.
splenic artery, 197-198

Angiofollicular lymph node hyperplasia, 247-248, 248b
Angiomyolipomas (AMLs)

hepatic, 26-27
renal, 153f, 154£, 160b, 169-170

vs. renal cell carcinoma, 156
vs. retroperitoneal liposarcoma, 210

Angiosarcoma, of spleen, 202
Ann Arbor Staging System, for lymphoma, 245, 246b
Annular pancreas, 90
Annuloaortic ectasia, 502

A
Abdomen, of fetus, 362-366
Abdominal aortic aneurysm (AAA), 488

classification of, 488
complications of, 489, 490f, 491£
inflammatory, 250-252, 252b, 488
infrarenal, 496f

"Abdominal cocoon," in sclerosing encapsulating peritonitis, 261
Abdominal cysts, nonparenchymal, 239-244, 240b
Abdominal hemangioma, 244, 244b
Abdominal lipoma, 235-236, 236b
Abdominal neurofibroma, 230-231, 230b, 231£
Abdominal paraganglioma, 224-225, 225b, 226f
Abdominal schwannoma, 227-230, 227b, 229f
Abdominal tuberculosis, 246, 246b
Abdominal wall fibromatosis, 232-235, 234b, 235f
Abdominopelvic fat-containing lesions, benign nonparenchymal,

235-236, 236b
Abdominopelvic lymphadenopathy, 244-248, 245b
Abscess(es)

hepatic, 16-19
amebic, 19
fungal, 17-19, 17b, 19f
pyogenic, 16-17, 17b, 18f

pelvic, 328, 329f
psoas muscle, 258
retroperitoneal and intraperitoneal, 253b, 256-258, 259f
scrotal, 380
splenic, 190b, 196-197, 196b

fungal, 197
pyogenic, 196

tubo-ovarian, 328, 329f
Acinar cell carcinoma, pancreatic, 98
Acquired cystic kidney disease (ACKD), and renal cell carcinoma,

159-160, 160b
Acquired immunodeficiency syndrome (AIDS), cholangiopathy

due to, 74
Acute tubular necrosis (ATN), after renal transplantation, 177
Adenocarcinoma, of prostate. See Prostate cancer.
Adenoma(s)

adrenocortical, 13D-133, 130f-132f
hypersecreting, 133
nonhypersecreting, 133-134
vs. adrenal metastasis, 132-133, 132b, 134

hepatocellular, 4-5, 4b, 6f, 7f
microcystic, of pancreas, 100-101, 101b, 102f, 103f

Adenoma malignum, of cervix, 290
Adenomatoid tumor, paratesticular, 382b, 383, 384£
Adenomatosis, liver, 5, 6f
Adenomatous polyposis, familial, desmoid tumors in, 232,

234, 234b
Adenomucinosis, disseminated peritoneal, 220
Adenomyomatosis, of gallbladder, 83-84, 83b, 83f
Adenomyosis, uterine, 273f, 275-277, 278f

vs. leiomyoma, 271, 276, 277b
with tamoxifen use, 284£

Adnexal masses, nonovarian causes of, 326-328, 326b, 327f, 329f
ADPCKD. See Autosomal dominant polycystic kidney disease

(ADPCKD).



Anomalous pancreaticobiliary junction (APBJ), 6 5  
Anterior mediastinal masses, fetal, 362, 363f 
Aorta, 481-504 

anatomic variants of, 486,48613, 486f, 487f 
coarctation of, 502-503,503f 

pseudo-, 503 
congenital anomalies of, 501-504,503f, 504f 
imaging of, 481-485 

artifacts in, 481, 482f, 484, 484f 
black-blood (gated) sequence for, 482b, 483 
bright-blood, 483 
cardiac gated, 482b, 483 
CE MRA for, 482b, 483485,484b, 484f 
centric acquisition in, 484 
cine (gated) sequence for, 482b, 483 
coils for, 481 
MR pulse sequences in, 481485,482b 
patient position for, 481 
T1-weighted for, 483, 483f 
T1-weighted GRE for, 482b, 483 

delayed contrast-enhanced, 482b, 485,485f 
T2-weighted, 482b, 483 
T2-weighted for, localizer, 482b, 483 
time-of-flight, 483 

in Marfan's syndrome, 501-502 
intramural hematoma of, 492494,49513,4952 
normal anatomy of, 486 
postoperative, 494-498, 496f, 497f 
size of, 486487, 4872, 
vasculitis of, 500-501, 501f 

Aortic aneurysm, 487489 
abdominal, 488 

classification of, 488 
complications of, 489, 490f, 491f 
inflammatory, 250-252,252b, 488 
infrarenal, 496f 

CE MRA of, 489,489f491f 
cigarette smoking and, 487 
classification of, 488,488f 
complications of, 489, 490f-492f 
defined, 486 
differential diagnosis of, 488, 4881, 
dissecting, 489 
epidemiology of, 487 
mycotic, 490f, 499, 500 
pseudo-, 499,500f 
repair of, 487-488 
ruptured, 483f, 489,49Of, 491f 
saccular, 499, 500 
thoracoabdominal 

branch-vessel disease in, 489,489f 
classification of, 488, 488f 
dissecting, 488, 488f 
multistation CE MRA of, 491f 

Aortic arch 
anatomic variants of, 486,486b,486f7 487f 
"bovine," 486 
normal anatomy of, 486 
right-sided, 503-504, 504f 

Aortic dissection, 489492 
CE MRA of, 492,492f, 495b 

multistation, 492, 493f 
classification of, 491 
complications of, 489, 490, 490f 
distal extension of, 494 
epidemiology of, 489, 495b 
in Marfan's syndrome, 502 
management of, 494,49515 
pathophysiology of, 489-491 
risk factors for, 489 
ruptured, mediastinal hematoma from, 490f 
site of, 489491 
symptoms or signs of, 495b 

Aortic ectasia, 486 
Aortic infection, 494-496, 499-500, 500f 

Aortic occlusive disease, 498-499, 498f-499f 
Aortic repair, 494-498,496f, 497f 

endoleak after, 497,497f 
infection after, 494-496 
perigraft fluid after, 494496 
procedures for, 494 
stent-graft, 496-497 

Aortic root, 486 
in Marfan's syndrome, 502 

Aortic syndromes, acute, 494,495b 
Aortic transection, 499, 500f 
Aortic trauma, 499, 500f 
Aortic ulcer, penetrating, 492, 494, 494f, 495b 
Aortic valve, bicuspid, 502 
Aortitis 

bacterial/fungal, 499-500 
tuberculous, 500 

Aortocaval fistula, 489,490f 
Aorto-esophageal fistula, 485f 
Aortoiliac occlusive disease, 498-499, 498f-499f 
APBJ (anomalous pancreaticobiliary junction), 65-66, 66f 
Aqueductal stenosis, 347, 347f 
Arachnoid cysts 

of posterior fossa, 351, 352f 
of roof of third ventricle, 348, 349f 

Arciform enhancement pattern, of spleen, 186, 187f-188f 
Arterial in-flow stenosis, after renal transplantation, 175-176, 175f 
Arterial thrombosis, in pancreas transplantation, 118, 119f 
Arteriovenous fistula 

after liver transplantation, 42 
after renal transplantation, 176, 176f 

Arteritis, Takayasu's, 500-501, 501f 
Ascaris lumbricoides, recurrent pyogenic cholangitis due to, 74 
Ascites 

chylous, 253b, 255 
in cirrhosis, 49 
uriniferous, 256 

Aspergillus, aortitis due to, 500 
Asplenia, 191, 191b 
Ateledasis, "hepatic," 23f 
ATN (acute tubular necrosis), after renal transplantation, 177 
Atypical myofibroblastic tumor, of bladder, 417418,418f 
Autosomal dominant polycystic kidney disease (ADPCKD), 

165-166, 167f 
donors for, 173 
hepatobiliary cysts in, 14-15, 15f 

Axillary lymph nodes, inflammatory, 447 
Axillary node staging, 464465 

B 
Bacterial aortitis, 499-500 
Bartholin gland cyst, 278f, 290f, 291, 293f 
BC (biliary cystadenoma), 11-14, 13b, 13f 
BCCA (biliary cystadenocarcinoma), 11-14, 13b 
BCS (Budd-Chiari syndrome), 36-39,39f, 40b 
Benign giant lymph node hyperplasia, 247-248,248b 
Benign prostatic hyperplasia (BPH), 393, 395f 
Bentall procedure, for aortic repair, 494 
Bile, MR appearance of, 65 
Bile duct(s), 64-77 

ampullary lesions of, 76-77, 77f 
cholangiocarcinoma of, 74-76, 75b, 76b 
cholangitis of, 72-74, 72b, 73f 
choledocholithiasis of, 65f, 69, 70f 
congenital anomalies and anatomic variants of, 65-67, 66f, 

67b, 68f 
contrast agents for, 65 
MR technique and normal appearance of, 64-65 
traumatic injury of, 71, 71f 

Biliary anastomotic leaks, after liver transplantation, 72 
Biliary complications 

of liver transplantation, 71-72, 71b 
postsurgical, 71, 71f 

Biliary cystadenocarcinoma (BCCA), 11-14, 13b 
Biliary cystadenoma (BC), 11-14, 13b, 13f 



Biliary cystic disease, congenital, 6 M 7 ,  6% 
Biliary hamartomas, 14 
Biliary obstruction, 68-69, 68f, 69f 

after liver transplantation, 71-72, 71b 
Biliary strictures, 71 

after liver transplantation, 71-72, 71b 
due to cholangiocarcinoma, 73 
due to cholangitis, 73 

Biliary tree 
anatomic variants of, 67, 68f 
congenital anomalies and anatomic variants of, 65-67,66f, 

6%. 68f 
contrast agents for, 65 
MR technique and normal appearance of, 64-65 
postsurgical, 69-72, 71f 

Biliary-enteric anastomosis, 69-71 
Bilious fluid collections, intraperitoneal, 25313, 255 
Bilomas, 25313,255 

after liver transplantation, 72 
Biopsy 

breast, 470471,472f, 473f 
prostate, 398 

hemorrhage after, 396f, 398, 399f 
BI-RADS (Breast Imaging Reporting and Data System), 436 
Bismuth classification, of traumatic bile duct injury, 71, 71f 
Bismuth-Corlette classification, of cholangiocarcinoma, 76, 76b 
Black-blood methods, for cardiac gated MRI, 483 
Bladder, 409-419 

cystitis of, 417 
cystocele of, 418 
endometriosis of, 325 
inflammatory pseudotumor of, 417-418,418f 
lymphoma of, 417 
metastasis to, 417 
MRI appearance of, 410-411,413f 
MRI techniques for, 409-410 
submucosal edema of, 411 

Bladder calculi, 417, 417f 
Bladder cancer, 411417 

arising within bladder diverticula, 415-416, 415f 
epidemiology of, 411412, 413b 
features of, 413b 
malignant adenopathy with, 409,41lf, 415 
MRI of, 414-415,413b 
muscle invasive, 411f, 412f, 413, 414, 415, 415f 
risk factors for, 412 
staging of, 409-410,411f, 412,412f, 413b 
subtypes of, 415-417 
superficial papillary, 412, 414f, 415 
urachal, 416-417,416f, 417t 

Bladder diverticula, transitional cell carcinoma arising within, 
415-416,415f 

Bladder exstrophy, 366,367f 
Bladder fistula, 419 
Bladder invasion, by uterine sarcoma, 283f 
Bladder wall, layers of, 411 
Bosniak classification system, for renal cysts, 162-164, 162b 
"Bovine arch," 486 
Bowel, fetal, 363 
BPH (benign prostatic hyperplasia), 393, 395f 
BPS (bronchopulmonary sequestration), 358-360,359f, 360f 
Brachytherapy, for prostate cancer, 402403,407f 

suboptimal placement of, 404f 
Brainstem, fetal development of, 345f 
Breast, 425473 

anatomy of, 427 
duct ectasia of, 444, 448f 
fat necrosis of, 446, 451f 
fibroadenoma of, 438f439f, 444,450452,453b 
fibroglandular elements of, 427 
gynecomastia of, 447-448, 452f 
inflammatory lymph nodes of, 447,451f 
phyllodes tumor of, 461-462 
proliferative disease of, 444-445, 449f 
radial scar of, 445-446, 44813, 450f 

Breast biopsy, 470471,472f, 473f 
seroma after, 465,467f 

Breast cancer, 435-444 
border characterization in, 437 
clumped enhancement in, 442 
confluent enhancement in, 442 
contralateral, 469-470, 471f 
contrast enhancement of, 436,437f 
ductal enhancement in, 442 
epidemiology of, 435 
fat saturation for, 436, 437f 
in situ 

ductal, 442,442f444f, 460-461,464f 
lobular, 444-445, 449f 

inflammatory, 459460,463f 
invasive 

ductal, 453454,457f 
lobular, 456-459,458b, 459f461f 

male, 448 
medullary, 454,455b 
metastatic 

to liver, 29f, 32 
to ovaries, 319f 

morphology of focally enhancing, 436442,438f444f 
MR imaging technique for, 435-436 
mucinous, 444,454-456,456f, 458f 
multifocal, 464, 466f 
neoadjuvant chemotherapy for, 467-468 
occult primary, 462, 465f 
recurrence of, 465467,469f-471f 
re-excision of, 465, 467f, 468f 
regional enhancement in, 437442,442f-445f 
rim enhancement in, 437,440f-441f 
screening for, 468470,471f 
segmental enhancement in, 442,442f 
staging of, 462465,464b 
stippled enhancement in, 442 
temporal vs. spatial resolution for, 442-443 
treatment of, 465468,467f-470f 
tubular, 454,455b 
women a t  high risk for, 468-469 

Breast coils, 426427, 426b, 426f 
Breast cysts, 444,445f447f 
Breast hamartoma, 453, 456f 
Breast Imaging Reporting and Data System (BI-RADS), 436 
Breast implant, 431-435 

normal and abnormal appearance of, 432-435,434f, 435f 
purpose of evaluating, 431 
rupture of, 432-435,435f, 451f 
technique for, 431-432,432b, 432f, 433f 

Breast MRI 
contrast enhancement of, 429431,429f-431f 
fat saturation for, 4285 429, 436,437f 
features of, 427-429, 428f 
for cancer detection and lesion characterization, 425-426, 

462,465f 
for evaluation of indeterminate mammographic finding, 462 
for evaluation of nipple discharge, 462 
for lesion localization, 470-471, 473f 
for monitoring of minimally invasive therapy, 471-473 
in pre-menopausal women, 429 
indications for, 425-426, 42613 
interventional, 470-471,472f, 473f 
limitations of, 425-426 
magnetic field strength for, 426 
patient positioning for, 427, 427f 
radiofrequency coils for, 426-427,42613, 426f 
technical considerations for, 426427, 426b, 426f, 427f 

Breathing-averaged T2-weighted sequences, in magnetic 
resonance cholangiopancreatography, 63-64 

Brenner tumor, ovarian, 307-308,309f 
"Bridging vessel" sign, of leiomyoma, 271, 272f 
Bright-blood methods, for cardiac gated MRI, 483 
Bronchi, development of, 356 
Bronchioles, development of, 356 



Bronchogenic cyst, 244, 360, 360f 
Bronchopulmonary sequestration (BPS), 358-360,359f, 360f 
Buck's fascia, 387,387f 
Budd-Chiari syndrome (BCS), 36-39,39f, 40b 
Bulbourethral gland, syringocele of, 388, 390f 

C 
Calculi, bladder, 417,417f 
Candida albicans 

hepatic abscess due to, 17 
splenic abscess due to, 197 

"Carcinoid heart," 224 
Carcinoid syndrome, 223-224,223b 
Carcinoid tumor, 222-224,223b, 224f 
Carcinomatosis, peritoneal rnucinous, 220,221,221f 
Cardiac gated MRI, 483 ~ Cardiosplenic syndromes, congenital, 191b 
Carney's syndrome, abdominal paraganglioma in, 225 
Caroli's disease, 67 
Castleman's disease, 247-248,248b 
Caudate lobe hypertrophy, in primary sclerosing cholangitis, 21, 23f 
Cavernosal arteries, 387, 387f 
Cavernosal thrombosis, partial, 388-389,390f 
Cavernous hemangioma, hepatic, 21-22 
Cavernous transformation, of portal vein, 41, 41f 
CCA. See Cholangiocarcinoma (CCA). 
CCAM (congenital cystic adenomatoid malformation), 356-358, 

3595 360f 
CDH (congenital diaphragmatic hernia), 360-362, 361f-363f 
CE-MRA. See Contrast-enhanced magnetic resonance angiography 

(CE-MRA). 
Central nervous system, 344-353 

corpus callosum abnormalities in, 348, 348f, 349f 
holoprosencephaly in, 348,349f 

I neuronal migration abnormalities in, 346 
normal brain maturation in, 344-346,3455 346f 
posterior fossa abnormalities in, 349-351, 351f, 352f 
sacrococcygeal tumor in, 351-353,355b, 355% 356f 
spinal dysraphism in, 351-352,353f, 354f 
tuberous sclerosis in, 349, 350f 
vein of Galen malformation in, 349, 350f 
venticulomegaly in, 346-348,347f, 348f 

Cerebellum, fetal development of, 345% 346,346f 
Cerebral ischemic injuries, in utero, 348, 348f 
Cerebrum, fetal development of, 345f, 346,346f 
Cervical cancer, 286-290 

epidemiology of, 286 
human papillomavirus and, 286 
lymphadenopathy with, 289-290 
MR findings of, 287-289,287f-289f 
risk factors for, 286 
staging of, 286-289,286b, 287f-289f 

Cervical invasion 
by colon cancer, 290f 
by uterine sarcoma, 283f 

Cervical teratoma, 357f 
Cervix, 285-290 

adenoma malignum of, 290 
metastatic disease of, 290,290f 
nabothian cyst of, 273% 285-286 
normal anatomy of, 270f, 285,285b 

CHAOS syndrome (congenital high airway obstruction 
syndrome), 355-356,358f 

Chemical shift imaging 
intracellular lipid within, 151f 
of adrenal gland, 129-130, 130f 
of angiomyolipomoa, 169-170 
of liver, 2, 2b 
of mature cystic teratoma, 313 
of renal cell carcinoma, 151f 

Chemotherapy, cholecystitis after, 81-82 
Chest, 356-362 

bronchopulmonary sequestration in, 35&360,359f, 360f 
congenital cystic adenomatoid malformation in, 356-358, 

359% 360f 

Chest (Continued) 
congenital diaphragmatic hernia in, 360-362, 361f-363f 
lung development in, 356, 358f 

Chiari t w e  I1 malformations. 346. 351-352 , , 

~hlam$a trachomatis, pelvic inflammatory disease due to, 
Cholangiocarcinoma (CCA), 74-76 

biliary obstruction due to, 68, 68f, 69f 
classification of, 74, 75b, 76, 76b 
duct wall thickness in, 75 
epidemiology of, 74 
extrahepatic, 74 
hepatic lobar atrophy with, 75 
hilar (Klatskin), 68f, 69f, 74 
intrahepatic peripheral, 11, l l b ,  12f 
MR appearance of, 74-75 
peripheral, 74 
peritoneal spread of, 76 
primary sclerosing cholangitis and, 72 
prognosis for, 76 
risk of, 74 
staging of, 75, 75b 
stricture due to, 73 
treatment for, 76 
unresectable, 75, 75b 
with regional lymphadenopathy, 75-76 

Cholangiohepatitis, oriental, 74 
Cholangiopancreatography, magnetic resonance. 

See Magnetic resonance cholangiopancreatography 
(MRCP). 

Cholangiopathy, AIDS, 74 
Cholangitis, 72-74 

infectious (ascending bacterial), 73 
primary sclerosing, 72-73, 72b, 73f 

liver in, 21, 23f 
recurrent pyogenic, 74 

Cholecystectomy 
for gallbladder carcinoma, 89 
for gallbladder polyps, 84b 

Cholecystitis, 81-82 
acalculous, 81b, 82 
acute, 78f, 81-82,81b 
chronic, 81, 87 
gangrenous, 81 
hemorrhagic, 81b, 82 
ischemic-chemical, 81-82, 81b 

Choledochal cysts, 66-67, 66f, 67b 
Choledochocele, 67 
Choledocholithiasis, 65f, 69 

hepatic abscesses secondary to, 18f 
Cholelithiasis, 78, 78f, 80-81, 80f 

and gallbladder carcinoma, 84-85 
Choriocarcinoma 

ovarian, 315 
testicular, 373 

Chronic pelvic pain syndrome, 407,408f 
Chyloperitoneum, 253b, 255 
Chyloretroperitoneum, 253b, 255 
Chylous ascites, 253b, 255 
Cigarette smoking 

and aortic aneurysm, 487 
and bladder cancer, 412 

Cirrhosis, 43-49 
ascites in, 49 
classification of, 44 
clinical features of, 43b 
collateral vessels in 

portosystemic, 47-49 
retroperitoneal, 49 

cryptogenic, 33, 43,44 
edema due to, 49 
enlargement of hilar periportal space in, 44 
etiology of, 43-44 
expanded gallbladder fossa sign in, 44 
fibrosis in, 44, 45, 46f 
Gamna-Gandy bodies in, 47f, 49 



Cirrhosis (Continued) 
gastrointestinal wall thickening in, 49 
iron deposition in, 4546,47f 
MR imaging features of, 43b, 44-49 
nodular lesions in, 43b, 44 

dysplastic, 44 ,4546  
regenerative, 44-46,47f 

"nodule within a nodule" sign in, 46,48f 
pathologic features of, 43b, 44 
periportal halo sign in, 45 
portal hypertension in, 4 7 4 9  
primary sclerosing cholangitis and, 21,23f, 72 
pseudo-, in breast cancer, 32 
splenomegaly in, 49 
spontaneous bacterial peritonitis with, 260 
with atrophy or hypertrophy, 23f, 44,45 
with hepatocellular carcinoma, 44,45, 46-47, 48f, 51-52, 

51f, 52f 
with right posterior hepatic notch, 45 

Clear cell adenocarcinoma 
of kidney, 151f 
of ovary, 305-307 

Cloacal anomalies, 366 
Clonorchis sinensis, recurrent pyogenic cholangitis due to, 74 
Cluster sign, with hepatic abscesses, 16, 18f 
Coarctation of aorta, 502-503,503f 

pseudo-, 503 
Coils 

breast, 426-427,426b, 426f 
endorectal, 392 
endourethral, 328-329 
for aorta, 481 
for liver, 1 

Collateral vessels, in cirrhosis 
portosystemic, 47-49 
retroperitoneal, 49 

Colorectal carcinoma, metastatic 
to adrenal gland, 138f 
to cervix, 290f 
to liver, 30, 32f 

Common bile duct stone, 65f 
Concentric ring sign, for retroperitoneal and intraperitoneal 

hematoma, 254 
Congenital anomalies. See also Fetal MRI. 

of aorta, 501-504,503f, 504f 
of biliary tree, 65-67, 66f, 67b, 68f 
of pancreas, 90-91 
of spleen, 190-192, 191b, 192f 

Congenital biliary cystic disease, 66-67, 67b 
Congenital cardiosplenic syndromes, 191b 
Congenital cystic adenomatoid malformation (CCAM), 356-358, 

359% 360f 
Congenital diaphragmatic hernia (CDH), 360-362, 361f-363f 
Congenital high airway obstruction syndrome (CHAOS 

syndrome), 355-356,358f 
Conn's syndrome, with adrenal adenoma, 133 
Contrast-enhanced magnetic resonance angiography (CE-MU) 

of aorta, 482b, 483485,484b, 484f 
of renal donors, 173, 174f, 175f 
of uterine artery embolization, 275, 276f-277f 

Contrast-enhanced magnetic resonance (CE-MR) imaging 
of gallbladder, 87 
of liver, 3-4 

Corpus callosum 
abnormalities of, 348, 348f, 3491 
agenesis of, 348,348f 
fetal development of, 345f, 346f 

Corpus cavernosum, 387,387f 
partial thrombosis of, 388-389,390f 

Corpus luteum cysts, 271f, 303 
Corpus spongiosum, 387 
Cortical adenomas, 130-133, 130f-132f 

hypersecreting, 133 
nonhypersecreting, 133-134 
vs. adrenal metastasis, 132-133, 132b 

Cowper's duct syringocele, 388, 390f 
Crohn's disease, enterovaginal fistula in, 296f 
Cryptosporidium, AIDS cholangiopathy due to, 74 
Cushing's syndrome, with adrenal adenoma, 133 
Cyst(s) 

adrenal, 13S141, 145f 
in fetal neuroblastoma, 363 
pseudo-, 145f 

arachnoid 
of posterior fossa, 351, 352f 
of roof of third ventricle, 348, 349f 

Bartholin gland, 278% 290f, 291, 293f 
breast, 444,445f-447f 
bronchogenic, 244,360f 
choledochal 

congenital, 66-67,67b 
due to anomalous pancreaticobiliary junction, 66, 66f 

corpus luteum, 271f, 303 
Dandy-Walker, 351f 
dermoid, of ovary, 311314,313f, 315f, 320f 
duplication 

duodenal, 364f 
enteric, 241-242 
of esophagus, 360f 

ejaculatory duct, 407409,409f, 410f 
enteric, 242-244 

duplication, 241-242 
epidermoid 

of spleen, 192, 192b 
testicular inclusion, 376,377b, 378f 

epididyrnal, 380-381,382b 
foregut, 362, 363f 
functional ovarian, 302-303, 323f 
Gartner duct, 291,292f 
hepatic, 51f, 195f 

hydatid, 20 
with ductal plate malformation, 14-15, 15f 

hepatobiliary, in autosomal-dominant polycystic kidney 
disease, 14-15, 15f 

hydatid 
of liver, 20 
of spleen, 192b, 193 

inclusion 
peritoneal, 326,326b, 327f 
testicular epidermoid, 376, 377b, 378f 

lymphatic, 240 
mesothelial, 241,243f 
Miillerian duct 

female, 270f, 291-292 
male, 40%409,409f, 410f 

nabothian, 273f, 285-286 
neurenteric, 363f 
nonparenchymal abdominal, 239-244,240b 
pancreatic, 100 

in cystic fibrosis, 108 
in von Hippel-Lindau disease, 101, 109, l l l f  
pseudo- 

in acute pancreatitis, 68f, 111, 113f, 114f 
intrasplenic, 193 
vs. mucinous cystic neoplasm, 101-102 

paratubal (parovarian), 326-327, 328f 
peritoneal inclusion, 326, 326b, 327f 
prostatic, 3955 407-409 
pseudo- 

adrenal, 145f 
pancreatic 

in acute pancreatitis, 68f, 111, 113f, 114f 
intrasplenic, 192 
vs. mucinous cystic neoplasm, 101-102 

renal, 162-166 
classification, 162-164, 162b 
fetal, 366f 
in acquired cystic kidney disease, 159-160, 160b 
in autosomal dominant polycystic kidney disease, 

165-166, 167f 



Cyst(s) (Continued) 
in multilocular cystic nephroma, 164-165, 166b, 166f 
in renal cell carcinoma, 162, 163, 165f 
in von Hippel-Lindau disease, l l l f ,  160, 161f 
multilocular, 162b 
proteinaceous or hemorrhagic, 163, 163f-164f 
simple, 162 
thickly septate, 163 
unilocular 

multifocal, 162b 
unifocal, l62b 

seminal vesicle, 409 
splenic, 192-193, 192b, 193f-194f 
Tarlov, 327,328f 
testicular, 375-376, 377f 

epidermoid inclusion, 376, 37713, 378f 
tunica albuginea, 381,38213 
utricle, 407408, 409, 409f 
vaginal, 291-292,292f, 293f 

Cystadenocarcinoma 
biliary, 11-14, 13b 
mucinous 

of ovary, 305 
of pancreas, 101, 105f-106f 

ovarian 
mucinous, 305 
serous, 305, 307, 310b 

Cystadenoma 
biliary, 11-14, 13b, 13f 
mucinous 

of ovary, 307,31lf, 312f 
of pancreas, 102, 104f 

ovarian 
mucinous, 307,31lf, 312f 
serous, 307,308f-310f 

pancreatic 
ductectatic, 103-106, 104b, 107f, 108f 
mucinous, 101, 104f 
serous, 100-101, 101b, 102f, 103f 

paratesticular papillary, 382b, 383 
Cystic duct, 79-80, 79f, 80f 
Cystic echinococcosis, 20 
Cystic fibrosis, involving pancreas, 107-108, llOf 
Cystic kidney disease 

acquired, and renal cell carcinoma, 159-160, 160b 
localized, 166 

Cystic lesions, of pancreas, 99-107, 100b 
Cystic nephroma, multilocular, 164-165, 166b, 166f 
Cystitis, 417 
Cystitis cystica, 238f 
Cystitis glandularis, 238f, 417 
Cystocele, 297f, 418 
Cytomegalouirus, AIDS cholangiopathy due to, 74 

D 
Dandy-Walker malformation, 349-351, 351f 
Dandy-Walker variant, 351,352f 
Dartos tunica, 387f 
DCIS (ductal carcinoma in situ), 442,442f-444f, 460461,464f 
Deep dorsal vein, of penis, 387f 
Dermoid cysts, of ovary, 311-314, 313f, 315f, 320f 
DES (diethylstilbestrol), and vaginal cancer, 295 
Desmoid tumor, abdominal, 232-235,234b, 235f 
Desmoplastic small round cell tumor (DSRCT), intra-abdominal, 

221-222,221b 
Developmental abnormalities, 343-367 

of abdomen, 362-366 
of adrenal gland, 363 
of bowel, 363 
of central nervous system, 344-351 

holoprosencephaly as, 348,349f 
normal brain maturation and, 344346,345f, 346f 
of corpus callosum, 348, 348f, 349f 
of neuronal migration, 346, 346f 
of posterior fossa, 349-353, 351f, 352f 

Developmental abnormalities (Continued) 
sacrococcygeal tumor as, 352-353,355b, 355f, 356f 
spinal dysraphism as, 351-352,353f, 354f 
tuberous sclerosis as, 349, 350f 
vein of Galen malformation as, 349, 350f 
venticulomegaly as, 346-348,347f, 348f 

of chest, 356-362 
bronchopulmonary sequestration as, 358-360,359f, 360f 
congenital cystic adenomatoid malformation as, 356-358, 

3595 360f 
congenital diaphragmatic hernia as, 360-362, 361f-363f 
in lung development, 356, 358f 

of kidney and urinary tract, 364-366, 365f-367f 
of liver, 362-363,364f 
of neck, 353-356 

cystic hygroma as, 353-355, 357f 
in CHAOS syndrome, 355356,358f 
teratoma as, 355, 3575 358f 

of pancreas, 90-91 
of uterus, 296-302,29913, 301f-306f 

Diaphragmatic hernia, congenital, 360-362,361f-363f 
Diethylstilbestrol (DES), and vaginal cancer, 295 
Digital rectal examination (DRE), for prostate cancer, 

396-397, 398 
Disseminated peritoneal adenomucinosis (DPAM), 220 
Diverticula, urethral, 329-330,33Of, 331f 
Dorsal vein, of penis, 387f 
"Double duct" sign, 91 
DPM (ductal plate malformation), cystic lesions associated with, 

1415 ,  15f 
DRE (digital rectal examination), for prostate cancer, 

396-397, 398 
DSRCT (desmoplastic small round cell tumor), intra-abdominal, 

221-222,221b 
Duct ectasia of breast, 444, 448f 
Duct of Santorini, 89 
Duct of Wirsung, 89 
Ductal carcinoma in situ (DCIS), 442,442f444f, 460-461,464f 
Ductal ectasia of breasts, 444, 448f 
Ductal plate malformation (DPM), cystic lesions associated with, 

1415 ,  15f 
Ductectatic cystadenoma, of pancreas, 103-106, 104b, 

107f, 108f 
Duodenal duplication cyst, 364f 
Duplex renal collecting system, 366, 366f 
Duplication cyst 

duodenal, 364f 
enteric, 241-242 
of esophagus, 360f 

Dysgerminoma, 314 
Dysplastic kidney, 365-366, 366f 
Dysplastic nodules, in cirrhosis, 44, 45-46 

E 
Echinococcosis, cystic, 20 
Echinococcus spp, hydatid disease due to 

of liver, 20 
of spleen, 192 

Edema 
due to cirrhosis, 49 
ovarian, 319,321f 
~ancreatic. 111. 112f 

E ~ C T  (extragonadal germ cell tumor), primary retroperitoneal, 
222,222b 

Ejaculatory duct cysts, 407409, 409f, 410f 
Elastography, magnetic resonance, of prostate, 405 
Embryonal cell carcinoma 

of ovary, 314 
of testis, 373, 374f 

Encephalomalacia, cystic, 347f 
Endodermal sinus tumor, of ovary, 314 
Endoleak, after aortic repair, 497, 497f 
Endometrial atrophy, with tamoxifen use, 284 
Endometrial carcinoma, 277-281 

biopsy for, 277-278 



Endometrial carcinoma (Continued) 
epidemiology of, 277 
secondary, 281-282,28lf, 282f 
staging of, 27&281,279b, 280f 

Endometrial hyperplasia, with tamoxifen use, 284, 285f 
Endometrial lesions, tamoxifen and, 283-285 
Endometrial polyps, 281f, 320f 

with tamoxifen use, 284 
Endometrial stromal sarcoma (ESS), 282-283 
Endometrioid ovarian carcinoma, 307 
Endometriomas, 314f, 322-323,322f, 323f 
Endometriosis, 319-326 

and ovarian cancer, 325-326 
defined, 319 
epidemiology of, 320-321 
etiology of, 319-320 
infertility due to, 320-321 
MR findings of, 322-326,322f-3252 
of bladder, 325 
organs involved in, 321 
risk factors for, 320 
solid masses of, 325, 325f 
treatment of, 321 

Endometrium, normal anatomy of, 269, 270b 
Endorectal coil, 392 
Endourethral coils, 328-329 
Entamoeba histolytica, hepatic abscess due to, 19 
Enteric cysts, 242-244 
Enteric duplication cysts, 241-242 
Enterovaginal fistula, 296f 
Enterovesical fistula, 418 
Epidermoid cysts 

of spleen, 192, 192b 
testicular inclusion, 376, 377b, 378f 

Epididymal cyst, 380-381, 382b 
Epididymis, 372 
Epididymitis, 383-384 
Erythrogenic hemochromatosis, 34, 35 
Esophagus, duplication cyst of, 360f 
ESS (endometrial stromal sarcoma), 282-283 
"Etching" artifact 

in adrenal adenoma, 130f 
in retroperitoneal liposarcoma, 211f 

Ex utero intrapartum treatment (EXIT procedure), 356 
Extra-adrenal pheochromocytoma, 224-225, 2.2513, 226f 
Extragonadal germ cell tumor (EGCT), primary retroperitc 

222,222b 
Extrahepatic ducts, cholangitis of, 73 
Extratesticular process(es), 37&382 

hydrocele as, 378-380, 382b, 382f 
spermatocele and epididyrnal cyst as, 380-381 
tunica albuginea cyst as, 381 
varicocele as, 381-382,382f 

F 
Fallopian tube, dilated, 327-328, 329f 
Familial adenomatous polyposis (FAP), desmoid tumors in, 

234,234b 
Fat necrosis, of breast, 446, 451f 
"Fat ring" sign, in sclerosing mesenteritis, 239,239b 
Fat saturation, for breast MRI, 428f, 429,436, 437f 
Fatty changes, of pancreas, 117, 117f 
FBNl gene, in Marfan's syndrome, 502 
Female pelvis. See Cerviu; Ovary(ies); Uterus; Vagina. 
Fetal MRI, 343-367 

background of, 343 
of abdomen, 362-366 

for adrenal gland, 363 
for bowel, 363 
for kidney and urinary tract, 364366, 365f-367f 
for liver, 362-363, 364f 

of central nervous system, 344-353 
for corpus callosum abnormalities, 348,348f, 349f 
for cystic encephalomalacia, 347f 
for holoprosencephaly, 348,349f 

Fetal MRI (Continued) 
for neuronal migration abnormalities, 346 
for normal brain maturation, 344-346, 345f, 346f 
for posterior fossa abnormalities, 349-351, 351f, 352f 
for sacrococcygeal tumor, 352-353,355b, 355f, 356f 
for spinal dysraphism, 351-352, 3535 354f 
for tuberous sclerosis, 349, 350f 
for vein of Galen malformation, 349, 350f 
for ventriculomegaly, 346348, 347f, 348f 

of chest, 356-362 
for bronchopulmonary sequestration, 358-360,359f, 360f 
for congenital cystic adenomatoid malformation, 356-358, 

359f, 360f 
for congenital diaphragmatic hernia, 360-362,361f-363f 
for lung development, 356, 358f 

of neck, 353-356 
for CHAOS syndrome, 355-356,358f 
for cystic hygroma, 353, 355, 357f 
for cystic lymphangioma, 353, 355, 357 
for teratoma, 355, 357f, 358f 

safety with, 343 
technique of, 344, 34413 

Fibroadenolipoma, of breast, 453,456f 
Fibroadenoma, of breast, 438f-439f, 444,450452,45313 
Fibroids, uterine. See Leiomyomas. 
Fibrolamellar hepatocellular carcinoma (FL-HCC), 8-10, 8b, 10f 
Fibroma, ovarian, 318, 318f 
Fibromatosis, abdominal wall and intra-abdominal, 232-235, 

234b, 235f 
Fibromuscular dysplasia, renal artery stenosis due to, 177, 179f 
Fibrosis 

cystic, involving pancreas, 107-108, llOf 
in cirrhosis, 44, 45, 46f 
retroperitoneal, 24&250, 248b, 250f, 251f 

Fibrothecoma, ovarian, 318, 318f 
Fibrous histiocytoma, retroperitoneal malignant, 217-219, 217b, 

218f 
Field strength 

for breast MRI, 426 
for hepatic imaging, 1 

FIG0 (International Federation of Gynecology and Obstetrics) 
classification, of cervical cancer, 286-287, 286b 

Fistula(s) 
aortocaval, 489,490f 
aorto-esophageal, 485f 

meal, arteriovenous 
after liver transplantation, 42 
after renal transplantation, 176, 176f 

bladder, 419 
enterovaginal, 296f 
enterovesical, 418 
rectovaginal, 292-293,295f 
ureterovaginal, 293,297f 
vaginal, 292-293,294f-296f 
vesicovaginal, 293,294f, 418 

FL-HCC (fibrolamellar hepatocellular carcinoma), 8-10, 8b, 10f 
232, Fluid collections, retroperitoneal and peritoneal, 252-258, 253b 

"Fluoroscopically triggered" bolus detection 
for aorta, 485 
for liver, 4 

Focal nodular hyperplasia (FNH), of liver, 5-8, 8b, 9f 
Focal myometrial contractions (FMCs), 269-271,271f 
Foregut cyst, 362,363f 
Fracture(s) 

of penis, 390 
of tunica albuginea, 390-391,392f 
testicular, 384-385 

Fungal abscess(es) 
hepatic, 17-19, 17b, 19f 
splenic, 197 

Fungal aortitis, 499-500 

G 
Gallbladder, 78-89 

adenomyomatosis of, 83-84, 83b, 83f 



Gallbladder (Continued) 
cholecystitis of, 78f, 81-82, 81b 
cholelithiasis of, 78, 78f, 80-81, 80f 
metastases to, 89 
MR technique for, 78-89 
non-Hodgkin's lymphoma of, 89 
normal appearance of, 79-80, 79b, 79f, 80f 
porcelain, 85, 86, 87f 

Gallbladder carcinoma, 84-89 
contrast-enhanced imaging of, 87 
differential diagnosis of, 85b, 87-88 
epidemiology of, 84-85 
gallbladder polyps and, 84 
gallstones and, 84-85 
imaging patterns of, 85-86,85b, 86f 
infiltrating, 87-88 
porcelain gallbladder and, 85, 86, 87f 
prognosis for, 85 
recurrent, 87, 88f 
risk factors for, 84-85 
spread of, 85-86,86f 
staging of, 85, 85b 
therapy for, 88-89 
unresectable, 86f 

Gallbladder fossa sign, expanded, in cirrhosis, 44 
Gallbladder polyps, 84, 84b 
Gallbladder varices, 82-83, 82f 
Gallstones, 78, 78f, 80-81,80f 

and gallbladder carcinoma, 84-85 
Gamna-Gandy bodies, l87,190,190b, 191f 

in cirrhosis, 47f, 49 
Ganglioneuroma, retroperitoneal, 225-227,22713,228f 
Gardner syndrome, desmoid tumors in, 232 
Gartner duct cyst, 291,292f 
Gastrinomas, 95-97, 96f, 97f 
Gastrointestinal stromal tumor (GIST), 187f-188f, 233b 

malignant, 223b 
metastatic to spleen, 187f-188f 

Gastrointestinal wall thickening, in cirrhosis, 49 
"Gaucheromas," 198f 
Gaucher's disease, of spleen, 190b, 197, 200f 
GCT (granulosa cell tumor), ovarian, 315-318, 317f 
Germ cell tumors 

ovarian, 305b, 308-315 
dysgerminoma as, 314 
endodermal sinus tumor (yolk sac tumor) as, 314 
epidemiology of, 303, 308-311 
mature cystic teratoma as, 311-314,313f, 315f, 320f 
mixed malignant, 314 

primary retroperitoneal extragonadal, 222,22213 
testicular, 373, 373f-3752 374 

Giant hemangiomas, hepatic, 23, 25f 
Giant lymph node hyperplasia, benign, 247-248,24813 
GIST (gastrointestinal stromal tumor), 187f-188f, 23313 
Gleason scale, for prostate cancer, 398 
Glisson's capsule, pseudolipoma of, 27 
Glucagonomas, 97-98 
Gonadoblastoma, 373-374 
Gradient echo (GRE) sequences, for adrenal gland, 129 
Graft infection, after aortic repair, 494-496 
Granuloma, splenic, 197, 198f 
Granulomatous disease, of spleen, 197, 198f, 199f 
Granulosa cell tumor (GCT), ovarian, 315-318,317f 
Gray matter heterotopia, 346,346f 

in tuberous sclerosis, 349, 350f 
Gynecomastia, 447-448, 452f 

H 
Half-Fourier acquisition single-short turbo spin-echo (HAE 

in magnetic resonance cholangiopancreatography, 
Hamartoma(s1 

biliary, 14 
breast, 453,456f 
fetal, 363 
splenic, 194 

HCC (hepatocellular carcinoma), 49-53,49b 
Hemangioendotheliomas, fetal, 363 
Hemangioma 

abdominal, 244,244b 
hepatic, 21-26, 23b 

enhancement patterns for, 23-25 
giant, 23,25f 
histology of, 22 
hyalinized or sclerosed, 26, 26f 
MR appearance of, 9f, 22-23,23b, 24f, 25f 
vs. hepatocellular carcinoma, 53 
vs. metastases, 25-26 
with temporal peritumoral enhancement, 24f, 26 

soft tissue, of neck, 358f 
splenic, 190b, 193, 194b, 195f 

Hematocele, 380, 382b 
Hematoma 

adrenal, 139, 145f 
intramural, of aorta, 492-494,495b, 495f 
intratesticular, 385, 385f 
mediastinal, from ruptured aortic dissection, 490f 
of tentorium, 351 
perinephric, 156, 158f 
retroperitoneal and intraperitoneal, 25313,254,255f-258f 
scrotal, 385, 386f 
splenic, 203, 203f 
with renal cell carcinoma, 156 

Hematosalpinx, 323f 
Hematospermia, 410f 
Hemochromatosis 

involving liver, 34-35, 35b, 36f, 37f 
involving pancreas, 108 
involving spleen, 190 
myocardium in, 37f 

Hemorrhage 
after prostate biopsy, 396f, 398, 399f 
of hepatic adenoma, 5, 7f 
retroperitoneal and intraperitoneal, 254,254b 
seminal vesicle, 400, 405f 
with renal cell carcinoma, 156 

Hemorrhagic cholecystitis, 82 
Hemosiderosis, of spleen, 187-190, 189f 
Hepatic. See also under Liver. 
Hepatic abscess, 16-19 

amebic, 19 
fungal, 17-19, 17b, 19f 
pyogenic, 16-17, 17b, 18f 

Hepatic adenoma, 4-5, 4b, 6f, 7f 
Hepatic adenomatosis, 5, 6f 
Hepatic angiomyolipoma, 26-27 
Hepatic artery occlusion, after liver transplantation, 42f 
Hepatic artery thrombosis, after liver transplantation, 42 
"Hepatic atelectasis," 23f 
Hepatic cirrhosis. See Cirrhosis. 
Hepatic congestion, passive, 39-40 
Hepatic cysts 

hydatid, 20 
with ductal plate malformation, 14-15, 15f 
with hepatocellular carcinoma, 51f 
with splenic hemangioma, 195f 

Hepatic hemangioma, 21-26,23b 
enhancement patterns for, 23-25 
giant, 23,25f 
histology of, 22 
hyalinized or sclerosed, 26,26f 
MR appearance of, 9f, 22-23,23b, 24f, 25f 
vs. hepatocellular carcinoma, 53 
vs. metastases, 25-26 

ITE), with temporal peritumoral enhancement, 24f, 26 
63, 64 Hepatic imaging, 1-53 

advantages of MRI for, 1 
chemical shift, 2, 2b 
contrast-enhanced, 3-4 
field strength and surface coils for, 1 
MR pulse sequences for, 1-4, 2b 



Hepatic imaging (Continued) 
TI-weighted (Tl-WI), 1-2, 2b 
T2 star (T2*)-weighted, 3 
T2-weighted (T2-WI), 2-3 

short tau inversion recovery, 3 
Hepatic infarcts, after liver transplantation, 42, 42f 
Hepatic injury, radiation-induced, 21, 22f 
Hepatic iron overload, 33-36,35b, 36f 

in cirrhosis, 45-46 
Hepatic lipoma, 27 
Hepatic lymphoma, 27-28 
Hepatic masses 

due to biliary cystadenoma and cystadenocarcinoma, 11-14, 
13b, 13f 

due to fibrolamellar hepatocellular carcinoma, 8-10, 8b, 10f 
due to focal nodular hyperplasia, 5-8, 8b, 9f 
due to hepatocellular adenoma, 4-5,4b, 6f, 7f 
due to intrahepatic peripheral cholangiocarcinoma, 11, 

l l b ,  12f 
due to liver adenomatosis, 5,6f 
primary, 4-14 

Hepatic metastasis(es), 28-32, 28b 
cystic, 28-29 
hemorrhagic, 28,30f 
hepatic hemangioma vs., 25-26 
hypervascular, 30-32 
hypovascular, 32 
isovascular, 32 
lipid-containing, 29, 31f 
of breast cancer, 29f 
of carcinoid tumor, 224 
of mucinous colon adenocarcinoma, 32f 
of ovarian teratoma, 31f 
of retroperitoneal leiomyosarcoma, 216f, 217f 
of testicular carcinoma, 30f 
perilesional enhancement of, 32 
peripheral washout sign in, 32 

Hepatic notch, right posterior, in cirrhosis, 45 
Hepatic pseudolipoma, 27 
Hepatic sarcoidosis, 20 
Hepatic steatosis, 32-33, 33b, 34f 

around gallbladder fossa, 80 
with adrenal metastases, 138f 
with adrenal myelolipoma, 143f, 144f 
with pancreatic metastases, 22f 

Hepatic tuberculomas, 20 
Hepatic tuberculosis, 19-20, 189f 
Hepatic veno-occlusive disease (HVOD), 39 
Hepatic venous thrombosis, Budd-Chiari syndrome due to, 36-37 
Hepatitis B, cirrhosis due to, 50 
Hepatitis C, cirrhosis due to, 50, 50f, 52f 
Hepatobiliary cysts, in autosomal-dominant polycystic kidney 

disease, 14-15, 15f 
Hepatoblastomas, fetal, 363 
Hepatocellular adenoma, 4-5,4b, 6f, 7f 
Hepatocellular carcinoma (HCC), 4953,49b 

cirrhosis with, 44, 45, 46-47, 48f, 51-52, 51f, 52f 
classification of, 50 
clinical manifestations of, 49b, 50 
differential diagnosis of, 53 
epidemiology of, 49-50 
fibrolamellar, 8-10, 8b, 10f 
Gamna-Gandy bodies with, 191f 
hepatic hemangioma vs., 53 
invasive, 50, 50f 
lipid-containing, 50, 51f 
metastatic 

after liver transplantation, 42 
extrahepatic, 53 

MRI appearance of, 49b, 50,51f 
multifocal, 51-52, 52f 
pathogenesis of, 49 
pathology of, 49b 
pseudocapsule in, 52-53 
risk factors for, 50 

Hepatocellular carcinoma (Continued) 
rupture of, 50 
sinusoidal spaces in, 52 
venous invasion by, 53 
with Budd-Chiari syndrome, 38 

Hepatolithiasis, 74 
Hepatomegaly 

fetal, 363 
in non-Hodgkin's lymphoma, 27 

Hepatosplenic fungal disease, 17-19, 17b, 19f 
Hereditary papillary renal cancer (HPRC), 160 
Hernia 

congenital diaphragmatic, 360-362,361f-363f 
inguinal, 382, 383f 
scrotal, 382, 383f 

Hilar periportal space, enlargement of, due to cirrhosis, 44 
Histiocytoma, retroperitoneal malignant fibrous, 217-219, 

217b, 218f 
Histoplasmosis, of spleen, 197 
Hodgkin's disease 

hepatic involvement by, 27 
retroperitoneal, 245 
splenic involvement by, 200 

Holoprosencephaly, 348,349f 
HPRC (hereditary papillary renal cancer), 160 
Human papillomavirus (HPV), and cervical cancer, 286 
HVOD (hepatic veno-occlusive disease), 39 
Hydatid disease 

of liver, 20 
of spleen, 192b, 193 

Hydrocele, 378-380,382b, 382f 
reactive, 384, 385f 

Hydrography, magnetic resonance, 150, 157f 
Hydrosalpinx, 328 
Hygromas, cystic, 355, 357f 
Hyperaldosteronism 

with adrenal adenoma, 133 
with adrenocortical carcinoma, 135f 

Hypertension 
portal 

gallbladder varices in, 82, 82f 
in cirrhosis, 47-49 

renovascular, 177-180, 177b, 179f, 180f 
Hysterectomy 

for endometriosis, 321 
for uterine leiomyoma, 274-275 

I 
IAAA (inflammatory abdominal aortic aneurysm), 250-252, 

252b, 488 
IDC (invasive ductal carcinoma), of breast, 453-454,457f 
ILC (invasive lobular carcinoma), of breast, 456-459,458b, 

459f461f 
Iliac occlusive disease, 498-499, 498f499f 
IMH (intramural hematoma), of aorta, 492-494,495b, 495f 
Inclusion cysts 

peritoneal, 326, 326b, 327f 
testicular epidermoid, 376, 377b, 378f 

Infarction 
hepatic, after liver transplantation, 42, 42f 
renal, 171f, 189f 
splenic, 189f, 198-199 

in sickle cell disease, 199 
Infection, aortic, 494-496, 499-500, 500f 
Infectious cholangitis, 73 
Infectious fluid collections, retroperitoneal and intraperitoneal, 

253b, 256258,259f 
Infectious liver disease, 15-21 
Infectious splenic lesions, 196-197, 196b 
Inferior vena cava (IVC) thrombus 

adrenal cortical carcinoma with, 136f-137f 
renal cell carcinoma with, 152f-153f, 159 

Infertility, due to endometriosis, 320-321 
Inflammatory abdominal aortic aneurysm (IAAA), 250-252, 

252b, 488 
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Inflammatory carcinoma, of breast, 459460,463f 
Inflammatory fluid collections, 253-254 
Inflammatory liver disease, 15-21 
Inflammatory lymph nodes, of breast, 447,451f 
Inflammatory myofibroblastic tumor (IMT) 

of liver, 15-16, 16f 
of spleen, 194 

Inflammatory pseudotumor (IPT) 
of bladder, 417418,418f 
of liver, 15-16, 16f 
of spleen, 194-196 

Inflammatory splenic lesions, 196-197, 196b 
Inguinal hernia, 382, 383f 
Insulinomas, 95, 95b, 95f 
Intercornual angle, 301-302 
Internal iliac pseudoaneurysm, 256f 
International Federation of Gynecology and Obstetrics (FIG01 

classification, of cervical cancer, 286-287, 28613 
Interstitial cystitis, 417 
Intra-abdominal desmoplastic small round cell tumor, 

221-222,221b 
Intra-abdominal fibromatosis, 232-235,234b, 2352 
Intraductal mucin-hypersecreting tumor, of pancreas, 103-106, 

104b, 107f, 108f 
Intraductal papillary mucinous tumor (IPMT), of pancreas, 

103-106, 104b, 107f, 108f 
Intraductal papilloma of breast, 452-453,453b, 454f455f 
Intrahepatic cysts, in autosomal-dominant polycystic kidney 

disease, 14-15 
Intrahepatic duct 

aberrant, 68f 
cholangitis of, 73f 

Intrahepatic peripheral cholangiocarcinoma (IPC), 11, 
l l b ,  12f 

Intramammary lymph nodes, inflammatory, 447,451f 
Intramural hematoma (IMH), of aorta, 492-494,495b,495f 
Intraperitoneal abscess, 253b, 256-258 
Intraperitoneal hematoma, 253b, 254,255f-258f 
Intraperitoneal hemorrhage, 254,25413 
Intratesticular cysts, 375-376, 377f 

epidermoid inclusion, 376, 377b, 378f 
Intratesticular lesions, 373-378 

adrenal rests as, 376-377, 379f 
benign, 37313,375-376,377b, 377f, 378f 
dilated rete testis vs., 376, 379f 
Leydig cell hyperplasia as, 377, 380f 
malignant, 373-374,37313,373f-376f, 3761, 
metastatic, 374, 376b 
multiple bilateral, 374, 37613 
polyorchidism as, 377-378, 381f 

Invasive ductal carcinoma (IDC), of breast, 453454,457f 
Invasive lobular carcinoma (ILC), of breast, 456459,45813, 

459f461f 
IPC (intrahepatic peripheral cholangiocarcinoma), 11, l l b ,  12f 
IPMT (intraductal papillary rnucinous tumor), of pancreas, 

103-106, 104b, 107f, 108f 
IPT. See Inflammatory pseudotumor (IPT). 
Iron deposition disease 

hepatic, 33-36, 35b, 36f, 37f, 38f 
in cirrhosis, 45-46 

splenic, 187-190, 189f 
in sickle cell disease, 199, 201f 

Islet cell tumors, 95-98 
diagnosis of, 98 
epidemiology of, 95 
functioning, 95-98 
gastrinomas as, 95-97,96f, 97f 
glucagonomas, VIPomas, and somatostatinomas as, 97-98 
insulinomas as, 95, 95b, 95f 
metastasis of, 98 
nonfunctioning, 96f, 98, 98b 

in von Hippel-Lindau disease, 109 
IVC (inferior vena cava) thrombus 

adrenal cortical carcinoma with, 136f-137f 
renal cell carcinoma with, 152f-153f, 159 

J 
Jackson classification, for penile carcinoma, 387, 38813 

K 
Kidney(s), 149-180. See also under Renal. 

cystic disease of. See Renal cyst(s). 
fetal, 364-366,365f-367f 
medullary carcinoma of, 160-161 
metastatic disease of, 170 
MR imaging techniques for, 149-150, 150b, 151f-154f 
pyelonephritis of, 170-172, 172f-173f 
renal cell carcinoma of. See Renal cell carcinoma (RCC). 
transitional cell carcinoma of, 168-169, 168b, 168f 

Klatskin tumor, 68f, 69f, 74 
Krukenberg tumor, 318 
k-space, in contrast enhanced MRA, 484 

L 
LCIS (lobular carcinoma in situ), 444-445, 449f 
Leiomyomas, 271-275 

adenomyosis vs., 271,273f, 276,277b 
Bartholin cysts, 293f 
Brenner tumors, 309f 
"bridging vessel" sign of, 271, 272f 
categories of, 271 
cystadenoma 

mucinous, 312f 
serous, 309f 

defined, 271 
degeneration of, 272-274 
endometrial polyp, 281f 
exophytic, 271,313f 
intracavitary, 271-272, 274f 
intramural, 271, 293f 
MR findings of, 271-274 
ovarian carcinoma, 281f 
submucosal, 271-272,293f 
subserosal, 271,272f 
teratoma 

cystic, 313f 
mature ovarian, 320f 

treatment of, 276275,276f-277f 
vaginal, 293-294 

Leiomyosarcoma 
of prostate, 405 
retroperitoneal, 214-217,214b, 216f, 217f 
uterine, 282, 283 

Lesion Diagnosis International Working Group on Breast MRI, 
436-437 

Leydig cell(s), 372 
Leydig cell hyperplasia, 377, 380f 
Leydig cell neoplasms, 373 
Ligamentum arteriosum, 486 
Linguine sign, 434, 435f 
Lipiodol, for hepatocellular carcinoma, 50 
Lipodystrophy, mesenteric, 237 
Lipoma 

abdominal, 235436,23613 
hepatic, 27 
pancreatic, 116-117, 130f 
spermatic cord, 383 

Lipomatosis, pelvic, 236-237, 237b, 238f 
Liposarcoma, retroperitoneal, 209-212,210b 

clinical features of, 209-210, 210b 
dedifferentiated, 210-211,21Ob, 214f-215f 
myxoid, 210b, 211-212,212f-215f 
pleomorphic and round cell, 210b, 212 
well-differentiated, 210, 210b, 211f-213f 

Lissencephaly, 346 
Liver. See also under Hepatic. 

Budd-Chiari syndrome of, 36-39,39f, 40b 
fetal, 362-363,364f 
focal nodular hyperplasia of, 5-8, 8b, 9f 
hydatid disease of, 20 
iron depositional disease of, 33-36,35b, 36f, 37f, 38f 



Liver (Continued) 
metastatic melanoma to, 186f 
posttransplant lymphoproliferative disorder of, 27-28 
regenerative nodules of, 38-39 
vascular disease of, 36-41 

Liver abscess, 16-19 
amebic, 19 
fungal, 17-19, 17b, 19f 
pyogenic, 16-17, 17b, 18f 

Liver adenoma, 4-5,4b, 6f, 7f 
Liver adenomatosis, 5, 6f 
Liver disease 

inflammatory and infectious, 15-21 
radiation-induced, 21, 22f 

Liver imaging, 1-53 
advantages of MRI for, 1 
chemical shift, 2, 2b 
contrast-enhanced, 3 4  
field strength and surface coils for, 1 
MR pulse sequences for, 1-4, 2b 

TI-weighted (Tl-WI), 1-2, 2b 
T2 star (T2')-weighted, 3 
T2-weighted (T2-WI), 2-3 

short tau inversion recovery, 3 
Liver transplantation 

complications of, 4143,42f 
MRCP evaluation after, 71-72, 71b 

Lobular carcinoma in situ (LCIS), 444-445,449f 
Long common channel, 65-66,66f 
Lower urinary tract obstruction (LUTO), fetal, 

365366,365f 
Lumbar artery pseudoaneurysm, 257f-258f 
Lung 

bronchopulmonary sequestration of, 358-360,359f, 360f 
congenital cystic adenomatoid malformation of, 356-358, 

- 359f, 360f 
development of, 356,358f 

Lymphadenopathy 
abdominopelvic, 244248,245b 
from abdominal tuberculosis, 246b 
from bladder cancer, 409,41lf, 415 
from cervical cancer, 289-290 
from prostate cancer, 401,405f 

Lymphangiomas 
abdominal, 240-241,24lb, 242f 
fetal, 362 

cystic, 352-353, 357f 
splenic, 190b, 193, 196f 

Lymphatic cysts, 240 
Lymphoceles, after renal transplantation, 177 
Lymphoma 

hepatic, 27-28 
intratesticular, 374, 376f 
of bladder, 417 
pancreatic, 98, 99f 
renal, 169,169b, 169f 
retroperitoneal, 244-246,245b, 246b,247f 
splenic, 190b, 199-201, 202f 

M 
Magnetic field strength 

for breast MRI, 426 
for hepatic imaging, 1 

Magnetic resonance angiography ( M U ) ,  contrast-enhanced 
of aorta, 482b, 483-485,484b, 484f 
of renal donors, 173, 174f, 175f 
of uterine artery embolization, 275, 276f-277f 

Magnetic resonance cholangiopancreatography (MRCP), 63-64 
of ampullary lesions, 76, 77, 77f 
of anomalous pancreaticobiliary junction, 66, 66f 
of biliary obstruction, 68-69, 68f, 69f 
of biliary tree 

anatomic variants of, 67, 68f 
normal, 64-65 
postsurgical complications of, 71, 71f 

Magnetic resonance cholangiopancreatography (Continued) 
of biliary-enteric anastomosis, 71 
of cholangiocarcinoma, 74 
of cholangitis 

infectious, 73 
primary sclerosing, 72-73, 73f 
recurrent pyogenic, 74 

of choledochal cysts, 67 
of choledocholithiasis, 65f, 69 
of cholelithiasis, 80 
of gallbladder, 78, 79, 79f, 80f 

adenomyomatosis of, 83 
carcinoma of, 85 

of liver transplantation, 71-72, 71b 
of Mirizzi syndrome, 72 
of pancreas 

annular, 90 
divisum, 91 
intraductal papillary mucinous tumor of, 104-105 

of pancreatic dud,  89-90 
of pancreatitis, 111, 116, 116f 
principles and techniques of, 63-64,64b, 65f 
technical and diagnostic pitfalls of, 64 

Magnetic resonance (MR) elastography, of prostate, 405 
Magnetic resonance (MR) hydrography, 150, 157f 
Magnetic resonance spectroscopy (MRS), of prostate, 

403-405 
Magnetic resonance urography (MRU), imaging techniques for, 

150, 150b, 155f, 156f 
Male pelvis. See Penis; Prostate; Scrotum; Testis(es). 
Malignant fibrous histiocytoma (MFH), retroperitoneal, 

217-219,217b, 218f 
Malignant gastrointestinal stromal tumor, 22313 
Malignant mixed miillerian tumor (MMMT), 282,283 
Malignant peripheral nerve sheath tumor (MPNST), 231-232, 

232b, 233f 
Mature cystic teratoma, of ovary, 311-314,313f, 315f, 320f 
Maximum intensity projection (MIP) algorithm, in magnetic 

resonance cholangiopancreatography, 64 
Maximum-intensity pixel (MIP) images, in contrast enhanced 

MRA, 484 
Mayer-Rokitansky-Kiister-Hauser (MRKH) syndrome, 

299,300f 
Meconium, in fetal bowel, 363 
Mediastinal hematoma, from ruptured aortic dissection, 490f 
Mediastinal teratoma. 362 
Mediastinum testis, $2, 372f 
Medullary carcinoma 

of breast, 454,455b 
of kidney, 160-161 

Mega cisterna magna, 349,351f 
Melanoma 

metastatic 
to adrenal gland, 139f 
to gallbladder, 89 
to liver, 29, 186f 
to pancreas, 99 
to spleen, 186f 

~en i le .  388 
MEN (multiple endocrine neoplasial-1 syndrome, gastrinomas in, 

95.97 . - 7 - -  
MEN (multiple endocrine neoplasia) type IIA, pheochromocytoma 

in, 136, 140f 
Menstruation, retrograde, 319-320 
Mesenteric desmoid tumors, 233 
Mesenteric lipodystrophy, 237 
Mesenteric metastases, of carcinoid tumor, 224, 224f 
Mesenteric panniculitis, 237 
Mesenteritis 

retractile, 237, 23913 
sclerosing, 237-239, 239b 

Mesentery, carcinoid tumor of, 222-224, 223b, 224f 
Mesoblastic nephroma, fetal, 364 
Mesothelial cysts, 241, 243f 
Mesothelioma, peritoneal, 219, 219b 



Metastasis(es) 
adrenal, 134-135, 138f-140f 

adrenal adenoma vs., 132-133,132b, 134 
of renal cell carcinoma, 140f, 156 

from intratesticular lesions, 374, 376b 
hepatic, 28-32, 28b 

cystic, 28-29 
hemorrhagic, 28,30f 
hepatic hemangioma vs., 25-26 
hypervascular, 30-32 
hypovascular, 32 
isovascular, 32 
lipid-containing, 29, 31f 
of breast cancer, 29f 
of carcinoid tumor, 224 
of mucinous colon adenocarcinoma, 32f 
of ovarian teratoma, 31f 
of retroperitoneal leiomyosarcoma, 216f, 217f 
of testicular carcinoma, 30f 
perilesional enhancement of, 32 
peripheral washout sign in, 32 

of carcinoid tumor, 22313, 224,224f 
of islet cell tumors, 98 
osseous, of prostate cancer, 401,406f 
pancreatic, 99, lOOf 
renal, 170 
splenic, 190b, 201-202 

of gastrointestinal stromal tumor, 187f-188f 
of melanoma, 186f 

to bladder, 417 
to cervix, 290,290f 
to endometrium, 281f 
to gallbladder, 89 
to ovaries, 303,318,319f 
to penis, 388 
to prostate, 407 
to vagina, 290f 

Methysergide, retroperitoneal fibrosis due to, 249 
Meyenburg complexes, 14,15 
MFH (malignant fibrous histiocytoma), retroperitoneal, 217-219, 

217b, 218f 
Microcystic adenomas, of pancreas, 100-101, 101b, 102f, 103f 
MIP (maximum intensity projection) algorithm, in magnetic 

resonance cholangiopancreatography, 64 
MIP (maximum-intensity pixel) images, in contrast enhanced 

MRA, 484 
Mirizzi syndrome, 72 
MLCN (multilocular cystic nephroma), 164-165, 166b, 166f 
MMMT (malignant mixed mullerian tumor), 282,283 
MPNST (malignant peripheral nerve sheath tumor), 231-232, 

232b, 2338 
MPR (multiplanar reformatted) images, in contrast enhanced 

MRA, 484 
MR (magnetic resonance) elastography, of prostate, 405 
MR (magnetic resonance) hydrography, 150, 157f 
MRA. See Magnetic resonance angiography (MRA). 
MRCP. See Magnetic resonance cholangiopancreatography 

(MRCP). 
MRKH (Mayer-Rokitansky-Kuster-Hauser) syndrome, 

299,300f 
MRS (magnetic resonance spectroscopy), of prostate, 403-405 
MRU (magnetic resonance urography), imaging techniques for, 

150, 150b, 155f, 156f 
Mucinous carcinoma, of breast, 454-456,456f, 458f 
Mucinous cystadenocarcinoma 

of ovary, 305 
of pancreas, 101, 105f-106f 

Mucinous cystadenoma 
of ovary, 307,31lf, 312f 
of pancreas, 101, 104f 

Mucinous cystic neoplasms 
of ovary, 305,307,310b, 311f, 312f 
of pancreas, 101-103,102b, 104f-106f 

Mucinous ductal ectasia, of pancreas, 103-106, 104b, 107f, 108f 
Mucinous ovarian neoplasms, 305,307,310b, 311f, 312f 

Mullerian duct(s) 
absence of, 299,300f 
developmental anomalies of, 296-302,299b, 301f306f 

Mullerian duct cysts 
female, 270f, 291-292 
male, 408-409,409f, 410f 

Miillerian tumor, malignant mixed, 282,283 
Multicystic dysplastic kidney, 366f 
Multilocular cystic nephroma (MLCN), 164-165, 166b, 166f 
Multiplanar reformatted (MPR) images, in contrast enhanced 

MRA, 484 
Multiple endocrine neoplasia (MEN)-1 syndrome, gastrinomas 

95.97 
Multiple endocrine neoplasia (MEN) type IIA, pheochromocyton 

in, 136, 140f 
Mycobacterium tuberculosis, splenic infection with, 197 
Mycotic aortic aneurysm, 490f, 499,500 
Myelocystoceles, 352 
Myelolipoma, adrenal, 137-139, 143f, 144f 
Myelomeningocele (MMC), 352, 353% 354f 
Myofibroblastic tumor 

atypical, of bladder, 417418,418f 
inflammatory 

of liver, 15-16, 16f 
of spleen, 194 

Myoma, uterine. See Leiomyomas. 
Myometrium 

benign lesions of, 271-277,272f-274f, 276f-278f, 2771, 
contractions of, 269-271,271f 
inner, 269-271 
normal anatomy of, 269-271,270b 
outer, 271 

N 
Nabothian cyst, 273f, 285-286 
NASH (nonalcoholic steatohepatitis), 33 
Neisseria gonorrhoeae, pelvic inflammatory disease 

due to, 327 
Neonate, spleen in, 185 
Nephrectomy, for renal cell carcinoma, 161-162 
Nephroma 

fetal mesoblastic, 364 
multilocular cystic, 164-165, 166b, 166f 

Neurenteric cyst, 363f 
Neuroblastoma, of adrenal glands, 363-364 
Neuroendocrine tumors, pancreatic, 95-98 

diagnosis of, 98 
epidemiology of, 95 
functioning, 95-98 
gastrinomas as, 95-97,96f, 97f 
glucagonomas, VIPomas, and somatostatinomas as, 97-98 
insulinomas as, 95,95b, 95f 
metastasis of, 98 
nonfunctioning, 96f, 98, 98b 

in von Hippel-Lindau disease, 109 
Neurofibroma, abdominal, 230-231,23Ob, 231f, 233f 
Neurofibromatosis, pheochromocytoma in, 136 
Neurofibromatosis type 1 (NF-1) 

abdominal neurofibromas in, 230-231,23Ob, 231f, 233f 
malignant peripheral nerve sheath tumors in, 231-232, 

232b. 233f 
Neuronal mi&ation abnormalities, 346 
Newborn, spleen in, 185 
Nipple, Paget's disease of, 461 
Nipple discharge, 443f-4445 454f455f, 462 
"Nodule within a nodule" sign, in cirrhosis, 46,48f 
Nonalcoholic steatohepatitis (NASH), 33 
Non-Hodgkin's lymphoma (NHL) 

of gallbladder, 89 
of liver, 27 
of pancreas, 98,99f 
retroperitoneal, 245,247f 

Nonloculated fluid collections, 254 
Nonseminomatous germ cell tumors, 373,374, 

374f, 3758 

in, 

na 



0 
Oligohydramnios, fetal, 364 
Omental cake, in pseudomyxoma peritonei, 220 
Oncocytoma, renal, 170 
Oral contraceptives 

focal nodular hyperplasia with, 5-6 
liver adenomas with, 6f 

Orchitis, 384, 385f 
Organs of Zuckerkandl, 225 
Oriental cholangiohepatitis, 74 
Osseous metastases, of prostate cancer, 401,406f 
Ovarian cancer 

clear cell, 305, 307 
cystadenocarcinoma as 

rnucinous, 307,310b 
serous, 305,307,310b 

endometrioid, 307 
endometriosis and, 325326 
epidemiology of, 303 
epithelial, 303-307 
metastatic to endometrium, 281f 
screening for, 303-305 
staging of, 305-307,305b 
subtypes of, 305 
treatment of, 307 

Ovarian choriocarcinoma, 315 
Ovarian cysts, functional, 302-303, 323f 
Ovarian edema, 319,321f 
Ovarian endometrioma, 314f 
Ovarian neoplasms, 303-318 

classification of, 303, 305b 
epithelial, 303308,305b 

Brenner tumor (transitional cell tumor) as, 307-308, 309f 
clear cell adenocarcinomas as, 305,307 
endometrioid, 307 
epidemiology of, 303 
rnucinous, 305,307,310b, 311f, 312f 
screening for, 303305 
serous, 281f, 307,308f-310f, 310b 
staging of, 305-307,305b 
subtypes of, 307-308,308f-312f, 310b 
treatment of, 307 

germ cell, 305b, 308-315 
dysgerminoma as, 314 
endodermal sinus tumor (yolk sac tumor) as, 314 
epidemiology of, 303,308-311 
immature teratoma as, 314, 316f 
mature cystic teratoma as, 311-314,313f, 315f 
mixed malignant, 314 

metastatic, 303, 318, 319f 
sex cord-stromal, 303,305b, 315-318 

fibrothecoma/fibroma as, 318, 318f 
granulosa cell tumor as, 315-318,317f 
Sertoli-Leydig cell tumors as, 318 

Ovarian teratoma 
immature, 314, 316f 
mature, 311-314,313f, 315f, 320f 
metastatic to liver, 29, 31f 

Ovarian torsion, 318-319, 320f 
with mature cystic teratoma, 311-312, 320f 

Ovary(ies), 302328 
metastasis to, 303, 318, 319f 
normal, 274f, 302-303,308f, 313f, 328f 
polycystic, 294% 318f, 326, 326b 

P 
Paget, James, 461 
Paget's disease, of nipple, 461 
Pampiniform venous plexus, 372 
Pancreas, 89-119 

annular, 90 
congenitaUdevelopmental anomalies of, 90-91 
cystic fibrosis involving, 107-108, llOf 
cystic lesions of, 99-107, lOOb 
fatty changes of, 117, 117f 

Pancreas (Continued) 
hemochromatosis involving, 108 
hereditary conditions involving, 107-109, 110f, l l l f  
intraductal papillary rnucinous tumor of, 103-106, 104b, 

107f, 108f 
MR appearance of, 89-90 
MR technique for imaging of, 90 
rnucinous cystic neoplasm of, 101-103, 103b, 

104f-106f 
serous cystadenoma of, 100-101, 101b, 102f, 103f 
solid neoplasms of, 91-99 
solid-pseudopapillary tumor of, 106-107, 107b, 109f 
von Hippel-Lindau disease involving, 101, 109, l l l f  

Pancreas divisum, 12f, 70f, 90-91 
Pancreas transplantation, 118, 118f, 119f 
Pancreatic acinar cell carcinoma, 98 
Pancreatic adenocarcinoma, 91-94 

"double duct" sign in, 91 
epidemiology of, 91 
locally advance, 93-94 
lymph node involvement in, 92-93 
metastatic, 94 

to liver, 22f 
MR appearance of, 91, 92f, 93f 
obstruction of main pancreatic duct in, 91 
resectable, 93f 
staging of, 92-93,94b 
treatment for, 91,93-94 
unresectable, 91,92f, 94b 
vessel invasion by, 91-92 
with pancreatitis, 91 

Pancreatic cyst(s), 100 
in cystic fibrosis, 108 
in von Hippel-Lindau disease, 101,109, l l l f  

Pancreatic cystadenoma 
ductectatic, 103-106, 104b, 107f, 108f 
rnucinous, 101,104f 
serous, 100-101,10lb, 102f, 103f 

Pancreatic duct 
intraductal mucin-hypersecreting tumor of, 103-106, 104b, 

107f, 108f 
MR appearance of, 89-90 
obstruction of, in pancreatic adenocarcinoma, 91 

Pancreatic edema, in pancreatitis, 111, 112f 
Pancreatic lipoma, 116-117, 130f 
Pancreatic lymphoma, primary, 98,99f 
Pancreatic metastases, 99, lOOf 
Pancreatic mucinous cystadenocarcinoma, 101, 105f-106f 
Pancreatic necrosis 

in pancreas transplantation, 119f 
in pancreatitis, 112, 113f 

Pancreatic neuroendocrine tumors, 95-98 
diagnosis of, 98 
epidemiology of, 95 
functioning, 95-98 
gastrinomas as, 95-97, 96f, 97f 
glucagonomas, VIPomas, and somatostatinomas as, 97-98 
insulinomas as, 95, 95b, 95f 
metastasis of, 98 
nonfunctioning, 96f, 98, 98b 

in von Hippel-Lindau disease, 109 
Pancreatic pseudocysts 

in acute pancreatitis, 68f, 111, 113f, 114f 
intrasplenic, 193 
vs. rnucinous cystic neoplasm, 101-102 

Pancreatic pseudotumor, 70f 
Pancreaticobiliary junction, anomalous, 65-66, 66f 
Pancreaticoduodenectomy, 93 
Pancreatitis, 109-116 

acute, 109-115 
classification of, 11 1 
edema in, 111, 112f 
etiology of, 109-111 
fluid collection in, 111 
MR appearance of, 111-115, 112f-115f 



Pancreatitis (Continued) 
necrosis in, 112, 113f 
pseudoaneurysm in, 112-115, 115f 
pseudocysts in, 111, 113f, 114f 
venous thrombosis due to, 115 

autoimmune, 115 
chronic, 115-116, 116f 

focal, 116 
nonalcoholic duct-destructive, 115-116 
pancreatic adenocarcinoma with, 91 

Panniculitis, mesenteric, 237 
Papillary cystadenoma, paratesticular, 38213, 383 
Papillary dysfunction, 76 
Papillary stenosis, 76 
Papilloma, intraductal, of breast, 452453,45313,454f-455f 
Paraganglia, 225 
Paraganglioma, abdominal, 224-225,22513,226f 
Paratesticular lesions, 382-383, 38213, 384f 
Paratubal cyst, 326327,328f 
Parovarian cysts, 326427,328f 
PAU (penetrating aortic ulcer), 492, 494, 494f, 49513 
PCOS (polycystic ovary syndrome), 2945 318f, 326, 32613 
Pearl necklace sign, in gallbladder adenomyomatosis, 83 
Pelvic abscess, 328,329f 
Pelvic inflammatory disease (PID), 327-328, 329f 

peritonitis due to, 261f 
Pelvic lipomatosis, 236-237, 23713, 238f 
Pelvic lymphadenopathy 

from bladder cancer, 409,41lf, 415 
from prostate cancer, 401,405f 

Pelvic pain syndrome, chronic, 407,408f 
Penetrating aortic ulcer (PAU), 492,494,494f, 495b 
Penile prostheses, 391-392,393f 
Penis, 387-392 

benign disorders of, 388-390, 390f, 391f 
Cowper's duct syringocele of, 388, 390f 
fracture of, 390 
malignancies of, 387-388,388b, 389f 
melanomas of, 388 
metastasis to, 388 
MR technique for, 371-372, 372b 
normal anatomy of, 387, 387f 
partial cavernosal thrombosis, 388-389,390f 
Peyronie's disease of, 389-390,391f 
sarcomas of, 388 
squamous cell carcinoma of, 387-388,38813,389f 
trauma to, 396391,392f 

Peribiliary cysts, in autosomal-dominant polycystic kidney 
disease, 14-15, 15f 

Perigraft fluid, after aortic repair, 494-496 
Perinephric hematoma, 156, 158f 
Peripheral nerve sheath tumor, malignant, 231-232, 
232b, 233f 
Peripheral washout sign, in hepatic malignancy, 32 
Periportal halo sign, in cirrhosis, 45 
Periprostatic soft tissues 

invasive prostate cancer of, 399, 401f, 402f 
normal MR appearance of, 393,394f, 396b 

Peristalsis, uterine, 270-271 
Peritoneal abscess, 25313, 256-258 
Peritoneal adenomucinosis, disseminated, 220 
Peritoneal carcinoma, primary, 219-220,219b 
Peritoneal cavity, 207 
Peritoneal fluid collections, 252-258,253b 
Peritoneal inclusion cyst (PIC), 326, 32613, 327f 
Peritoneal mesothelioma, 219, 219b 
Peritoneal metastases, of carcinoid tumor, 224 
Peritoneal rnucinous carcinomatosis (PMCA), 220, 221, 221f 
Peritoneal tuberculosis. 246,24613 , , 

Peritoneum, 207 
carcinoid tumor of, 222-224,223b, 224f 
false mucinous tumor of, 220-221,220b 
intra-abdominal desmoplastic small round cell tumor of, 

221-222,221b 
MRI of, 207-208 

Peritonitis, 257, 258-260, 260b, 261f 
sclerosing encapsulating, 260-261, 262f 

Periurethral collagen, for incontinence 
in female, 332-333,' 332f 
in male, 402,407f 

Peutz-Jeghers syndrome, and adenoma malignum, 290 
Peyronie's disease, 389-390, 391f 
Pheochromocytoma 

adrenal, 135-137, 139b, 140f-142f 
extra-adrenal, 224-225,22513,226f 
metastatic, 193f-194f 

Phyllodes tumor (PT), of breast, 461462 
PIC (peritoneal inclusion cyst), 326, 32613, 327f 
PID (pelvic inflammatory disease), 327-328, 329f 

peritonitis due to, 261f 
PMCA (peritoneal mucinous carcinomatosis), 220, 221,221f 
Polycystic kidney disease, autosomal dominant, 165-166, 167f 

donors for, 173 
hepatobiliary cysts in, 14-15, 15f 

Polycystic ovary syndrome (PCOS), 2945 318f, 326,3261, 
Polymicrogyria, 346 
Polyorchidism, 377-378, 381f 
Polyp(s) 

endometrial, 281f, 320f 
with tamoxifen use, 284 

gallbladder, 84, 84b 
Polyposis, familial adenomatous, desmoid tumors in, 232,23213,234 
Polysplenia, 190-191, 191b, 192f 
Porcelain gallbladder, 85, 86, 87f 
Porencephaly, 347,347f 
Portal hypertension 

gallbladder varices in, 82, 82f 
in cirrhosis, 47-49 

Portal vein, cavernous transformation of, 41,41f 
Portal vein invasion, by hepatocellular carcinoma, 50, 50f 
Portal vein stenosis, after liver transplantation, 42 
Portal vein thrombosis, 40-41,41b, 41f 

after liver transplantation, 42 
Budd-Chiari syndrome due to, 36-37 

Portosystemic collateral vessels, in cirrhosis, 47-49 
Posterior fossa 

abnormalities of, 349-351, 351f, 352f 
arachnoid cyst of, 351, 352f 
fetal development of, 345f, 346 

Posterior urethral valves, 364-365,365f 
Posttransplantation lymphoproliferative disorder (PTLD) 

after renal transplantation, 177, 179f 
hepatic involvement in, 27-28, 41 

Posttraumatic splenic cysts, 192 
Primary peritoneal carcinoma (PPC), 219-220,219b 
Primary retroperitoneal extragonadal germ cell tumor, 222,22213 
Primary sclerosing cholangitis (PSC), 72-73, 72b, 73f 

liver in, 21, 23f 
Prostaglandin E,, for penile imaging, 372 
Prostate, 392-409 

adenocarcinoma of. See Prostate cancer. 
biopsy of, 398 

hemorrhage after, 396f, 398,399f 
magnetic resonance elastography of, 405 
magnetic resonance spectrosco~v of. 403405 - "  . 
metastasis to, 407 - 
MRI techniques for, 392-393 
normal MR appearance of, 393-394,396f 
sarcomas of, 405,408f 
transitional cell carcinoma of, 405 
transurethral resection of, focal dilation of prostatic urethra 

from, 3952 409 
zonal anatomy of, 393,394f 

Prostate cancer, 394-405 
central gland, 398-399,400f 
epidemiology of, 394-396 
imaging after treatment of, 401-403,406f, 407f 
locally recurrent, 401402,406f 
lymphadenopathy from, 401,405f 
MRI appearance of, 396f-397f, 398-399 



Prostate cancer (Continued) 
osseous metastases of, 401,406f 
periprostatic fat invasion by, 399,40lf, 402f 
postbiopsy hemorrhage in, 396% 398,399f 
radiation seed for, 402403,407f 

suboptimal placement of, 404f 
recurrent, 401402,404f, 406f 
role of MRI in evaluation of, 403405 
screening for, 396-398 
seminal vesicle invasion by, 399401, 403f-405f 
staging of, 392-393,398,398b 
unresectable, 399-401,401f406f 

Prostatectomy 
incontinence after, 402,407f 
MRI after, 401-402,406f, 407f 

Prostatic cysts, 395% 407-409 
Prostatic hyperplasia, benign, 393, 395f 
Prostatic specific antigen (PSA), 397-398,401,402 
Prostatitis, 394f, 407, 408f 
Prosthesis(es) 

penile, 391392,393f 
testicular, 378, 381f 

Prune-belly syndrome, 365 
PSC (primary sclerosing cholangitis), 72-73, 72b, 73f 

liver in, 21, 23f 
Pseudoaneurysm 

after liver transplantation, 42 
aortic, 499,500f 
due to pancreatitis, 112-115, 115f 
internal iliac, 256f 
lumbar artery, 257f-258f 

Pseudocapsule 
in hepatocellular carcinoma, 52-53 
in renal cell carcinoma, 151f, 156 

Pseudo-cirrhosis, in breast cancer, 32 
Pseudocoarctation of aorta, 503 
Pseudocysts 

adrenal, 145f 
pancreatic 

in acute pancreatitis, 68f, 111, 113f, 114f 
intrasplenic, 192 
vs. mucinous cystic neoplams, 101-102 

Pseudolipoma, hepatic, 27 
Pseudomyxoma peritonei, 220-221,220b 
Pseudosarcomatous fibromyxoid tumor, of bladder, 417418,418f 
Pseudotumor 

inflammatory 
of bladder, 417418,418f 
of liver, 15-16, 16f 
of spleen, 194-196 

pancreatic, 70f 
Psoas muscle abscesses, 258 
PT (phyllodes tumor), of breast, 461462 
PTLD (posttransplantation lymphoproliferative disorder) 

after renal transplantation, 177, 179f 
hepatic involvement in, 27-28, 41 

Pulmonary hypoplasia, 356,358f 
Pulseless disease, 500-501, 501f 
Pyelonephritis, 170-172, 172f-173f 
Pyocele, 380, 382b 
Pyogenic abscess 

hepatic, 16-17, 17b, 18f 
splenic, 196 

R 
Radial scar, of breast, 445-446,448f, 450f 
Radiation seed, for prostate cancer, 402403, 407f 

suboptimal placement of, 404f 
Radiation-induced liver disease, 21, 22f 
Radiofrequency coils, for breast MRI, 426427,42613,426f 
RAS (renal artery stenosis), 177-180, 177b, 179f, 180f 

after renal transplantation, 175-176, 175f 
RCC. See Renal cell carcinoma (RCC). 
Rectoadenocarcinoma, rectovaginal fistula secondary to, 295f 
Rectovaginal fistula, 292-293,295f 

Regenerative nodules, of liver, 38-39 
in cirrhosis, 44-46, 47f 

Renal. See also Kidney(s1. 
Renal angiomyolipomas, 153f, 154f, 160b, 169-170 

vs. retroperitoneal liposarcoma, 210 
Renal anomalies, 364366,365f-367f 
Renal arteries 

accessory, 174f 
early branching, 175f 
in potential donor, 173, 174f, 175f 

Renal arteriovenous fistula, after renal transplantation, 176, 176f 
Renal artery stenosis (RAS), 177-180, 177b, 179f, 180f 

after renal transplantation, 175-176, 175f 
Renal cancer, hereditary papillary, 160 
Renal cell carcinoma (RCC), 150-162 

acquired cystic kidney disease and, 159, 160b 
characterization of, 151f, 156 
cystic, 162, 163, 165f 
detection of, 152-156 
differential diagnosis of, 156, 158b 
diseases associated with, 159-161, 160b, 161f 
epidemiology of, 150-152 
hematoma or hemorrhage with, 156 
hereditary, 160-161, 160b 

papillary, 160 
imaging follow-up for, 162 
intracellular lipid within, 151f 
metastatic 

to adrenal gland, 140f, 156 
to pancreas, 99, lOOf 

pseudocapsule in, 151f, 156 
risk factors for, 151-152 
sporadic, 160b 
staging of, 156-159, 159b 
surgical therapies for, 161-162, 161b 
with renal vein and inferior vena cava thrombus, 152f-153f, 159 
with tuberous sclerosis, 160 
with von Hippel-Lindau disease, l l l f ,  160,16Ob, 161f 

Renal collecting system 
duplex, 366, 366f 
in potential donor, 174 

Renal cyst(s), 162-166 
classification, 162-164, 162b 
fetal, 366f 
in acquired cystic kidney disease, 159-160, 160b 
in autosomal dominant polycystic kidney disease, 165-166, 167f 
in multilocular cystic nephroma, 164-165, 166b, 166f 
in renal cell carcinoma, 162, 163, 165f 
in von Hippel-Lindau disease, l l l f ,  160, 161f 
localized, 166 
multilocular, 162b 
proteinaceous or hemorrhagic, 163, 163f-164f 
simple, 162 
thickly septate, 163 
unilocular 

multifocal, 162b 
unifocal, 162b 

Renal donors, evaluation of, 172-174, 173b 
magnetic resonance angiography in, 173,174f, 175f 
magnetic resonance urography in, 155f, 156f 

Renal dysplasia, fetal, 365-366, 366f 
Renal infarction, 171f, 189f 
Renal lymphoma, 169,169b, 169f 
Renal mass, solid, 160b 
Renal metastases, 170 
Renal MR imaging techniques, 149-150, 150b, 151f-154f 
Renal oncocytoma, 170 
Renal pelvis, transitional cell carcinoma of, 168-169, 168b, 168f 
Renal transplantation 

complication(s) of, 174-177, 175b, 175f, 176f, 178f, 179f 
arterial in-flow stenosis as, 175-176, 175f 
arteriovenous fistula as, 176, 176f 
fluid collections as, 177 
posttransplantation lymphoproliferative disorder as, 177, 179f 
rejection vs. acute tubular necrosis as, 177, 178f 



Renal transplantation (Continued) 
renal artery thrombosis as, 176 
ureteral abnormalities as, 176-177 

donor evaluation for, 172-174, 173b 
magnetic resonance angiography in, 173, 174f, 175f 
magnetic resonance urography in, 150, 155f, 156f 

Renal trauma, 170, 171f 
Renal vein 

in potential donor, 174 
retroaortic left, 157f 

Renal vein thrombosis 
adrenal cortical carcinoma with, 136f-137f 
after renal transplantation, 176 
renal cell carcinoma with, 152f-153f, 159 

Renovascular hypertension, 177-180, 177b, 179f, 180f 
Rete testis, 372, 372f 

dilation of, 376, 379f 
Retractile mesenteritis, 237, 239b 
Retroperitoneal abscess, 253b, 256258,259f 
Retroperitoneal collateral vessels, in cirrhosis, 49 
Retroperitoneal desmoid tumors, 232-233 
Retroperitoneal extragonadal germ cell tumor, primary, 

222,22213 
Retroperitoneal fibrosis (RPF), 248-250,248b, 250f, 251f 
Retroperitoneal fluid collections, 252-258, 25313 
Retroperitoneal ganglioneuroma, 225-227,227b, 228f 
Retroperitoneal hematoma, 25313,254, 255f-258f 
Retroperitoneal hemorrhage, 254,25413 
Retroperitoneal lymphoma, 244-246,245b, 246b, 247f 
Retroperitoneal neurofibroma, 230-231,23Ob, 231f, 233f 
Retr~~eri toneal  paraganglioma, 224-225,22513,226f 
Retro~eritoneal sarcoma(s). 208-219. 208t . ., 

diagnosis of, 208 
epidemiology of, 208 
grading and staging of, 208-209,209b 
leiomyosarcoma as, 214-217,214b, 216f, 217f 
liposarcoma as, 209-212,210b 

clinical features of, 209-210,210b 
dedifferentiated, 210-21 1,21Ob, 214f-215f 
myxoid, 210b, 211-212,212f-215f 
pleomorphic and round cell, 210b, 212 
well-differentiated, 210,21Ob, 211f-213f 

malignant fibrous histiocytoma as, 217-219,217b, 218f 
treatment of, 209 

Retroperitoneal schwannoma, 227-230,22713,229f 
Retroperitoneal teratoma, primary, 236,23613 
Retroperitoneum, 207 

MRI of, 207-208 
Rhabdomyosarcoma 

of prostate, 405 
paratesticular, 382b, 383 

Right subclavian artery, aberrant, 486,487f 
"Rim sign," of retroperitoneal and intraperitoneal 

hematoma, 255f 
"Ringing artifact," of aorta, 484, 484f 
Robson classification, of renal cell carcinoma, 156-157, 159b 
Rokitansky-Aschoff sinuses, 83, 83f 
Ross procedure, for aortic repair, 494 
RPF (retroperitoneal fibrosis), 248-250, 248b, 250f, 251f 

s 
Sacrococcygeal tumor (SCT), 352-353,355b,355f, 356f 
Safety, of fetal MRI, 343 
Santorinicele, 91 
Santorini's venous plexus, 393 
Sarcoidosis 

hepatic, 20 
splenic, 190b, 197, 199f 

Sarcoma(s) 
endometrial stromal, 282-283 
of prostate, 405,408f 
penile, 388 
retroperitoneal, 208-219,208t 

diagnosis of, 208 
epidemiology of, 208 

Sarcoma(s) (Continued) 
grading and staging of, 208-209,209b 
leiomyosarcoma as, 214-217, 214b, 216f, 217f 
liposarcoma as, 209-212,210b 

clinical features of, 209-210, 210b 
dedifferentiated, 210-211,21Ob, 214f-215f 
myxoid, 210b, 211-212,212f-215f 
pleomorphic and round cell, 210b, 212 
well-differentiated, 210, 210b, 211f-213f 

malignant fibrous histiocytoma as, 217-219,21713, 218f 
treatment of, 209 

uterine, 282-283, 283f 
SBP (spontaneous bacterial peritonitis), 259-260,260b 
SCC (squamous cell carcinoma), of penis, 387-388,38813,389f 
Schizencephaly, 346 
Schwannoma, abdominal, 227-230,227b, 229f 
Sclerosing encapsulating peritonitis, 260-261, 262f 
Sclerosing mesenteritis, 237-239, 23913 
Scrotal abscess, 380 
Scrotum, 371-386 

extratesticular process(es) of, 378-382 
hydrocele as, 378-380, 382b,382f 
spermatocele and epididymal cyst as, 380-381 
tunica albuginea cyst as, 381 
varicocele as, 381-382, 382f 

fluid collections in, 382b 
hematoma of, 385,386f 
hernia of, 381-382,383f 
inflammatory disease of, 383-384, 385f 
intratesticular lesion(s) of, 373-378 

adrenal rests as, 376377,379f 
benign, 373b, 375-376,37713,3775 378f 
dilated rete testis vs., 376, 379f 
Leydig cell hyperplasia as, 377, 380f 
malignant, 373-374,37313,373f-376f, 37613 
metastatic, 374, 376b 
multiple bilateral, 374, 376f 
polyorchidism as, 377-378, 381f 

MR technique for, 371-372,37213 
normal testes within, 372-373,372f 
paratesticular lesions of, 382-383, 38213, 384f 
testicular prostheses of, 378, 381f 
testicular torsion of, 384 
testicular trauma of, 384-385, 385f, 386f 
undescended testes of, 385, 38513, 386f 

SCT (sacrococcygeal tumor), 352-353,355b,355f, 356f 
Seminal vesicle(s), 394, 396f-397f 

absent, 409 
amyloidosis of, 400-401 
hemorrhage of, 400,405f 
invasive prostate cancer of, 399401,403f-405f 
normal MRI appearance of, 394,396b, 396f-397f 

Seminal vesicle cysts, 409 
Seminoma, 373,3735 374,374f 
Seroma, after breast biopsy, 465, 467f 
Serous cystadenocarcinoma, of ovary, 305,307,310b 
Serous cystadenoma 

of ovary, 307,308f-310f 
of pancreas, 100-101, 101b, 102f, 103f 

Serous ovarian neoplasms, 281f, 307,308f-310f, 310b 
Sertoli cell(s), 372 
Sertoli cell neoplasms, 373 
Sertoli-Leydig cell tumors, 318 
Sex cord-stromal ovarian tumor(& 303, 305b, 315-318 

fibrothecoma/fibroma as, 318,318f 
granulosa cell tumor as, 315-318,317f 
Sertoli-Leydig cell tumors as, 318 

Shading, 322 
Short tau inversion recovery (STIR) imaging, of liver, 3 
Sickle cell anemia, spleen in, 199, 201f 
Single-shot fast spin-echo (SSFSE), in magnetic resonance 

cholangiopancreatography, 63,64 
Sinusoidal obstruction syndrome, 39 
Sinusoidal spaces, in hepatocellular carcinoma, 52 
Skull base, fetal development of, 344-346 



Smoking 
and aortic aneurysm, 487 
and bladder cancer, 412 

Soft tissue hemangioma, of neck, 358f 
Solid-pseudopapillary tumor (SPT), of pancreas, 106-107, 

107b, 109f 
Somatostatinomas, 97-98 
Spectroscopy, magnetic resonance, of prostate, 403405 
Spermatic cord lipoma, 382-383 
Spermatocele, 380-381, 382b 
Spermatogenic cells, 372 
Sphincter of Oddi, disorders of, 76 
Spina bifida, 352 
Spinal dysraphism, 351-352,353f, 354f 
SPIO (superparamagnetic iron oxide) contrast agents, for spleen, 

190,201 
Spleen, 185-204 

accessory, 191-192 
angiosarcoma of, 202 
arciform enhancement pattern of, 186, 187f-188f 
congenital abnormalities of, 190-192, 191b, 192f 
Gaucher's disease of, 190b, 197, 200f 
granulomatous disease of, 197,198f, 199f 
hemangioma of, 190b, 193, 194b, 195f 
hemosiderosis of, 187-190, 189f 
in sickle cell anemia, 199, 201f 
infectiouslinflammatory lesions of, 196-197, 196b 
inflammatory myofibroblastic tumor of, 194 
inflammatory pseudotumor of, 194-196 
lymphoma of, 190b, 199-201,202f 
metastasis to, 190b, 201-202 

of gastrointestinal stromal tumor, 187f-188f 
of melanoma, 186f 

neonatal, 185 
normal MR appearance of, 185-187, 186f-188f, 187b 
"spotted," 190, 190b, 191f 
superparamagnetic iron oxide contrast agents for, 190,201 
vascular disease of, 197-199,201f 

Splenic abscess, 190b, 196-197, 196b 
Splenic artery aneurysm, 197-198 
Splenic cysts, 192-193, 192b, 193f-194f 
Splenic granuloma, 197, 198f 
Splenic hamartomas, 194 
Splenic hematoma, 203,203f 
Splenic infarction, 189f, 198-199 

in sickle cell disease, 199 
Splenic iron deposition, 187-190, 189f 

in sickle cell disease, 199,201f 
Splenic lymphangioma, 190b, 193, 196f 
Splenic masses 

benign, 192-194, 192b, 193f-196f, 194b 
malignant, 199-202,202f 

Splenic nodules, 203 
Splenic pseudoaneurysm, due to pancreatitis, 115, 115f 
Splenic sarcoidosis, 190b, 197, 199f 
Splenic trauma, 202-203, 203f 
Splenic tuberculosis, 189f, 197 
Splenic vein thrombosis, due to pancreatitis, 115 
Splenomegaly, 187 

in cirrhosis, 49 
Splenosis, 203 
Splenuli, 191-192 
Spontaneous bacterial peritonitis (SBP), 259-260, 260b 
SPT (solid-pseudopapillary tumor), of pancreas, 106-107, 

107b, 109f 
Squamous cell carcinoma (SCC), of penis, 387-388,388b, 389f 
SSFSE (single-shot fast spin-echo), in magnetic resonance 

cholangiopancreatography, 63, 64 
Staphylococcus aureus, retroperitoneal abscess due to, 259f 
Steatohepatitis, 33 
Steatosis, hepatic, 32-33, 33b, 34f 

around gallbladder fossa, 80 
with adrenal metastases, 138f 
with adrenal myelolipoma, 143f, 144f 
with pancreatic metastases, 22f 

Stein-Leventhal syndrome, 294f, 318f, 326,326b 
Stent-graft repair, of aorta, 496-497 
STIR (short tau inversion recovery) imaging, of liver, 3 
Stromal tumor, gastrointestinal, 187f-188f, 22313 
Subclavian artery, aberrant right, 486, 487f 
Superficial dorsal vein, of penis, 387f 
Superparamagnetic iron oxide (SPIO) contrast agents, for spleen, 

190,201 
Surface coils 

breast, 426-427,426b, 426f 
for aorta, 481 
for liver, 1 

Syringocele, Cowper's duct, 388, 390f 

T 
TAAA. See Thoracoabdominal aortic aneurysm (TAAA). 
Takayasu's arteritis, 500-501, 501f 
Tamoxifen, and endometrial lesions, 283-285 
Tampon, 291 
Tarlov cyst, 327, 328f 
TB. See Tuberculosis (TB). 
TCC. See Transitional cell carcinoma (TCC). 
TDLU (terminal ductal lobular unit), 427 
Tentorium, hematomas of, 351 
Teratoma 

mediastinal, 362 
of neck, 355,357f, 358f 
ovarian 

immature, 314,316f 
mature cystic, 311-314,313f, 315f, 320f 
metastatic to liver, 29, 31f 

primary retroperitoneal, 236,236b 
sacrococcygeal, 352-353,355b,355f, 356f 
testicular, 373, 375f 

Terminal ductal lobular unit (TDLU), 427 
Testicles. See Testis(es). 
Testicular cancer, 373-374,373b, 373f-376f 

metastatic to liver, 30f 
Testicular cysts, 375376,377f 

epidermoid inclusion, 376, 377b,378f 
Testicular feminization syndrome, 299 
Testicular fracture, 384-385 
Testicular prostheses, 378, 381f 
Testicular torsion, 384 
Testicular trauma, 384-385, 385f, 386f 
Testis(es) 

adenomatoid tumor of, 382b, 383,384f 
adrenal rests of, 376377,379f 
hematoma of, 385,385f 
lesions of, 373-378 

benign, 373b, 375-376,377b, 377f, 378f 
malignant, 373-374,373b, 373f-3765 37613 
metastatic, 374, 37613 
multiple bilateral, 374, 376b 

Leydig cell hyperplasia of, 377,380f 
normal, 372-373,372f 
papillary cystadenoma of, 38213,383 
polyorchidism of, 377-378,381f 
rete, 372, 372f 

dilated, 376, 379f 
rhabdomyosarcoma of, 382b 
supernumerary, 377-378,381f 
undescended, 385,385b, 386f 

Third ventricle, arachnoid cysts of, 348, 349f 
Thoracoabdominal aortic aneurysm (TAAA) 

branch-vessel disease in, 489, 489f 
classification of, 488, 488f 
dissecting, 488,488f 
multistation CE MRA of, 491f 

Thymic hyperplasia, 363f 
Todani classification system, of congenital cystic disease, 

67,67b 
Transfusional iron overload 

of liver, 35, 35b, 38f 
of spleen, 187-190 



Transitional cell carcinoma (TCC) 
of bladder, 411417 

arising within bladder diverticula, 415416 
epidemiology of, 411-412 
features of, 413b 
malignant adenopathy with, 411f, 415 
MRI of, 413415 
muscle invasive, 411f, 412f, 413, 414, 415, 415f 
risk factors for, 412 
staging of, 409-410,411f, 412,412f, 413b 
subtypes of, 415417 
superficial papillary, 412,414f, 415 
urachal, 416-417,416f, 417t 

of kidney, 168-169, 168b, 168f 
of ovary, 307-308,309f 
of urethra, 332f 

Transurethral resection of the prostate (TURP), focal dilation of 
prostatic urethra from, 395f, 409 

Trauma 
aortic, 499,500f 
bile duct, 71, 71f 
penile, 390-391,392f 
renal, 170, 171f 
splenic, 202-203, 203f 

cysts due to, 192 
testicular, 384-385, 385f, 386f 

Tropheryrna whippelii, Whipple's disease due to, 246-247 
TS. See Tuberous sclerosis (TS). 
T2 star (T2*)-weighted imaging, of liver, 3 
T2-weighted imaging (T2-WI) 

of aorta, 482b, 483 
of liver, 2-3 

Tuberculomas, hepatic, 20 
Tuberculosis (TB) 

abdominal, 246,246b 
hepatic, 19-20, 189f 
splenic, 189f, 197 

Tuberculous aortitis, 500 
Tuberous sclerosis (TS), 349,350f 

angiomyolipomas in, 153f 
renal cell carcinoma with, 160 

Tubo-ovarian abscess, 328, 329f 
Tubular carcinoma, of breast, 454,455b 
Tubular necrosis, acute, after renal transplantation, 177 
Tunica albuginea, 372,387,387f 

fracture of, 390391,392f 
tears of, 385 

Tunica albuginea cyst, 381,382b 
Tunica vaginalis, 373 
TURP (transurethral resection of the prostate), focal dilation 

of prostatic urethra from, 395f, 409 

u 
UAE (uterine artery embolization), for uterine leiomyoma, 275 
Ulcer, penetrating aortic, 492, 494, 494f, 49513 
Ultrasmall superparamagnetic iron oxide particles (USPIOs), 

in axillary node staging, 465 
Undescended testes, 385,38513,386f 
UPJ (ureteropelvic junction) 

developmental right-sided obstruction of, 157f 
invasive transitional cell carcinoma of, 412f 

Urachal cancer, 416-417,416f, 417t 
Ureteral abnormalities, after renal transplantation, 176-177 
Ureteral duplication, in potential renal donor, 174 
Ureteral obstruction 

after renal transplantation, 176-177 
due to retroperitoneal fibrosis, 251f 

Ureterocele, 366, 366f, 418 
ectopic, 418, 419f 

Ureteropelvic junction (UPJ) 
developmental right-sided obstruction of, 157f 
invasive transitional cell carcinoma of, 412f 

Ureterovaginal fistula, 293, 297f 
Urethra 

female, normal anatomy of, 291f, 328-329 
focal dilation of, from TURP, 3955 409 

Urethral atresia, 365, 365f 
Urethral cancer, 330-333,332f 
Urethral carcinoma, 388 
Urethral diverticula, 329-330,33Of, 331f 
Urethral valves, posterior, 364-365, 365f 
Urinary tract, of fetus, 364-366, 365f-367f 
Uriniferous fluid collections, 253b, 256 
Urinomas, 25313,256 

after renal transplantation, 177 
Urography, magnetic resonance, imaging techniques for, 150, 

150b, 155f, 156f 
USPIOs (ultrasmall superparamagnetic iron oxide particles), in 

axillary node staging, 465 
Uterine adenomyosis, 273f, 275-277,278f 

vs. leiomyoma, 271, 276, 27713 
with tamoxifen use, 284f 

Uterine anomalies, 296-302,299b, 301f-306f 
Uterine artery embolization (UAE), for uterine leiomyoma, 275 
Uterine cancer, 277-283 

biopsy for, 277-278 
epidemiology of, 277 
secondary, 281-282,28lf, 282f 
staging of, 278-281,279b, 280f 

Uterine contractions, 269-271, 271f 
Uterine didelphys, 299, 300, 302, 303f, 306f 
Uterine endometrium, normal anatomy of, 269, 270b 
Uterine fibroids. See Leiomyomas. 
Uterine leiomyoma. See Leiomyomas. 
Uterine lesions, tamoxifen and, 283-285 
Uterine myoma. See Leiomyomas. 
Uterine myometrium 

benign lesions of, 271-277, 272f-2742 276f-278f, 277b 
contractions of, 269-271,271f 
inner, 269-271 
normal anatomy of, 269-271,270b 
outer, 271 

Uterine peristalsis, 270-271 
Uterine sarcoma, 282-283,283f 
Uterus, 269-285 

arcuate, 300, 305f 
bicornuate, 299-302 
junctional zone of, 269-271 
normal anatomy of, 269-271,27Ob, 270f, 271f 
septate, 300-302, 304f 
unicornuate, 299, 301f 

Uterus didelphys, 299, 300, 302, 303f, 306f 
Utricle cysts, 407408, 409, 409f 

v 
Vagina, 290-302 

duplication of, 302 
metastasis to, 290f 
normal anatomy of, 290-291,291f 
tampon in, 291 

Vaginal cancer, primary, 294-295,29613,298f 
Vaginal cysts, 291-292,292f, 293f 
Vaginal fistulas, 292-293,294f-296f 
Vaginal invasion 

by colon cancer, 290f 
by uterine sarcoma, 283f 

Vaginal leiomyoma, 293-294 
Vaginal prolapse, 293,297f 
Vaginal septum(a) 

transverse, 299, 302f 
vertical, 302 

Valve-sparing aortic root replacement, 494 
Varices, gallbladder, 82-83, 82f 
Varicocele, 381-382, 382b, 382f 
Vas deferens, 372, 397f 

absent, 409 
Vasa vasorum, rupture of, 492493 
Vascular disease 

of liver, 36-41 
of spleen, 197-199,201f 

Vasculitis, of aorta, 500-501, 501f 
Vein of Galen malformation, 349, 350f 



527 '"'"' 

Venous invasion, by hepatocellular carcinoma, 53 von Hippel-Lindau (VHL) disease (Continued) 
Venous thrombosis renal cell carcinoma in, l l l f ,  160, 160b, 161f 

hepatic, Budd-Chiari syndrome due to, 36-37 renal cysts in, l l l f  
in pancreas transplantation, 118 Vulva, lymphatic drainage of, 296 
inferior vena cava Vulvar cancer, 295-296,29613, 298f 

adrenal cortical carcinoma with, 136f-137f 
renal cell carcinoma with, 152f-153f, 159 

renal 
W 
Whipple procedure, 93 

adrenal cortical carcinoma with, 136f-137f Whipple's disease, 246-247 
after renal transplantation, 176 
renal cell carcinoma with, 152f-153f, 159 

splenic, due to pancreatitis, 115 Y 
Vermis, fetal development of, 346f Yolk sac tumor 
Vesicovaginal fistula, 293, 294f, 418 of ovary, 314 
VIPomas, 97-98 of testes, 373 
von Hippel-Lindau (VHL) disease 

pancreatic cysts in, 101, 109, l l l f  Z 
pheochromocytoma in, 136 Zollinger-Ellison syndrome, 95 
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