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Preface

The goal of this book is to provide a resource for physicians interested in learning

the biological basis, clinical manifestations, and current treatment approaches to

diabetic eye disease. Diabetes and diabetic eye disease are rapidly increasing in

prevalence around the world. Our understanding of the mechanisms that under-

lie diabetes and our ability to ameliorate ocular complications are advancing at a

similarly rapid pace. The disciplines contributing to progress range widely and

include biochemistry, physiology, molecular biology, epidemiology, clinical

medicine, public policy, economics, and ethics. Although most of the targeted

clinical audience for the book will have been exposed to all of the required basic

sciences in the past, we have attempted to provide more than allusions to needed

concepts at key junctures. For example, Chapter 2 reviews the ideas and voca-

bulary of molecular and clinical genetics needed for a proper understanding of

the subsequent material.

Some redundancy will be found in the text for two reasons. First, we expect

users to read the book piecemeal, often stimulated by a clinical encounter of the

day. For such users, limited coverage of the pertinent physiology of diabetic

macular edema within the chapter dedicated to that topic (Chapter 7) makes

pedagogical sense. In such cases, if time and interest permit, the comprehensive

coverage provided in the Chapter 1 awaits. Second, redundancy aids under-

standing when the respective authors approach a topic with differences in fram-

ing and explanation.

The book has also been designed to provide the basis for linear study within

the context of a course. Subsequent chapters build on antecedent ones. For

example, to grasp the rationale for treatment of proliferative diabetic retinopathy

(Chapter 9), one must understand its pathophysiology (Chapter 1) and how

diabetic retinopathy severity has come to be defined (Chapter 5). Likewise, the

significance and conundrums of diabetic macular ischemia (Chapter 8) are best

understood after mastering the basis and limitations of ancillary studies

(Chapter 6).

Chapters 11, 12, and 13 cover important, and somewhat autonomous, topics

involving the effects of diabetes mellitus on the cornea, iris and angle, and optic

nerve. Any clinician who cares for patients with diabetic retinopathy will need to

be familiar with these concomitant manifestations of diabetic eye disease. More

than once as a fellow debriding the corneal epithelium during a vitrectomy have I

heard George Blankenship lament, ‘‘Doctor, if you’re not careful, you’ll turn this
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retina fellowship of yours into a cornea fellowship!’’ Common pathophysiologi-

cal themes tie many of the ocular manifestations of diabetes together.

The Chapters 14 and 15 broaden the landscape of consideration from the lab

and ophthalmic lane to the community and society. Systems of health-care

delivery and their financial incentives influence outcomes in diabetic retinopathy

as surely as a patient’s blood pressure and glycosylated hemoglobin. We have

made an effort to provide specific clinical examples of these effects drawn from

practice to ground the discussion.

The last Chapter 16 synthesizes the principles introduced in the earlier chap-

ters in 14 teaching vignettes. Although the Diabetic Retinopathy Study, the

Diabetic Retinopathy Vitrectomy Study, the Early Treatment Diabetic Retino-

pathy Study (ETDRS), and the contemporary clinical trials of the Diabetic

Retinopathy Clinical Research Network often provide a foundation of reliable

evidence uponwhich the clinician can base clinical decisionmaking, the complex-

ity of real cases just as often undercuts the extrapolation of classic studies to

practice. To cite one example of many, how should one manage clinically

significant macular edema in an 80-year-old, when the ETDRS excluded patients

older than age 70? Moreover, as level I evidence always, and increasingly, lags

behind the development of diagnostic tests and promising treatments for diabetic

retinopathy, the importance of experience, informed opinion based on wide

reading, and clinical consensus remains as critical as ever in 2010. Chapter 16

was written in this spirit. The cases were circulated among the coauthors who

commented independently on them. The coauthor assigned to discuss the case

then compiled the independent responses, went back to the literature, and wrote

a considered commentary. We hope that you will find these balanced and

supported by the evidence marshaled.

We encourage feedback. Your comments, suggestions, and ideas for cases to

include in future editions will help us to improve the book.

Charlotte, North Carolina David J. Browning
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Chapter 1

Pathophysiology of Diabetic Retinopathy

Michael W. Stewart

1.1 Retinal Anatomy

1.1.1 History

The retina was first described by Herophilus of

Chalcedon around 300 BC. It was named by Rufos

of Ephesus (c. 110 AD) and appeared to early anato-

mists as a surrounding net which supported the

vitreous. ThoughGalen noted structural similarities

to the brain, he was unable to provide further

understanding regarding its function. It was Kepler

who first suggested that the retina served as the eye’s

primary photoreceptor tissue. By using alcohol fixa-

tion, Treviranus (1835) performed the first detailed

microscopic retinal studies. Only with the subse-

quent development of electron microscopy, trypsin

digest, clinical fluorescein angiography, and optical

coherence tomography have scientists been able to

understand the retina’s cellular connections, ultra-

structure, and retinal vasculature, as well as corre-

late anatomical and clinical findings.1

1.1.2 Anatomy

The retina is a translucent tissue lining the inside

posterior 2/3 of the eye, extending from the macula

to the ora serrata.2 It is attached firmly at the disc

and ora and is contiguous with the axons of the

optic nerve and the nonpigmented epithelium of

the pars plana (see Fig. 1.1). Externally, there exist

weak attachments to the retinal pigment epithelium

via interdigitation between the RPE cells and

photoreceptor outer segments. There are firm inter-

nal attachments to the vitreous at the optic nerve,

macula, retinal vessels, and vitreous base.

The central 5–6 mm is referred to as the retina

centralis, an area with more than 1 layer of ganglion

cells. The clinical macula, also called the macula lutea

owing to xanthophyll in ganglion and bipolar cells, is

the central 1.5 mm and is bounded by the termination

of the retinal vessels.3 The central 0.35 mm depression

is called the fovea by clinicians and the foveola by

anatomists; its photoreceptor layer is entirely com-

posed of cones. The center of foveal depression – the

clivus – is located 3.4 mm temporal and 0.8 mm infer-

ior to the center of the optic disc (see Fig. 1.2).

Beyond the macula, the retina spreads peripher-

ally past the vortex veins to the ora serrata. The

average equatorial diameter is approximately

24.06–24.08 mm, thereby giving a theoretical retinal

area of 1,206 mm.1,3 The peripheral termination of

the retina is at the ora serrata. This lies between

5.73 mm (nasally) and 6.52 mm (temporally) poster-

ior to Schwalbe’s line. The ora is defined by pro-

truding anterior retinal extensions (teeth) separated

by ciliary epithelium indentations (ora bays) from

the pars plana. The strong adhesion of the vitreous

to the peripheral retina and pars plana, the vitreous

base, extends 1–2mmanterior to the ora and 1.8–3mm

posterior to the ora bays.4

A cross section through the retina just outside the

area centralis shows nine layers (internal–external)

(see Fig. 1.3): nerve fiber layer, ganglion cell layer,

inner plexiform layer, inner nuclear layer, outer

M.W. Stewart (*)
Department of Ophthalmology, Mayo School of Medicine,
Jacksonville, FL 32082, USA
e mail: stewart.michael@mayo.edu

D.J. Browning (ed.), Diabetic Retinopathy, DOI 10.1007/978 0 387 85900 2_1,
� Springer ScienceþBusiness Media, LLC 2010
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plexiform layer, outer nuclear layer, external limit-

ing membrane, rod and cone inner and outer seg-

ments, and retinal pigment epithelium. The retina is

thickest around the disc and tapers to 0.18 mm at

the equator and 0.11 mm at the ora since the density

of all neural elements decreases peripherally.

The layered pattern of the retina enables the

conversion of photic energy into neuronal signals.

The outer segments of rods and cones convert light

energy into amembrane depolarization; in the outer

plexiform layer, axons of photoreceptor cells

synapse with dendrites of bipolar cells (first-order

neurons) and the processes of horizontal cells (inte-

grating neuronal cells); bipolar cells synapse in the

inner plexiform layer with dendrites of ganglion

cells (second-order neurons) and amacrine cells

(provide crosswiring); ganglion cell axons comprise

the nerve fiber layer and optic nerve until synapsing

Fig. 1.1 This artistic
rendition of the eye shows
the retina (yellow in cross
section) emanating from the
optic nerve at the right, lining
the inside surface of the
choroid (red and blue), and
terminating at the ora serrata

Fig. 1.2 The anatomic
classification of areas of the
posterior pole is contrasted
with the clinical
classification
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with third-order neurons in the lateral geniculate

body. Axons of these cells radiate to the occipital

cortex.

The central 0.4 mm zone of the macula is capillary-

free, obtaining its nutrients from the chorioca-

pillaris.5 The foveal center (foveola) is 0.35 mm

in diameter and free of rods and blue cones.

Long and slender red and green cones are

aligned perpendicular to the surface, thereby

allowing the greatest light sensitivity. The inner

foveal retina lacks the inner nuclear layer, inner

plexiform layer, ganglion cell layer, and nerve

fiber layer, which minimizes light scatter; it is

composed of only Muller’s cell processes. The

external plexiform layer has an unusual config-

uration: its axons turn at a right angle, assuming

a course parallel with the retina surface. After a

short course parallel to the retina surface

(while forming Henle’s layer), the axons go

perpendicular to synapse with dendrites of

overlying bipolar cells; this occurs outside

the central 0.2 mm diameter of the foveola.

Xanthophyll – lutein throughout the posterior

pole, zeathanthin mostly in the foveal region – is

found in bipolar and ganglion cells and gives the

retina its characteristic yellow color. These pig-

ments function to decrease chromatic aberration,

absorb potentially toxic blue light, and scavenge

free radicals.6

The parafovea is a 0.5 mm ring of retina that

surrounds the fovea. This region is characterized

by a large accumulation of ganglion and inner

Fig. 1.3 This artistic
rendition of the peripapillary
retina shows the cellular
layers from internal (left side
of the drawing) to external
(right side of the drawing).
Not labeled are the inner
plexiform layer (between the
ganglion cell layer and the
amacrine/bipolar/horizontal
cell layer) and the outer
plexiform layer (between the
amacrine/bipolar/horizontal
cell layer and the rod/cone
cell layer). Active transport
of water across the retinal
pigment epithelium
maintains retinal
deturgescence
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nuclear cells with a thickened Henle’s layer. The

density of cones is lower than within the fovea,

and rods are beginning to be found. The nerve

fiber layer is thickest in the papillomacular bundle.

What is Henle’s layer? The outer nuclear layer (ONL), composed of the cell bodies of the rods and

cones, has nearly uniform thickness throughout the entire retina. Within the macula, however, the

oblique axons displace the cones’ cell bodies from their synaptic pedicles in the outer plexiform layer

(OPL). These oblique axons with accompanying Muller cell processes form Henle’s layer, which is

absent in the peripheral retina.

The perifovea is the outermost ring of the

area centralis. It comprises the ring from 1.25

to 2.75 mm from the foveal center, defines the

periphery of the macula (5.5 mm diameter),

and corresponds to a visual field of 18.578. The

perifovea begins where the ganglion cell layer

has four nuclei and ends where it thins to a single

layer.

How does a 5.5-mm diameter macula perceive a visual field of 188?Geometrically, an object creates an

inverted image which falls upon the concave retina. An image that spans the 5.5 mm curvilinear

macula would create a larger image if it were flat on a plane tangent to the posterior pole of the eye.

The size of this ‘‘straightened’’ image can be calculated as follows:

The average eye has a diameter of 24.07 mm, creating a radius of 12.035 mm. The angle subtended

by a circular segment 5.5 mm in length is (see Fig. 1.4):

Fig. 1.4 The top eye shows the arc subtended by the ‘‘straigh
tened’’ image covering the entire macula; the bottom eye
shows the object that would create the macular image. Note

that the eye’s nodal point is situated 17 mm in front of
the retina
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360�ð5:5=circumference of eyeÞ ¼ 26:18�:

One-half the straightened image height (i/2) can be calculated by

tanð13:09Þ ¼ ði=2Þ=12:035 leading to the image height of i ¼ 2�12:035� tanð13:09Þ ¼ 5:56mm:

The simplified version of the eye is that of a single lens of 17 mm in front of the retina (the eye’s

nodal point). Ray tracing shows the relationship between object and image in Fig. 1.2. One-half the

angle (a/2) subtended by the image from the eyes nodal point can be calculated by

tanða=2Þ ¼ 2:78=17;

where

a = 2 arc tan(2.78/17) = 18.578.

The ora serrata – named for its marginal

notches – forms the peripheral edge of the retina

as the junction between the multilayered optical

retina and the monolayered, nonpigmented

epithelium of the ciliary body. The anatomic char-

acteristics of this region are due to its thinness,

avascularity, and close relationship to the vitreous

base and zonular fibers. The vitreous base nor-

mally extends from 2 to 4 mm posterior to the

ora. The vitreous cortex collagen fibrils insert into

the internal limiting membrane of the retina.

Vitreoretinal adhesion is particularly strong along

the posterior margin of the vitreous base, making

this a common site for retinal tears. As the retina

approaches the ora there is gradual loss of the nerve

fiber layer, ganglion cell layer, and plexiform layers.

These layers are replaced with neuroglia and Mul-

ler’s cells, which serve as structural support for the

entire retina. Both the ILM, into which vitreous

base inserts, and the ELM, which continues

between the pigmented and nonpigmented layers

of pars plana, are thickened.

1.1.3 Microanatomy of the Retina Neurons

The cells within the retina fall into one of three

groups: neuronal, glial, and vascular. The neural

cells give the retina its primary function: converting

light energy into electrical signals. This is

accomplished through intricate interaction between

the three types of neural cells: photoreceptors, inter-

neurons, and ganglion cells. The photoreceptor

cells, the rods and cones, are the primary neurons

in the visual pathway. The dense packing of the

photoreceptors, combined with their precise axial

arrangement, provides for detection of individual

photons and the accurate construction of an

image. Any change from this axial arrangement

causes alteration in vision: micropsia if the cells

are abnormally separated, such as with subretinal

fluid; metamorphopsia if the alignment is lacking;

loss of acuity if the axial alignment is sufficiently

disturbed so that the photoreceptor is no longer

axial to the inciting light.

The cone cells are comprised of four portions:

inner segments, outer segments containing the visual

pigment, a perikaryal region containing the cell

nucleus, and a synaptic terminal. The light-absorbing

visual pigment in rods, rhodopsin, is composed of

the light-sensitive chromophore retinal, which is

attached to the protein opsin.7 This is most sensitive

to light with a wavelength of 500 nm. The three

different types of cones each contains one light-

sensitive pigment, resulting in three different spectral

sensitivities. The blue, green, and yellow cone pig-

ments are maximally absorbent at 450, 530, and

565 nm, respectively.

The photoreceptor outer segments have two

important connections: to the inner segments (cell

bodies of the photoreceptors) and to the

1 Pathophysiology of Diabetic Retinopathy 5



extracellular matrix, which separates it from the

retinal pigment epithelium. The matrix is synthe-

sized by both the photoreceptors and RPE.8 The

acid mucopolysaccharides of the matrix are likely

synthesized in the photoreceptor inner segments;

disturbances of this would result in separation of

photoreceptors from RPE, such as in an exudative

retinal detachment. The nuclei of the cones form the

outer nuclear layer and lie 3–4 mm internal to the

outer limiting membrane. The photoreceptors form

junctions with interneurons and Muller cells; the

plasma membrane of each photoreceptor and Mul-

ler cell is differentiated into a dense band known as

the outer limiting membrane. Rods and cones do

not contact each other; they are insulated from each

other by the Muller cells. The Muller cells contact

each other in zonulae adherentes, which are thought

to form a diffusion barrier between the intercellular

space of the inner retina and the extracellular matrix

between the photoreceptor outer segments and the

pigment epithelium.

The outer plexiform layer lies between the inner

and outer nuclear layers. The synaptic zone, with

numerous intercellular junctions and synapses

between neural and glial processes, creates the mid-

dle limiting membrane. This resembles the outer

limiting membrane and may act as a partial barrier

to diffusion of fluid and larger molecules. Exudates,

hemorrhages, and cysts may be prevented from

spreading through the entire retina.

The inner plexiform layer is located between the

ganglion and inner nuclear cell layers. In addition to

Muller cell branches and retinal blood vessels, it

contains synaptic processes of the bipolar, ganglion,

and amacrine cells. There are an enormous number

of synapses within the inner plexiform layer – 2.9

million dyads (a dyad is a synaptic pair) per square

millimeter.9 Each dyad consists of a bipolar cell

making contact with two processes: one from a

ganglion cell and the other from an amacrine cell.

The ganglion cell bodies form a distinct layer

between the inner plexiform layer and the nerve

fiber layer. Through much of the retina there is 1

ganglion cell for every 100 rods and 4–6 cones;

however, in the macula the ganglion cell-to-photo-

receptor ratio is higher, creating a smaller receptor

field for each ganglion cell and, therefore, greater

image resolution. Though there are no ganglion

cells at the foveal center, the ganglion cells are so

densely packed within the macula that there may be

two or more for every cone.10 There are two major

groups of ganglion cells: midget and diffuse. The

midget ganglion cells cover small areas (<10 mm2)

and synapse with only one midget bipolar cell,

though each midget bipolar cell may synapse with

numerous ganglion cells. On the other hand are the

diffuse ganglion cells, also referred to as large and

polysynaptic. The ganglion cells’ dendrites synapse

with retinal bipolar and amacrine cells and the axons

synapse with cells in the lateral geniculate body.

The ganglion cell axons course through the inner

retina toward the optic nerve forming the nerve fiber

layer. They remain unmyelinated until they reach the

lamina cribrosa. Axons are in direct contact with

each other without interposed glial cells, except for

interdigitating Muller cell processes. The axons

assume a generally radial course toward the optic

nerve except for those immediately temporal to the

disc, which form the papillomacular bundle. Since

these axons are the first to develop, they form the

center of the optic nerve. As axons converge at the

optic nerves, the nerve fiber layer becomes thickest; it

is thinnest over the macula and far periphery. As is

true with all neurons, the axons cannot survive when

detached from the cell bodies.11 Both proximal and

distal degenerations are seen after acute retinal or

optic nerve ischemia; funduscopically, this can

be seen as cotton wool spots or optic disc edema.

Though long believed to represent focal infarctions

of the retinal nerve fiber layer, cottonwool spotsmay

actually be boundary sentinels of inner retinal ische-

mia.12 Following axonal degeneration, defects in the

nerve fiber layer can be seen on OCT or funduscopy.

Muller cells form tight junctions with other Mul-

ler cells and neural cells. In the outer retina a con-

tinuous row of zonulae adherentes forms the outer

limiting membrane, a barrier to metabolite move-

ment into and out of the retina.13 Muller cells con-

stitute the majority of retinal glial cells but the

astrocytes are more widely distributed between

blood vessels and neurons.

1.1.4 Intercellular Spaces

Neural cells within the retina lie 10–20 mm apart,

similar to spacing found in the brain. The intercellular
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spaces are filled with low-density material that does

not limit the diffusion of even large proteins.14 Large

molecules move freely through the retina until reach-

ing the external limiting membrane; intercellular

spaces outside the ELM constitute the subretinal

space – referred to as the interphotoreceptor matrix

– comprising glycosaminoglycans, glycoproteins,

and filamentous structures.15 The most common

interreceptor matrix protein is interstitial retinal-

binding protein (IRBP), synthesized and secreted

by rod photoreceptor cells. It binds all-trans retinal

and 11-cis retinal. Little is known about other matrix

proteins.

1.1.5 Internal Limiting Membrane

The ILM is the retina’s only true basement mem-

brane. The outer portion consists of the basement

membrane of the Muller cells, whereas the inner

portion is formed by vitreous fibrils and mucopoly-

saccharides. It consists of laminin, BM proteogly-

cans, fibronectin, and collagen.16 The ILM is

2,000 nm thick over the macula but only 20 nm

over the fovea, since the density of Muller cells

decreases.17Muller cell processes form a continuous

but uneven border of attachment with the ILM. The

exact nature of the vitreous attachment to the ILM

is not known.

1.1.6 Circulation

The retina has the highest oxygen demand of

any tissue in the body and relies on two circula-

tions to meet this: the inner 2/3 of the retina

relies on the retinal vasculature and the outer

1/3 relies on the choroidal circulation. The chor-

oidal circulation has a high and variable flow

rate, transferring molecules easily with the sur-

rounding tissues, whereas the retinal circulation

provides a lower, more constant flow with a high

rate of oxygen extraction.18 The central retinal

artery supplies the entire circulatory supply for

the inner 2/3 of the retina, except for areas

served by cilioretinal arteries, which are seen in

20% of eyes.

1.1.7 Arteries

The central retinal artery penetrates the optic nerve

about 10 mm posterior to the globe. Its histological

structure resembles that of other comparable sized

arteries: a luminal diameter of 200 mm, a wall thick-

ness of 35 mm, a single layer of endothelial cells, a

subendothelial elastica, an internal elastic lamina, a

medium of smooth muscle, and an external elastic

lamina that merges with the adventitia. Degenera-

tive diseases that affect muscular arteries, such as

atherosclerosis and giant cell arteritis, also affect the

intraneural retinal artery. The arteries within the

retina are spared from giant cell arteritis because

they lack an internal elastic lamina. Atherosclerosis,

with its subendothelial plaque formation and hyper-

plasia of the intimal and endothelial layers, can

affect any portion of the retinal artery. When the

artery enters the eye, the elastic lamina is lost but the

muscularis is unusually prominent.

The retinal circulation is autoregulated by tissue

oxygen concentration, metabolic by-products, and

intraocular and systemic blood pressures.19 It is

unclear whether the retinal arteries are innervated

by sympathetic or parasympathetic nerves but stu-

dies suggest that adrenergic-binding sites exist and

that retinal blood flow can be altered by adrenergic

agonists and antagonists.20,21 After entering the eye

the retinal artery divides into superior and inferior

branches, then to smaller branches with either

dichotomous (equal-sized bifurcation) or side-arm

branching. In smaller branches of the artery, the

muscular layer thins from seven cell layers at the

disc to two layers at the equator and the luminal

diameter thins from 120 mm at the disc to 8–15 mm
at the equator. The endothelial cells contain tight

junctions that prevent the passage of large mole-

cules into or out of the vascular lumens22; therefore,

transfer of materials is limited to diffusion and

endothelial pinocytosis. The arteries lie in the

nerve fiber layer or ganglion cell layer, with only

the smaller arterioles descending into the inner

plexiform layer to supply capillaries.23 There exist

strong connections between the arteries and cortical

collagen in the ILM. Traction on the ILM can cause

elevation of the retinal arteries without deeper

retina traction. The arteries generally lie superficial

to the veins but may lie as deep as the inner nuclear
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layer at A–V crossing sites.Muller cell and astrocyte

processes surround the vessels, insulating them

from surrounding retinal neural tissue.

1.1.8 Veins

The wall of the central retinal vein consists of a

layer of endothelial cells, subendothelial connec-

tive tissue, a medium consisting mostly of elastic

fibers, a few smooth muscle cells, and a thin con-

nective tissue adventitia. It is separated from the

surrounding neural tissue by Muller cell and astro-

cyte processes. The lumen decreases in size from

150 mm at the disc to 20 mm at the equator and

smooth muscle cells are lost and replaced by peri-

cytes. This allows the venous diameter to change

according to the transluminal pressure differential.

In patients with diabetes or carotid artery disease,

the veins become sausage shaped in response to

sluggish flow. Though the central vein is the only

outlet for the retinal circulation, potential anasto-

moses exist between the retinal and choroidal circu-

lations at the disc. They may become manifest in

cases of central retinal vein occlusion or compressive

lesions of the optic nerve.

1.1.9 Capillaries

Capillaries are distributed throughout the retina

except in the foveal avascular zone, the retina adja-

cent to major arteries and veins, and the far periph-

eral retina. The capillary network originates from the

arterioles in the ganglion cell layer and spreads

through the inner nuclear cell layer, but there are no

vessels in the outer plexiform and outer nuclear

layers. Capillary vessels are distributed in a bilayer

schema: a superficial network in the ganglion and

nerve fiber cell layers, and a deeper layer in the

inner nuclear layer. Vessels range from 5 to 10 mm
in diameter. The volume of the outer vascular net-

work is relatively constant, whereas the volumeof the

inner network varies with the thickness of the nerve

fiber layer.Though the perifoveal region has only one

capillary layer, up to four different capillary layers

are found in the peripapillary region. Peripapillary

capillaries drain directly into venules lying on the

optic nerve.24 Within 2 disc diameters of the nerve,

these capillaries have long, straight, or slightly curved

paths with minimal anastomoses. This unique anat-

omymakes the capillaries susceptible to elevated IOP

and changes in retinal perfusion pressure. This has

been used to explain arcuate scotomas in glaucoma,

peripapillary flame-shaped hemorrhages in papille-

dema and hypertension, and cotton wool spots in

disorders causing retinal ischemia.

The capillary wall consists of endothelial cells,

pericytes, and a basement membrane. The narrow

vascular lumen – 3.5–6 mm – coupled with the thin

endothelial cell bodies causes nuclei to bulge inward.

This requires passing erythrocytes to distort and

mold. The endothelial cells are connected by tight

junctions that form the blood–retinal barrier.22 Pino-

cytic vesicles provide the mechanism for transfer of

metabolites from the circulation to the retina. Dis-

eases such as diabetes that disrupt the endothelium

also disrupt the blood–retina barrier, causing leakage

of protein and lipid into the retina. The leakage is

potentially reversible through endothelial cell mitosis

and the formation of new tight junctions.25 The capil-

lary pericytes lie within the endothelial basement

membrane. In vivo contraction of mammalian peri-

cytes has not been demonstrated, but pericytes con-

tain contractile proteins and contract in vitro when

exposed to endothelin,26 thromboxane A2,
27 and

angiotensin II.28 Loss of pericytes, as seen in ischemic

retinopathies such as diabetes mellitus, results in

weakening of the capillary walls and the formation

of microaneurysms.29

1.2 Hemodynamics, Macular Edema,
and Starling’s Law

Movement both into and out of the body’s capil-

laries, including those of the retina, is dependent

upon hydrostatic and oncotic pressures. The forma-

tion and resorption of macular edema can thus accu-

rately be described by Starling’s law (see Fig. 1.5).

The four primary Starling’s forces are as follows:

1. Hydrostaticpressurewithin the capillary lumen (Pc)

2. Hydrostatic pressure within the retinal intersti-

tium (Pi)
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3. Capillary oncotic pressure (Qc)

4. Interstitial oncotic pressure (Qi)

Capillary hydrostatic pressure is determined by

systemic blood pressure, whereas tissue hydrostatic

pressure is approximately the same as intraocular

pressure. Most of the capillary oncotic pressure is

created by albumin, whereas, with healthy vascular

endothelium, tissue oncotic pressure is determined

by interstitial proteins. The net force pushing fluid

out of capillaries is the difference between hydro-

static pressures and oncotic pressures and can be

represented by the following equation:

F ¼ ðPc � PiÞ � ðQc �QiÞ;

where F is the resultant force determining fluid

movement. If F is positive, fluid moves out of the

capillary into the interstitium thereby forming tissue

edema.However, ifF is negative then the netmovement

of fluid is out of the tissue and into the capillary. At

equilibrium,

F ¼ 0 ¼ DP� DQ;

where there is no net movement of fluid across the

capillary walls.

Edemacanbedefinedastheabnormalswellingofsoft

tissues – in this case the retinal interstitium. Edema can

becytotoxic,wherethe fluidaccumulateswithincells,or

vasogenic, where fluid accumulates within the inters-

titial spaces. Cytotoxic edema occurs with severe ische-

mia, such as following central retinal artery occlusions.

Starling’s law applies to vasogenic edema, the most

common form of edema in retinal vasculopathies such

as diabeticmacular edemaand retinal vein occlusions.

Retinal edema occurs when the net hydrostatic

force (forcing fluid into the interstitium) exceeds the

net oncotic force (drawing fluid into the capillary

lumen) across capillary walls. This is usually due to

an increase in transluminal hydrostatic pressure, as

occurs with systemic hypertension or ocular hypot-

ony, or due to a decrease in transluminal oncotic

pressure, as occurswith increased interstitial proteins

due to breakdown of the blood–retinal barrier or

with a decrease in plasma proteins as seen with

liver disease or protein-wasting nephropathies.

Hydrostatic pressure in the capillaries and venules

is dependent upon the arterial blood pressure and the

pressure fall through the arterioles. Systemic arterial

hypertension increases capillary hydrostatic pressure

and aggravates the severity of diabetic macular

edema. Patients with diabetic macular edema should

Fig. 1.5 Under physiological circumstances, the drop in
transluminal hydrostatic pressure over the length of the capil
lary causes fluid filtration out of the first half of the capil
laries and resorption into the second half. Perturbations in

the Starling’s equilibrium, by changes in either hydrostatic or
oncotic pressures, will result in a horizontal shift of the
graph’s equilibrium point (Pi)
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undergo a thorough blood pressure assessment and,

if systemic hypertension is discovered, appropriate

treatment should be initiated. Reduction of sys-

temic blood pressure can result in the improvement

of diabetic macular edema.30,31

Poiseuille’s law describes flow within a tube, where

the resistance to flow is inversely related to the radius

of the lumen raised to the fourth power. Under

hypoxic conditions such as diabetic retinopathy, ret-

inal arterioles dilate, decreasing resistance, resulting in

an increase in hydrostatic pressure in the retinal capil-

laries.32 34 Retinal blood vessels have been observed to

progressively dilate as diabeticmacular edema forms.35

Less commonly, macular edema is seen in the

presence of ocular hypotony. Since tissue hydro-

static pressure equals intraocular pressure, hypoto-

nous eyes develop macular edema due to a widened

hydrostatic pressure gradient. Edema may improve

if intraocular pressure rises.36 Interstitial hydro-

static pressure also decreases, with accompanying

macular edema or subretinal fluid, when the retina

is subjected to vitreous traction.37

Oncotic pressure within the capillaries decreases

with hypoalbuminemia. This is most commonly seen

in patients with the nephrotic syndrome, protein-defi-

ciency malnutrition, or severe liver disease. Oncotic

pressure changes commonly accompany the forma-

tion of diabetic macular edema. Breakdown of the

blood–retinal barrier (BRB) allows albumin to leak

into the interstitial spaces, thereby raising tissue onco-

tic pressure. This draws fluid out of capillaries, across

the vascular endothelium, resulting inmacular edema.

There is a strong correlation between increasedVEGF

levels, breakdown of the BRB, and macular edema.38

Endothelial damage, such as that seen with diabetic

retinopathy and vein occlusions, compromises the

intercellular tight junctions as well as the integrity of

the barrier function of the cell membranes. This

increased vascular porosity leads to oncotic pressure

shifts and interstitial macular edema.

1.3 Biochemical Basis for Diabetic
Retinopathy

Diabetes causes similar microvascular abnormal-

ities in the retinal vasculature, renal glomeruli, and

vasa vasorum. In the early stages of diabetes,

chronic hyperglycemia results in blood flow altera-

tions and increased vascular permeability. This is

characterized by decreased activity of vasodilators

such as nitric oxide and coexisting increased activity

of vasoconstrictors such as angiotensin II and

endothelin-1 with the release of vasopermeability

augmenting cytokines such as VEGF. Resultant

extracellular matrix abnormalities, both qualitative

and quantitative, contribute to irreversible increases

in vascular permeability. Microvascular cell loss

occurs due to programmed cell death, the overpro-

duction of extracellular matrix proteins and the

deposition of periodic acid-Schiff-positive proteins

induced by growth factors such as TGF-b, all of
which subsequently lead to progressive capillary

occlusion. Hyperglycemia decreases the production

of endothelial and neuronal cell trophic factors leading

to edema, ischemia, and hypoxia-driven neovasculari-

zation.39 Atherosclerosis in nondiabetic patients

begins with endothelial dysfunction40 whereas in

diabetics this seems to involve insulin resistance

due to hyperglycemia.41

Four hypotheses have previously been advanced

to explain themechanism of hyperglycemia-induced

microvascular damage. These are

1. Increased polyol pathway flux

2. Advanced glycation end products (AGEs)

3. Activation of protein kinase C (PKC)

4. Increased hexosamine pathway flux.

Specific inhibitors of aldose reductase, AGE

formation, PKCactivation, and the hexosamine path-

way each prevent various diabetes-induced abnorm-

alities, but no apparent common element was noted

until the recent discovery that each causes over-

production of superoxide by the mitochondrial

electron-transport chain39 (Fig. 1.6). It has been

noted that both diabetes and hyperglycemia

increase oxidative stress.42

To understand how hyperglycemia leads to an

increase in reactive oxygen species (ROS) one

must look at changes in the electron-transport

chain within the mitochondria (see Fig. 1.6). Hyper-

glycemia, by causing overproduction of electron

donors (NADH and FADH2) by the tricarboxylic

acid (TCA) cycle,43 increases the proton gradient

across the inner mitochondrial membrane. This

prolongs the lifespan of electron-transport inter-

mediates, such as ubisemiquinone, above a threshold
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value, thereby significantly generating superoxide

(Fig. 1.6). Two regulatory enzymes can be exploited

to uncouple hyperglycemia-induced production of

ROS.Upregulation ofmanganese superoxide dismu-

tase (MnSOD) eliminates reactive oxygen species

production; excess uncoupling protein-1 (UCP-1)

eliminated the protein electrochemical gradient.44

Furthermore, overexpression of either MnSOD

or UCP-1 prevented PKC activation, activation of

the hexosamine pathway, AGE formation, and

an increase in polyol pathway flux. This evidence

strongly supports the belief that excessive superoxide

is central to the unified theory of diabetic retinopathy.

Other experimental evidence links hyperglyce-

mia,ROS, and the four above-mentioned biochemical

pathways (see Fig. 1.7). Hyperglycemia-

induced increase in ROS decreases glyceralde-

hyde 3-phosphate dehydrogenase (GAPDH)

activity and, therefore, causes an increase in

upstream glycolytic metabolites. This leads to an

increase in the polyol pathway flux. Methylglyoxal-

derived AGE, the most common AGE resulting

from hyperglycemia, probably results from increased

triose phosphate levels. Triose phosphate levels rise

with GAPDH inhibition by ROS.45 ROS-induced

decreases in GAPDH activity causes a buildup of

fructose-6-phosphate, the primary substrate for

the hexosamine pathway. Inhibition of GAPDH

leads to elevated dihydroxyacetone phosphate

levels, leading to increased DAG concentrations

and activation of PKC.

Several experimental models have shown that

the elevated MnSOD or UCP-1 activity prevents

hyperglycemia-induced complications. Overexpres-

sion of either protein prevents monocyte adhesion

to aortic endothelial cells,39 the hyperglycemia-

induced decrease in eNOS activity,43 and collagen-

induced platelet aggregation and activation.46

Increased MnSOD activity prevents an increase in

collagen synthesis47 and decreases programmed cell

death induced by hyperglycemia.

Since considerable clinical research effort con-

tinues to focus on decreasing diabetic complications

by minimizing changes in the four-affected path-

ways, further discussion of the pertinent biochem-

istry is warranted.

1.3.1 Increased Polyol Pathway Flux

Aldose reductase, the first enzyme in the polyol

pathway, has a low affinity for glucose at normal

concentrations. In hyperglycemia, however, the

Fig. 1.6 The hyperglycemia
driven production of
electron donors (FADH2

and NADH) creates a
proton gradient across the
mitochondrial membrane,
inhibiting electron transport
at complex III. This prolongs
the half life of coenzyme Q,
thereby leading to the
production of superoxide
(O2
�)
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elevated glucose levels result in increased conver-

sion into sorbitol with associated decreases in

NADPH. Sorbitol is then oxidized to fructose with

NADH reconstitution (Fig. 1.7). It has been pro-

posed that sorbitol oxygenation increases the

NADH/NAD+ ratio in the cytosol, thereby inhi-

biting activity of glyceraldehyde-3-aldehyde dehy-

drogenase (GAPDH). This leads to increasing con-

centrations of triose phosphate,48 which increases

the formation of methylglyoxal – a precursor of

AGEs – and diacylglycerol, thus activating PKC.

Reduction of glucose to sorbitol consumes NADPH;

since NADPH is required for regeneration of reduced

glutathione, this could exacerbate oxidative stress.

Attempts to inhibit the polyol pathway in vivo have

yielded mixed results. A 5-year study in diabetic dogs

prevented diabetic neuropathy but failed to prevent

retinopathy.49 Zenarestat, an aldose reductase inhibi-

tor, demonstrated a positive effect on diabetic neuro-

pathy in humans.50

1.3.2 Advanced Glycation End Products
(AGEs)

Intracellular hyperglycemia is the inciting event

for the formation of AGEs, which are found in

increased concentrations in diabetic retinal blood

vessels51 and glomeruli.52 They arise from the intracel-

lular auto-oxidation of glucose to glyoxal, the decom-

position of the Amadori product (glucose-derived 1

amino-1-deoxyfructose lysine adducts) to 3-deoxyglu-

cosone, and the fragmentation of glyceraldehyde-3-

phosphate and dihydroxyacetone phosphate to

methylglyoxal, all of which react with amino groups

of intracellular and extracellular proteins to form

AGEs (see Fig. 1.8).53 55 The AGE inhibitor amino-

guanidine partially prevented microvascular damage

in animal models56 and lowered urinary protein and

slowed progression of retinopathy in humans.57

The production of intracellular AGE precursors

damages target cells by modifying proteins and

altering their function. This changes extracellular

matrix components and integrins and modifies

plasma proteins that bind to AGE receptors. The

end result is receptor-mediated production of reac-

tive oxygen species.

AGE formation alters the properties of several

extracellular matrix proteins. Crosslinking by

AGEs induces an expansion of the molecular pack-

ing of type I collagen, thereby altering the function

of vessels.58 AGEs alter type IV collagen from base-

ment membranes.59 AGE formation on laminin

causes decreased polymer self-assembly, decreased

binding to type IV collagen, and decreased binding

to heparin sulfate proteoglycan.60

Fig. 1.7 This schematic
shows the mechanism by
which superoxide
production in the
mitochondria activates the
four biochemical pathways
that lead to diabetic
retinopathy. Hyperglycemia
induced superoxide (O2

�)
production inhibits
GAPDH, causing an
accumulation of upstream
metabolites. These are
diverted into the four
alternative metabolic
pathways, each of which
leads to vascular and
interstitial tissue damage
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AGE formation on extracellular matrix inter-

feres with matrix–cell interactions. Modification

of type IV collagen-binding domains decreases

endothelial cell adhesion. Modification of a 6-amino

acid growth-promoting sequence in the A chain of

laminin reduces neurite outgrowth.61

Several cell-associated-binding proteins for

AGEs have been identified: OST-48, 80K-H, galec-

tin-3, macrophage scavenger receptor type II, and

RAGE. They mediate the long-term effects of

AGEs on macrophages, glomerular mesangial

cells, and vascular endothelial cells. Their effects

include the expression of cytokines and growth

factors (interleukin-1, insulin-like growth factor I,

tumor necrosis factor-a, TGF-b, macrophage col-

ony-stimulating factor, granulocyte–macrophage

colony-stimulating factor, and platelet-derived

growth factor) by macrophages and mesangial

cells, and the expression of pro-coagulatory and

pro-inflammatory molecules (thrombomodulin, tis-

sue factor, and VCAM-1) by endothelial cells. The

binding of ligands to endothelial AGE receptors

mediates the capillary wall hyperpermeability

induced by VEGF.62 Blockage of RAGE sup-

pressed macrovascular disease in an atherosclero-

sis-prone type 1 diabetic mouse model. RAGE

blockade also inhibited the development of diabetic

nephropathy and periodontal disease.

1.3.3 Activation of Protein Kinase C (PKC)

Protein kinase C is a family of at least 11 isoforms, 9

of which are activated by the lipid secondmessenger

diacylglycerol (DAG). Intracellular hyperglycemia

increases DAG in both the retina and renal glomer-

uli by increasing synthesis from dihydroxyacetone

phosphate (see Fig. 1.9).63 This, in turn, activates

PKC in vascular cells, retina, and glomeruli. Hyper-

glycemia also activates PKC isoforms indirectly

through ligation of AGE receptors64 and via

increased activity of the polyol pathway.65 Activa-

tion of PKC-b isoforms mediates retinal and renal

blood flow abnormalities by depressing nitric

oxide production and increasing endothelin-1

Fig. 1.8 Hyperglycemia
leads to the intraocular
production of advanced
glycation end product
(AGE) precursors. These
lead to modification matrix
proteins and integrins and
promote the synthesis of
growth factors and cytokines
including VEGF
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activity.66 Hyperglycemic activation of PKC

induces expression of VEGF in smooth muscle

cells.67

PKC activation contributes to increased matrix

protein accumulation via several mechanisms. PKC

induces the expression of TGF-b1, fibronectin, and
type IV collagen, which is mediated through the

inhibition of nitric oxide production.68 PKC causes

an overexpression of the fibrinolytic inhibitor PAI-

1 and activates NF-kB in endothelial and vascular

smooth muscle cells.69,70 PKC regulates and acti-

vates various membrane-associated NADP(H)-

dependent oxidases.

Treatment with a PKC-b-specific inhibitor

reduced PKC activity in the retina and renal glo-

meruli of diabetic animals, reversed diabetes-

induced increases in retinal mean circulation time,

normalized glomerular filtration rate, and corrected

urinary albumin excretion.71

1.3.4 Increased Hexosamine Pathway Flux

Excess activation of the hexosamine pathway causes

changes in gene activation, which are known to lead

to vascular endothelial dysfunction and other

changes consistent with those seen in diabetic reti-

nopathy. Excess intracellular glucose in the form of

fructose-6-phosphate is diverted from glycolysis

to provide substrates for reactions requiring UDP-

N-acetylglucosamine (see Fig. 1.10). End products

of these diverted reactions include proteoglycans

andO-linked glycoproteins. Though themechanism

by which increased flux through the hexosamine

pathway mediates hyperglycemia-induced increases

in gene transcription is not certain, covalent mod-

ification of the transcription factor Sp1 by N-acet-

ylglucosamine (G1cNAc) might explain the link

between activation of the hexosamine pathway

Fig. 1.9 Hyperglycemia
induced superoxide
production prevents the
normal conversion of
glyceraldehyde 3 P into 1,3
diphosphoglycerate. This
diverts upstream metabolites
into the polyol, hexosamine,
and AGE pathways. Excess
glyceraldehyde 3 P is
converted into diacylglycerol
(DAG), which subsequently
activates protein kinase C
(PKC)

14 M.W. Stewart



and hyperglycemia-induced changes in transcrip-

tion of the gene for PAI-1. The glycosylated

form of Sp1 promotes significantly more transcrip-

tion activity than the deglycosylated form. Further-

more, glycosylation of Sp1 is associated with

correspondingly less phosphorylation of Sp1, sug-

gesting that the two activities compete for the same

binding site and may represent a more generalized

mechanism for regulating glucose-responsive gene

transcription.72

In addition to transcription factors, several

nuclear and cytoplasmic proteins are either glyco-

sylated by O-linked G1cNAc or competitively

phosphorylated. For example, PKC isoforms are

activated by glucosamine without membrane

translocation. Hyperglycemia is shown to

increase hexosamine pathway activity by 2.4�
in aortic endothelial cells, resulting in a 1.7�
increase in Sp1 O-linked G1cNAc. Hyperglyce-

mia caused a 3.8� increase in expression of an

85-base pair DNA region responsible for PAI-1

promotion.

Our current understanding of retinal biochemis-

try identifies a series of pathways, with positive and

negative feedback loops and several shared sub-

strates and enzymes. This allows for considerable

and complicated cross-over reactions among path-

ways suggesting that successful inhibition of any

single pathway will likely result in an incomplete

clinical response. If the unified theory of diabetic

retinopathy – hyperglycemic production of reactive

oxygen species – is correct, then research aimed

at limiting ROS may yield the most effective

therapies.

1.4 Macular Edema

Retinal nutrition is supplied by two circulations: the

choriocapillaris which nourishes the outer third of

the retina and the two layers (superficial plexus in

the axon and ganglion cell layers, deep plexus in the

inner nuclear layer) of the retinal capillary circula-

tion. Two distinct types of diabetic maculopathy are

Fig. 1.10 The hexosamine
pathway produces
glucosamine 6 P by
diverting excess fructose 6 P
from glycolysis. This leads to
the synthesis of glycolipids,
glycoproteins,
proteoglycans, and TGF b
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seen: ischemic maculopathy due to capillary drop-

out and macular edema due to exudation from ret-

inal capillaries and/or choriocapillaris.

The exact location of macular edema – extracel-

lular or intracellular – is not well established, as

studies point to both locations. Histological studies

of enucleated eyes with diabetes and tumors have

found swelling and degeneration of Muller, bipolar,

ganglion and photoreceptor cells,73 and extracellu-

lar cystic spaces.74 Though both angiographic ische-

mia andmacular edemamay coexist, their effects on

visual acuity appear to be independent. Arend et

al.75 found no correlation between blood flow and

macular edema, thereby concluding that inner ret-

inal ischemia does not cause macular edema. Ret-

inal thickening appears to correlate with blood–

retinal barrier breakdown; however, ischemia was

not correlated with macular thickening, thereby

suggesting that the major cause of retinal thickening

was extracellular expansion.76 The conclusion of

these studies is that although ischemia may lead to

a small amount of intracellular swelling, the major

contribution to macular edema is extracellular fluid

accumulation.77

In the absence of retinopathy, diabetes, in

various studies, has been shown to increase or

decrease retinal blood flow. However, once reti-

nopathy is established, retinal blood flow increases.78

It is believed that autoregulatory function is lost

and both arterioles and venules are noted to

dilate and elongate. This leads to decreased arter-

iole resistance with decreased pressure loss across

the length of the arteriole. This would increase

effective intraluminal pressure in the retinal

capillaries, which according to Starling’s law,

would lead to fluid passage into the extracellular

space. The concomitant release of vasoactive

cytokines, such as VEGF, from endothelial

cells, neuroglia, and activated leukocytes, creates

breakdown of the blood–retinal barrier via sev-

eral mechanisms, leading to albumin movement

into the interstitium.

The choroidal circulation is found to be

decreased in diabetic patients.79 Bulk flow to the

choroid is relatively unchanged in diabetics but

indocyanine green angiography shows areas of

focal choroidal nonperfusion in eyes with dia-

betic pigment epitheliopathy. Sometimes signifi-

cant leakage across the pigment epithelium

occurs in eyes with only minimal retinopathy.80

Both intrachoroidal neovascularization and

choriocapillaris occlusion occur more commonly

in diabetics. Both of these processes likely result

from the same inciting events (basement mem-

brane degeneration, angiogenesis) that lead to

diabetic retinopathy.81

Autoregulation in diabetes

Since the autonomic nervous system terminates at the lamina cribrosa, regulation of retinal blood

vessels is mediated by local factors such as endothelin-1, angiotensin II, hyperoxia, CO2, nitric oxide

(NO), and adenosine. Several investigators have uncovered evidence of autoregulatory loss of the

retinal vasculature in diabetic patients. Lanigan82 noted that patients with mild diabetic retinopathy

and microalbuminuria had decreased constriction of retinal arterioles and venules associated with

sustained handgrip contraction. Inhibitors of NO synthetase cause less pulsation of retinal vessels in

diabetic patients than controls suggesting that diabetics have less NO synthetase or their vessels are

less sensitive to NO.83

Prior to the accumulation of edema, vitreous

fluorophotometry has shown breakdown of

the blood–retinal barrier. This probably repre-

sents early gap junction protein loss allowing

molecules smaller than albumin to pass out of

the capillary lumen. Other patients may have

retinal pigment epitheliopathy as the first

manifestation of diabetic retinopathy.80 RPE

dysfunction is probably underappreciated

since the development of overlying retinal vascu-

lar disease would mask this on fluorescein

angiography.
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Is the RPE partly to blame for diabetic macular edema?

In addition to commonly seen VEGF-A isoforms, eyes with diabetic macular edema have elevated

levels of another of the VEGF family of molecules, placental growth factor (PLGF).84 These

isoforms react with VEGFR-1 but not VEGFR-2.85 VEGF-induced RPE hyperpermeability has

been found to occur only through VEGFR-1.86 PLGF has been shown to be upregulated under

hypoxic conditions as seen in diabetic eye disease. Finally, breakdown of the RPE barrier has been

noted in streptozotocin-induced diabetic rats.87

Histopathological studies have shown that

cystoid macular edema develops in two retinal

layers: the inner nuclear layer and the outer plexi-

form layer.88 However, large amounts of fluid can

spill over into the outer nuclear layer. Both histolo-

gical studies and OCT examination have suggested

the presence of multiple cysts; however, further

analysis shows that fluid exists in large cavities

spanned by Muller cells.

Fluid leakage from the capillaries of the inner

retina is limited by the inner and outer plexiform

layers, leading to fluid accumulation within the

inner nuclear layer. Fluid accumulation within the

inner nuclear layer displaces tissue in the plexiform

layers, increasing tissue density leading to a relative

barrier to further spread of the edema. Breakdown

of the outer blood–retinal barrier often causes fluid

to accumulate between the outer plexiform layer

and the outer limiting membrane. As demon-

strated in horseradish peroxidase studies in dia-

betic rats,89 other eyes with intact outer limiting

membranes will develop limited exudative retinal

detachments with fluid accumulation between

the retinal pigment epithelium and photoreceptor

outer segments.

1.4.1 Blood–Retinal Barrier

The retina is subject to two distinct blood–retinal

barriers: the inner BRB that consists of the retinal

capillary endothelial cells and their tight junctions,

and the outer BRB that consists of the retinal pig-

ment epithelium and their tight junctions. The cell

membranes of the epithelial and endothelial cells are

composed of bilayers with hydrophilic glycerols

binding hydrophobic long-chain fatty acid moieties

(see Fig. 1.11). Under normal, healthy conditions,

the cell membranes allow passage of small hydro-

phobic molecules, water, and small uncharged polar

molecules but form an impenetrable barrier to the

passage of ions and larger uncharged polar mole-

cules. Breakdown of the BRB in diabetes may

involve the inner BRB, the outer BRB, or both.80

The tight junctions form the barrier between

adjacent endothelium and epithelium cells. The

junctions are composed of numerous intercellular

proteins, which include occludin, claudin (23 iso-

forms), 7H6, cingulin, zonula occludens (ZO)-

1,2,3, junction adhesion molecule (JAM), mem-

brane-associated guanylate kinases with inverted

domain structures (MAGI)-1,2,3, partition defec-

tive genes (PAR)3/6, and multi-pdz protein-1

(MUPP1).90 Some of the proteins have been exten-

sively studied and well characterized. Occludin and

the claudins control much of the barrier function

(see Fig. 1.12).91 Occludin is specific to vascular

endothelial cells.92 Loss of occludin in diabetic rats

coincides with increased blood–retinal permeability

to albumin (m.w. 66 kDa) but not rhodamine-dex-

tran (m.w. 10 kDa), perhaps due to barrier changes,

not in pore size, but in hydrophobicity. Claudin-5

prevents passage of small (<0.8 kDa) molecules

across the blood–brain barrier93 and probably

serves the same purpose in the retina.94 ZO-1 in

retinal capillary endothelial cell tight junctions is

believed to coordinate the assembly of junctional

complexes from within the cell95 and is a reliable

indicator of tight-junction function.96 The junc-

tional adhesion molecules (JAM) facilitate interac-

tions between endothelial cells and leukocytes and

help with tight-junction assembly.97 Addition-

ally, junctional proteins may assist with cellular

structure. Intracellular, circumferential actin

bundles form at sites of occludin-positive cell
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contact, but actin does not form at areas without

occludin.

Transport across the BRB may be either trans-

cellular or paracellular (see Fig. 1.13).98 Transcellu-

lar passage may occur due to changes in the barrier

state or pumping capacity of endothelial cells,

whereas paracellular passage is due to loss of integ-

rity of the tight junctions. Increased fluorescein

levels in the vitreous found by vitreous fluoropho-

tometry precede fluorescein angiographic evidence

of diabetic retinopathy in rat and monkey models

and humans.99,100 This suggests that early break-

down of the BRB allows passage of smaller mole-

cules such as fluorescein but still prohibits passage

of proteins such as albumin, which are necessary for

the formation of macular edema.

VEGF has been shown to break down the

BRB by both promoting movement across cells

and damaging tight junctions. VEGF injections

cause membrane fenestrations in rat and frog

endothelial cells but not monkey cells. Transcellu-

lar gaps occur with increased frequency and lead

to increased hydraulic conductivity. Within 24h

after perfusion with VEGF, vesiculovacuolar orga-

nelles form a continuous, transcellular chain, sepa-

rated only by fenestrations, in vascular endothelial

cells.101

Fig. 1.12 Endothelial cell tight junctions are predominantly
composed of claudins and occludin, which span the intercel
lular space. These are anchored intracellularly by the junc
tional complex (ZO 1, ZO 2, ZO 3, MUPP 1, Pals 1, and
Crumbs 3). Actin binding to the complex, requiring the pre
sence of occludin, provides cellular structure

Fig. 1.11 Cell membranes
are primarily composed of
phospholipids, with
hydrophobic lipid tails
sandwiched between
hydrophilic diglycerides.
Situated within the
membrane are cholesterol
molecules, glycoproteins,
various receptor (binding)
molecules (e.g., VEGFR A),
and transport channels.
Molecular components are
not fixed, but float within
this ‘‘sea’’ of phospholipids
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When exogenous VEGF is administered to eyes

affected by diabetes, three changes in the tight

junctions have been observed: (1) tight-junction

proteins are phosphorylated; (2) existing junctions

from the plasma membrane to cell cytoplasm

are reorganized; (3) junctional protein levels are

decreased.94

Diabetes alters the levels of junctional and matrix

proteins. The occludin content is decreased in the

retinas of diabetic rats. Occludin and ZO-1 levels

are decreased in cultured brain endothelial cells trea-

ted with VEGF.102 Retinas of diabetic animals

showed increased levels of MMP-2, MMP-9, and

MMP-14 mRNA. Hyperglycemia and TGF-b
increase levels of MMP-9. Cells treated with MMP-

2 and MMP-9 showed gap junction alterations

through increased transepithelial electrical resistance

and degradation of occludin.103

1.4.2 Mechanism of Blood–Retinal Barrier
Breakdown

The exact mechanism by which breakdown of the

blood–retinal barrier occurs is still being investi-

gated. It could be due to either damage of the junc-

tional complexes between capillary endothelial cells

andRPE cells or changes in the cells’ membrane state

or pumping capacity. Proposed mechanisms for

leakage have included fenestration of the endothelial

cell cytoplasm, increased transport through vesicles,

and increased infolding of the RPE-promoting chor-

oidal to subretinal space transudation.104 High glu-

cose concentrations have been shown to reduce elec-

trical resistance of cultured capillary endothelial cells

and induce breakdown of the blood–retinal barrier

mediated by insulin, which does not cross cell mem-

branes. This suggests damage to the intercellular

tight junctions.105 Furthermore, the discovery of vas-

cular endothelial growth factor (VEGF) and other

inflammatory cytokines, with their considerable

effects on junctional and interstitial proteins, has

focused attention on the tight junctions. Cultured

astrocytes simultaneously increase both intercellular

barrier function and ZO-1 synthesis, suggesting a

strong link between the two processes.106

Though the precise biochemical pathway leading

to breakdown of the blood–retinal barrier is

unknown, much recent research has focused on

vascular endothelial growth factor (see Fig. 1.14).

VEGF molecules fit into a broad group of com-

pounds, which can be divided into several families

– A, B, C, D, E, and placental-derived growth factor

(PDGF). VEGF molecules stimulate known signal-

ing pathways, including protein kinase C, in

endothelial cells.107,108 Within VEGF family A

there are five major molecules and at least three

additional minor isoforms.

There are at least four tyrosine kinase VEGF

receptors: VEGFR-1, VEGFR-2, VEGFR-3, and

neuropilin. VEGFR-3, found primarily in lympha-

tic cells, does not bind VEGF-A and, therefore,

does not affect vascular changes.109 The role of

VEGFR-1 is somewhat controversial; it may func-

tion as a decoy receptor or play a role in hematopoi-

esis, however, it is upregulated in hypoxic condi-

tions via hypoxia-inducible factor (HIF)-1.110

Furthermore, more recent gene transfer studies

Fig. 1.13 Intravascular fluid may cross the endothelial cell
layer through the paracellular space (in the presence of
altered tight junctions) or via transcellular transport (mem
brane fenestrations, transcellular gaps, and vesiculovacuolar
organelles)
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suggest that VEGFR-1 is pivotal in neovascula-

rization. Phosphorylation of VEGFR-2 induces

vascular permeability, angiogenic, and mitogenic

changes.111

Within the eye, VEGF is produced in retinal

pigment epithelial, endothelial, glial, pericytes,

Muller and ganglion cells, whereas retinal capillary

endothelial cells are its primary targets. VEGF is

capable of stimulating angiogenesis (through

sprouting, intussusceptions, and recruitment of pro-

genitor cells), increasing vascular permeability and

vasodilation, preventing endothelial apoptosis, and

recruiting inflammatory cells (see Fig. 1.15).

Physiological angiogenesis is accompanied by

very little vascular leakage.112,113 Pathological

angiogenesis, however, has characteristic vascular

leakage, as demonstrated by both India ink114 and

tracer studies.115 In mouse models of experimental

neovascularization exogenous administration of

a VEGF trap decreased neovascularization by

66%116 and transfer of VEGFR-1 genes decreased

neovascularization by 53–86%.117,118 These data

suggest that VEGF is of critical importance in the

development of neovascularization. Though VEGF

is sufficient to produce neovascularization from the

deep retinal circulation it is insufficient to cause

neovascularization on the retinal surface119 or

within the choroid.120 VEGF is sufficient to cause

leakage from normal blood vessels as shown in

animal studies following implantation of sustained

release devices121 or intravitreal injections.116

Though hundreds of papers have been published

regarding the effect of VEGF on vascular perme-

ability there have been very few in vitro studies.

Notable findings include the ability of VEGF to

increase hydraulic conductivity,122 to increase dif-

fusive permeability to albumin123 but to have no

effect on the oncotic reflection coefficient (the prob-

ability that a molecule will bounce off a pore rather

than go through it) to albumin.124 In fact, hydraulic

conductivity (a measure of the ease by which fluid

moves through a lumen) and compliance (the

inverse of stiffness) may be stimulated separately,

suggesting that permeability and angiogenesis may

be stimulated or inhibited separately.

Nonhypoxic physiological angiogenesis can

occur as a result of sheer stress in muscles and

under hormonal control in female reproduction.

Alternatively, VEGF-induced angiogenesis can

occur in conditions characterized by physiological

Fig. 1.14 Perturbations in
neuroglia homeostasis lead
to the release of several
vasopermeability (VEGF,
histamine, and TGF b) and
probarrier factors, which
affect the integrity of
capillary tight junctions and
endothelial membrane
integrity
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hypoxia: exercise-induced, in the corpus luteum,

and in the endometrium. VEGF release leads to

increased vascular permeability through several

mechanisms. First, it stimulates inositol tripho-

sphate (IP3), which leads to intracellular calcium

release thereby increasing nitrous oxide and cyclic

GMP levels. This causes relaxation of vascular

smooth muscle. Vascular permeability, angiogen-

esis, vessel diameter, and blood flow have been

shown to be proportional to nitrous oxide synthe-

tase levels.125 Second, it stimulates DAG produc-

tion, which increases cellular permeability directly

through DAG-sensitive Ca2+ channels. Third, the

stimulation of DAG causes PKC (protein kinase C)

activation.

In addition to its effects on vascular endothe-

lium, VEGF has been shown to protect against

apoptosis. It serves as a survival factor for endothe-

lial cells both in vitro and in vivo. VEGF prevents

endothelial apoptosis induced by serum starvation

by blocking the phosphatidylinositol 3-kinase/V-

akt murine thymoma viral oncogene homolog (PI3

kinase/Akt) pathway possibly through induction of

the antiapoptotic proteins Bcl-2, A1, XIAP, and

survivin.

VEGF promotes inflammation by inducing

ICAM-1 (intercellular adhesion molecule) synthesis

and causing leukocyte adhesion.126 Adherent leuko-

cytes then amplify the effects of VEGF by producing

their own.127 This leads to narrowing of vascular

lumens, thereby causing nonperfusion downstream

from areas of leukocyte adhesion and leading to loss

of occludin and ZO-1 from tight junctions.128 The

loss of these junctional proteins causes breakdown of

the blood–retinal barrier.129

Intravitreal VEGF levels correlate with the

severity of diabetic retinopathy – higher in PDR

than BDR.130 Even within the population of DME

patients, aqueous VEGF levels are closely corre-

lated with severity of DME.131

VEGF expression is upregulated by numerous

growth factors, including TGF-a, TGF-b, epider-
mal growth factor, IGF-I, FGF, PDGF, and also

by inflammatory cytokines, including IL-1-a and

IL-8. One of the most important stimulants is

hypoxia; VEGF mRNA expression is induced by

low tissue O2 tension. Similarities exist between the

hypoxic regulation of VEGF and erythropoietin. A

28-base sequence has been identified in the promo-

ter of the human VEGF gene, which has similar

Fig. 1.15 Extracellular
vascular endothelial growth
factor A (VEGF A) binds to
a transmembrane receptor
molecule (VEGFR, a
tyrosine kinase) resulting in
gene expression and protein
synthesis. This leads to cell
migration and survival.
Through the activation of
nitric oxide synthetase and
prostaglandin synthesis,
vascular tone and
permeability are affected and
angiogenesis may occur
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binding characteristics as HIF-1a, a keymediator of

hypoxic responses.132 HIF-1a is a key transcrip-

tional regulator of the hypoxic response, often

referred to as the ‘‘master switch’’ (see Fig. 1.16).

In the presence of oxygen, free HIF-1a is hydro-

xylated, via propyl hydroxylase. The von Hippel–

Lindau factor (pVHL) then binds to hydroxylated

HIF-1a at the ODD (oxygen-dependent domain)

region. The pVHL/HIF-1a complex is then degraded

by intracellular proteasomes.133 Low tissue oxygen

tension, however, prevents hydroxylation of HIF-1a
at a proline residue,134 thereby stabilizing HIF-1a,

which stimulates VEGF synthesis. Hypoxia

increases levels of HIF-1a subunits both by

Fig. 1.16 Hypoxia
inducible factor 1a (HIF 1a)
is produced within the cell
cytoplasm. Under conditions
of normal oxygen tension,
HIF 1a binds to a molecular
complex, which includes the
von Hippel Lindau factor,
allowing ubiquination and
subsequent degradation by
proteosomes. Hypoxic
conditions stabilize HIF 1a
resulting in VEGF synthesis.
Since iron is necessary for
HIF 1a function, chelators
will mimic hypoxia
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stabilizing the protein135 and by allowing HIF-1a
mRNA accumulation.136 Stabilization of HIF-1a
during hypoxia requires an intact mitochondrial

electron-transport chain to generate reactive oxy-

gen species (ROS). It is the concentration of ROS

that is believed to constitute the cell’s oxygen sen-

sor.137 Low intracellular oxygen tension, indirectly

represented by high levels of ROS, limits a cell’s

ability to hydroxylate HIF-1a. This triggers the

hypoxia-induced cascade of protein synthesis,

which includes inflammatory cytokines such as

VEGF and TNF-a.
In addition to ROS, other molecules affect the

stability of HIF-1a. HIF-1a is stabilized by growth

factors and cytokines such as IGF-1, 2, and AGEs.

Insulin-induced VEGF expression accompanied

by elevated HIF-1a may explain why very tight glu-

cose control worsens retinopathy.138 HIF-1a
requires several cofactors: 2-oxoglutarate, vitamin

C, and iron. This explains why iron chelators, such

as deferoxamine, mimic hypoxia. Several biochem-

ical opportunities exist for HIF-1a modulation,

including phosphatidylinositol 3-kinase inhibitors,

mitogen-activated protein kinase inhibitors (MAPK),

prolyl-4-hydroxylase domain activators, microtubule-

disrupting agents, cyclo-oxygenase-2 (COX-2)

inhibitors, heat-shock protein inhibitors, and anti-

sense therapy. Breakthroughs in treating ischemic

retinal disease may follow new cancer therapies

(e.g., topotecan, camptothecin analogs).139

Protein kinase C (PKC) is a family of related

enzymes, which function as signaling components

for several growth factors, hormones, neurotrans-

mitters, and cytokines. The protein kinase C path-

way is stimulated by the presence of diacylglycerol.

Activated PKC may increase vascular permeability

via two mechanisms: the activation of endothelial

cell contraction through phosphorylation of the

cytoskeletal proteins caldesmon and vimentin140;

and the activation of serine/threonine phosphatases

or the inactivation of kinases both of which lead to

dephosphorylation of the tight-junction proteins

occludin and the claudins.141 PKC contributes to

increased matrix protein accumulation – a hallmark

of diabetic retinopathy – by inhibiting NO synth-

esis, leading to increased TGF-b1, fibronectin, and
type IV collagen.142

Several studies have shown how activated PKC

may contribute to BRB breakdown. Exogenous

VEGF causes BRB breakdown in nondiabetic rats,

a process that is blocked by PKC inhibitors.143 Also,

the intravitreal injection of PKC can induce BRB

breakdown in nondiabetics. PKC inhibitors prevent

hyperglycemia-induced VEGF production.144 In

advanced diabetic retinopathy, PKC may mediate

VEGF’s action, thereby creating a reinforcing cycle.

Hyperglycemia may worsen existing retinopathy by

inducing vascular endothelial growth factor synth-

esis via PKC activation and also by p42/p44 MAPK

synthesis. Both of these pathways are independent of

HIF-1a stabilization.138

Maintenance of normal retinal vasculature

requires a balance of angiogenic factors, such as

VEGF, and inhibitors, such as angiostatin and pig-

ment epithelium-derived factor (PEDF).145 PEDF is

secreted by Mueller and endothelial cells. Decreased

PEDF levels are found in the vitreous of eyes with

BDR; PEDF levels rise to normal after PRP for PDR.

PEDF is known to have anti-inflammatory and anti-

permeability properties.146 PEDF balances the vascu-

lopathic effects of VEGF through several mechan-

isms. PEDF inhibits VEGF expression by decreasing

HIF levels viaMAPK-mediated activation and stimu-

lates endogenous PEDF production.147 PEDF com-

petes with VRGF for binding to VEGFR-2.

Patients with rheumatoid arthritis are known to

have less severe diabetic retinopathy, prompting

speculation that the anti-inflammatory medications

they take antagonize the effects of vasoactive cyto-

kines. Though these drugs may combat the effects of

VEGF, they do not decrease VEGF levels. Aspirin

and TNF-a inhibitors decrease ICAM-1 levels and

leukocyte adhesion by decreasing nitrous oxide

synthetase expression. Aspirin decreases the expres-

sion of integrins that bind to ICAM-1 (LFA-1

[CD11a/CD18] and Mac-1 [CD11b/CD18]).

1.4.3 Renin–Angiotensin System

The renin–angiotensin system (RAS) modulates

a diverse group of biological functions.148 The major

active product of the system, angiotensin II (ANG II),

is converted from angiotensin I by angiotensin-con-

verting enzyme (ACE) (see Fig. 1.17). ANG II influ-

ences vasoconstriction, electrolyte homeostasis, mod-

ulation of drinking behavior, and stimulation of
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pituitary hormone release.149 151 As a growth factor,

ANG II promotes differentiation, apoptosis, and the

deposition of extracellular matrix.152 155 Angiotensin

receptors are located in endothelial cells, glia, and

neurons,156 suggesting that ANG II may regulate

functions within these cells.

Angiotensin has significant effects on vascular

smooth muscle cells, including cell growth, prolif-

eration, and the deposition of extracellular matrix

proteins.157 These are mediated by factors such as

TGF-b1, PDGF, VEGF, insulin-like growth factor,

and connective tissue growth factor.158 Though the

ANG II effects on pericytes are less well studied, it

does induce pericyte uncoupling and migration.159

The pro-angiogenic effect of ANG II in mamma-

lian retinas with oxygen-induced retinopathy is

mediated by VEGF.160 Pharmacological blockade

of the RAS decreases angiogenesis by downregulat-

ing VEGF and VEGFR2.

The ACE inhibitor captopril prevents degenera-

tion of retinal capillaries; the angiotensin receptor

antagonist losartan inhibits leukostasis in strepto-

zotocin-induced rats and vascular cell adhesion

molecule-1 (VCAM) expression in human endothe-

lial cells.161 ACE inhibition prevents the retinal

overexpression of VEGF in experimental dia-

betes.162 Furthermore, ACE inhibition prevents

diabetic retinopathy progression in normotensive

type I diabetic patients.163

Elevated angiotensin II levels correlate with vitr-

eous VEGF levels in patients with diabetic macular

edema.164 Experimental evidence suggests that this

may be mediated through the AT1–R/NF-kB path-

way,165 creating new target sites for the prevention

of diabetic retinopathy.

1.5 Development of Proliferative
Diabetic Retinopathy

Apoptosis of retinal vascular cells and formation

of pericyte ghosts lead to acellular capillaries,

hypoxia due to retinal nonperfusion, and subsequent

proliferative retinopathy.166,167 Diabetes-induced

TNF-a is an important cause of microvascular

cell loss. FOXO1, a forkhead transcription fac-

tor that regulates cell death, is stimulated by

TNF-a. Inhibition of FOXO1 by RNAi reduces

cell apoptosis and microvascular cell death both

in vitro and in vivo in type 1 and type 2 diabetic rats.

Hyperglycemia increases FOXO1 protein

and RNA levels in retinal capillary endothelial

cells. These factors dramatically elevate the levels

of genes that modulate endothelial cell behavior,

including angiogenesis and vascular remodeling.

The resultant occlusion of retinal capillaries

leads to patchy nonperfusion with subsequent

hypoxia of the inner 2/3 of the retina. Stabilization

of the hypoxia-inducible factor (HIF-1a) results

in VEGF production. Intravitreous VEGF levels

are higher in PDR than BDR168 and are temporally

related to the development of neovascularization.169

In addition to VEGF other growth factors such as

insulin-like growth factor I (IGF-1), hepatocyte

Fig. 1.17 Renin activation followed by the action of angio
tensin converting enzyme (ACE) converts angiotensinogen
into angiotensin II. By binding to either of its two receptors,
angiotensin II promotes vasoconstriction or vasodilation, in
addition to stimulating VEGF production, which leads to
vascular permeability changes and angiogenesis

24 M.W. Stewart



growth factor (HGF), basic fibroblast growth factor

(b-FGF), platelet-derived growth factor (PDGF),

pro-inflammatory cytokines, and angiopoietins are

involved in the pathogenesis of PDR. Also found

within the retina and vitreous are antiangiogenic fac-

tors such as pigment epithelium-derived factor

(PEDF), transforming growth factor beta (TGF-b),
thrombospondin (TSP), and somatostatin. It is pos-

tulated that neovascularization results from an imbal-

ance of angiogenic and antiangiogenic factors.170

1.6 Summary of Key Points

� As predicted by Starling’s law, changes in

hydrostatic and oncotic pressures affecting the

retinal capillaries (e.g., systemic hypertension,

renal failure, hypoalbuminemia) worsen diabetic

retinal edema.
� Hyperglycemia-driven activation of four bio-

chemical pathways (increased polyol pathway

flux, protein kinase C activation, advanced gly-

cation end products, increased hexosamine path-

way flux) explains many of the changes leading

to diabetic retinopathy.
� The unified theory of diabetic retinopathy states

that the intraocular formation of reactive oxygen

species (ROS) fuels the subsequent pathological,

biochemical changes.
� Blood–retinal barrier breakdown canbe due to either

tight-junction damage or transcellular alterations.
� Loss of pericytes, with compensatory synthesis

and deposition of extracellular proteins, charac-

terizes early diabetic retinopathy.
� Proliferative diabetic retinopathy may be asso-

ciated with an imbalance of angiogenic and anti-

angiogenic factors; however, elevated VEGF

levels correlate strongly with the development

of neovascularization.

1.7 Future Directions

1. Improved understanding of the biochemical

composition and pathological changes of tight

junctions will identify new therapeutic targets

to prevent blood–retinal barrier breakdown.

2. Research into the pathogenesis and treatment of

other chorioretinal vascular diseases will allow

the adaptation of new therapies to diabetic reti-

nopathy, as has already occurred with corticos-

teroids and anti-VEGF agents.

3. Further refinement of the unified theory of dia-

betic retinopathy will identify pivotal substrates

and enzymes, thereby allowing drug develop-

ment to prevent the onset and progression of

retinopathy.

4. Recent drug trials targeting the four individual

biochemical pathways have yielded disappoint-

ing results. Future studies will learn from oncol-

ogy’s multidrug strategy by simultaneously tar-

geting several biochemical pathways.
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Chapter 2

Genetics and Diabetic Retinopathy

David G. Telander, Kent W. Small, and David J. Browning

Diabetic retinopathy (DR) is the leading cause of

new cases of blindness for people between 20 and 64

years of age in the United States. While glycemic

control is the chief risk factor for development and

progression of diabetic retinopathy, there is increas-

ing evidence for heritable risk factors. An increasing

number of genetic linkage studies have uncovered

the role that several genes have in the development

and progression of DR.

Unlike sickle cell anemia or Huntington’s disease,

diabetes mellitus does not demonstrate a mendelian

inheritance pattern. No single gene causes diabetes.

Rather, it is a complex genetic disease with interac-

tion among genes and the environment. The alleles,

or forms of genes, that are associated with complex

genetic diseases such as diabetes are often common

variants. Rather than being causative, these alleles

contribute to the risk of disease expression affecting

severity and age of onset.1 Diabetic retinopathy can

be considered as a complex trait aswell andmay have

a constellation of susceptibility and protective genes

distinct from those associated with diabetes mellitus.

There are many levels to the complexity of the inter-

action of these genes and gene products. For exam-

ple, hemoglobin A1c (HbA1c) levels have a geneti-

cally determined component in type 1 diabetes that is

independent of blood glucose level and are in turn

associated with rates of progression of retinopathy.2

Non-genetic risk factors for diabetic retinopathy

are well known, including duration of diabetes, gly-

cemic control, and hypertension; however, the

genetic risk factors for development and progression

of diabetic retinopathy are only beginning to be

understood.3,4 A greater than expected prevalence

of diabetic retinopathy exists in siblings with diabetic

retinopathy than in non-siblings.5 Differences in fre-

quency of the disease among different ethnicities and

populations also suggest a genetic component con-

tributing to diabetic retinopathy.6,7 Differences in

relative prevalence of diabetic macular edema

(DME) and proliferative diabetic retinopathy

(PDR) in different racial groups further suggest

that components of diabetic retinopathy have inde-

pendent genetic susceptibility profiles.8 Within a

given population, the marked variation in onset

and severity of retinopathy that cannot be explained

by known risk factors indicates genetic susceptibility

to DR.9 For example, in African-American type 1

diabetics, clinical risk factors could account for only

27% of the variance in DR severity.10 Because of

difficulties unraveling the effects of shared environ-

ment from shared genes in family studies, these epi-

demiologic studies provide suggestive evidence only.7

Nevertheless, such evidence is an important precur-

sor to molecular genetic explorations searching for

specific genetic associations.7

2.1 Background for Clinical Genetics

This section is a brief review of genetic concepts

for understanding the relevant literature and asso-

ciated terminology. Lack of familiarity of genetic

concepts by clinicians has often been identified as an

obstacle in progress toward understanding disease

pathogenesis.11 Our intent in this chapter is to help

bridge this obstacle.
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Understanding of molecular genetics begins with

the study of deoxyribonucleic acid (DNA), a linear

polymer comprised of two strands containing

sequences of four nitrogen-containing bases – ade-

nine (A), guanine (G), thymine (T), and cytosine (C)

(Fig. 2.1).

DNA is the template for its own replication.DNA

also serves as a template for the creation of ribonu-

cleic acid (RNA) in a process called transcription.

This RNA copy of the DNA then in turn serves as

the template for synthesis of proteins. In transcrip-

tion, DNA is always read beginning at the 50 end and

proceeding to the 30 end. The two strands of a DNA

molecule are held together by hydrogen bonds

between paired bases. Adenine in one strand always

binds to thymine in its fellow strand and likewise for

cytosine and guanine. For example, if a section of the

sequence of one strand is 50-ATGAC-30, then its

fellow strand at this locus reads 30-TACTG-50. Bind-
ing of complementary strands of DNA or between a

single strand of DNA and its complementary RNA

strand is termed hybridization.13

The central dogma of molecular biology states

that DNA is transcribed to an RNA which is in

turn translated into protein (Fig. 2.2). In the cell

nucleus, transcription of DNA occurs first as a

messenger RNA precursor (mRNA) that contains

the transcript of the protein-coding DNA sequence

(exons), the non-protein-coding DNA sequence

(introns), and untranslated regions adjacent to the

30 and 50 termini. The transcribed introns are spliced

out to yield a mature mRNA product (Fig. 2.2). In

the cell cytoplasm, mature mRNA is translated as

three base segments called codons into amino acids

that compose the protein product of the gene.14 This

intricate process of an RNA-guided protein synth-

esis is called translation.

Humans have 23 pairs of chromosomes, each

comprised of DNA and associated proteins. Each

chromosome contains many genes, or sequences of

DNA that code for proteins, as well as sequences of

DNA dedicated to regulatory functions such as

initiating transcription or translation. There are

3.3 billion base pairs in the human genome.1 The

latest estimates on the number of genes in the

human genome are 20,000–25,000.15 Ninety-nine

percent of the genome does not code for proteins.16

These noncoding sections of the genome are broken

into classes called introns and intergenic DNA.

Introns, comprising 24% of the human genome,

are segments of DNA adjacent to exons that are

initially transcribed into an RNA strand but are

then excised from initial RNA transcripts before

the final mRNA strand leaves the nucleus for the

cytoplasm on the way to protein synthesis (Fig. 2.2).

Intergenic DNA, comprising 75% of the genome,

remains untranscribed and has unknown func-

tion.16 The remaining 1% of DNA composes the

exons that code for proteins.16,17

2.2 The Role of Polymorphisms in
Genetic Studies

The DNA sequences of any two human beings are

99% identical. The 1% of DNA that differs between

any two individuals constitutes the genetic basis of

certain diseases. In addition, factors that control the

expression of the genes contribute to different phe-

notypes including disease. The purpose of genetic

investigations is to determine which genes contribute

to disease. On average, a difference inDNA sequence

between two persons is found once per 1,200 base

pairs. When a variation of the genetic locus is found

in at least 1% of a given human population, the

variation is termed as polymorphism.

Fig. 2.1 Each strand of DNA consists of a backbone of
deoxyribose phosphate sugars with attached purine and pyr
imidine bases. The bases show complementarity by forming
hydrogen bonds with paired bases in the fellow strand.
Adapted with permission from Della12
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There are several categories of polymorphisms.

Single nucleotide polymorphisms (SNPs) are

single substitutions of one base for another at a

certain position. There are many variations in

nomenclature for these, but one common way of

naming an SNP is exemplified by c.74C>G. This

means that at the level of the coding DNA sequence

(indicated by the c. prefix), at position 74, a cytosine

Fig. 2.2 DNA is transcribed into anmRNAprecursor which
is refined to mature mRNA by the excision of sequences
corresponding to introns and transported out of the nucleus

into the cytoplasm. Translation of mature mRNA results in a
protein product. Adapted with permission from Della12
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is replaced by a guanine. The first letter characterizes

the normal base and the second letter following the

arrowhead signifies the mutant base. To add to the

perplexing nature of the nomenclature, some authors

refer to mutations not at the level of the coding

DNA, but rather at the level of the altered amino

acid sequence in the protein product of the mutant

gene. In using this nomenclature, the convention is to

list the normal amino acid first followed by the codon

number in the sequence of the protein followed by

the mutant amino acid. Thus, for example, Ala276-

Glu means that at codon 276 one finds glutamine

replacing the normally expected alanine.18

Another important class of polymorphisms is

that of short tandem repeats (STRs) or microsatel-

lites. These are strings of repetitive base pair

sequences that vary in length between persons.

Thus the alleles are variations in the number of

repeats. For example, at a given location, one

might find that one person shows CACA [or

(CA)2], the next CACACA [or(CA)3], the next

CACACACA [or (CA)4], and so on. Nucleotides

are repeated in tandem a number of times. SNPs

and STRs are scattered at different locations across

the human genome, and encyclopedias of such poly-

morphisms have been compiled. They provide a fine

toothed comb such that any part of the human

genome can be probed by selecting an SNP or

STR located nearby in the genetic map.

Yet another type of polymorphism, more

often used in older genetic association studies, is

the restriction fragment length polymorphism.

Enzymes called restriction endonucleases cleave

DNA at sites where certain DNA sequences are

detected. There are many restriction endonucleases

(Fig. 2.3). By analyzing the length of fragments of

Fig. 2.3 (a) Restriction enzymes cleave DNA at specific
sites. There are many restriction enzymes. Four (MspI,
TaqI, EcoRI, and HindIII) are illustrated here as well as the
loci cleaved by them. (b) The result of applying a restriction

endonuclease to DNA is a set of DNA fragments that can be
separated by electrophoresis. The electrophoretic pattern can
distinguish different alleles (A and a). Adapted with permis
sion from Musarella19
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DNA produced by the action of restriction endonu-

cleases, one can deduce the presence or absence of

polymorphisms that result in cleavage sites.

Figure 2.4 shows an example of a map of genetic

markers, in this case short tandem repeats, corre-

sponding to chromosome 11 and their positional

relationship relative to a gene, PAX6, that is critical

in ocular embryogenesis. From a study of this fig-

ure, it will become evident that one can judiciously

choose a polymorphism and examine if it is asso-

ciated with a disease such as diabetic retinopathy. If

there is an association between the polymorphism

and the disease phenotype, then neighboring genes

to this polymorphism may be candidates for inves-

tigation regarding pathogenesis of the disease.

Neighboring genes become candidates because seg-

ments of DNA tend to be inherited together as a

unit. Conversely, if one suspects that a certain gene

is important in causing a diabetic retinopathy, one

could choose to study a polymorphism found in

close proximity to that gene based on the genetic

map and then look for associations of that poly-

morphism with presence or absence of the disease.

In the case of diabetic retinopathy studies, markers

for nonproliferative retinopathy (NPDR), prolif-

erative retinopathy (PDR), diabetic macular

edema (DME), or presence of any DR have all

been studied. The success of such studies depends

critically on how reproducible the classification of

patients is with regard to disease status. For exam-

ple, if patients are misclassified as having PDR, a

study may spuriously fail to find an association

with a genetic marker. Genes conferring suscept-

ibility for NPDR, PDR, DME, and possibly

other diabetic retinopathy phenotypes may be

distinct.6,20

2.3 Types of Genetic Study Design

One common genetic study design is the

case-control format. In such a study, a group of

patients with diabetic retinopathy or one of its sub-

types and a control group with diabetes but no

retinopathy are collected. Information is collected

regarding some genetic marker for each person in

the population sample. Statistical tests are then

performed to examine associations of the genetic

marker polymorphisms with presence or absence

of the disease state. These may be Chi-square tests,

odds ratios, likelihood ratios, or others. In theory,

this approach could be used to screen many genetic

markers at intervals across the entire genome to test

for associations, but several methodological con-

straints limit such a wide net approach.

The genetic marker may have no causal relation-

ship to diabetic retinopathy, but only manifest link-

age with the gene that in fact confers risk. If patients

with disease and controls are drawn from geneti-

cally different populations, a false-positive associa-

tion may result. Large numbers of statistical tests

performed in genome-wide scans can lead to false-

positive associations. In some studies, comparisons

of gene frequencies are made between patients with

diabetic retinopathy and non-diabetic controls.

This can lead to identification of genetic variants

Fig. 2.4 Genetic markers called polymorphisms have been
mapped throughout the human genome. In this example,
short tandem repeat polymorphisms have been mapped on
chromosome 11 and are shown in relation to the position of
the PAX6 gene. Adapted with permission from Damji et al.1
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associated with vulnerability to diabetes rather

than to diabetic retinopathy. To determine genetic

variations associated with vulnerability to diabetic

retinopathy, it is important to use patients with

diabetes but no retinopathy as the control popula-

tion.21 The results of this type of genetic association

study frequently differ.22,23 The reasons offered

include different ethnic groups studied and different

criteria for patient selection such as criteria invol-

ving renal function.24,25 Thus, given the numerous

pitfalls and discordant results among studies, it is a

general rule that confidence in association studies

increases in proportion to the number of studies

that replicate a given set of findings. Meta-analyses

can be useful in deriving a common thread if one

exists in frequently discordant genetic studies.22

The Human Genome Project has led to the con-

struction of a genetic map which locates all the

known genes and polymorphisms to their particular

loci on the 23 pairs of chromosomes (22 pairs of

autosomes and 1 pair of sex chromosomes – X and

Y). Thus there are 24 genetic submaps, one for each

of 22 autosomes and a submap for X andY. Groups

of polymorphisms located on the same chromoso-

mal region tend to be inherited together as a unit

and are statistically associated. These are referred

to as haplotypes. The HapMap Project is an

ongoing international collaboration in which

regions of linked polymorphisms are being defined

in four international populations.7 Haplotypes are

represented by so-called tag SNPs, which are SNPs

that are indicators that an entire ensemble of SNPs

is present. The ensemble is the haplotype. The tag

SNP is the indicator label for a specific haplotype.

A critical tool in the ability to perform linkage

analysis is the polymerase chain reaction. This

method of taking a small amount of a specific seg-

ment of DNA and generating a large amount of

identical DNA provides enough material to be

detectable and measurable in order to identify the

status of a person with regard to presence or

absence of a genetic marker. Thus using PCR,

each person in a study can be genotyped for a

specific allele. The genotype of the allele can be

correlated with disease status to determine associa-

tions. In PCR, short synthetic pieces of single-

stranded DNA called primers are made which

flank a specific small region of DNA of interest in

the sample from the person. The double-stranded

DNA sample is separated and the primers bind to

the region of interest based on their complementary

sequences. DNA polymerase and deoxynucleotide

triphosphates are then added to the mixture at vary-

ing temperatures, resulting in production of new

complementary DNA adjacent to the primers at

the sequence of interest. Thus two copies of the

double-stranded DNA in the region of interest

now exist where one had a single copy. The process

is repeated many times – 30 times would be typical –

producing a billion copies of the DNA sample from

a single starter molecule. This larger amount of

DNA can then bemanipulated, separated, andmea-

sured electrophoretically and alleles distinguished.

Figure 2.5 illustrates the process of PCR.

Case–control association studies differ from

linkage analysis studies, another type of study com-

monly employed in the investigation of diseases

with mendelian inheritance. In a linkage analysis

study, a large pedigree with numerous affected

members is analyzed using similar molecular genetic

techniques. The status of each member of the pedi-

gree with regard to the genetic marker under study

is determined. Likewise, the disease status of each

member of the family is ascertained. By evaluating

the segregation of an allele of the genetic marker

with the disease in a pedigree, it is possible to deter-

mine the probability that particular alleles are

inherited with the disease. Figure 2.6 illustrates the

process. To summarize, case–control association

analyses examine unrelated population samples.

Linkage analyses examine families.

An important method of analysis used in genetics

studies of diabetic retinopathy is linkage analysis. In

linkage analysis, the expectation is that if an allele

makes an important contribution toward disease

causation, then the allele should be present in a

higher frequency among affected individuals than

in the unaffected. Linkage analysis is based on the

phenomenon of recombination that occurs during

meiosis, or the process of producing sex cells. Dur-

ing meiosis, homologous chromosomes exchange

short segments of DNA. The probability that any

two small segments of DNA on a chromosome will

be separated by this process depends on how far

apart they are on the chromosome. The closer the

two segments are, the less likely that the segments

will be separated by crossing over. Even when there

is no known gene directly tied to a disease, this
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concept is useful. One can quantitate how closely a

particular genetic marker is to the presence or

absence of the disease by examining large numbers

of patients and looking for cosegregation of the

genetic marker and the presence or absence of the

disease. A metric for quantitating how closely a

genetic marker is linked to a disease-causing gene is

the LOD score. The LOD score is the logarithm of

the odds ratio of linkage of the genetic marker to the

disease-causing gene compared to absence of linkage.

A LOD score greater than 3 implies an odds ratio

exceeding 1000 to 1 in favor of linkage and by con-

vention is taken as evidence of linkage. A LOD score

more negative than –2.0 implies odds of 100:1 or

a b

c

Fig. 2.5 (a) Schematic representation of the process of poly
merase chain reaction. A double stranded molecule of DNA
called the template from a subject under investigation is broken
into two single stranded components by heating. Primers are
specifically synthesized which bind to DNA sequences that
flank the region of interest (the region in which one is looking
for a particular polymorphism). These primers are added to
the mixture and anneal to the complementary sequences in the
single separated strands of DNA (hybridization).

(b) Polymerase enzymes and deoxynucleotide triphosphates
(dNTP) are added to the mixture and new DNA is produced
starting at the end of the bound primer. Two double stranded
DNA molecules result. The process is repeated many times to
produce enough DNA to manipulate electrophoretically. (c)
Schematic of the exponential amplification of DNA through
PCR. After 30 cycles, an initial template molecule of DNA
results in 1 billion molecules of identical DNA. Adapted with
permission from Della12 and Dragon26

2 Genetics and Diabetic Retinopathy 37



Fig. 2.6 Schematic of the approach to associating poly
morphisms with disease. At the top, the DNA of patients is
amplified with the polymerase chain reaction to produce
enough material to allow the investigator to perform electro
phoresis. Electrophoresis allows the investigator to deter
mine which allele a given person in a pedigree possesses,
because the number of CA repeats affects the position of
the DNA on the electrophoretic gel. Thus any given person
can be identified genetically (e.g., a person may have alleles A
and B or A and C). Without knowledge of the genetic infor
mation, clinicians have independently categorized the patient

as having diabetic retinopathy or not. Having diabetic reti
nopathy is indicated by having the person’s symbol filled in
the pedigree. In the illustration, an allele A appears to be
inherited with the disease because every affected person in the
pedigree possesses an allele A and none of the unaffected
persons possess it. However, formal analyses need to be
performed which take into account other issues such as type
of genetic model (parametric, such as autosomal dominant)
used or not (non parametric or model independent) and
frequency of all alleles of the marker compared to controls.
Adapted with permission from Damji et al.1
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more that a gene is not linked to the presence of the

disease and is taken by convention as evidence that a

marker is not linked to the disease. A LOD score

between –2.0 and +3.0 is taken as inconclusive.27

The LOD Score in Greater Detail

If two genetic markers are unlinked, as for example, would be the case if they were on different

chromosomes, then the probability that they will appear in any given gamete from an individual is

0.5. This ceiling fraction arises from the consideration that during meiosis, the probability that the

maternal and paternal chromosomes will assort together in the gamete is 1 in 2 (the two possibilities are

that they assort together or they do not assort together, and each has equal probability). If the markers

lie on the same chromosome, themechanism that can lead to their separation is recombination caused by

crossing over during meiosis. The probability of recombination of two genetic markers increases the

farther apart on the chromosome that they are. At a maximum, if the markers are at the extreme

opposite ends of the same chromosome, then crossing over could lead to these markers being separated

every time meiosis occurred and their being assorted independently into gametes as though they had

been on separate chromosomes. Thus the maximum recombination fraction is 0.5. The actual recombi-

nation fraction is denoted by the symbol y, and it will be less than 0.5. The likelihood of recombination

fractions of y and 0.5 are calculated, and a LOD score is defined as log10 (likelihood of observed data if

loci are linked at a value of y/likelihood of observed data if loci are linked at a value of 0.5).

Once linkage of a genetic marker to diabetic reti-

nopathy has been established, candidate genes of

interest may be identified using expressed sequence

tags. An expressed sequence tag is a short sequence

of DNA that is complementary to an expressed

mRNA molecule found in the tissue of interest.

The expressedmRNAmolecule is used to synthesize

a complementary DNA molecule of which a frag-

ment is called an expressed sequence tag. Expressed

sequence tags are useful in discovering genes and in

sequencing genes.28

2.4 Studies of the Genetics of Diabetic
Retinopathy

2.4.1 Clinical Studies

The number of studies exploring possible genetic

susceptibility to or protection from diabetic retino-

pathy is large, and this chapter makes no claim to

providing exhaustive coverage of a topic that would

require a book unto itself. Rather, our goal is to

expose the clinician to an important and expanding

field of inquiry in diabetic retinopathy likely to be

the source for future breakthroughs in treatment by

virtue of illuminating the underlying basic defects.

The interested reader is invited to consult com-

prehensive reviews to explore the topic in greater

detail.6,9

Heritability for diabetic retinopathy has been

reported to be 27% and heritability for PDR has

been reported to be 25–52%.29,30 Among South

Asian Indians, the risk of DR is higher in diabetic

siblings of probands with DR than in diabetic non-

siblings.4 Some of the differences in epidemiologic

aspects of diabetic retinopathy may have a genetic

basis, although further study is needed to determine

the answer. For example, it has been reported that

Hispanic diabetics develop severe DR earlier in

their course and progress more rapidly compared

with blacks or whites (see Chapter 3).3 In a twin

study, concordance of retinopathy was found in 35

of 37 identical twins concordant for type 2 DM but

in only 21 of 31 identical twins concordant for type 1

DM, suggesting a stronger genetic effect in type 2

than in type 1 DM.5 In the Diabetes Control and

Complications Study, there was an increased risk of

severe retinopathy among relatives of retinopathy-

positive versus retinopathy-negative subjects (odds

ratio 3.1, 95% CI 1.2–7.8), suggesting a possible

genetic component to retinopathy severity.31
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In a Mexican-American cohort, more severe dia-

betic retinopathy in siblings was associated with

more severe retinopathy in probands (OR 1.72,

95% CI 1.03–2.88) after accounting for the effects

of glycemic control and diabetic duration, but

occurrence of diabetic retinopathy showed no such

familial aggregation.32

2.4.2 Molecular Genetic Studies

Some of the more important candidate genes

and associated polymorphisms linked to diabetic

retinopathy will be reviewed below. Tables 2.1,

2.2, 2.3, 2.4, 2.5, and 2.6 list selected polymorph-

isms, genotypes, and haplotypes found to be risk

factors, protective factors, or unassociated with dif-

ferent forms of DR. Inspection of the tables will

show multiple inconsistencies across studies for

such reasons as differences in case definitions, differ-

ences in duration of diabetes in the groups studied,

in fractions of the two genders, in allele frequencies

in the population samples, in methods of detecting

DR grading severity of DR, in the recording and

statistical handling of possibly confounding risk fac-

tors, and in the control groups used.6,9 For example,

the -634C/Gpolymorphism in the promoter region of

the VEGF gene has been found to be associated with

DR and also to be not associated with DR.33 35

Many of the listed genetic associations with forms

of diabetic retinopathy have not been replicated, and

much work remains to be done in diverse human

population samples to identify the strong associa-

tions from the weak ones and to exclude spurious

associations caused by various weaknesses in study

designs.9 The tables we have included are rapidly

changing and will be outdated within a short time as

further genetic studies of greater statistical power and

higher design quality are executed and published.

2.4.3 EPO Promoter

PDR has been found to have 80–90% concordance

rate with end-stage renal disease (ESRD).36 Several

candidate gene single-nucleotide polymorphisms

(SNPs) have been found and linkage analysis has

suggested a diabetic nephropathy locus on chromo-

some 3q.37 39 In addition, several researchers have

found a locus at chromosome 7q21 associated with

an increased risk of nephropathy in diabetes.37,40 42

In this region of chromosome 7q21, Zhang and

colleagues found that the T allele of an SNP

rs1617640 in the promoter of the EPO gene was

significantly associated with PDR and ESRD.43 Of

note, EPO encodes the protein erythropoietin,

which is a potent angiogenic factor expressed in

the kidney and retina. This protein has been found

in human vitreous in PDR.44

2.4.4 Aldose Reductase Gene

Hyperglycemia is clearly linked to the microvascular

complications of diabetes, and the conversion of

glucose to sorbitol by aldose reductase (ALR2) has

been shown to be involved in the pathogenesis (see

Chapter 1). ALR2 is found in tissues of the eye includ-

ing the vascular endothelial and retinal pigment

epithelial cells.45 Altered expression of the ALR2

gene may play a role in the pathogenesis of diabetic

retinopathy. Genetic studies using restriction frag-

ment length polymorphism (RFLP) analysis have

inconsistently shown that aldose reductase is asso-

ciated with diabetic retinopathy (Tables 2.1 and 2.6).

Ko et al. have identified one allele (Z–2) of a (CA)n
dinucleotide repeat polymorphic marker at the 50 end
of the aldose reductase gene in Chinese type 2 diabetic

patients having a strong association with early onset

of diabetic retinopathy. In Asian Indians as well, the

Z–2 allele was found to be associated with any DR,

PDR, and DME.46 In Australian type 1 adolescent

diabetics, the ALR promoter -106C allele is asso-

ciated with DR, as is the Z–2 allele.47

2.4.5 VEGF Gene

Vascular endothelial growth factor (VEGF) has been

found to be the primary stimulus for new blood vessel

growth and vascular hyperpermeability in diabetic

retinopathy.48,49 Many clinical studies have demon-

strated that VEGF concentrations were markedly

elevated in both the vitreous and aqueous fluid of

40 D.G. Telander et al.
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Table 2.2 Genetic markers associated with diabetic macular edema (i.e., risk markers)

Genetic marker Polymorphism
Type DM,
ethnicity, N

Odds ratio (95% CI),
sample size X2 P References

VEGF gene C 634G* 2, Japanese,
378

1.81 (1.01, 3.26) 0.047 Awata
et al.83

Endothelial nitric oxide
synthase gene

Intron 4a allele 2, Japanese,
226

NG 0.006 Awata
et al.84

Endothelial nitric oxide
synthase gene

T 786C polymorphism
( 786C allele)

2, Japanese,
226

NG 0.029 Awata
et al.84

*At position 634 relative to the transcription start of the VEGF gene, G is present on one allele and C is present on the other.
NG=not given.

Table 2.3 Genetic markers associated with severe nonproliferative or proliferative diabetic retinopathy (i.e., risk markers)

Genetic marker
Polymorphism/genotype/
haplotype

Type DM,
ethnicity, N

Odds ratio (95%
CI) or Chi
square statistics P References

VEGF gene c. 160CC* genotype 1 and 2,
British, 106

10.5 (2.3, 47.7) 0.0003 Churchill et al.85

VEGF gene c. 152AA genotype 1 and 2,
British, 106

3.5 (1.5, 7.7) 0.0022 Churchill et al.85

VEGF gene c. 116AA genotype 1 and 2,
British, 106

7.9 (3.1, 19.9) <0.0001 Churchill et al.85

VEGF gene c. 406C allele 1 and 2,
British,267

2.5 (1.20, 5.23) 0.027 Ray et al.51

VEGF gene 160C/ 152A/ 116A
haplotype

1 and 2,
British, 106

3.34 (1.89, 5.91) 0.0001695 Churchill et al.85

VEGF gene 460C/ 417T/ 172C/
165C/ 160C/ 152A/
141A/ 116A/+405C
haplotype

1 and 2,
British, 106

29.9 (3.91, 229) 1.62�10 5 Churchill et al.85

VEGF gene c. 634CC 2, Caucasian,
501

1.85 (1.2, 2.8) 0.04 Errera et al.34**

VEGF gene Homozygosity for rs833070 1, Japanese,
175

1.67 (1.01, 2.54) 0.047 Nakanishi and
Watanabe86

VEGF gene Homozygosity for
rs2146323

1, Japanese,
175

1.67 (1.01, 2.74) 0.047 Nakanishi and
Watanabe86

Promoter region of
VEGF gene

2578 A/A genotype 2, Japanese,
469

7.7 (1.8, 30.9) 0.002 Nakamura et al.52

Promoter region of the
erythropoietin gene

Homozygous for T allele of
an SNP rs1617640

1 and 2, US
Caucasian,
613

2.01 (1.23,3.29) 0.036 Tong et al.43

TNF beta gene Allele 8 (111 base pair) 2, Asian
Indian,207

NG 0.003 Kumaramanickavel
et al.93

PPARG gene 2819G allele 2, Italian, 112
females

2.30 (1.09 4.83) 0.02 Costa et al.87

ICAM 1 gene EE genotype of K469E 2, Slovenian,
426

2.0; 95%
confidence
interval [CI]

1.1 3.5

0.013 Petrovic et al.82

Basic fibroblast growth
factor (bFGF) gene

553T/A 2, Slovenian,
206

2.0, 95%
confidence
interval

1.0 3.9

0.03 Petrovič et al.88

Solute carrier family 2,
member 1

rs841846 1, African
American,
437

LR 0.000160 Roy et al.10
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Table 2.3 (continued)

Genetic marker
Polymorphism/genotype/
haplotype

Type DM,
ethnicity, N

Odds ratio (95%
CI) or Chi
square statistics P References

Major histo
compatibility complex,
class 1, B

rs2523608 1, African
American,
437

LR 0.00599 Roy et al.10

Major histo
compatibility
complex, DQA1 locus

*0201/0302 genotype 1, Swedish, 56 X2 15 0.01 Agardh et al.56

FMS like tyrosine
kinase 1

rs622227 1, African
American,
437

LR 0.00735 Roy et al.10

Angiotensin convertin
enzyme insertion/
deletion
polymorphism

DD genotype 2, Tunisian,
230

3.516 0.001 Feghhi et al.70

*At position 160 relative to the transcription start of the VEGF gene, C is present on both alleles.
**Other studies in other populations have not confirmed this association.33,89

LR logistic regression was used rather than odds ratios. NG not given in the paper.

Table 2.4 Genetic markers associated with sight threatening retinopathy (diabetic macular edema or proliferative diabetic
retinopathy)

Genetic marker Polymorphism Type DM, ethnicity, N
Odds ratio (95% CI),
sample size P References

AGER gene
polymorphism

c. 374A 1, Scandinavian, 742; 2,
Scandinavian, 2957

1.65 (1.11 2.45); 2957
DR,

206 NDC

0.01 Lindholm et al.90

Polymorphism for
(CA)n repeat in
promoter region of
aldose reductase gene

Z 2 allele 2, Asian Indian, 214 NG 0.004 Kumaramanickavel
et al.46

C Caucasian; NDC non diabetic controls; NG not given in the paper.

Table 2.5 Genetic markers associated with diabetes without retinopathy (i.e., protective markers)

Genetic marker Polymorphism
Type DM,
ethnicity, N

Odds ratio
(95% CI),
sample size X2 P References

VEGF genotype c. 160CT* 1 and 2,
British, 106

8.63 (1.96,
37.95)

0.0008 Churchill et al.85

c. 152AG 1 and 2,
British, 106

1.87 (1.04,
3.35)

0.0353 Churchill et al.85

c. 116AG 1 and 2,
British, 106

4.8 (2.6, 8.8) <0.0001 Churchill et al.85

VEGF gene haplotype
associations

160T/ 152G/ 116G 1 and 2,
British, 106

12.5 (1.61,
100)

0.006181 Churchill et al.85

460C/ 417T/ 172C/
165C/ 160C/ 152A/
141A/ 116G/+405G

1 and 2,
British, 106

20 (2.86, 100) 0.000373 Churchill et al.85

Genotype for (CA)n
repeat in promoter
region of aldose
reductase gene

Z+2/Y where Y is any
allele other than Z 2

1, Caucasian,
229

30.1 <0.00001 Demaine et al.75 (see
also91,92
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Table 2.5 (continued)

Genetic marker Polymorphism
Type DM,
ethnicity, N

Odds ratio
(95% CI),
sample size X2 P References

EDN1 Lys198Asn
polymorphism

EDN1 Asn/Asn 2, Chinese,
343

0.19 (0.07,
0.53), 216
DR, 127
DM
controls

0.002 Li et al.21

Endothelial nitric
oxide (eNOS) gene
promoter

(haplotype 122 (Glu298/
4a/ 786C)]

2, Tunisian,
383

0.51 (0.30,
0.88)

P 0.015 Ezzidi et al.79

TNF b gene STR upstream of
promoter region: allele
4 (103 base pair) with
(GT)9 repeat

2, Asian
Indians,
207

0.236 (0.087,
0.638)**

0.002 Kumaramanickavel
et al.93

SUMO4 gene M55V 1, Caucasian,
223

0.37, (0.32,
0.43)

0.004 Rudofsky et al. 94

Plasminogen activator
inhibitor 1 gene

5G/5G genotype 2, Pima
Indians,
171

8.22 0.016 Nagi et al.95

Receptor for AGE
gene

GS genotype for the
Gly82Ser
polymorphism in exon
3 (Ser 82 allele)

2, Asian
Indians,
200

0.34 (0.136,
0.863)**

0.03 Kumaramanickavel
et al.64

*At position 160 relative to the transcription start of the VEGF gene, C is present on one allele and T on the other allele.
**Not given in paper; calculated by DJB from data in the paper.

Table 2.6 Negative studies looking for associations with various forms of diabetic retinopathy

Genetic marker
Specific polymorphisms (P) and
haplotypes (H) TypeDM, ethnicity,N

Type
retinopathy References

MMP 2 gene 168G/T, 735 C/T, 790T/G,
1306C/T, and 1575G/A

2, Czech, 490 PDR Beranek et al.96

MMP 9 gene 1562C/T, R279Q 2, Czech, 490 PDR Beranek et al.96

IL 6 gene promoter 174G>C variant 1 and 2, German, 733 Any DR Rudofsky et al. 97

Promoter region of VEGF
gene

634C/G polymorphism 2, Japanese, 469 PDR Nakamura et al.52

Promoter region of VEGF
gene

634C/G polymorphism 2, Asian Indian, 208 Any DR Uthra et al.35

Promoter region of VEGF
gene

634C/G polymorphism 2, Slovenian, 555 PDR Petrovic et al.98

Tumor necrosis factor
gene

rs1800629, rs1041981, and
rs2857713 polymorphisms

2, Chinese, 194 Any DR Wang et al.99

Endothelial nitric oxide
synthase gene

G894T polymorphism 2, West African, 384 Any DR Chen et al.66

Endothelial nitric oxide
synthase gene

Intron 4a/b polymorphism 2, Japanese, 215 Any DR Neugebauer
et al.100

Receptor for AGE gene Gly82Ser polymorphism in
exon 3 (Ser 82 allele)

2, Chinese, 156 Any DR Liu and Xiang63

Receptor for AGE gene
promoter region

429T/C polymorphism 2, Caucasian, 215 Any DR Hudson et al.101

Angiotensin II type 1
receptor gene

A1166C polymorphism 2, Chinese, 827 Any DR Thomas et al.102

Angiotensin I converting
enzyme gene

287 base pair Alu repetitive
sequence in intron 16
insertion/deletion
polymorphism

1 and 2, diverse, 2010 Any DR Fujisawa et al.68

Hereditary
hemochromatosis gene

C282Y polymorphism 2, Australian,1245 Any DR Davis et al.103
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patients with proliferative diabetic retinopathy com-

pared with samples from patients without diabetes

and with nonproliferative diabetic retinopathy.50

Polymorphisms in the VEGF regulatory regions

seem to be significant. In British Caucasians with

either type 1or type 2diabetes, theVEGF-460Callele

increases the risk of proliferative diabetic retinopathy

(Table 2.3).51 In Japanese type 2 diabetics, the C-

634G polymorphism in the 50-untranslated region of

the VEGF gene was associated with presence of any

diabetic retinopathy, and subjects who were homozy-

gous for the C-634C allele had higher fasting serum

VEGF levels than those with other genotypes.33 The

associationwas not foundwhenPDRrather than any

DR was the phenotype examined.52 In Brazilians of

European descent, homozygosity for the C-634C

allele increases the risk of PDR, but the same result

was not found in British Caucasians.34,51 For PDR in

a Japanese population with type 2 diabetes, the -

2578C/A polymorphism in the promoter region of

the VEGF gene was informative. The A/A genotype

was associated with higher risk for PDR.52

Besides determining genetic markers for

increased or decreased risk of diabetic retinopathy,

we would be interested to know how such genetic

variations confer these properties. With respect to

the VEGF gene, some information is known. VEGF

has a number of isoforms. In the eye, the VEGF-165

isoform seems to be the most important one, which

in turn is found in a and b subtypes. VEGF165a is

pro-angiogenic, whereas VEGF165b is anti-angio-

genic. VEGF165b is the predominant form in the

healthy vitreous. Diabetes results in an increase in

insulin-like growth factor which downregulates

VEGF165b and thus changes the VEGF165a/

VEGF165b ratio. Studies have also looked at the

vitreous levels of VEGF stratified by genotype.52

2.4.6 IGF-1

Insulin-like growth factor 1 (IGF-1) is a known

regulator of VEGF expression, and Simo et al.

found a significantly higher level of IGF-1 in the

vitreous of patients with PDR.53,54 Therefore poly-

morphisms in the IGF-1 gene have been investi-

gated. In patients with impaired glucose tolerance

(IGT) or type 2 diabetes, the presence of a variant

IGF-I gene polymorphism was associated with an

increased risk of retinopathy. The odds ratio for the

risk of retinopathy for variant carriers was 1.8 (95%

CI 1.0–3.2, P¼ 0.04).55

2.5 Genes in or Near the HLA Locus

The HLA locus found on chromosome 6p21 has

been studied for genetic linkage to proliferative

retinopathy in both type 1 and type 2 diabetes.6

HLA alleles DRB1*0301, DQA1*0501, and

DQB1*0201 have been reported to be associated

with severe retinopathy in patients with type 1

DM.56 In African-American type 1 diabetics,

HLA-B was associated with severe DR and pro-

gression of DR.10 In a subgroup of the Wisconsin

Epidemiologic Study of Diabetic Retinopathy,

persons with HLA-DR4 who were negative for

DR3 were more likely to have PDR than those

negative for both antigens (odds ratio 5.43, 95%

CI 1.04, 28.3).57 In a Finnish study of adolescents

with type 1 DM, HLA DR1 was associated with

presence of any DR.58 Other studies have not

found influence of major histocompatibility com-

plex genes on diabetic retinopathy.6

2.6 Receptor for Advanced Glycation
End Products (RAGE) Genes

Advanced glycation end products of proteins

(AGEs) are produced when proteins are chronically

exposed to hyperglycemia and have been found in

the plasma and tissues of diabetic patients.59 61 The

main effects caused by AGEs are thought to occur

through the RAGE receptor including the develop-

ment of diabetic retinopathy and other complica-

tions. The RAGE gene is located in the HLA region

on chromosome 6.62 Studies have been inconsistent

on the association of polymorphisms close to this

gene and DR. Numerous studies have found no

association in Caucasian and Chinese popula-

tions.9,63 Kumaramnickavel et al. found a negative

association in an Asian-Indian population.64 Hud-

son, using a different SNP, found a positive associa-

tion in a Caucasian population.65
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2.7 Endothelial NOS2 and NOS3 Genes

Nitric oxide (endothelial-derived relaxing factor, S-

nitrosocysteine) regulates vascular tone and inhibits

platelet aggregation and monocyte adhesion to

endothelial cells. Its production is under control of

the nitric oxide synthases coded by distinct endothe-

lial nitric oxide synthase genes. The NOS3 gene is

expressed constitutively in retinal vascular endothe-

lium and governs normal dilator tone. The NOS2A

gene is not normally transcribed, but exposure to

certain cytokines can lead to its abnormal expres-

sion. Warpeha and colleagues found that NOS3

expression is decreased in hyperglycemia, and that

a 14 repeat allele of a pentanucleotide polymorph-

ism in the 50 untranslated region of theNOS2A gene

results in peak transcription of NOS2A under

hyperglycemic conditions. This polymorphism is

associated with absence of retinopathy in British

Caucasians, thus appearing to be a protective allele.

The 4b/b genotype of the 4a/b polymorphism for

NOS3 has been associated with DR in West Afri-

cans. No association of the 4a or 4b alleles was

found with DR in Japanese type 2 diabetics.67

2.8 Renin–Angiotensin System-
Associated Genes

Ameta-analysis of seven studies exploring a possible

association of an insertion–deletion polymorphism

of the angiotensin-converting enzyme gene found no

association. Based on a pooled sample of 1008 sub-

jects with retinopathy and 1002 without retinopathy,

the summary odds ratio for the D allele was 0.91,

95% CI 0.73–1.13.68 In a review by Uhlmann et al.,

13 of 15 studies were negative for any association.9

Counterexamples exist to the general theme of lack

of an association. Three studies of Korean, Japanese,

and Iranian type 2 diabetics showed an association of

the D allele or genotype with anyDR, advancedDR,

and PDR, respectively.24,69,70

The angiotensin II (type 1) receptor gene is

located on chromosome 3q2125. Genome-wide

association scanning detected a tentative linkage

for risk of DR with a site close (�20 cm) to this

gene.71

2.9 Solute Carrier Family 2 (Facilitated
Glucose Transporter), Member 1
Gene (SLC2A1)

GLUT1 is the main glucose transporter across

endothelial cells in capillaries of the retina and is

also found in retinal glial cells, ganglion cells, and

photoreceptors.10,72,73 Hyperglycemia is the stron-

gest clinical risk factor for prevalence, incidence,

and progression of DR, thus the SLC2A1 gene on

chromosome 1 that codes for GLUT1 is a candidate

for influencing DR.10 In African-American type 1

diabetics, SLC2A1 was significantly associated with

severe DR (i.e., severe NPDR or PDR) and with

progression of retinopathy.10 However, three other

studies, two in Caucasian populations and one in an

Asian population, have not found associations.6

2.10 Gene–Environment Interaction

Genetic studies are beginning to uncover examples

of interaction of genetic and environmental effects

on DR. For example, the -677TT genotype for the

methylenetetrahydrofolate reductase gene poly-

morphism has been found to be associated with

NPDR in patients with higher HbA1c but not in

patients with lower HbA1c. Other examples are

certain to follow.74

2.11 Potential Value of Identifying
Genetic Associations with Diabetic
Retinopathy

Screening for diabetic retinopathy is an inefficient

but currently necessary endeavor. The early phases

of PDR and DME may be asymptomatic, which

requires that large numbers of asymptomatic people

must be examined with dilated fundoscopy to detect

those who possess treatable early forms of these

complications. Genetic profiling offers the potential

to narrow the group predisposed to these complica-

tions and preferentially assign screening resources

in these people.86 Likewise, there are likely to exist

protective genetic haplotypes that allow health-care
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providers to lower vigilance in screening for retino-

pathy. Genetic profiling, therefore, has the potential

to help in the allocation of scarce health-care

resources. Of course genetic profiling must be safe-

guarded to prevent the misuse of the information,

which could be employed nefariously to deny per-

sons insurance protection.

2.12 Summary of Key Points

� Anunderstanding of basic clinical genetics is essen-

tial for today’s ophthalmologists as genetic poly-

morphisms affect risk for diabetic retinopathy.
� Clinical risk factors explain less than 30% of the

variation in diabetic retinopathy prevalence and

progression. This, together with familial cluster-

ing of diabetic retinopathy, indicates that a

genetic component of susceptibility to DR exists.

The heritable component is polygenic.
� Many genes have been found to be associated

with the development of diabetic retinopathy

including EPO, VEGF, aldose reductase, RAGE,

NOS, IGF-1, and others.
� Certain genetic polymorphisms appear to be pro-

tective against the development of diabetic reti-

nopathy such as in the NOS2A gene.
� Polymorphisms exist that predispose persons to

subtypes of diabetic retinopathy and that affect

severity of diabetic retinopathy.
� Knowledge of the effects of key polymorphisms

will help us to understand how and why patients

develop retinopathy and will guide the discovery

of future treatments.

2.13 Future Directions

Genetic analysis of diseases such as diabetic retino-

pathy is complicated as many different genes and

environmental factors affect the development of the

disease. Genetic studies of patients with retinopathy

can be facilitated when strict criteria are used to

select a homogeneous population. When possible,

a quantitative trait is preferred and any subjective

component should be minimized in defining the

cohorts. Recent studies have helped demonstrate

which genes are associated with different manifesta-

tions of diabetic retinopathy.

The future care of patients with diabetic retino-

pathy is going to be changed by understanding the

genetics that influence disease course. New genetic

understanding will help elucidate the molecular

pathogenesis of disease, which will define new tar-

gets of intervention. Moreover, discovery of genetic

markers conferring risk for various types of diabetic

retinopathy could allow improved screening of the

patients that are most at risk. This would allow

early detection of disease and limit vision loss. Con-

versely, knowledge of protective polymorphisms

will allow clinicians to discriminate patients who

do not need frequent screening allowing the conser-

vation of resources.96

Glossary

Allele a form of a gene; a gene may have many

forms

Allelic Heterogeneity different mutations of the

same gene causing different diseases, for example,

different mutations of the PAX6 gene cause aniri-

dia, Peters anomaly, and autosomal dominant

keratitis

Codon a three-base segment of DNA that codes for

an amino acid

Complex Disease a disease that does not manifest

mendelian inheritance

Exon a sequence of DNA that codes for a protein

Expressed Sequence Tag a short sequence of DNA

complementary to an expressed RNA molecule

Expressivity variation in a disease pattern (pheno-

type) in patients with a particular genotype. For

example, age at onset and severity would be char-

acteristics in which expressivity is manifested

Gene a segment of DNA that codes for a protein

Genetic Map the order of genes and genetic mar-

kers, such as polymorphisms, on the chromosomes

Haplotype a combination of alleles at multiple loci

on the same chromosome
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Hardy–Weinberg Equilibrium a state in which the

gene pool of a population is not changing from

generation to generation

Heritability the proportion of phenotypic variation

in a population attributable to genetic variation. Her-

itability estimates the relative contributions of genetic

and environmental factors to phenotypic variation. It

describes the population, not something about an

individual. If the heritability of trait P is 0.7, it is

incorrect to say the 70% of X comes from genetics

and 30% comes from the environment. Rather, 70%

of the variation of X comes from variation in geno-

types in the population and 30% comes from varia-

tion in environmental factors in the population

Heterozygous the situation in which the members

of a pair of alleles are different

Homozygous the situation in which both members

of a pair of alleles are identical

Intergenic DNA untranscribed DNA of unknown

function

Intron a sequence of DNA that does not code for a

protein; it is excised from the initial RNA transcript

Linkage cosegregation of a gene or DNA marker

with another gene or DNA marker close by

Linkage Disequilibrium nonrandom association of

alleles at two or more loci; in general, the closer the

two loci on a chromosome, the greater the linkage

disequilibrium

Locus the position of a gene or genetic marker on

the genetic map

Locus Heterogeneity several different mutations

causing a similar phenotype, for example, many dif-

ferent genetic mutations cause retinitis pigmentosa

Meiosis sex cell division which produces daughter

cells with half the number of chromosomes as the

parent cell. The assortment of chromosomes from

parent to daughter cells is random. During meiosis,

recombination occurs

Mendelian an adjective that implies that only one

gene is involved

Mutation a single-letter change to the DNA

sequence. A single-letter change that causes the spe-

cified codon to change (i.e., under the mutation

specifying the wrong amino acid) is called a missense

mutation. One that causes a codon change that leads

to a stop codon is called a nonsense mutation. One

that causes a codon change that leads a stop codon to

become a codon for an amino acid is called a sense

mutation. Finally, one that causes a codon change

but that does not change the specified amino acid

(because there are multiple codons for each amino

acid) is called a silent mutation.

Penetrance presence or absence of an effect of a

gene. Penetrance is dichotomous. Expressivity is

graded. Penetrance is defined as the ratio of the

prevalence of the expressed trait to the preva-

lence of the underlying mutation. A high pene-

trance, i.e., close to 1, implies that nearly every-

one who poses the mutation will express the

trait.

Polymerase Chain Reaction (PCR) a technique for

amplifying quantities of specific genetic material.

Involves three steps repeated 30–40 times. The

steps are denaturation of double-stranded DNA

by heat, annealing of DNA primers to the DNA

sequence of interest, and extension of each annealed

primer by DNA polymerase producing a new com-

plementary strand of DNA. One gets geometric

expansion of the number of DNA fragments of

interest and these can be stained and the products

separated by size using polyacrylamide gel

electrophoresis.

Polymorphism a variation in DNA sequence found

in at least 1% of a given human population.

Odds Ratio ameasure of the effect size of possessing

one or two copies of an allele. For example, sup-

pose possessing allele X is associated with a prob-

ability p of having diabetic retinopathy and posses-

sing allele Y is associated with a probability q of

having diabetic retinopathy. The odds of having

retinopathy are p/(1–p) and q/(1–q) in the two

cases, respectively, and the odds ratio is p/(1–p)/

[q/1–q)]. An odds ratio greater than 1 implies that

having diabetic retinopathy is more likely if one has

an allele X than if one has an allele Y. An odds

ratio less than 1 implies that having diabetic retino-

pathy is more likely if one has an allele Y than if

one has an allele X.

Proband the first affected family member seeking

medical attention for a genetic disorder
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Promoter a site in a DNA molecule at which RNA

polymerase and transcription factors bind to initi-

ate transcription of mRNA

Short Tandem Repeat (STR) a string of repetitive

base pair sequences that vary in length between

persons

Single Nucleotide Polymorphism (SNP) a variation

in the sequence of nucleotide bases comprising DNA;

different authors use different nomenclatures for

genetic sequences. Some define the sequences at the

genetic level. In these cases the nomenclature appears

as c.74C>G, where C and G refer to cytosine and

guanine nucleotide bases at position 74 of the gene in

question. Others define sequences at the level of the

protein product of the gene. In these cases the nomen-

clature appears as p.Asn56Lys, where Asn and Lys

refer to the amino acids asparagine and lysine.104 On

average, the DNA sequences at corresponding posi-

tions in any two chromosomes from any two people

differ at approximately 1 in a 1,000 base pairs.105

Transcription Factor a protein that controls

whether genes are transcribed or not. Transcription

factors bind to regulatory regions in the genome

and help control gene expression.
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Chapter 3

Epidemiology of Diabetic Retinopathy

Abdhish R. Bhavsar, Geoffrey G. Emerson, M. Vaughn Emerson, and David J. Browning

3.1 Introduction and Definitions

Epidemiology is the study of factors that determine

the occurrence and distribution of disease in a popu-

lation. In studying the epidemiology of diabetic

retinopathy (DR), the literature is large and can be

difficult for the clinician to mentally organize. To

help in this regard, we note that reports generally

display information in grids that are multidimen-

sional. These dimensions can be categorized as

follows:

� Outcome variables – indices of visual loss or

improvement
� Prevalence and incidence rates
� Risk factors for outcome variables
� Types of diabetes
� Populations sampled
� Eras of sampling

In any single report, it is typical that only a slice

of information through this multidimensional epi-

demiologic study space is reported. In this chapter,

we will attempt to provide a broad view of the many

dimensions of the topic. For a more detailed study

of parts of the topic, the interested reader can pur-

sue the cited references.

The outcome variables reported typically are

presence of any DR, presence of proliferative dia-

betic retinopathy (PDR), presence of diabetic

macular edema (DME), and measures of vision

loss. There are many other outcome variables, and

their meanings often differ slightly among studies,

but the most common ones found in the literature

are defined as follows:

Presence of Diabetic Retinopathy – the presence

of a threshold level of fundus change indicat-

ing that the eye has diabetic retinopathy (DR).

This threshold level varies among studies.

Examples include the presence of a certain

number of microaneurysms detected in a spe-

cified region of the fundus or the presence of

any characteristic lesion of diabetic retino-

pathy.1 The Eye Diseases Prevalence Research

Group classified presence of DR as mild, mod-

erate, or severe DR, diabetic macular edema,

or any combination of these.2

Progression of Diabetic Retinopathy – there are a

number of diabetic retinopathy severity

scales, the best known being the Early Treat-

ment Diabetic Retinopathy Study (ETDRS)

classification system and its modifications.

Progression means that the level of retinopa-

thy severity has increased on such a scale by a

threshold amount, often two steps (e.g., the

Wisconsin Epidemiologic Study of Diabetic

Retinopathy [WESDR]) or three steps (e.g.,

the Diabetes Control and Complications Trial

[DCCT]).3,4

Progression to Proliferative Diabetic Retinopathy

– this variable applies to an incidence study

and refers to those participants without PDR

at the baseline examination who had PDR at

the follow-up examination.5

Presence of DiabeticMacular Edema or Clinically

Significant Macular Edema – DME is the pre-

sence of macular thickening within a certain

distance from the center of the macula, often
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two disk diameters, as determined by stereo-

scopic fundus photographs grading. Clinically

significant macular edema (CSME) is thicken-

ing at or within 500 mm of the center of the

macula, presence of lipid with adjacent thick-

ening within 500 mm of the center of the

macula, or presence of thickening of at least

one disk area in extent, any part of which

comes to within one disk diameter of the cen-

ter of the macula.6

Requirement for Laser Photocoagulation – sight-

threatening DR due to DME and PDR is

treated with laser photocoagulation. This out-

come variable therefore is a practical index of

progression to a clinically important level of

retinopathy. In the United Kingdom Prospec-

tive Diabetic Retinopathy Study (UKPDS),

78% of laser treatment was for DME and

22% was for PDR.7

Moderate Visual Loss – on the ETDRS visual

acuity chart, a loss of visual acuity of three

lines or 15 letters; a synonymous term is dou-

bling of the visual angle.

Visual Impairment – best corrected visual acuity

in the better seeing eye worse than 20/40.8

Moderate Visual Impairment – best corrected

visual acuity in the better seeing eye worse

than 20/40 but better than 20/2009; some stu-

dies use different cutpoints for the definition.5

Severe Visual Impairment – best corrected visual

acuity in the better seeing eye of 20/200 or

worse.9

Severe Visual Loss – on the ETDRS visual acuity

chart, severe visual loss refers to visual acuity

of �5/200 on two consecutive visits separated

by 4 months or more.

Blindness – legal blindness, synonymously

termed blindness, means that the visual acuity

has dropped to the level of 20/200 or worse.10

Some studies use a 20/400 threshold for the

definition.11

Vision Threatening Retinopathy – presence of

severe nonproliferative diabetic retinopathy

(NPDR), PDR, or clinically significant macu-

lar edema (CSME).1,2

Epidemiologic studies report prevalence rates,

incidence rates, or both. These aremeasures of

frequency of disease at a single time or over

time. The definitions of these terms are often

confused.

Prevalence – the number of cases of the disease

divided by the population at a specified time,

expressed as a percentage.12 A prevalence

study is sometimes called a cross-sectional

study.13

Incidence – the number of new cases that arise

during a time divided by the population at risk

but disease-free at the beginning of that

time.12

Prevalence studies are easier to perform than

incidence studies because data are collected once

rather than twice. Although simpler to perform,

they have the drawback that the temporal sequence

of the associations cannot be determined.14 Inci-

dence studies can determine temporal relationships,

but have the problem of nonparticipation in the

follow-up examination which can potentially bias

the data.5 If the incidence study collects data at

widely separated times, the problem of spontaneous

onset and resolution of the condition can arise,

leading to underestimation of annual incidence.

For example, WESDR collected data at 4- and

10-year intervals and arrived at annual incidences

of DME smaller than studies with annual data

collection.13

Epidemiologic results for DR are often presented

with reference to the type of diabetes mellitus. There

are always two and sometimes three types. All stu-

dies distinguish types 1 and 2 diabetes mellitus. In

WESDR, the type 1 group is called younger onset

diabetes, referring to patients with disease onset at

less than 30 years of age.5 WESDR uses the term

older onset, not taking insulin to refer to some of the

patients with type 2 diabetes mellitus.5 In the

WESDR, a third group is defined as older onset,

taking insulin; this is a mixed group containing

patients with types 1 and 2 diabetes mellitus.5 The

unique WESDR nomenclature is important to keep

in mind because of the large number of published

WESDR reports.

Many variables have been explored in the search

for risk and protective associations with aspects of

diabetic retinopathy. The risk and protective factors

may be different for prevalence rates and incidence

rates.13 For example, male sex was a risk factor for
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prevalence of CSME but not for incidence of CSME

in WESDR.15,16 The following demographic vari-

ables have been found to be informative – type of

diabetes, requirement for insulin, duration of dia-

betes, age at baseline examination, ethnicity, and

inconsistently gender. Systemic variables found to

be important include the quality of glycemic con-

trol, quality of control of any concomitant arterial

hypertension and dyslipidemia, effects of certain

types of medications, certain genotypes, and era of

therapy. There are a few ocular factors of impor-

tance, such as level of retinopathy at baseline and

presence of modifying concomitant ocular condi-

tions such as glaucoma or optic atrophy. In the

present chapter, we will review the effects of demo-

graphic factors on the clinically important indices of

diabetic retinopathy. The effect of systemic and

ocular variables will be discussed in Chapter 4.

Genetic variables important for risk and protection

are reviewed in Chapter 2.

The last two dimensions considered in many epi-

demiologic studies characterize the different popu-

lations studied and the different eras for which stu-

dies have been done. These are important because

populations across the world differ and manage-

ment of diabetes and diabetic retinopathy changes

over time. As an example of the former, an esti-

mated 50% of Pima Indians have diabetes, com-

pared to 6.2% of adult Chinese in Taiwan. As an

example of the latter, the prevalence rates for dia-

betic retinopathy among US Whites in 1980–1982

reported in WESDR are higher than in more recent

reports, probably reflecting tighter glycemic control

over the past 25 years.

Quantifying Risk

The terms odds ratio, relative risk, and hazard ratio are frequently encountered in the epidemiologic

literature and may be unclear to clinicians. We will review their definitions.

Odds Ratio – the ratio of the odds of an event occurring in one group to the odds of it occurring in

a second group. In the context of this chapter, an example might be the ratio of the odds of a

two-step progression of retinopathy in persons with body mass index < 25 to those with body

mass index � 25. The odds of an event occurring is the probability of the event occurring

divided by the probability of the event not occurring. Thus, if p1 and p2 are the probabilities of

an event occurring in groups 1 and 2, respectively, the odds are p1/(1–p1) and p2/(1–p2),

respectively, and the odds ratio is [p1/(1–p1)]/[p2/(1–p2)]. When p1 and p2 are less than 0.2, the

odds ratio is a good estimator of the relative risk.17

Relative Risk – if two groups 1 and 2 are defined, and 1 is considered the reference group, then one

can define the absolute risks (probabilities) of an outcome for the groups, r1 and r2. The relative

risk of 2 compared to 1 is r2/r1.
17 In the context of this chapter, for example, if the risk of losing

three lines of vision over 3 years with untreatedDME is 0.24 and the risk with focal/grid laser is

0.12, then the relative risk with focal/grid laser treatment is 0.5 (=0.12/0.24).

Hazard Ratio – in survival analysis, a measure of the effect of a variable on the risk of an event.

A hazard ratio of 1 implies no effect of the variable. A hazard ratio of 2 implies that presence of

the variable confers twice the risk of an event occurring compared to absence of the variable.18

Comparison of epidemiologic studies is difficult.

Methodologies differ among studies, such as the

criteria for diagnosing diabetes, the tests for ascer-

taining diabetic retinopathy, and the formats for

reporting data.8 Populations may differ in levels of

interacting variables, such as blood pressure, glyco-

sylated hemoglobin, and level of serum lipids. In

general terms, many epidemiologic studies must be

reviewed to look for a consistent pattern of concor-

dance or discordance of risk and protective factors.1

Moreover, epidemiologic studies are unable to

determine causation. Rather, they reveal associa-

tions that may be explored in studies aimed at defin-

ing causation and effective treatment. Many asso-

ciations in epidemiologic studies are univariate and

vanish when multivariate analyses are carried out.14
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That is, the predictive power of a variable in a

univariate analysis examining prevalence of DR

may be accounted for by some other variable. An

example of this is the reported higher prevalence of

diabetic retinopathy in blacks than in whites, a

difference that in some studies vanishes when the

effects of glycemic control and blood pressure

between these ethnic groups are taken into

account.14

3.2 Epidemiology of Diabetes Mellitus

Diabetes mellitus is classified into two types – 1 and

2. In type 1, pancreatic beta cells are destroyed

through an autoimmune process leading to an abso-

lute insulin deficiency. In type 2, the peripheral

tissues exhibit insulin resistance, and a relative

rather than absolute secretory defect of the beta

cell is present.19 Types 1 and 2 diabetes comprise

variable fractions of diabetes mellitus depending on

the country and region, perhaps reflecting a survi-

vorship effect. In population-based studies in rural

China and Barbados, type 1 diabetes comprised

<1%.20,21 In contrast, in the United States, type 1

diabetes comprised 11.9% of the participants in

WESDR in 1980–1982.22 Estimates for the

prevalence of types 1 and 2 diabetes in persons

over the age of 18 in the United States for 2004–

2007 are 0.4 and 7.6% of the population, respec-

tively.23,24 Thus, currently in the United States,

approximately 5 and 95% of patients have types 1

and 2 disease, respectively.

In the United States in 2008, it was estimated that

8% of the population, or 24 million persons, had

diabetes mellitus. From 1980 to 2006 the number of

persons with diabetes in the United States tripled.24

Similar statistics apply worldwide.25 The prevalence

of diabetes increases with age (Fig. 3.1).25,26 Con-

tinued growth in prevalence of diabetes mellitus in

both developed and less developed countries is

projected (Fig. 3.2 and Table 3.1).27 In the United

States, it is estimated that 30% of the cases of

diabetes mellitus are undiagnosed, and analogous

estimates as high as 76% are reported in other

countries.9,19,20,25

An increasing prevalence of diabetes has been

documented widely (example for India in Fig. 3.3)

and is projected for all countries, but the increase is

expected to be higher in developing countries.19

The increase in prevalence is associated with

changes in diet, exercise, lifestyle, and increased

life expectancy.19,30 Incidence data on diabetes

mellitus worldwide are scarce relative to preva-

lence data.

Fig. 3.1 Global gender
specific prevalence of
diabetes by age. The y axis is
percent of the population
having diabetes mellitus. The
x axis depicts intervals of
age. Reprinted with
permission fromWild et al.27
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3.3 Factors Influencing the Prevalence
of Diabetes Mellitus

Age strongly influences the prevalence of diabetes

(Fig. 3.1).31,34,26 In most studies prevalence increases

with age in both genders.14,21,28,34,37 Not all studies

have supported this consensus.21 The third National

Health and Nutrition Examination Study (NHANES

III) in the United States showed a peak prevalence for

diabetes of 13.2% in those �75 years.28 As a conse-

quence, the prevalence of diabetes is high in residents

of nursing and retirement homes.37,38

Ethnicity may influence the prevalence of dia-

betes, although the effects of confounding variables

are difficult to unravel. In Indonesia, the prevalence

rate of diabetes is lowest (1.7%).30 In European and

in the US white populations, prevalence rates are

2–10%, whereas in Arab, Israeli, Indian, black,

and Hispanic American populations, the rates are

14–20%.21,30 Among Pacific Islanders of Nauru

and among Pima Indians in the United States, the

prevalence rate is 50%.30,37 In the UnitedKingdom,

Asian men were shown to have a prevalence four

times than that of white men andAsian womenwere

shown to have a prevalence two times than that of

white women.39 In the United States, the NHANES

III study demonstrated that non-Hispanic blacks

had a 1.6 times higher prevalence of diabetes than

non-Hispanic whites andHispanic Americans had a

Fig. 3.2 Global estimates of
number of persons with
diabetes mellitus in 2000
compared with projected
numbers for the year 2030 in
three age groups. Reprinted
with permission from Wild
et al.27

Table 3.1 Estimated numbers of people with diabetes mellitus in selected countries in 2000 and projections for 2030

2000 2030

Ranking Country People with diabetes (millions) Country People with diabetes (millions)

1 India 31.7 India 79.4

2 China 20.8 China 42.3

3 US 17.7 US 30.3

4 Indonesia 8.4 Indonesia 21.3

5 Japan 6.8 Pakistan 13.9

6 Pakistan 5.2 Brazil 11.3

7 Russian Federation 4.6 Bangladesh 11.1

8 Brazil 4.6 Japan 8.9

9 Italy 4.3 Philippines 7.8

10 Bangladesh 3.2 Egypt 6.7

Reprinted with permission fromWild et al.27 List of countries with the highest numbers of estimated cases of diabetes
for the years 2000 and 2030.
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1.9 times higher prevalence.28 The diversity in pre-

valence rates has been attributed in part to gene–

environment interaction. Populations that have

been relatively protected from periodic famines

(e.g., white Europeans) for 15–20 generations have

been hypothesized to have adapted to high-caloric

diets and to have low insulin resistance, whereas

populations exposed until more recently to regular

periodic famines (e.g., Pacific Islanders, Native

Americans, Australian Aboriginal peoples, natives

of middle eastern desert regions) have retained high

insulin resistance and develop DMwhen exposed to

obesogenic environments (Table 3.2).30,40

Socioeconomic status has an inconsistent relation-

ship with prevalence of diabetes mellitus. Lower sta-

tus has been associated with higher diabetes preva-

lence in some studies and higher status has been

associated with higher diabetes prevalence in

others.26,37 The inconsistency does not appear to be

haphazard, however. Across the world, as socioeco-

nomic status increases, so does body mass index

(BMI), up to approximately 10,000–15,000 interna-

tional dollars per person gross domestic product.41

As income rises further, BMI falls. In South Asia,

most persons are on the rising limb of this relation-

ship such that rising status correlates with rising obe-

sity and more prevalent diabetes.30 In contrast, in

developed countries most people are on the descend-

ing limb of income–BMI relationship such that

increasing poverty is associated with obesity and sec-

ondarily an increased prevalence of diabetes.

A sedentary lifestyle is associated with a higher

prevalence of diabetes. Lifestyle changes that occur

when groups move from rural to urban environ-

ments has been shown to increase prevalence rates

in Native Americans, Australian Aborigines, Poly-

nesian Pacific Islanders, South Asian Indians, and

East Indians (Fig. 3.3).30,37 Urban–rural gradients

Fig. 3.3 The prevalence of
diabetes in India is
increasing with time and is
increasing more rapidly in
urban than in rural areas.
A rural urban gradient in
prevalence of diabetes is a
consistent finding over time.
Reprinted with permission
from Gupta and Kumar30

Table 3.2 Prevalences of diabetes mellitus by population

Population Prevalence (%) Age range (years) References

Hispanic USA 9.3; 22.9 �20; �40 Harris et al.,28 Varma et al.8

Non Hispanic white USA 4.8 �20 Harris et al.28

Non Hispanic black USA 8.2 �20 Harris et al.28

Spain 5 6.8 NG Mundet et al.29

Barbados black 19.4 40 84 Leske et al.21

South Asian Indian 10.3*; 28.2 �20; �40 Gupta and Kumar,30 Raman et al.31

Singapore Malay 23.1 40 80 Wong et al.1

Australia 7; 9.9 �49 Cugati et al.25, Mitchell et al.32

Taiwan 4.9; 6.2 �40;�30 Chen et al.33, Chou et al.34

China 3.2; 6.9; 12.9 �20; �30; �40 Wang et al.,35,20 Xie et al.36

*Median value of 21 epidemiologic studies. NG = not given.
Selected prevalences of diabetes mellitus in various populations.
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of diabetes prevalence seem to be diminishing in

south Asia over time.30

Obesity is an independent risk factor for diabetes,

presumably through its effect of increasing insulin

resistance of peripheral tissues.37 In the NHANES

III study, increasing obesity was associated with

increasing prevalence of diabetes after adjusting for

other variables.42 Central obesity, in particular, is

associated with DM. The associations of a high-fat

diet and sedentary lifestyle with prevalence of diabetes

probably occur through effects on BMI.37,43

3.4 Epidemiology of Diabetic
Retinopathy

Diabetic retinopathy is the most common microvas-

cular complication of diabetes mellitus and the lead-

ing cause of blindness in persons from age 20 to 74 in

the United States with 12,000–24,000 new cases of

blindness per year.24,44 Data from WESDR indicate

that 1.07 and 1.3% of persons with diabetes develop,

respectively, PDR and DME annually, almost all in

patients older than 20 years.5 Based on the estimated

US diabetic population over age 20 in 2008 of

14,456,000, an estimated 154,679 new cases of PDR

and 187,928new cases ofDMEwill develop annually.

Similar facts and estimates apply to other developed

countries.19 In the United States in the year 2000, the

numbers of persons with DR and vision-threatening

DR were 4.1 million and 0.9 million, respectively.2

These numbers are expected to triple by the year 2050

and for those over age of 65 to quadruple.2 The

primary factors responsible include increasing num-

bers of diabetics, increasing longevity of diabetics,

and disproportionate increases in growth rates of

Hispanics, in whom prevalence of DR is higher than

in non-Hispanic whites and blacks.2

The Wisconsin Epidemiologic Study of Diabetes

A disproportionate fraction of the epidemiologic literature of diabetic retinopathy stems from

WESDR, thus some background on this study is warranted. Over a 1-year period from 1979 to

1980, diabetic patients were identified from 452 of the 457 primary care practices for diabetics in an

11-county area of Wisconsin.45,46 After removing patients with incorrect diagnoses, patients who

had died or moved, and patients confined to nursing homes, 9,283 patients were identified. Of these,

1,396 were<30 years old at diagnosis and 5,431 were�30 years old at diagnosis.45,46 In the younger

onset group, 1,210 were taking insulin and all were examined for the study. From the older onset

group, a random sample of 1,370 patients spread over three subgroups stratified by diabetes duration

were chosen for study. The older group was further categorized by insulin use or not. Many baseline

variables including retinal photography variables were obtained and then the patients were followed

over time. The older onset patients were studied over 10 years and the younger onset patients over 25

years. Over 200 reports arising from analyses of this data set have been published, and those results

comprise a large portion of the information reviewed in this chapter.47

3.5 Diabetes and Visual Loss

Diabetes mellitus is associated with increased levels

of all cause visual impairment after adjusting for the

effects of age, sex, race, educational level, blood

pressure, smoking, and body mass index.9,48 The

relative risk of blindness in persons with diabetes

has been reported to be 5.2 times the risk of those

without diabetes.48 The prevalences of visual

impairment in adults with and without diabetes

vary from 3.8 to 13% and from 1.4 to 2%, respec-

tively.5,8,9 The prevalence rates of visual impairment

by diabetes type from WESDR are shown in

Table 3.3. The annual incidence of blindness was

3.3 per 100,000 population.5

Incidence rates of loss of vision were obtained in

WESDR. Two categories of visual loss examined

were doubling of the visual angle and blindness.

There were relatively few events for the blindness
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outcome and many for the doubling of visual angle

outcome, thus for statistical reasons associations

between risk factors and outcomes were explored

for doubling of the visual angle and not for blindness.

The most important results are presented in Tables

3.4 and 3.5. The incidence rates for vision loss are

higher for the older onset groups than for the younger

onset group. The risk factor analysis is complicated as

Table 3.5 illustrates. The most salient point is that

increasing age is a risk factor for visual loss in all types

of diabetes. In a separate study of African Americans

with type 1 diabetes, 6-year incidence rates for dou-

bling of the visual angle and blindness were 13.5 and

0.6%, respectively; increased age was the only demo-

graphic risk factor for visual loss.50

WESDR provides information of a population

that is predominantly white. In black type 1

diabetics, similar data have been reported. The

6-year incidences of doubling of visual angle and

blindness were 9.8 and 0.6%, respectively.50 The risk

factors were similar as well, with older age at baseline

the strongest demographic predictive variable.50

3.6 Prevalence and Incidence of Diabetic
Retinopathy

Estimates of the prevalence of diabetic retinopathy

need to be understood within the context that

retinopathy indistinguishable from diabetic

retinopathy occurs in a proportion of persons

who have no diabetes mellitus under various defi-

nitions of the term. Associations with such fun-

dus changes include hypertension, serum glucose

levels within the normal range, BMI, and aging.

Estimates of the proportions of persons with this

status range from 0.6 to 9.8% depending on

methods of retinopathy detection (higher with

photographs than clinical examination).21,51 53

Five- and ten-year incidences of retinopathy in

persons without diabetes have been reported to

be 6.0–10% and 6.5% in independent studies,

respectively.53 55

Some studies do not distinguish DR by diabetes

type. In a population-based study of this type in

adults over the age of 49 from Australia, preva-

lence and 5-year incidence of any DR were

reported to be 35.3 and 22.2%, respectively.53 In

this study, duration of DM was the only demo-

graphic baseline factor associated with risk for

retinopathy progression.53 In the Barbados Eye

Study of blacks aged 40–84, the prevalence and

4-year incidence of any DR were 28.5 and 30.1%,

respectively.21,56 There were no important demo-

graphic risk factors associated with incidence of

retinopathy.56

Table 3.3 Prevalence of different levels of visual impairment in diabetes mellitus by the visual acuity in the better seeing eye

Group (N) >20/40 (%) 20/40 20/160 (%) �20/200 (%)*

Younger onset (996) 91.7 4.7 3.6

Older onset, taking insulin (674) 81.6 15.7 2.7

Older onset, not taking insulin (696) 87.5 10.0 0.3

*Includes patients in whom visual acuity could not be measured.
Adapted with permission fromKlein et al.49 The percentages refer to the number of diabetics of each type (N) shown in the left
column. Younger onset= almost all type 1 diabetes. Older onset, taking insulin= amixture of patients with type 1 and type 2
diabetes. Older onset, not taking insulin = type 2 diabetes.

Table 3.4 Incidence of vision loss outcomes in WESDR

Doubling of visual angle Blindness

Type of diabetes
10 year incidence,
% (N)

14 year incidence,
% (N)

10 year incidence,
% (N)

14 year incidence,
% (N)

Younger onset 9.2 (880) 14.2 (880) 1.8 (868) 2.4 (868)

Older onset, taking insulin 32.8 (472) 4.0 (465)

Older onset, not taking insulin 21.4 (494) 4.8 (490)

All data fromMoss et al.22,44 Data for visual impairment are similar to data for doubling of visual angle for each group. Too
many patients in the older onset groups had died by the 14 year follow up study, thus only data for the younger onset group
were reported.
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3.7 By Diabetes Type

At the time of diagnosis of diabetes, the prevalence of

retinopathy is lower in type I than in type 2 diabetes.

Prevalence rates of 0–3% and 6.7–38% have been

reported at diagnosis in types 1 and 2 diabetes, respec-

tively.19,58 The same is true at other times after diag-

nosis of diabetes. When prevalence is recorded with-

out regard for duration of diabetes, prevalence ranges

from 38.3 to 82% and from 16.4 to 39% for types 1

and 2 diabetes, respectively.23,32,45,46,58 In the

WESDR scheme of diabetes categorization, preva-

lence rates of any retinopathy were 71, 70, and 39%

for the younger onset, older onset taking insulin, and

older onset not taking insulin groups, respective-

ly.45,46After adjusting for duration of diabetes, the

differences in prevalence rates were no longer statisti-

cally significant between types 1 and 2 DM.8

In WESDR, for the older onset diabetics, 10-year

follow-up data were available, but not 25-year follow-

up data, because too many of the patients had died

over a 25-year period of follow-up.On the other hand,

25-year follow-up data were available for the younger

onset diabetics. Data on 10-year incidence rates of any

DR, two-step progression of DR, and two-step

improvement of DR are shown in Table 3.6. The

incidence rates are higher in the younger onset group

for any DR and two-step progression and lower for

two-step improvement. In the younger onset group,

the prevalence and incidence of DR had decreased in

those with more recently diagnosed diabetes, suggest-

ing that change in diabeticmanagement over the years

is having a beneficial effect with respect to retinopa-

thy.59 Studies that use less sensitive methods of retino-

pathy detection (such as ophthalmoscopic examina-

tion) than seven-field fundus photography report

lower 10-year incidence rates of any DR than

WESDR. For example, a Spanish study reported 10-

year incidence rates of any retinopathy in amixed type

diabetic population of 13.8%.29

The reported 25-year cumulative risk of DR in

persons with type 1 diabetes ranges from 89.1 to

97% in different series.11,59 In WESDR in persons

with younger onset diabetes, the 25-year cumulative

rate of two-step progression of DR was 83% (95%

CI 80–86%).Multivariate analyses showed thatmale

sex and greater body mass index (BMI) were asso-

ciated with �two-step progression of DR severity.59

3.8 By Insulin Use

Among older onset diabetics, both prevalence and

incidence of retinopathy depend on use of insulin or

not. In WESDR at baseline, the prevalence of any

DR at baseline was 70 and 39% in those patients

taking and not taking insulin, respectively.46WESDR

Table 3.5 Demographic risk factors for doubling of visual angle from diabetic retinopathy in WESDR

Association with doubling of visual angle Younger onset Older onset, taking insulin Older onset, not taking insulin

Increasing age X X X

Increasing duration of diabetes X X

Women X X

All data fromMoss et al.22 Data for visual impairment are similar to data for doubling of visual angle for each group. Empty
cells mean no association was found on univariate analysis. A black X means that an association was found on univariate
analysis. A redXmeans that the association persisted in amultivariate analysis. The analyses at 10 and 14 years were similar in
results, but in the few cases where they differed, the 14 year results are shown.

Table 3.6 Ten year incidence of any retinopathy, progression of retinopathy, and improvement of retinopathy

Study
10 year incidence of any
retinopathy (%)

10 year two step
progression (%)

10 year two step
improvement (%)

Younger onset diabetes 89.3 75.8 9.8

Older onset, insulin using diabetes 79.2 68.7 21.1

Older onset, non insulin using diabetes 66.9 52.9 26.0

Data from Klein et al.10
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reported higher 4- and 10-year cumulative incidences

of retinopathy in older diabetics taking insulin com-

pared to older diabetics not taking insulin.10

Some studies do not classify patients as older

onset or younger onset diabetes mellitus or type 1

or 2 DM, but do classify patients as insulin using

and non-insulin using. The prevalence of DR is

higher in patients using insulin with a 5.79 times

higher risk of having retinopathy compared to

patients not using insulin.31,26 This association is

considered to arise from the greater severity of dia-

betes and poorer glycemic control in those indivi-

duals taking insulin.26,46

3.9 By Age

The prevalence of DR generally increases with age,

although nonlinearly, but in some populations

decreases in late life, presumably because many

patients with diabetes die early, the survivor

effect.8,26,20,25,31,46,58,60 However, among Barbados

blacks and mixed race persons, prevalence of DR

does not depend on age (Table 3.7). In younger

onset diabetics, the 10-year incidences of any DR,

improvement of retinopathy, and progression of

retinopathy are roughly constant over the range

of age at baseline examination from puberty to

age 34 and shows a slight decline for age �35.10
Among older onset diabetics, an inverse relation-

ship exists between age and 10-year incidence of

any DR and progression of DR in adults.10 The

10-year incidences are 1.5–2.0 times greater in

those aged 30–44 compared to those older than

75.10 A direct relationship, however, is found

between age and 10-year incidence of improvement

of DR.63 As with the prevalence relationships, the

incidence relationships probably manifest the

effects of selective survival. The oldest persons at

risk of progression are less likely to survive to have

their retinopathy progression detected.

3.10 By Duration of Diabetes Mellitus

Prevalence of retinopathy is associated with duration

of diabetes mellitus.25,14,20,26,36,60 Longer duration of

diabetes has been associatedwith increased prevalence

of DR and PDR (Tables 3.8 and 3.14).8,20,31,46,60,33

The prevalence of DR in newly diagnosed diabetics

ranges from 6 to 33.5%.8,20,26 The proportion of

persons with DR having more severe forms of retino-

pathy increases with increasing duration of dia-

betes.20,26,31 The relationship of incidence of various

aspects of diabetic retinopathy to duration is more

complicated, as there are interactions with diabetes

type. For younger onset diabetics, longer duration of

diabetes is associated with an increasing 10-year inci-

dence of any DR over durations up to 10 years.10

Likewise, longer duration of diabetes is associated

with increasing 10-year incidence of improvement in

retinopathy severity.10 However, the 10-year inci-

dence of progression of retinopathy declined once

duration of diabetes reached 20 years.10 In the older

onset diabetics taking insulin, longer duration of dia-

betes was associated with decreased risk of incidence

of anyDRand of progression of retinopathy and had

no effect on incidence of improvement of retinopa-

thy.10 In older onset diabetics not taking insulin,

duration of diabetes had no effect on incidence of

any DR, improvement of DR, or incidence of pro-

gression of DR.10

Table 3.7 Relationship of prevalence of diabetic retinopathy and age

Age (years)

Population <40 40 49 50 59 60 69 >70 References

South Asian 13.4 20.9 20.5 14.8 Raman et al.26

US Latinos 40.7 46.8 48.7 53 Varma et al.8

Chinese 29.4 40.0 45.6 48.7 42.1 Wang et al.20

Barbados blacks/mixed race 30.3 27.3 26.6 31.7 Leske et al.21

United Arab Emirates 15.8 26.8 30.1 27.3 Al Maskari and El Sadig58

US whites older, taking insulin 36.2 64.6 67.4 51.5 Klein et al.46

US whites older, not taking insulin 28.8 30.5 36.5 39.5 Klein et al.46

Selected studies providing prevalence rates for DR by age group. Not all studies divide age ranges the same way. When
cutpoints for studies differ, the data are placed into the nearest category of this table.
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3.11 By Ethnicity

There is evidence across different studies that the

prevalence of diabetic retinopathy among persons

with diabetes mellitus varies by ethnicity, although

conclusions are tentative because study designs differ

(Table 3.9).26,60 In general terms, South Asian

Indians and Singapore Malay populations have

had lower reported prevalences than Caucasian

populations.60 Hispanic Caucasian populations

have the highest reported prevalences.8 Prevalence

rates of DR at diagnosis of DM seem to vary by

ethnicity as well. Reported rates are lower in South

Asian Indians (5.1%) and higher in Hispanic

whites (20–35%).8,60

Prevalence rates for Hispanic whites are incon-

sistent.8 The San Luis Valley Diabetes Study

showed a lower prevalence of diabetic retinopathy

of 42% in Hispanics compared to 54% in non-

Hispanic whites.62 The NHANES III showed a

higher prevalence of diabetic retinopathy in Mexi-

can Americans of 33.4% compared to 18.2% in

non-Hispanic whites.63 Reports that Hispanic dia-

betics have more severe retinopathy than non-

Hispanic whites after adjusting for duration of dia-

betes, age, glycemic control, and blood pressure are

balanced by other studies showing no difference in

severity by ethnic group after adjusting for tightness

of control.64,65

Multiple, but not all, studies report that crude

prevalence of DR is higher in blacks than in

whites.14,23,45,68,66 In the NHANES III, the preva-

lence of diabetic retinopathy was higher in

non-Hispanic blacks (26.5%) compared with

non-Hispanic whites (18.2%).63 Likewise in the

Barbados Eye Study and the ARIC study, the

rates of retinopathy were higher in blacks than

in whites.14,21 In NHANES III and the ARIC

study, the differences vanished after controlling

for other variables suggesting that it is differ-

ences in glycemic or blood pressure control and

not ethnicity that is responsible for the preva-

lence differences.14 The differences did not go

away after adjusting for confounders in the

Veterans Affairs Diabetes Trial.64

It is uncertain whether ethnic differences

reflect genetic predisposition to increased or

decreased risk of retinopathy or are instead mar-

kers of some other important environmental fac-

tor. In a multiethnic population in San Fran-

cisco, there was no difference in retinopathy

prevalence across ethnic groups suggesting that

ethnic differences may be eliminated when social

factors are eliminated.70

Table 3.8 Prevalence of any diabetic retinopathy (%) by duration of diabetes (years) in selected studies

Duration of diabetes mellitus

Population <5 years 6 10 years 11 15 years >15 years References

South Asian 15.5 30 37.3 40.4 Raman et al.26

Asian Indian 11.7 27.5 37.6 29.1 Rema et al.60

US Latino 27.5 56.1 59.8 79.6 Varma et al.8

African American 9.1 30.4 42.2 Varma et al.8

African Barbados 11.9 39.9 59.9 Varma et al.8

US whites (NHANES III) 12.6 15.6 32.8 Varma et al.8

US whites (San Antonio, TX) 29.6 NA 46.7 Varma et al.8

US whites, San Luis Valley, CO 34.1 55.1 88.2 Varma et al.8

US whites, Beaver Dam, WI 22.9 37.0 49.9 Varma et al.8

US mixed race, type 1 �40 �85 �95 Orchard et al.61

United Arab Emirates 6.7 16.5 52.2 Al Maskari and El Sadig58

US whites older, taking insulin �48 �65 �72 �82 Klein et al.46

US whites older, not taking insulin �25 �47 �52 �55 Klein et al.46

US whites younger �27 �67 �90 �100 Klein et al.45

�=The numbers are estimated from a published graph in the reference. NA= not available. The wide variation may reflect
different ratios of types 1 and 2 diabetes, methods of detecting retinopathy, levels of glycemic control, blood pressure, levels of
other systemic variables, and differences based on ethnicity. Some studies break the interval 6 15 years into 5 year sub
intervals as indicated in the table by separate cells for the subintervals.
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3.12 Gender

The effect of gender is inconsistent among popula-

tion-based studies. In one study in a population of

Singapore Malays, women have been reported to

have higher prevalence of diabetic retinopathy,

diabetic macular edema, and vision-threatening

retinopathy, but after adjusting for metabolic and

socioeconomic variables, the gender differences

lose their statistical significance as associations.1

In independent studies of South Asian Indians and

people from the United Arab Emirates, men had a

higher prevalence of DR than women.26,31,58,60 In

an Hispanic population from the United States, a

predominantly white population from Australia, a

white population in the Netherlands, and a rural

Chinese population, no gender differences in pre-

valence of DR or incidence of DR were found

(Table 3.10).8,20,31,52

Table 3.9 Prevalence of diabetic retinopathy by ethnicity

Population
Type I
(%)

Type II
(%)

Mixed cohort
(%) References

USA Caucasian 0 84 7 55 37 61.1 Varma et al.,8 Williams et al.,19 Raman et al.26

USA biracial (blacks, whites) 20.5 Klein et al.14

UK Caucasian 33.6 36.7 21 52 16.5 41 Williams et al.,19 Raman et al.26

Australian Caucasian 42 13 59.7 29.1 32.4 Williams et al.,19 Raman et al.,26 Mitchell
et al.32

European Caucasian 16.6 76.5 32.6 61.8 26.2 Williams et al.19

Scandinavian Caucasian 10.8 68.3 18.8 65.9 13.8 75.1 Williams et al.19

African American 63.9 26.5 31.4 28.5 Williams et al.19

Hispanic American 33.4 46.9 48 Varma et al.,8 Williams et al.19

Mexican 50.5 Villalpando et al.67

American Indian 19.7 20.9 19 49.3 Williams et al.19

West Indies 28.5 Leske et al.,21 Raman et al.,26 Leske et al.56

South Asian 13.6 6.7 34.1 18.0 Williams et al.,19 Raman et al.,31 Rema et al.60

Singapore 21.8 Raman et al.26

Singapore Malays 35 Williams et al.,19 Wong et al.1

Mauritius 30 Raman et al.26

UK South Asian 11.6 Williams et al.19

Indian 12 30.1 Raman et al.,26 Emanuele et al.64

Sri Lanka 15% Raman et al.26

Pakistan 15.7% Raman et al.26

Japanese 31.6 38 38 Williams et al.,19 Raman et al.26

Chinese 19 43.1 28 45.2 Williams et al.,19 Wang et al.,20 Raman et al.,26

Xie et al.36

African 26 43 30.5 43 12.7 42.4 Williams et al.19

South American 45 51.2 Williams et al.19

Taiwan 35.0 Chou et al.34

United Arab Emirates 19 Al Maskari and El Sadig58

Iran 36%* Amini and Parvaresh68

North American Indigenous
People

25%** Naqshbandi et al.69

*Median prevalence of 11 studies.
**Median prevalence of five studies.
Adapted and expanded from Williams et al.19 Wide ranges partially reflect variations in factors of importance among the
studies such as criteria for diagnosis of diabetes (e.g., self reported, oral glucose tolerance test, fasting blood glucose with
various cutpoints, random blood glucose with various cutpoints, and hemoglobin A1C), duration of diabetes mellitus among
studies (generally longer in developed countries), technical components such as number of photographic fields used for
detection and staging of retinopathy, and genetic components inherent in ethnic variation.
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There may be an interaction between the effect of

gender and the type of diabetes. In type 1 diabetes,

being female has been associated with higher pre-

valence of retinopathy; however, men had a higher

prevalence of more severe retinopathy.23,45 Simi-

larly, for younger onset diabetes, the 10-year inci-

dence rate of improvement was higher and rate of

progression was lower for females than for males.10

There was no gender difference in 10-year inci-

dence rates of any DR, improvement in DR sever-

ity, or progression in DR severity for older onset

diabetics taking insulin. Females had a higher

10-year incidence rate of improvement of retino-

pathy in the older onset, not taking insulin group,

but gender did not influence incidence rates for any

DR or progression of DR.10 The WESDR 25-year

analysis in this same cohort demonstrated that

being male was significantly associated with pro-

gression of retinopathy with a hazard ratio of 1.30

(95%CI 1.11–1.54, p=0.0002). Beingmalewas also

associated with less improvement in diabetic

retinopathy.

3.13 Age at Onset of Diabetes

Diabetic retinopathy is associated with age at onset

of diabetes.36,45,46 In WESDR, the presence of any

retinopathy, proliferative retinopathy, and macular

edema were most frequently encountered in

younger onset individuals diagnosed prior to 30

years of age, while they were least frequently

encountered in older onset individuals diagnosed

after 30 years of age who did not require insulin.45,46

Other studies support the conclusion that earlier age

of onset of type 2 diabetes is a risk factor for

increased prevalence and severity of DR indepen-

dent of other traditional risk factors.71

3.14 Socioeconomic Status and
Educational Level

The reported influence of socioeconomic status on

prevalence, incidence, and severity of diabetic reti-

nopathy has been inconsistent. Associations

between lower socioeconomic status and worse reti-

nopathy have been reported.72 74 Other studies

have not found such associations.75,26 Lower educa-

tion has been associated with higher prevalence of

DR and lower prevalence of DR.36,65

3.15 Family History of Diabetes

No association of family history of diabetes with

presence of diabetic retinopathy has been reported

across multiple studies.26,32,61

3.16 Changes Over Time

Trends over time in diabetic retinopathy endpoints

are shown in Table 3.11. Based on Medicare claims

data, in elderly persons with diabetes over the per-

iod 1994–2004, there are lower rates of prevalence

and incidence of NPDR, PDR, and DME within 1

Table 3.10 Estimates of prevalence of forms of diabetic retinopathy by gender

Any DR (F%/M%) DME (F%/M%) PDR (F%/M%) References

42.8/22.9 8.4/1.6 6.9/2.0 Wong et al.1

44.8/49.6 10.8/9.8 6.4/5.6 Varma et al.8

35.5/38 27.9/32.1 3.1/1.3 Chou et al.34

46.5/56.5 8.5/10.6 5.4/5.9 Villalpando et al.67

14.6/21.3 Rema et al.60

14.6/21.1 Raman et al.31

45.1/44.4 Wang et al.20

13.9/24.7 Al Maskari and El Sadig58

Data from selected references on the effect of gender on prevalence of DR. F=female,
M=male. DR=diabetic retinopathy. DME=diabetic macular edema. PDR=proliferative
diabetic retinopathy.
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year after diagnosis and during 6 years of follow-up

more recently.76 In type 1 diabetics in WESDR, the

same trend has been noted in incidence of PDR

(Table 3.11).59Analogous trends have been noted

in other studies from Europe and the United

States.57,77 It is possible that these data reflect

improvements in primary care of diabetes mellitus

over time. Independent population-based studies

have not reported decreased rates of blindness due

to diabetes during a time when the rates of PDR and

DME have been declining.78,79 The discordance

may reflect a lag phase between improvement in

management and decline in some but not all ocular

late complications.78

3.17 Epidemiology of Diabetic Macular
Edema (DME)

In WESDR, the prevalence rates of DME in

younger onset, older onset taking insulin, and

older onset not taking insulin groups were 6, 12,

and 4%, respectively.45,46 The 4-, 10-, and 25-year

incidence rates of DME are shown in Table 3.12.

Persons taking insulin have higher rates than those

not taking insulin. The association between insulin

use and higher incidence of DME may reflect the

increased severity of diabetes in insulin users rather

than a causal relationship between insulin use

and DME. The annual incidence rates of DME

show a decrease in the most recent period compared

to earlier periods. In WESDR, for the periods from

1990–1992 to 1994–1996 and from 1994–1996 to

2005–2007, the annual rates of incidence were 2.3

and 0.9%, respectively.80 Similarly, in Denmark,

the 20-year cumulative incidence of DME in type 1

diabetics decreased from 18.6% in a cohort diag-

nosed from 1965 to 1969 to 7.4% for the cohort

diagnosed from 1979 to 1984, presumably reflecting

better glycemic control in the latter era.81 The

annual incidence ofDME in studies in which annual

examinations were performed is higher, presumably

because some eyes develop and then resolve DME

and are not counted in study designs such as

WESDR without annual examinations. For exam-

ple, the annual incidence of DME in type 1 diabetics

examined annually with diabetes of duration from

10 to 20 years is 6.7%, approximately three times

the rate calculated from WESDR data from a simi-

lar era.13

Studies consistently report that DME depends

on duration of diabetes.80,8,16,20,82 Prevalence rates

of DME vary in younger onset diabetics from 0% in

patients whose duration of diabetes is less than 5

years to 29% in patients whose duration of diabetes

is 20 or more years.83 In older onset diabetics, the

prevalence varies from 3% in patients whose dura-

tion of diabetes is less than 5 years to 28% in

patients whose duration of diabetes is 20 or more

years. Incidence rates also depend on duration of

diabetes. Figures 3.4 and 3.5 show the parabolic

relationship of 10-year incidence of DME to dura-

tion of diabetes in younger onset and older onset

diabetes. In younger onset diabetes, the 10-year

incidence of DME on average rises from 7% in a

newly diagnosed patient to 27% in a patient who

has had diabetes for 12 years and thereafter drops.

Table 3.11 Estimated annual incidence of vision loss endpoints in patients with diabetes by diabetes type over time

Endpoint Period
Younger
onset (%)

Older onset,
taking insulin (%)

Older onset, not
taking insulin (%)

Blindness 1980(2) 1984(6) 0.38 0.82 0.67

1984(6) 1990(2) 0.05 0.14 0.37

1990(2) 1995(6) 0.18

Doubling of visual angle 1980(2) 1984(6) 1.51 3.62 1.87

1984(6) 1990(2) 0.52 3.31 2.50

1990(2) 1995(6) 0.85

PDR 1980(2) 1984(6) 2.71 1.98 0.53

1984(6) 1990(2) 3.97 3.17 1.34

1990(2) 1994(6) 2.8%

1994(6) 2005(7) 1.6%

Data from WESDR.59,10
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In older onset diabetes, the 10-year incidence of

DME on average rises from 12% in a newly diag-

nosed patient to 25% in a patient who has had

diabetes for 10 years and thereafter begins to drop.

Prevalence rates of DME reported for various

populations and ethnic groups studied according

to diabetes type are shown in Table 3.13. According

to the Multiethnic Study of Atherosclerosis

(MESA), the prevalence of DME was higher in

blacks (11.1%), Hispanics (10.7%), and Chinese

(8.9%) than whites (2.7%).84 In the Atherosclerosis

Risk in Communities Study, DME was also more

prevalent in blacks than whites.14 However, race

may not be an independent risk factor. When

Table 3.12 Various incidence rates of diabetic macular edema by diabetes type

Diabetes type 4 year incidence (%) 10 year incidence (%) 25 year incidence (%)

Younger onset 8.2 20.1 29

Older onset, taking insulin 8.4 25.4

Older onset, taking no insulin 2.9 13.9

Data from Klein et al.16,80,82 The 25 year incidence is not available for the older onset groups because too many of
these persons had died by the 25 year follow up time.

10 Year Incidence of DME in Younger Onset
Dlabetics by Duration
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adjusted for other baseline variables, ethnicity was

not associated with prevalence of vision-threatening

retinopathy (primarily DME).84 The 9-year inci-

dence rate of DME for blacks in the Barbados Eye

Study was 8.7%, lower than the 10-year incidence

rate of 13.9% reported for the older onset, not

taking insulin group in the predominantly white

WESDR from an earlier era.85

Age at diagnosis influenced incidence of DME in

WESDR (Fig. 3.6). The relation of 10-year inci-

dence of DME and age at baseline examination

was nonlinear with a peak value at approximately

30 years in younger onset diabetics and at approxi-

mately 50 years in older onset diabetics. This rela-

tionship did not hold when 25-year incidence of

DME was examined with adjustment for other

baseline variables.80

With control of other baseline variables gender,

occupation, income, marital status, educational level,

and health insurance status have not been associated

with the 25-year incidence of DME in younger onset

diabetics.80,84 The 10-year incidence of DME in both

younger onset and older onset diabetics was not asso-

ciated with gender in WESDR.82

Table 3.13 Prevalence of diabetic macular edema by type of diabetes and population

Population Type I (%) Type II (%) Mixed cohort (%) References

USA Caucasian 6 2 4 Williams et al.19

USA biracial (blacks, whites) 1.6 Klein et al.14

UK Caucasian 2.3 6.4 6.4 6.8 Williams et al.19

Australian Caucasian 4.3 10 Williams et al.,19 Mitchell et al.32

European Caucasian 5.4 Williams et al.19

Scandinavian Caucasian 16 0.6 26.1 8 Williams et al.19

African American 8.6 8.6 Williams et al.,19 Leske et al.21

Hispanic American 10.4 Varma et al.,8 Williams et al.19

South Asian 6.4 13.3 Williams et al.19

Indian 1.4 Raman et al.26

Chinese 2.7 5.2 Williams et al.,19 Wang et al.20

South American 4.7 6.2 Williams et al.19

Wide ranges among studies partially reflect variations in other factors such as duration of diabetes mellitus in addition to
ethnic variations.
Adapted and expanded from Williams et al.19

Fig. 3.6 The solid line
represents data from
younger onset diabetics and
the dashed line from older
onset diabetics. Ten year
incidence of diabetic macular
edema versus age at baseline
examination. Reprinted with
permission from Klein
et al.82
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3.18 Epidemiology of Proliferative
Diabetic Retinopathy (PDR)

InWESDR, the prevalence rates of PDR in younger

onset, older onset taking insulin, and older onset

not taking insulin groups were 23, 14, and 3%,

respectively.45,46 The 10-year incidence rates of pro-

gression to PDR in younger onset, older onset tak-

ing insulin, and older onset not taking insulin

groups were 29.8, 23.6, and 9.7%, respectively.10

In an Australian population-based study of adults

aged 49 and greater in which type of diabetes was

not characterized, the 5-year incidence of PDR was

4.1%.53 Based on representation in the population,

more older onset people develop PDR than do

younger onset people, although the risk of develop-

ing PDR is higher in younger onset diabetes.5,46 In

type 1 DM, the risk of PDR is nearly zero for the

first 10 years of the disease, then rises over 5 years to

an roughly stable annual risk for the next 25 years.86

In 1986, this risk was 30 per 1,000 person-years, but

in 2006 this risk was estimated to be lower at 4.5 per

1,000 person-years.11,86 In type 1 DM, the 20- to 25-

year cumulative incidence of PDR seems to be

declining over time.81 Older cohorts had cumulative

incidences of 20–40%, but more recent cohorts have

rates of 10.9–12.5%.11,81 These changes may reflect

the influence of improved glycemic control and

blood pressure in the more recent era.81

Duration of DM affects prevalence of PDR

with increasing duration associated with higher

prevalence rates (Table 3.14). Similarly, duration

of diabetes influences 10-year incidence rates of

progression to PDR in younger onset diabetics.10

When duration of diabetes is less than 4 years, the

10-year incidence rate for progression to PDR is

approximately 10%.10 The highest 10-year

incidence rate of 49.8% was found in the group

with diabetes duration of 10–14 years, and all

other groups had rates of 22.9–39.1% with declin-

ing rates for the highest values of diabetes duration,

probably reflecting the effect of decreasing survival

in these subgroups (Fig. 3.7).10

Age at baseline examination of diabetes influ-

enced 10-year incidence rates of PDR in the younger

onset group of diabetics in WESDR.10 If age at

baseline examination was less than age 10, the 10-

year incidence rate for PDR was 0%.10 If age at

baseline examination was in the age range, 10–14,

the 10-year incidence rate of PDRwas 14.8%.10 For

age at baseline examination above 14 years, the 10-

year incidence rates of PDR are roughly equal

across a large range of ages (29.0–36.6%).10

Younger onset males have a higher prevalence of

PDR than younger onset females for unknown rea-

sons.45 Gender had no influence on the 10-year inci-

dence rate of progression to PDR.10 The prevalence

of PDR varies widely across different ethnic groups

(Table 3.15). Reliable patterns are difficult to discern

because of the large number of differences in study

types and the presence of confounding variables.

3.19 Socioeconomic Impact of Diabetes

Besides the health advantages to the affected

patients of proper care of diabetes, there is a socio-

economic aspect to the diagnosis and management

of diabetes and its complications. The costs to

society of diabetes include direct costs of medical

care, costs of disability, lost wages, lost productivity

and taxes, and nursing home care. These costs asso-

ciated with the care of patients with diabetes are

disproportionate to the size of the population with

Table 3.14 Prevalence of PDR in selected series by diabetes type and duration of DM

Duration of diabetes mellitus

Population/Type <5 years 6 10 years 11 15 years >15 years References

South Asian, mixed type 0.9 1.1 7.9 4.2 Raman et al.26

US Latino, mixed type 0.9 5 7.8 18.3 Varma et al.8

US whites, younger onset 0 2.3 19.7 52.3 Klein et al.45

US whites, older onset, no insulin �0 �2 �2 �10 Klein et al.46

US whites, older onset, on insulin �3 �10 �10 �20 Klein et al.46

US mixed race, type 1 �0 �0 �7 25 80* Orchard et al.61

*The prevalence increases over this range with increasing durations.
Cell entries are in percents. � number is estimated from a published graph.
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diabetes. In the United States in 1992, approxi-

mately 3.1% of the population had diabetes but

11.9% of all US health-care expenditures were

spent on diabetes. The per capita annual expendi-

ture was $11,000 per person with diabetes and

$2,600 per person without diabetes. Half of the

diabetes-related expenditures were for the treatment

of diabetes and half were for the treatment of

chronic complications of diabetes.87 A decade

later, the situation was largely unchanged. In 2002,

the per capita expenditure on persons with diabetes

was twice that of persons without diabetes.

Approximately 20% of all health-care expenditures

were for the treatment of diabetes, in spite of having

a prevalence of diabetes at less than 5% of the US

population.88 An analogous situation exists in the

United Kingdom.37 Modeling studies of the direct

medical costs of managing complications of dia-

betes suggest estimates of $47,240 per patient over

30 years on average.89
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Fig. 3.7 A point estimate duration was chosen from among
the categorical duration ranges reported in the data table to
allow construction of a graphical approximation in the inter
ests of visualizing the relationship. The smooth curve is a

parabolic least squares best fit line to the data points. The
10 year incidence of PDR peaks for younger onset diabetics
with approximately 18 years duration of disease. Data from
Klein et al.10

Table 3.15 Prevalence of proliferative diabetic retinopathy

Population Type I (%) Type II (%) Mixed cohort (%) References

USA Caucasian 3.8 25 0.9 5 Williams et al.19

USA biracial, blacks and whites 1.8% Klein et al.14

UK Caucasian 1.1 2.0 1.1 4 1.1 8 Williams et al.19

Australian Caucasian 1.6 7 Williams et al.,19 Mitchell et al.32

European Caucasian 7.3 17 3.1 15.9 1.8 Williams et al.19

Scandinavian Caucasian 2.6 28.4 4.2 14.5 1.7 2.4 Williams et al.19

African American 18.9 0.9 1.5 0.9 Williams et al.,19 Leske et al.21

US Hispanic 5.6 6.0 6.1 Varma et al.,8 Williams et al.19

American Indian 5.1 7 Williams et al.19

Indian 1.6 Raman et al.26

South Asian 1.9 0.7 10.3 Williams et al.19

UK South Asian Williams et al.19

Japanese 2.8 10 Williams et al.19

Chinese 0.4 12.7 2.2 Williams et al.19

African 12.8 Williams et al.19

South American 3.4 5.5 Williams et al.19

Wide ranges partially reflect variations in factors of importance such as duration of diabetes mellitus among studies in
addition to ethnic variations. Adapted and expanded from Williams et al.19
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3.20 Socioeconomic Impact of Diabetic
Retinopathy

Across the world, studies point to an important

economic impact of diabetic retinopathy. In the

United States, from 1996 to 2000, the total Medi-

care payments for diabetic retinopathy were $590

million. TheMedicare payments per beneficiary per

year for the treatment of diabetic retinopathy varied

from $1,176 in the first year of diagnosis to $366 in

years five and after.90 In 2004, the total direct med-

ical costs were estimated to be $493 million for

diabetic retinopathy, with an average annual total

cost per patient with diabetic retinopathy of $629.91

In Germany in 2002, the annual costs per patient

associated with diabetic retinopathy were estimated

to be 1,433 euros. Medical devices and temporary

working disability accounted for 58% of the costs.

Hospitalization accounted for 10% and visits to

ophthalmologists accounted for 9%. Thus, a large

portion of the costs were related to productivity

losses and a relatively smaller portion of the costs

were related to direct ophthalmic care.92 A similar

situation has been reported in Nova Scotia,

Canada, where only 13.5% of costs were related to

direct care of diabetic retinopathy but 48.2% of the

costs associated with diabetic retinopathy were due

to lost productivity.93

In cost effectiveness studies the emphasis shifts to

estimates of costs per person year of vision saved. In

a computer model of the costs of type I diabetes,

over a period of 60 years in the United States, it was

predicted that 72% of persons would develop PDR

requiring panretinal photocoagulation and 48% of

individuals would develop DME requiring focal

laser treatment. The model predicted a cost of

$966 per person-year of vision saved from prolif-

erative diabetic retinopathy and a cost of $1118 per

person-year of central acuity saved from clinically

significant macular edema. Compared to the aver-

age cost of $6900 for 1 year of Social Security Dis-

ability due to vision loss, the treatment expenses for

DR represent a preferable alternative based on eco-

nomic considerations alone.94 When a similar

model was applied to patients with type II diabetes

in the United States based on data from 1990,

screening and treatment of diabetic retinopathy

would result in annual savings of $472.1 million

and 94,304 person-years of sight.95 Similar conclu-

sions have been reached in cost–benefit analyses

done in other countries.96

Another method of evaluating the relative value

of diagnostic and treatment regimens is to assess

their cost per quality-adjusted life year (QALY).

In patients with type 2 diabetes, the diagnosis and

treatment of diabetic retinopathy ranged from

$3198–3849 per QALY compared with no treat-

ment depending on the use of insulin.97 The

World Health Organization has suggested that

very cost-effective regimens are those that cost

less than the per capita gross domestic product

for the country being discussed.98 For the United

States with a 2008 per capita gross domestic pro-

duct of $43,730, these values are in a range consid-

ered highly justifiable.99

3.21 Summary of Key Points

� The prevalence of diabetes is increasing world-

wide probably as an effect of increased caloric

consumption and decreased exercise.
� Diabetes monotonically increases in prevalence

with age, but diabetic retinopathy does not. In

the oldest subgroups, prevalence of diabetic reti-

nopathy declines, probably as a survivorship

effect.
� The prevalence of diabetes among populations

varies from 1.7% in Indonesians to 50% in Pima

Indians. The factors responsible for the wide

range are unclear, butmay include genetic factors.
� The order of incidence of doubling of the visual

angle from highest to lowest is older onset, insu-

lin taking diabetics>older onset, not taking insu-

lin diabetics>younger onset diabetics. The order

of prevalence of moderate visual loss is older

onset, insulin taking diabetics > older onset,

not taking insulin diabetics > younger onset

diabetics.
� The order of incidence of blindness from highest to

lowest is older onset, taking insulin diabetics >

older onset, not taking insulin diabetics> younger

onset diabetics. Because of the effect of duration of

disease, the order of prevalence of blindness is

younger onset diabetics > older onset taking insu-

lin > older onset not taking insulin.
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� The prevalence of blindness and visual impair-

ment is declining over time even as the inci-

dence of diabetic retinopathy has not declined

probably reflecting better disease detection,

better glycemic control, better blood pressure

control, better lipid control, better screening,

and advances in treatment of diabetic

retinopathy.
� The range of prevalence of various forms of dia-

betic retinopathy is wide across different popula-

tions reflecting the effects of many variables.
� The strongest risk factor associationwith prevalence

of diabetic retinopathy is duration of diabetes.
� Increasing age is a consistent risk factor for dou-

bling of visual angle across all types of diabetes.
� The order of incidence of a two-step progression

of retinopathy severity from highest to lowest is

younger onset > older onset taking insulin >

older onset not taking insulin.
� The order of 10-year incidence of diabetic macu-

lar edema is older onset taking insulin> younger

onset > older onset not taking insulin.
� The order of 10-year incidence of proliferative dia-

betic retinopathy is younger onset > older onset

taking insulin > older onset not taking insulin.
� The socioeconomic costs of diabetes and diabetic

retinopathy are disproportionately high relative

to the number of persons with diabetes.
� Diagnosis and treatment of diabetic retinopathy

are very cost effective for society apart from the

health benefits gained by those affected.

3.22 Future Directions

The biggest epidemiologic challenge for the future is

reversing the spread of obesogenic lifestyles. The

downstream effects of successful efforts at this level

could include lowered incidence of diabetes and dia-

betic retinopathy, reduced loss of vision, and reduced

health-care costs. Unraveling factors responsible for

the variations in prevalence of diabetes and diabetic

retinopathy across the world will probably require

genetic studies at the population level. Targeting

health-care resources to the most at risk populations

will continue to challenge societies, as those at risk

are often economically deprived and have least

access to medical care, which tends to follow wealth.
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Chapter 4

Systemic and Ocular Factors Influencing Diabetic Retinopathy

David J. Browning

4.1 Introduction

Epidemiologic studies have established that certain

systemic factors have associations with incidence

and progression of diabetic retinopathy (DR).

These provide a foundation for treating the mani-

festations of diabetic retinopathy. Before an

ophthalmologist considers using laser treatment,

intravitreal injections, and surgery, optimizing the

systemic factors that influence diabetic retinopathy

is prudent.1 In general these factors apply to both

genders and all races, although the strengths of the

associations may vary across subgroups.2 4 Many

more associations are present with univariate test-

ing than with multivariate testing, suggesting that

the information carried by these associations may

be redundant across more than one factor.5 For

example, hyperglycemia is associated with dyslipi-

demia. Thus in a study with the goal of determining

the importance of dyslipidemia as a predictor of

DR, it is important to analyze the data adjusting

for baseline glycemic control (HbA1c) to determine

if dyslipidemia is independently important as a pre-

dictive variable.6 Accordingly predictive variables

found on multivariate testing are more important

than those found by univariate testing. In addition,

predictive factors are not always the same for dif-

ferent end points. For example, those factors that

predict proliferative diabetic retinopathy (PDR),

any diabetic retinopathy, and diabetic macular

edema (DME) may be different.6,7

In addition to systemic factors, there are ocular

factors that have been hypothesized to impact dia-

betic retinopathy, such as high myopia and pre-

existing chorioretinal scarring. Although less

important than systemic factors, these have histor-

ical significance. It was awareness of the protective

effect of pre-existing chorioretinal scarring that led

Meyer-Schwickerath to think of purposefully indu-

cing scarring with the xenon photocoagulator in

diabetic retinopathy.8 Socioeconomic factors also

have importance and are often overlooked or

ignored as inaccessible to change by clinicians.

Nevertheless, the effects of these factors are evident

in daily practice and therefore they will also be

covered in this chapter.

The methods used in determining systemic and

ocular associations with DR are the same as those

used in epidemiologic studies of demographic vari-

ables. The important terms and concepts in these

types of studies are defined in Chapter 3 (Epide-

miology) and the reader in need of a review is

referred there before proceeding further.

4.2 Systemic Factors

4.2.1 Glycemic Control

Glycemic control has a strong influence on many

indices of diabetic retinopathy such as prevalence of

retinopathy, incidence of retinopathy progression

of retinopathy, need for focal and scatter photocoa-

gulation, and loss of visual acuity.9 18 The influence

of glycemic control is apparent in both type 1 and

type 2 diabetes. Thresholds for blood glucose used
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in making the diagnosis of diabetes mellitus are

chosen, in part, because of the sharp increase in

prevalence of retinopathy manifested by patients

when glucose rise above these levels.19 The concept

of a laboratory cutpoint for blood glucose normal-

ity is vague, however, and 5–9.8% of patients over

age 40 in developed countries have typical lesions of

diabetic retinopathy even though they do not meet

criteria for diabetes.14,19,20 Retinopathy consistent

with diabetic retinopathy can develop in certain

patients whose blood glucoses range in the normal

range for the population; in adults over the age of

49, the 5-year incidence of such an event is 10%.17

This may in part reflect increased genetic suscepti-

bility to the effects of hyperglycemia (see Chapter 2).

Responsiveness to treatments for manifestations of

diabetic retinopathy may also depend on glycemic

control. Failure of DME to respond to focal/grid

laser photocoagulation has been associated with

higher glycosylated hemoglobin.21

Diabetic Retinopathy ‘‘Without’’ Diabetes Mellitus

Occasionally a patient will be examined and found to have retinal stigmata of diabetic retinopathy

and yet have no evidence of diabetes mellitus. Such an example is shown in Fig. 4.1. This patient had

been under regular medical care for years with hypertension and some high normal blood sugars, but

no abnormal glycosylated hemoglobins. At the time of these photographs, the glycosylated hemo-

globin was 5.5% and there was no other hemoglobinopathy. Communication with the patient’s

internist revealed that repeated glucose testing over the previous few years had revealed no abnormal

values. Such cases may reflect a patient with an unusual susceptibility to development of diabetic

retinopathy at blood glucose levels lower than the laboratory cutpoints for population normals.

Presumably, the synergistic effect of elevated blood pressure and genetic susceptibility may combine

to produce such a picture. It has been shown that in patients without diabetes mellitus according to

conventional criteria, the blood glucose is higher in those who have retinal lesions of diabetic

retinopathy than in those without such lesions.22

4.2.1.1 Type 1 Diabetes Mellitus

Epidemiologic studies strongly associate glycemic

control with severity of retinopathy in type 1 diabetes

mellitus (DM).16 In multivariate analyses from the

Wisconsin Epidemiologic Study of Diabetic Retino-

pathy (WESDR), the 10-year and 25-year incidences

of DME were related to higher baseline glycosylated

a b

Fig. 4.1 Red free fundus photograph (a) and fluorescein angio
gram frame (b) of the right eye of a 74 year old man with no
history of diabetes mellitus, a current glycosylated hemoglobin
of 5.5% (normal, and indicative of a mean blood glucose of

97 mg/dl), no hemoglobinopathy, and treated hypertension.
There are typical lesions of diabetic retinopathy including
microaneurysms, lipid exudates, intraretinalmicrovascular
abnormalities, and neovascularization
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hemoglobin.23 The hazard ratio per 1% increase in

glycosylated hemoglobin was 1.17 (95% confidence

interval [CI] 1.10–1.25, P< 0.001).24 Higher baseline

glycosylated hemoglobin was also associated with

�2-step progression ofDR severity.4 Higher baseline

HbA1c was a predictor of progression to PDR in

type 1 DM in a Norwegian study and with an

increased 6-year incidence of doubling of the visual

angle in African Americans with type 1 DM.25,7

The Diabetes Control and Complications Trial

(DCCT) was a randomized trial that investigated

the effect of tight blood glucose control compared

to conventional control in patients with type 1 dia-

betes mellitus ranging in age from 13 to 39 years at

the time of enrollment (Table 4.1). There were two

cohorts studied. The primary-prevention cohort con-

sisted of 726 patients with no baseline diabetic reti-

nopathy. The secondary-intervention cohort con-

sisted of 715 patients with mild-to–moderate

nonproliferative diabetic retinopathy (NPDR) at

baseline. The intensive control patients received

three to four injections of short-acting insulin per

day or subcutaneous insulin infusions. Fingerstick

blood glucose checks were done four times daily.

The conventional control group received one to two

injections of insulin daily and checked blood glucose

once daily. Median HbA1cs were 9.1 and 7.3% for

the conventional and intensive control groups,

respectively, over a mean duration of follow-up of

6.5 years. Over 9 years of follow-up, a 3-step progres-

sion of retinopathy on the ETDRS retinopathy

severity scale was decreased 76% with tight glucose

control.26,27 For the primary-prevention cohort, the

risk of any retinopathy was reduced by 27% over a

mean follow-up of 6.5 years (from 90 to 70% for the

conventional versus intensive treatment groups).9

For this cohort, the cumulative 8.5 year rates of 3-

step or more retinopathy progression were 54.1 and

11.5% for the conventional and intensive therapy

groups, respectively. For the secondary-intervention

cohort, the cumulative 8.5 year rates of 3-step or

more retinopathy progression were 49.2 and 17.1%,

respectively (Fig. 4.2). The beneficial effects became

apparent after approximately 2–3 years of therapy

and were evident for all levels of baseline retinopa-

thy, but were greatest when intensive therapy was

initiated earlier in the course of type 1 diabetes and

with less severe levels of baseline retinopathy.9 The

risks of receiving any laser therapy over 9 years of

follow-upwere 30 and 7.9% for the conventional and

intensive treatment groups, respectively (P¼ 0.001).9

There was a strong exponential relationship

between the risk of retinopathy progression and the

duration of follow-up for any given level mean glyco-

sylated hemoglobin during the study (Fig. 4.3). As the

mean glycosylated hemoglobin during the study

increased, the steepness of the relationship between

retinopathy progression risk and duration in the

study increased. Thus, risk of retinopathy progression

depends on both duration of retinopathy and level of

glycemic control.29 The risk relationships were similar

in the primary-prevention and secondary-intervention

cohorts. There was no threshold glycosylated hemo-

globin value below which further normalization of

glucose failed to provide additional benefit.27,30

The potential impact that tighter glycemic control

could have on ocular and other microvascular compli-

cationswas shown frommodeling ofDCCToutcomes

and US epidemiologic data regarding type 1 diabetes.

Cumulative incidence of PDR and DME would be

reduced by approximately one-half and one-third,

respectively, with tighter control compared to conven-

tional control.31 The predicted average number of

years free of proliferative retinopathy, DME, and

blindness would increase by 14.7, 8.2, and 7.7 years,

respectively, if tighter control were achieved.31

The Epidemiology of Diabetes Interventions and

Complications Study (EDIC) was an extension study

involving 1,375 (95%) of the participants in the

DCCT study. The goal of this study was to determine

the later effects of the interventions tested in the

DCCT.Upon advice,most patients in both treatment

groups were on an intensive regimen of glucose con-

trol for the EDIC study and had convergence of

group mean glycosylated hemoglobin values during

the course of EDIC (8.07% versus 7.98% overall

mean glycosylated hemoglobin values for the former

conventional and intensive control groups, respec-

tively, over 10 years follow-up).32 The benefit from

the difference in glycosylated hemoglobin in the

former intensively controlled group during the years

of the DCCT waned slightly. The cumulative inci-

dence of a 3-step progression of retinopathy was

53% as much in the former intensive control group

as in the former conventional control group through-

out the 10 years of the EDIC study (Fig. 4.4). Over

the first 4 years of EDIC, the risk reduction for 3-step

progression of retinopathy was 70%.Over years 4–10
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Table 4.1 Diabetes control and complications trial 1983 1993

Major design features

Patients randomized to conventional treatment or intensive treatment group

Conventional treatment group

Insulin injections once or twice a day

Daily self monitoring of urine or blood glucose

Clinical visits every 3 months

Diet and exercise education

Intensive treatment group

Insulin pump or three or more insulin injections a day

Self monitoring of blood glucose (SMBG) four or more times a day

Insulin dosage adjusted according to SMBG, diet, and exercise

Diet and exercise plan

Initial hospitalization to implement treatment

Weekly to monthly clinical visits with frequent telephone contact

Randomization

1,441 patients

Primary prevention

Secondary intervention

Conventional versus intensive blood glucose control

End points

Development/progression of diabetic retinopathy (DR)

Neuropathy/nephropathy outcomes

Major eligibility criteria

Type 1 diabetes mellitus (DM)

Age 13 39 years

Absence of hypertension, hypercholesterolemia, and severe diabetic or medical
complications

Primary prevention cohort

Type 1 DM for 1 5 years

No DR on seven field stereoscopic fundus photography

Urinary albumin secretion 40 mg/24 h

Primary prevention major conclusions (mean follow up 6.5 years)

Intensive blood glucose control

27% reduction in development of DR

78% reduction in 3 step progression of DR

Secondary intervention cohort

Type 1 DM for 1 15 years

Very mild to moderate nonproliferative DR

Urinary albumin secretion 200 mg/24 h

Secondary intervention major conclusions (mean follow up 6.5 years)

Intensive blood glucose control

54% reduction in 3 step progression of DR

47% reduction in proliferative DR and severe levels of nonproliferative DR

56% reduction in photocoagulation

23% reduction in macular edema

Overall major conclusions (mean follow up 6.5 years)

Intensive blood glucose control

Reduced clinically meaningful retinopathy by 27 76%

Reduced clinically meaningful nephropathy by 34 57%

Reduced clinical risk of other microvascular complications of DM

Reproduced with permission from Aiello28.
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the risk reduction was 38%. Thus, some waning of

the protective effect of former intensive glycemic con-

trol was noted.32 Other end points were consonant

with the retinopathy progression end point. At 4

years into the EDIC study, laser therapy (either

focal or scatter) had been given to 6% of the former

conventional control group, but 1% in the former

intensive control group (P¼ 0.002).27
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Fig. 4.2 The cumulative
incidence of a 3 step
retinopathy progression on
the ETDRS retinopathy
severity scale in the DCCT
for the conventional and
intensive blood glucose
control groups for the
secondary intervention
cohort (patients with some
baseline diabetic
retinopathy). The numbers
in the table at the bottom
refer to participants
evaluated in the two groups
at each of the time points.
Reproduced with permission
from DCCT27
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Fig. 4.3 Family of curves representing the relationship of
risk of retinopathy progression versus time in the DCCT
study for any given mean HbA1c level during the study for
the conventional treatment group. The y axis is rate of 3 step
progression of retinopathy severity per 100 patient years of
follow up. For any given mean glycosylated hemoglobin

level, the relationship of risk of retinopathy progression to
duration is exponential. The steepness of the exponential
relationship increases as the mean glycosylated hemoglobin
increases. A similar family of curves, but much less steep, was
found for the intensive treatment group. Reprinted with
permission from DCCT27
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The beneficial effects of intensive glucose control

on retinopathy progression do not become apparent

for approximately 2–3 years. In fact, there is an early

paradoxical early worsening of retinopathy experi-

enced in the first 6 months of intensive retinopathy

control.33 Once the benefits of intensive control

accrue, however, they persist even if the intensity of

control is relaxed. The relationship of glycemic con-

trol to retinopathy, therefore, has a characteristic of

momentum and has been termed metabolic mem-

ory.27,32 In the EDIC study, metabolic memory was

noted to wane faster in patients with more severe

retinopathy at the baseline of the period of intensive

control, thus the goal should be to institute intensive

control as early in the course of type 1 diabetes as

possible.32 Metabolic memory works in the reverse

direction as well. A period of poor glycemic control

has adverse effects on retinopathy progression that

persist beyond the period of poor control.32

The beneficial effects of more intensive glycemic

control are not without risks, such as a higher rate of

severe hypoglycemia and increased weight gain.34,35

The two adverse effects may be linked, as subjects on

intensive regimens may eat more to prevent hypogly-

cemia.35 Behaviors associated with increased risk of

hypoglycemic episodes include taking excess insulin,

increasing exercise without other adjustments, delay-

ing or missing meals, and drinking alcohol.

4.2.1.2 Type 2 Diabetes Mellitus

As with type 1 diabetes, epidemiologic evidence sup-

ports the importance of glycemic control with multi-

ple aspects of diabetic retinopathy in type 2 DM.

Increasing HbA1c is associated with higher risk of

anyDR, PDR, andDME.15,36,37 Incidence of diabetic

retinopathy over 9.4 years of follow-up increasedwith

increasing glycosylated hemoglobin.19 The odds ratio

for the group with the highest tertile of glycosylated

hemoglobin was 3.29 (95% CI 1.85–40.60) compared

with the lowest tertile.19 In a cross-sectional study of

type 2 diabetics, more severe retinopathy was asso-

ciated with higher glycosylated hemoglobin.38

The United Kingdom Prospective Diabetes

Study (UKPDS) was a randomized trial that exam-

ined the effect of tight glycemic control in patients

with type 2 diabetes mellitus. In this study of 3,867

patients randomized to intensive therapy with a

sulfonylurea or insulin at the outset or to conven-

tional therapy based on diet, the intensive glycemic

control and conventional glycemic control groups

had median glycosylated hemoglobins of 7.0 and

7.9%, respectively, over a median follow-up of 10

years (Table 4.2).10 Over this interval, the rates of

laser photocoagulation and progression of retinopa-

thy were 27% lower in patients with tighter glycemic

control compared to those with conventional control
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(P < 0.05).10 The relative risk of any retinal photo-

coagulation (most of whichwas focal) in the intensive

glycemic control group was 0.71 (95% CI 0.53–0.96,

P= 0.0031).10 More recently, the Action in Diabetes

and Vascular Disease: Preterax and Diamicron Mod-

ified Release Controlled Evaluation (ADVANCE) trial

randomized 11,140patientswith type 2DMto intensive

or standardglucose control.After amedianof 5yearsof

follow-up the median glycosylated hemoglobins were

6.5 and 7.3% for the intensive and standard control

groups, respectively. The rates of new or worsening

DR were 6.0 and 6.3%, respectively. The relative risk

reductionwith intensive treatmentwas 5%(95%CI10–

18%).39 In type 2 diabetics, once glycemic control

approaches a target glycosylated hemoglobin of 7.0%,

the evidence suggests that at least with regard to retino-

pathy end points, further efforts at intensifying con-

trol may produce little benefit.

Aswith type 1 diabetes, tighter glycemic control in

type 2 diabetics carries a risk of hypoglycemic epi-

sodes and the gravity of the risk may be greater in

type 2 than in type 1 patients.10,34 The Action to

Control Cardiovascular Risk in Diabetes

(ACCORD) study was terminated early because of

an excess rate of fatal myocardial infarction in the

intensive control group (1.41% versus 1.14% per

year for the intensive and standard glycemic control

groups, respectively).40 Therefore, less stringent

Table 4.2 United Kingdom prospective diabetes study, 1977 1999

Major design features

Randomization

4,209 patients

Primary prevention

Secondary intervention

Conventional versus intensive blood glucose control

End points

Development/progression of diabetic retinopathy (DR)

Neuropathy/nephropathy/cardiovascular outcomes

Patients randomized to conventional treatment or intensive treatment group

Conventional treatment group

Diet control

Followed by sulfonylurea, insulin, metformin

Intensive treatment group

Sulfonylurea

Insulin

Overweight: metformin

Major eligibility criteria

Newly diagnosed type 2 diabetes mellitus

Primary prevention cohort

Newly diagnosed type 2 diabetes mellitus

No DR on seven field stereoscopic fundus photography

Secondary intervention cohort

Newly diagnosed type 2 diabetes mellitus

Very mild to moderate nonproliferative DR

Major conclusions (median follow up, 10.0 years)

Reduced clinically meaningful retinopathy by 27 76%

17% reduction in 2 step progression of DR

29% reduction in need for laser photocoagulation

23% reduction in vitreous hemorrhage

24% reduction in need for cataract extraction

16% reduction in legal blindness

Reduced clinically meaningful nephropathy by 34 57%

Elevated blood pressure is independent risk factor for 2 step progression of DR

Reproduced from Aiello28.
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glycosylated hemoglobin goals may be preferable in

patients with a history of severe hypoglycemia, lim-

ited life expectancy, advanced microvascular or

macrovascular complications, or extensive comorbid

conditions.40 Once glycosylated hemoglobin levels

reach 7.0%, efforts to tighten glucose control have

been successful, and further tightening may be ill

advised.41 Tighter glycemic control requires great

effort by patients, and in the large majority of

patients for whom intensive control is appropriate,

reinforcement and encouragement should be part of

the clinical encounter with the ophthalmologist.

4.2.1.3 Rapidity of Improvement in Glycemic

Control

In general, improved metabolic control of diabetes

mellitus is associated with less rapid progression

of retinopathy over extended follow-up periods,

however, if metabolic control is greatly improved

over a short period, there can be paradoxical wor-

sening in retinopathy thought to be mediated by

concomitant increases in insulin-like growth factor

1 (Fig. 4.5).41 44 In the DCCT, using a variety of

definitions of early worsening of retinopathy, inten-

sive glycemic control was associated with early wor-

sening in 13.1% of patients at the 6- or 12-month

follow-up visits compared to 7.6% of patients in the

conventional treatment group (P < 0.001).42

Despite this early worsening, and despite the fact

that such early worsening is associated with higher

cumulative incidence in 3-step retinopathy progres-

sion at all subsequent follow-up times, the beneficial

long-term effects of intensive glycemic control out-

weigh the negative effects of early worsening, such

that intensive control is still recommended. In

certain subsets of patients, for example, those

approaching proliferative retinopathy with high-

risk characteristics, institution of intensive control

may be delayed until completion of scatter laser,

especially if the baseline glycosylated is high.

Although some have intentionally treated indivi-

dual patients with reversion to poor control because

of deterioration of diabetic retinopathy despite laser

treatment, this approach is controversial.41 Accel-

erated retinopathy with sudden tightening of con-

trol has been put forth as an explanation for find-

ings of decreasedNPDRbut not PDR in somemore

recent epidemiologic studies compared to WESDR,

but this explanation has been discounted.36 Instead,

methodological differences in studies over time have

been suggested, including detection bias with non-

examination of patients with less severe disease, as

more likely explanations for the apparently para-

doxical data.45

How Is Early Worsening Defined and Does It Matter?

There aremany definitions of early worsening. Early is generally taken tomean sometime between 3 and

12 months after the initiation of tighter glycemic control. Worsening has at least four definitions42:

1. Progression of �3 steps on the ETDRS retinopathy severity scale.

2. Development of cotton wool spots or intraretinal microvascular abnormalities in patients initially

free of these lesions.

3. Development of severe nonproliferative retinopathy, proliferative retinopathy, or clinically sig-

nificant macular edema in eyes initially without these characteristics.

4. When any of the previous three definitions is met at a given visit in the 6- to 12-month time

window.

Regardless of the definition used, all analyses from the DCCT point to the same conclusion – that

it is the magnitude of the change in HbA1c that occurs rather than the rate of change of the HbA1c

that determines risk of early worsening. This result runs counter to many suggestions arising from

case series that slower improvement in glycemic control could reduce the incidence of early worsen-

ing.41 To test this hypothesis properly, a randomized clinical trial would need to be performed, which

is unlikely to ever occur. Despite the absence of data to support the position, continued advice to

slow the rate of improvement in glycemic control is published.41,42,46
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Fig. 4.5 Fundus
photographs and OCT
images of a 48 year old
patient with 28 years of
type 1 diabetes mellitus.
When first examined, his
best corrected visual acuity
was 20/20 in both eyes,
subclinical diabetic
macular edema was
present in the right fundus
(a, c), and clinically
significant diabetic
macular edema was
present in the left fundus
(b, d). Focal/grid laser
photocoagulation was
recommended for the left
eye, but he desired to try to
improve the left eye by
working on systemic
factors alone. He abruptly
and markedly improved
his blood glucose and
blood pressure and over
4 months lost 20 pounds
of body weight. His
retinopathy deteriorated
bilaterally. His subclinical
DME in the right eye
evolved to clinically
significant macular edema
(e, g) and his clinically
significant macular
edema in the left eye
worsened (f, h)
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In diabetic patients undergoing phacoemulsifica-

tion cataract extraction with intraocular lens

implantation, rapid improvement in glycemic con-

trol was associated with a higher rate of progression

of diabetic macular edema, and probably should be

avoided.47

4.2.2 Glycemic Variability

Besides the absolute level of glycemic control,

there has been speculation that variability in gly-

cemic control may be a factor in some retinopathy

end points.48 In a study of 100 patients followed for

11 years, the incidence of PDR in type 1 diabetics

was not related to glycemic variability as assessed

by the standard deviation of the blood glucose

concentration.48

4.2.3 Insulin Use in Type 2 Diabetes

Type 2 diabetics may be managed with diet alone,

with diet plus oral agents, or in more difficult cases

with both of these plus insulin. Use of insulin has

been associated with an increased prevalence of dia-

betic retinopathy and incidence of DR.11 13,36,49,50,18

4.2.4 Pancreas and Pancreas–Renal
Transplantation

Although normoglycemia can markedly improve

ophthalmic outcomes when achieved earlier in the

course of diabetic retinopathy, most patients who

come to isolated pancreas transplantation or com-

bined pancreas–renal transplantation have advanced

retinopathy.51,52 Studies have not shown a difference

in change in visual acuity, change in retinopathy

severity, or need for laser treatment in patients

receiving combined renal–pancreas transplants ver-

sus renal transplantation alone or in patients receiv-

ing isolated pancreatic transplants.51 53 Therefore,

even if normoglycemia is achieved in such patients,

the retinopathy may be too advanced to benefit. The

number of patients with milder levels of retinopathy

undergoing transplantations is small, however, and it

remains a possibility that they will show slower reti-

nopathy progression.

4.2.5 Blood Pressure

Theoretically, blood pressure might be expected to

be an important factor in diabetic retinopathy inci-

dence and progression given the impaired autoregu-

latory capacity of the retinal vasculature in diabetic

retinopathy.54 In such a state, higher blood pressure

leads to higher pressure within the retinal capillaries

and would be expected to promote macular

edema.55 Indeed, in type 2 diabetic Pima Indians, a

strong association of higher blood pressure with

development of retinal exudates has been

reported.56 In multivariate analyses in type 1 DM,

higher systolic BP was associated with a higher

25-year incidence of DME.24 The hazard ratio per

10 mmHg increase in baseline systolic BP was 1.15

(95% CI 1.04–1.26, P¼ 0.004).24 Higher diastolic

BP was associated with an increased 10-year inci-

dence of DME in a univariate analysis, but the

relationship vanished in multivariate analysis after

controlling for other baseline variables.23

Although the pathophysiologic pathway

between elevated blood pressure and other aspects

of DR is less clear, in the Wisconsin Epidemiologic

Study of Diabetic Retinopathy, progression to

PDR and baseline severity of retinopathy were

associated with baseline diastolic blood pressure in

type 1 diabetics.16 The risk of progression to PDR

increased from 3 to 20% for those with diastolic

blood pressure in the lowest versus highest quartiles

at baseline.57 Epidemiologic evidence exists asso-

ciating higher systolic blood pressure and preva-

lence and severity of diabetic retinopathy in both

types 1 and 2 DM and seems to be a particular

important factor when the glycemic control is

poorer (interaction).14 16,36 Incidence of DR over

9.4 years of follow-up increased in patients with

concomitant hypertension.19 The adjusted odds

ratio for the hypertensive group was 2.36 (95% CI

1.02–5.49) for the hypertensive group compared to

the nonhypertensive group.19 In the Barbados Eye

Study, the 4-year incidence of DR increased in

patients with elevated systolic blood pressure.18 In
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a cross-sectional study, severity of retinopathy was

associated with higher systolic blood pressure.38 A

diagnosis of hypertension has been associated with

an increased prevalence of DR.36,58 But not all stu-

dies have found an association between hyperten-

sion and prevalence of diabetic retinopathy, pro-

gression of retinopathy, or progression to

PDR.7,50,11,5,38,59,60

The importance of blood pressure for diabetic reti-

nopathy outcomes has also been noted in randomized

controlled trials in both types 1 and 2 diabetics. In

the EDIC study involving patients with type 1 dia-

betes, the risk of further progression of retinopathy

increased significantly with higher mean blood

pressure at DCCT closeout (11% increase in risk

per 5 mmHg increase in mean blood pressure;

P < 0.001).32 The UKPDS contained a trial within a

trial in which 758 patients with type 2 diabetes melli-

tus were randomized to tight blood pressure control

and 390 patients to less tight blood pressure control.61

Over a median follow-up of 8.4 years the mean differ-

ences in systolic and diastolic blood pressure of the

two groups were 10 and 5 mmHg, respectively.61 The

mean HbA1c of the two groups was no different over

this time. The group with tight blood pressure control

had a 35% reduction in the risk of retinal photocoa-

gulation (78% of which was for DME), a 34% reduc-

tion in risk of 2-step progression of retinopathy sever-

ity level on graded fundus photographs, a 47%

reduction in the risk of losing three or more lines of

best corrected visual acuity on the ETDRS chart, and

significant reductions in incidence of microaneur-

ysms, hard exudates, and cotton wool spots.55,61,62

The visual acuity outcome has been attributed pri-

marily to the beneficial effect of tighter blood pressure

control on rates of development and progression of

diabetic macular edema. No differences in rates of

vitreous hemorrhage, blindness, and cataract extrac-

tion were detected between groups. Whether the

blood pressure was lowered with a beta blocker

(atenolol) or an angiotensin-converting enzyme inhi-

bitor (captopril) did not matter.62,63

Reduction in blood pressure also appears to be

beneficial for type 2 diabetics who do not meet the

conventional definition of hypertension – that is,

systolic blood pressure >140 mmHg or diastolic

blood pressure > 90 mmHg. In a randomized con-

trolled trial comparing antihypertensive treatment

with no treatment in normotensive type 2 diabetics,

lowering systolic blood pressure by a mean of

9 mmHg and diastolic blood pressure by a mean

of 6 mmHg over 5 years led to a reduction in pro-

gression of retinopathy from 46 to 34% for the

treated versus control groups, respectively

(P¼ 0.02).64 Changes not reaching statistical signif-

icance were also noted in number of patients devel-

oping retinopathy from no retinopathy and in per-

centage of patients developing proliferative

retinopathy.64

Evidence exists for a similar beneficial effect of

lower blood pressure and blood pressure reduction

in type 1 diabetes, but is not as strong as for type 2

diabetes. In an observational study of younger type

1 diabetics, elevated diastolic blood pressure alone

and in combination with elevated systolic blood

pressure correlated significantly with more severe

retinopathy and was associated with progression

of retinopathy.65 Further relevant evidence on

blood pressure reduction in type 1 diabetics is

reviewed in the section on drugs affecting the

rennin–angiotensin system (see below).

Although clinical blood pressure readings are

taken during the day, the possible effects of noctur-

nal blood pressure are also important. Nocturnal

blood pressure is generally lower than daytime

blood pressure. A nondipper is defined as a person

in whom the nocturnal blood pressure is >0.9 times

the daytime blood pressure, whether referring to

diastolic or systolic blood pressure. In both types

1 and 2 diabetics who are normotensive and without

renal impairment, severity of diabetic retinopathy

has been associatedwith a decreased fall in nocturnal

systolic blood pressure and nocturnal mean blood

pressure, whereas no associations have been found

with daytime blood pressure measurements.66,67

Despite the data demonstrating the importance

of treating hypertension in patients with diabetic

retinopathy, many ophthalmologists do not include

blood pressure measurement in their routine care of

diabetic patients thereby missing an opportunity to

help to preserve sight and prevent cardiovascular

adverse outcomes.68 In one study, only 65% of type

2 diabetic patients requiring focal/grid photocoagu-

lation for DME had blood pressure <140/80 with

or without treatment, a level deemed by the British

National Institute for Health and Clinical Excel-

lence as suboptimal.69 As with intensive glycemic

control, more intensive antihypertensive therapy
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requires great effort by the patient. Almost one-

third of patients in the UKPDS required three or

more drugs to adequately control their blood pres-

sure. Concerns about nocturnal hypotension and

possibly related nonarteritic ischemic optic neuro-

pathy have led to recommendations to avoid taking

antihypertensive medications before bedtime.70

4.2.6 Serum Lipids

Elevated serum lipids have been speculated to cause

or exacerbate diabetic retinopathy by several

mechanisms. Oxidized low-density lipoprotein cho-

lesterol may be toxic to capillary endothelium and

pericytes by stimulating inflammation and release of

cytokines.71 They may increase serum viscosity and

affect the fibrinolytic system.72,73 Observational and

epidemiologic studies inconsistently support an asso-

ciation of aspects of diabetic retinopathy with ele-

vated serum lipids.60,73,74 In a population-based epi-

demiologic study, univariate analysis showed a

significant trend associating an increased severity of

diabetic retinopathy and retinal hard lipid exudates

with increased cholesterol in persons using insulin

regardless of age, but this effect vanished in multi-

variate analysis.75 Similarly, multiple logistic regres-

sion of NPDR, PDR, and DME against mean total

cholesterol showed no association in a multi-ethnic

California health maintenance organization.36 The

Veterans Affairs Diabetes Trial found no association

of total cholesterol, LDL cholesterol, or HDL cho-

lesterol with baseline retinopathy severity.38 The

Blue Mountains Eye Study found no association of

baseline HDL cholesterol, total cholesterol, or trigly-

cerides with progression of retinopathy.60 A case

series found that patients with significant hard lipid

exudates had higher levels of serum triglycerides but

not cholesterol compared to patients without such

exudates.74 In Korean type 2 diabetics, those with

PDR had a higher lipoprotein (a) level than those

without PDR after controlling for other factors asso-

ciated with PDR.76

In the ETDRS, increased baseline cholesterol or

low-density lipoproteins were associated with a

higher frequency of hard exudates that were in

turn associated with increased risk of visual loss.77

Thus, by a chain of reasoning, but not by a direct

study result, elevated serum lipid levels are indir-

ectly associated with an increased risk of visual

impairment from DME.71 Multiple reports suggest

that lipid-lowering therapy can reduce retinal hard

exudates, but effects on visual acuity are inconsis-

tent.78,79 A diet restricted in animal fat and supple-

mented with unsaturated fat (corn oil diet) has been

shown to reduce the severity of retinal hard lipid

exudates. No beneficial effect on visual acuity was

noted, although possibly because of the small num-

ber of participants.80 Such diets are associated with

reduced serum cholesterol and lipid levels. Oral

clofibrate with or without androsterone is effective

in reducing the severity of hard exudates in patients

with diabetic retinopathy while simultaneously low-

ering serum cholesterol in patients with elevated

baseline cholesterol.78,81 Treatment did not affect

visual acuity nor did it slow progression to prolif-

erative retinopathy.78,81

In persons with type 1 diabetes mellitus, severity

of retinopathy is positively associated with trigly-

cerides and negatively associated with HDL choles-

terol. Using nuclear magnetic resonance analysis of

whole serum to determine concentrations of 15 dif-

ferent lipoprotein subclasses by particle size, dia-

betic retinopathy is negatively associated with

VLDL size.82 In a separate study of type 1 diabetes,

high triglycerides and high LDL at baseline were

also associated with subsequent progression of reti-

nopathy at 2 years follow-up.83 In the DCCT, the

total-to-HDL cholesterol ratio and the LDL pre-

dicted development of CSME and retinal hard exu-

dates after controlling for known confounders.6

There were no associations of multiple lipid vari-

ables and other end points such as PDR and 3-step

progression of retinopathy.6 In EDIC, the 3-step

progression of retinopathy was significantly higher

in patients with hyperlipidemia at DCCT closeout

(70% increase in risk for those with hyperlipidemia

versus those without; P¼ 0.001).32 In WESDR

among patients with younger onset diabetes, there

was no association of baseline serum lipids and

DME after controlling for HBA1c and other risk

factors.84 An elevated serum triglyceride level was a

predictor of progression to PDR in a study of type 1

DM.7

Response of DME to focal/grid laser photocoa-

gulation may depend on levels of various serum

lipid fractions. In a retrospective study of 65 eyes
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of 39 patients with DME with either type 1 or 2

diabetes receiving focal/grid laser treatment, the

visual acuity response was better in patients with

normal serum triglycerides and HDL cholesterol

than in patients with elevated triglycerides and low

HDL cholesterol.85

Hydroxy-3-methylglutaryl coenzyme A reduc-

tase inhibitors (statins) are effective in reducing

serum lipids and some evidence suggests that they

can improve DME regression rates as an adjunctive

therapy with focal/grid photocoagulation.86,87 In a

small clinical trial of patients with diabetic retino-

pathy and hypercholesterolemia, patients taking

simvastatin 20 mg/day had less worsening of visual

acuity and fundus fluorescein angiography indices

of retinopathy severity than the placebo group after

6 months follow-up.88 However, in a case–control

study of male diabetic patients with newly detected

diabetic retinopathy (cases) or not (controls) over a

4-year period, there was no association between

statin use and incident diabetic retinopathy.89

4.2.7 Anemia

Cases have been published that suggest that anemia

can exacerbate development of proliferative dia-

betic retinopathy and diabetic macular edema.90 93

Correction of anemia by subcutaneous injections of

erythropoietin has been associated with improve-

ment in macular hard exudates and visual acuity,

although not with changes in the pattern of fluor-

escein angiography.90,91 In population-based stu-

dies, however, hematocrit has not been associated

with prevalence or severity of diabetic

retinopathy.58

4.2.8 Nephropathy

Epidemiologic data from WESDR suggested that

proteinuria was associated with prevalence of DR

and incidence of PDR in younger onset diabetics

after controlling for other variables.94,95 Other inde-

pendent studies have agreed.11,59 Proteinuria was an

independent risk factor for 25-year incidence but

not 10-year incidence of DME in type 1 DM.23,24

Proteinuria was not associated with 10-year inci-

dence of DME in older onset diabetics in

WESDR.23 Low serum albumin, which may be

reflective of diabetic nephropathy, and microalbu-

minuria have been associated with more severe dia-

betic retinopathy.38,58 In black type 1 diabetics,

proteinuria was an independent risk factor for

6-year incidence of doubling of the visual angle.25

Proteinuria was associated with severity of DR at

baseline in older onset diabetics and in younger

onset diabetics with duration of disease greater

than 10 years.15,16 Proteinuria was also associated

with the 20- to 40-year cumulative incidence of PDR

in type 1 diabetics.96 The epidemiologic association

of nephropathy andDR is inconsistent, however. In

some studies no association has been found.49,7,5,59

Diabetes mellitus is one of many causes of the

nephrotic syndrome characterized by massive pro-

teinuria, hypoalbuminemia, and decrease in serum

osmolarity. This, together with retention of salt and

water, can exacerbate DME. Diuresis with furose-

mide can improve DME in such a situation.97

Hemodialysis has been associated with dilation

of retinal vessels in patients with end-stage renal

disease of varied etiology.98 Retinal vessel dilation

is an effect that in isolation would tend to exacer-

bate macular edema. The reduction of systemic salt

and water associated with hemodialysis is appar-

ently more important than the attendant retinal

vascular dilation because hemodialysis in the setting

of renal failure can improve or resolve DME.99

Analogous improvement or sustained improvement

initially brought on by hemodialysis has been

reported after renal transplantation.100 Renal trans-

plantation has also been associated with stabiliza-

tion of diabetic retinopathy.100

4.2.9 Pregnancy

Pregnancy can accelerate the course of diabetic reti-

nopathy. Nonproliferative diabetic retinopathy and

proliferative retinopathy develop in 18–58 and

5–16% of type 1 diabetic women who become preg-

nant, respectively.101 The increased cardiac output,

increased plasma volume, increased retinal blood

flow, and occasional onset of anemia concomitant

with pregnancy can be associated with new onset
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DME that can resolve spontaneously after delivery

(Fig. 4.6).101,102 Development and progression of

capillary nonperfusion is irreversible and can perma-

nently impair visual acuity.101 The progression of

retinopathy during pregnancy is related to baseline

retinopathy at conception with faster progression

seen in patients with more advanced retinopathy.103

Poorer glycemic control at conception and faster

improvement early in pregnancy are additional risk

factors associated with higher risk of progression of

retinopathy.104 There can be spontaneous regression

of changes in nonproliferative retinopathy and even

proliferative retinopathy after delivery, but if high-

risk proliferative retinopathy develops, panretinal

laser photocoagulation is indicated rather than

observation with anticipation of spontaneous post-

partum regression.105,106 Proliferative diabetic reti-

nopathy can develop rapidly, and more frequent

ophthalmoscopic monitoring is required during

pregnancy, especially when simultaneous hyperten-

sion exacerbates the situation.101 Panretinal laser

photocoagulation should be applied for high-risk

PDR and appears as effective as in patients with

similar degrees of retinopathy who are not preg-

nant.101 Fetal morbidity and loss is higher in patients

with proliferative diabetic retinopathy, but an earlier

general recommendation that proliferative retinopa-

thy is an indication for therapeutic abortion is now

considered unsupported by the improved prognosis

for fetal survival and maternal eyesight associated

with advances in medical care.107 The use of intrao-

cular anti-VEGF drugs in the setting of pregnancy

Fig. 4.6 OCTs illustrating the potential exacerbation of
DMEby pregnancy and the potential spontaneous resolution
once delivery occurs. This 37 year old woman had previously
been treated with focal/grid laser photocoagulation for DME
of the left eye with resolution. She became pregnant in July of
2008 and over the course of pregnancy experienced recurrent

DME (left panel) that was observed rather than treated. The
corrected visual acuity dropped from 20/25 to 20/32 during
the pregnancy. She had an uneventful delivery in April of
2009, and at follow up in May 2009, the pregnancy asso
ciatedDMEhad spontaneously resolved with return of visual
acuity to 20/25 (right panel)
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has not been reported and is fraught with concerns

for adverse side effects for the fetus.

4.2.10 Other Systemic Factors

There are many other systemic factors that have been

hypothesized to influence diabetic retinopathy. These

factors are generally considered to have lesser impact,

and in a number of cases the scant evidence available

suggests that they have no impact. The waist-to-hip

ratio has been associated with a higher incidence of

DR and DME.19,108 Use of diuretics, lower serum

albumin, higher serum von Willebrand factor, and

lower plasminogen activator inhibitor level have all

been associated with worseDR.58,38 Less alcohol con-

sumption and hypomagnesemia have been associated

with worse DR.58,109 Lower serum growth hormone

has been associated with relative protection from

DR.110 Factors that have not been found to have an

association with aspects of diabetic retinopathy

include elevated total cholesterol7,36,58 60,12, HDL-

cholesterol19,58,60,12, LDL cholesterol61, non-HDL

cholesterol19, lipoprotein (a)58, serum creatinine12,

frequency of exercise5, smoking11,5,7,13,19,49,58,60, use

of aspirin13, hematocrit58, white blood cell count58,

platelet count58, use of beta blockers58, serum fibrino-

gen38,60, and diabetic neuropathy49.

In several cases, the evidence for associations is

inconsistent as for example in the case of hyperho-

mocysteinemia111,112,113. Table 4.3 shows selected

characteristics inconsistently associated with DR

across studies.

4.2.11 Influence on Visual Loss

The influence of systemic factors on visual loss, sum-

marized by the index doubling of the visual angle, is

shown in Table 4.4. All of these data derive from

Table 4.3 Inconsistent relationships of various systemic factors to prevalence, incidence, or severity of diabetic retinopathy

Factor Positive association reported No association detected

Body mass index 11 12;5;13;19;19;24;50;58;60

Serum triglycerides 38 7;19;59;60

Systolic BP 38;36;58 12

Diastolic BP 12 38;58

Proteinuria (higher prevalence) 11;59 5;7;59

Presence of macrovascular disease 58 (stroke) 38 (amputation) 5, 49;58 (CAD) 11;38 (stroke, CABG) 59

Hyperhomocysteinemia 111 112;113

Factors in the left hand column have been tested for an association with presence of or severity of diabetic retinopathy.
Columns 2 and 3 list studies that report a positive association or lack of an association, respectively. Results of multivariate
testing were taken if the univariate and multivariate results were discordant. BP blood pressure; CAD coronary artery
disease; CABG coronary artery bypass grafting.

Table 4.4 Influence of Systematic Factors on Doubling of the Visual Angle in Three Types of Diabetes Mellitus

Younger onset Older onset, taking insulin Older onset, not taking insulin

Increasing baseline HbA1C X X (X)

Higher SBP X X

Higher DBP X X

Proteinuria X X

Smoking history X

Smoking pack years X X (but in a paradoxical direction)

DME X X X

Retinopathy severity X X X

Data for visual impairment are similar to data for doubling of visual angle for each group. Empty cells mean no association
was found on univariate analysis. A black X means that an association was found on univariate analysis. A red X means that
the association persisted in a multivariate analysis. The analyses at 10 and 14 years were similar in results, but in the few cases
where they differed, the 14 year results are shown. The parenthesis means that the association was present on multivariate
analysis only. All data from Moss114.
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WESDR. Less information is available for African

Americans with type 1 DM. From the New Jersey

725 study, baseline poor glycemic control and pro-

teinuria were predictors for higher 6-year incidence

rates of doubling of the visual angle.25

4.3 Effects of Systemic Drugs

4.3.1 Diuretics

In a univariate analysis, the use of diuretics by

patients with diabetes was associated with more

severe diabetic retinopathy.58 Furosemide has been

associated with improvement in DME in a patient

with the nephrotic syndrome.97 This clinical obser-

vation contradicts the implication of an experimen-

tal study in monkeys showing inhibition of the

retinal pigment epithelial pump by furosemide and

was explained by hypothesizing a normalization of

vascular oncotic pressure in the patient with

nephrotic syndrome.97,115 History of diuretic use

at baseline was not associated with 10-year inci-

dence of DME in WESDR.23

4.3.2 Renin–Angiotensin System Drugs

The renin–angiotensin system is a biochemical

pathway active within the retina and suspected to

be of clinical importance in the regulation of retino-

vascular tone and inflammatory pathways (see

Chapter 1).116,117 Renin cleaves angiotensinogen to

yield angiotensin I, which is in turn cleaved by

angiotensin-converting enzyme (ACE) or chymase

into angiotensin II. Angiotensin II binds to the

angiotensin II receptor (type I) to produce vasocon-

striction and activation of nuclear factor-kB. ACE

inhibitors and angiotensin receptor (type 1) block-

ers treat hypertension by inhibiting this pathway,

leading to vasodilation.117 Angiotensin II also pro-

motes angiogenesis and increased vascular perme-

ability, providing a rationale for how ACE inhibi-

tors might beneficially affect DME and progression

to PDR.116

The clinical effects of drugs designed to act at

various points of the RAS pathway have been

inconsistent. In a controlled, open label study, the

ACE inhibitor lisinopril was effective in reducing

DME.118 An acute decrease in blood pressure asso-

ciated with a dose of captopril in hypertensive dia-

betics with nonproliferative retinopathy was not

associated with an acute change in the blood–retinal

barrier permeability, but over 6 months of captopril

therapy the permeability declined.119,120 In normo-

tensive diabetics treated with captopril for 18 months,

the blood–retinal barrier permeability also declined.121

The EURODIAB Controlled Trial of Lisinopril in

Insulin-Dependent Diabetes examined normotensive

patients randomized to lisinopril 10–20 mg/day or

placebo over 2 years of follow-up. Retinopathy sever-

ity was graded from fundus photographs and retino-

pathy end points were secondary outcomes. The odds

ratios for risk of progression by two levels of retino-

pathy severity was 0.27 (95% CI 0.07–1.99, P¼ 0.05)

and for progression to PDR was 0.18 (95% CI

0.04–0.82, P¼ 0.03).122 A meta-analysis of four

clinical studies of ACE inhibitors on progression

of DR led to a conclusion of a suggested beneficial

effect.117

On the other hand, the ACE inhibitor captopril

was no more effective than atenolol in retarding

progression of retinopathy in the UKPDS.61 In a

univariate analysis from a separate epidemiologic

study, the use of angiotensin-converting enzyme

inhibitors by patients with diabetes was associated

with more severe, rather than less severe, diabetic

retinopathy.58

In a trial of candesartan, a blocker of the angio-

tensin receptor (type 1), in which retinopathy end

points were the primary outcomes, results

depended on the presence or absence of retinopa-

thy at baseline. Treatment of type 1 diabetic

patients without retinopathy at baseline showed

a reduction in incidence of 3-step progression

of retinopathy at 4.7 years of follow-up.123 In a

parallel study involving patients with baseline dia-

betic retinopathy and similar follow-up, candesar-

tan did not affect 3-step progression of retinopa-

thy.123 A phase 2 randomized clinical trial is

presently underway comparing the renin inhibitor

aliskiren versus amlopidine in patients with

hypertension and DME (Novartis protocol

SPP100A2244). Further work will be needed to

unravel the complicated effects of the RAS path-

way on DR.
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4.3.3 Aldose Reductase Inhibitors

Aldose reductase inhibitors are hypothesized to be

useful in treating diabetic retinopathy based on two

mechanisms. First, hyperglycemia can cause

increases in intracellular sorbitol mediated by the

enzyme aldose reductase. Increased intracellular sor-

bitol in turn causes cytoplasmic swelling via osmosis.

Second, the conversion of glucose to sorbitol cata-

lyzed by aldose reductase requires NADPH as a

cofactor. By depleting cellular NADPH supplies,

the aldose reductase reaction reduces intracellular

defenses against reactive oxygen species. Aldose

reductase inhibitors thus act in two ways to mitigate

the adverse effects of hyperglycemia.

Two aldose reductase inhibitors have been used

clinically in the context of diabetic retinopathy. Sor-

binil slightly reduces the rate of new microaneurysm

formation. Tolrestat decreases leakage from focal

intraretinal lesions on fluorescein angiography.

Both effects, however, can be achieved by glucose

control itself, and in clinical practice, the minimal

beneficial effects and significant side effects of these

drugs have prevented their widespread adoption as a

method of treating diabetic retinopathy.55

4.3.4 Drugs That Target Platelets

Forty-five years ago it was observed that patients

with rheumatoid arthritis taking aspirin who also

had diabetes seemed to have a lower prevalence of

DR than would have been expected, prompting the

hypothesis that aspirin might be a medical therapy

for DR.124 The hypothesis is rational because of

evidence that capillary microthrombi are important

in the pathogenesis of diabetic retinopathy and that

hyperglycemia impairs platelet function.125 Subse-

quently, anti-platelet aggregation drugs have been

studied in clinical trials designed to investigate their

effects on diabetic retinopathy.55

Aspirin decreases platelet aggregation by inhibit-

ing platelet cyclooxygenase-1. This in turn reduces

production of thromboxane A2, a mediator of plate-

let aggregation. In a clinical trial of aspirin 1 g orally

per day compared to placebo, there was a statistically

significant but clinically unimpressive decrease in

microaneurysm counts associated with aspirin use.

The lack of a clinically important effect together with

a high incidence of gastrointestinal side effects with

this high-dose aspirin therapy has not led to wide-

spread advocacy of aspirin therapy for early diabetic

retinopathy, but many patients do take such therapy

for cardiovascular indications.55,126 Worries that

aspirin therapy might lead to worse vitreous hemor-

rhaging in more advanced diabetic retinopathy was

one concern studied in the ETDRS. In that study, the

risk of vitreous hemorrhage and visual loss in the

aspirin group was no higher than in the placebo

group. In addition, progression of retinopathy was

no different between the aspirin and control

groups.127 Other studies provide supportive evidence

of lack of effect of aspirin on time to occurrence or

recurrence rates of diabetic vitreous hemorrhage.128

There is no evidence that aspirin use influences pre-

valence ofDR.13,23 The 10-year incidence ofDME in

both younger onset and older onset diabetics was not

associated with baseline use of aspirin.23

Dipyridamole inhibits platelet aggregation by inhi-

biting platelet reuptake of adenosine and inhibiting

platelet adenosine deaminase, both actions that

increase extracellular adenosine concentrations, an

anti-platelet aggregation mechanism independent of

that of aspirin. A clinical trial comparing combination

therapy with aspirin 1 g orally per day and dipyrida-

mole 25 mg orally per day reduced microaneurysm

counts compared to placebo and compared to aspirin

alone. The effect, although statistically significant, was

clinically unimpressive, and such therapy has not been

adopted for the treatment of diabetic retinopathy. As

with aspirin monotherapy, there are many patients

who take such combined therapy for independent car-

diovascular indications, and they may be accruing a

small benefit with regard to their retinopathy.55,126

Ticlopidine is an adenosine diphosphate receptor

inhibitor that reduces platelet aggregation. Oral

therapy reduced microaneurysm counts but side

effects such as thrombotic thrombocytopenic pur-

pura and neutropenia outweighed the retinopathy

benefits, and in general it is not used for the treat-

ment of diabetic retinopathy.55

In summary, considerable basic science suggests

that anti-platelet drugs might have beneficial effects

on DR, but no clinical trials have yet proven their

importance.129 It is possible that different dosing

regimens or combinations of drugs may realize the

promise of this therapeutic avenue.130
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4.3.5 Statins

Hydroxymethylglutaryl coenzymeA reductase inhi-

bitors (HMGCaA reductase inhibitors, or statins)

have been associated with a reduction in recurrence

rates of diabetic vitreous hemorrhage and reduction

in rates of retinopathy progression in small clinical

studies.88,128 In a case–control chart review, use of

statins was not associated with reduced develop-

ment of diabetic retinopathy.89 Statins may have

beneficial effects on diabetic retinopathy by reduc-

tion of serum cholesterol levels, by direct anti-apop-

tosis effects on retinal endothelial cells, and by pro-

tection of the blood–retinal barrier through anti-

inflammatory effects.72,131 Statins may also change

the response to focal/grid laser for DME. In a small

randomized trial, atorvastatin increased the resolu-

tion in macular hard exudates at 18 weeks following

laser treatment compared to patients with similar

severity of DME not receiving drug.86

4.3.6 Protein Kinase C Inhibitors

Protein kinase C b (PKC b) is activated in diabetes

with multiple effects linked to development and pro-

gression of DR including thickening of basement

membranes, increased leukocyte vascular adhesion,

increased vascular permeability, and prolongation of

retinal circulation time (see Chapter 1).132,133 Rubox-

istaurin is a PKC b inhibitor that has been shown to

reduce the progression of DME > 100 mm from the

center of the macula to DME <100 mm from the

center of the macula in a randomized clinical trial

over 3 years.134 In addition, the drug reduced the

frequency of sustained moderate visual acuity loss,

the rate of decrease of visual acuity associated with

severe DME, and the need for focal/grid laser treat-

ment.134,135 Ruboxistaurin is in continued phase 3

randomized trials and is not available for clinical use.

4.3.7 Thiazolidinediones (Glitazones)

Thiazolidinediones are oral antidiabetic drugs that

bind to peroxisome proliferator–activator receptor

gamma and act as insulin sensitizers. They have

been found to raise plasma vascular endothelial

growth factor and to be associated with peripheral

edema in 3–7.5% of patients taking them, especially

when used in combination with insulin.136 138 Ret-

rospective case reports and case series have sug-

gested that use of these drugs may be associated

with induction or exacerbation of DME.139,131,141

Cessation of thiazolidinedione use led to reduction

of DME in 73% and resolution of DME in 36% of

patient, respectively.140 A case–control study did

not show a higher incidence of DME in diabetics

taking thiazolidinediones as might have been

expected from the anecdotal reports, but did show

a delay in progression of severe NPDR to PDR in

patients taking these drugs.142 A prospective cohort

study from a managed care organization with

170,000 diabetic patients showed that thiazolidine-

dione use was associated with DME with an odds

ratio of 2.6 (95% CI 2.4–3.0).143

4.3.8 Miscellaneous Drugs

Use of oral hypoglycemic drugs has been associated

with an increased 4-year incidence of DR compared

to management of diabetes by diet.18 The atypical

antipsychotic drug risperidone has been reported to

exacerbate diabetes and has been associated with

lipemia retinalis.144

4.4 Ocular Factors Influencing Diabetic
Retinopathy

Diabetic retinopathy severity is affected by certain

ocular factors.58 In a multivariate model incorporat-

ing demographic variables (age, gender, race, dura-

tion of diabetes, stroke history, coronary artery dis-

ease history, drinking history, smoking history) and

systemic variables (fasting blood glucose, diabetes

medications, serum lipids, blood pressure, hyperten-

sion medication use, diuretic use, and certain labora-

tory tests), the following ocular variables were asso-

ciated with increasing severity of DR: smaller retinal

arteriole/venule ratio, presence of retinal A/V nick-

ing, and focal arteriolar narrowing.58 In black type
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1 diabetics, greater baseline retinopathy severity is an

independent risk factor for 6-year incidence of dou-

bling of the visual angle.25

InWESDR, greater baseline retinopathy severity

was associated with a higher incidence rate of DME

in both younger and older onset diabetics (Figs. 4.7

and 4.8).23 Other studies have confirmed the asso-

ciation in type 1 diabetics.24 Using the state of no

DR as the reference level, and a modification of the

ETDRS adaptation of the modified Airlie House

classification of DR (see Chapter 5), the hazard

ratios for incidence of DME for retinopathy sever-

ity levels 21 (minimal NPDR), 31–37 (mild NPDR),

43–53 (moderate–severe NPDR), and 60+ (PDR)

were 1.52, 2.71, 3.26, and 3.40, respectively.24

In addition to systemic factors associated with

progression of retinopathy, certain ocular factors

are predictive. The main ocular factor associated

with progression to PDR in type 1 DM is presence

of NPDR.7 In WESDR, multivariate analyses

showed that less severe retinopathy at baseline was

associated with�2-step progression of DR severity.4

Fig. 4.7 Graph of the 10 year incidence of DME in younger
onset diabetics in WESDR by baseline DR severity. Data
from Klein et al.23 The definitions of the retinopathy severity

levels follow: 10 no diabetic retinopathy; 21, 31, 37, 43, 47,
and 53 nonproliferative diabetic retinopathy of increasing
severity; and 60+ proliferative diabetic retinopathy

Fig. 4.8 Graph of the 10
year incidence of DME in
older onset diabetics
regardless of insulin use in
WESDR by baseline DR
severity. Data from Klein
et al.23 The definitions of the
retinopathy severity levels
follow: 10 no diabetic
retinopathy; 21, 31, 37, 43,
47, and
53 nonproliferative
diabetic retinopathy of
increasing severity; and
60+ proliferative diabetic
retinopathy

4 Systemic and Ocular Factors Influencing Diabetic Retinopathy 95



Greater baseline severity of diabetic retinopathy was

associated with a higher rate of progression to pro-

liferative retinopathy in the ETDRS. Of eyes with

levels 35 (mild NPDR), 43, and 47 (moderate

NPDR), and 53 (severe NPDR) retinopathy at base-

line, 15.2, 21, 27, and 57.8%, respectively, progressed

to high-risk proliferative diabetic retinopathy after 5-

year follow-up.145 A similar result was found in the

UKPDS in patients with type 2 diabetes. In patients

with no retinopathy at baseline, 0.2 and 2.6%

required photocoagulation at 3 and 9 years of fol-

low-up, respectively.146 In patients with microaneur-

ysms ormore severe retinopathy in both eyes at base-

line, 15.3 and 31.9% required laser photocoagulation

at 3 and 9 years, respectively. The commonest indica-

tion for laser treatment was diabetic macular

edema.146 In adult patients with type 1 diabetes,

there was an association of larger arteriolar and

venular caliber with progression of retinopathy

severity from mild to severe and with development

of proliferative diabetic retinopathy.147

Diabetic retinopathy is generally symmetric

between the two eyes. The Spearman correlation

coefficient between the two eyes for diabetic retino-

pathy severity at 10-year follow-up in WESDR was

0.90, 0.82, and 0.82 for the younger onset, older

onset taking insulin, and older onset not taking

insulin groups, respectively.148 Thus, asymmetry of

retinopathy provides clues regarding protective or

predisposing ocular risk factors for retinopathy.

Some factors associated with protection from

PDR are optic atrophy, higher intraocular pressure,

unilateral glaucoma, and chorioretinal scar-

ring.149 152 Bilateral glaucoma has not been found

to influence prevalence of DR.13 Myopia has been

inconsistently associated with protection from dia-

betic retinopathy; higher degrees of myopia seem to

provide more protection when an association has

been discerned.13,153 Although ipsilateral carotid

occlusive disease was raised as a possible protective

factor against development of PDR in a study based

on ophthalmodynamometry, a later prospective

study using fluorescein angiography to document

neovascularization found no association.154,155

There are also regionally protective factors for dia-

betic retinopathy within the same eye. For example,

diabetic eyes with tilted disk syndrome and inferior

staphylomasmay have sparing from diabetic retino-

pathy in the area of the thinner retina inferiorly.156

4.5 Diabetic Retinopathy
and Associated Comorbidity

Systemic factors influence not only diabetic retino-

pathy but also aspects of diabetic retinopathy can

be warning signs regarding systemic health. In a

population-based study of adults aged 40 and

above in Beijing, diabetic-like retinopathy was an

independent predictor of all cause mortality.157 In

population-based studies from the Australia and

the United States, baseline presence of retinopathy

was associated with increased mortality from cor-

onary heart disease and cardiovascular disease (cor-

onary heart disease and stroke), respectively.158,159

Presence of CSMEwas significantly associated with

all cause mortality and ischemic heart disease mor-

tality in patients with type 2 diabetes, but not with

type 1 diabetes.160 In two independent Finnish

population-based studies, PDR in type 2 DM was

associated with coronary heart disease death.161,162

In the Atherosclerosis Risk in Communities Study,

presence of DR at baseline was associated with a

higher rate of congestive heart failure after 9 years

of follow-up.163 Such broad-based evidence across

multiple countries suggests that patients with

diabetic retinopathy need heightened surveillance

for the detection of cardiovascular disease.160,163

DME may be an indicator of generalized vascu-

lar hyperpermeability as reflected in urinary

albumin excretion and transcapillary escape of

albumin.164

4.6 Economic Consequences

Glycemic control has economic consequences. In a

modeling study based on existing epidemiologic

studies, a change in the average HbA1c level for

the population from 7.25 to 9.6 was associated

with an increase in 30-year average direct medical

cost to manage the diabetic complications from

$35,000 to $49,000, other variables being held con-

stant.165 Conversion from conventional to intensive

glucose control has been predicted to cost $19,987

per quality adjusted life year gained, a number well

within the range considered to represent a good

value.31,166
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4.7 Summary of Key Points

� Systemic associations with diabetic retinopa-

thy are often overlooked. Their recognition

offers approaches to treatment that may help

ocular outcomes and other aspects of health as

well.
� Retinopathy identical to that associated with

diabetes is seen in 5–10% of persons over age

40 who do not have diabetes mellitus as conven-

tionally defined.
� In type 1 diabetes mellitus, there is no glycemic

threshold below which further reduction in

HbA1c toward normal does not result in further

improvement in retinopathy end points, but the

risk of hypoglycemia correspondingly goes up as

well. A HbA1c goal is therefore an individualized

decision for each patient. In general, a goal of

7.0% strikes a balance between benefits and risks.
� Metabolic memory is a term indicating that gly-

cemic control has consequences for retinopathy

progression that persist for years. Tight control

early in the course of diabetes is thus a goal.
� Rapid improvement in glycemic control can

cause short-term worsening of retinopathy, but

is still associated with long-term better outcomes

than continued conventional control.
� Lowering blood pressure benefits multiple

aspects of DR in all subtypes of the disease.
� Awareness of the potential for pregnancy to be

associated with rapid progression of DR, of the

need for a screening examination early in the

course of pregnancy, and of the need for fol-

low-up examinations calibrated according to

the severity of retinopathy will prevent unneces-

sary visual loss.
� Patients with renal insufficiency can manifest

DME that is better managed at the systemic

level first before considering specific ocular inter-

vention such as laser photocoagulation. Control

of blood pressure, systemic fluid retention, and

anemia can lead to resolution of edema in such

cases.
� Patients with more advanced diabetic retinopa-

thy need systemicmonitoring for coronary artery

disease and peripheral vascular disease as their

risk is higher compared to patients without

retinopathy.

4.8 Future Directions

Continuous improvement in glucose monitoring

techniques with the possibility of eliminating finger-

sticks andmore widespread use of insulin pumpsmay

help more diabetics achieve intensive glycemic con-

trol with beneficial effects on retinopathy and other

complications. Improved communication between

internists, who manage the important systemic risk

factors, and ophthalmologists, who monitor the reti-

nopathy, may be expected in an era of increasing use

of the electronic medical record with benefits for out-

comes. The relationship of many drugs with potential

effects on the retina and the course of DR is largely

unexplored and will probably increase in the future.

Because of possible interactions of multiple drugs,

large databases will be advantageous in such investi-

gations, again aided by the increasing adoption of the

electronic medical record.
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Chapter 5

Defining Diabetic Retinopathy Severity

Keye Wong

The fundus abnormalities seen in diabetic retino-

pathy can conceptually be split into three categories

– those findings resulting from leaking microvascu-

lature (hemorrhages, lipid exudates, retinal edema);

those findings resulting from structural damage to

the microvasculature wall (microaneurysms); and

those findings resulting from ischemia with a subse-

quent overproduction of vascular growth factors

(cottonwool patches, intraretinal microvascular

abnormalities [IRMA], preretinal neovasculariza-

tion, fibrous proliferation, and vitreous hemor-

rhage). The severity of each of these findings can be

classified and quantified basedon the degree of retina

involvement, e.g., the number of microaneurysms

and hemorrhages in each quadrant or photographic

field, the area of retina affected by neovascular tissue

or IRMA, or the area ofmacula involvedwith retinal

thickening. Classification schemes are a means to

categorize the varying degrees of such findings to

facilitate communication. As with all specialized lan-

guages, the value of these languages depends upon

who is speaking to whom. The ultimate goal of clas-

sification schemes is to provide a system to improve

patient care. This may be achieved initially by precise

communication among researchers to define cate-

gories by which the natural history and subsequent

response to intervention(s) can be identified. Once

these research goals have been achieved these classi-

fication schemes should be understandable and

reproducible by practicing clinicians. If not, then

modification of these classification schemes is desir-

able to allow clinicians to communicate among

themselves and with their patients the expected

results of therapies demonstrated to be beneficial in

clinical trials. One should realize that the goals of

communicationbetween researchersmay be different

from the goals of communication between clinicians

and may likewise be different from the goals of com-

munication between clinician and patient. Evolution

of classification schemes is desirable dependent upon

who is communicating with whom.

Historically, the initial classification schemes for

diabetic retinopathy were developed to facilitate

communication among researchers. In 1968 the

US Public Health Service held a symposium at the

Airlie House in Warrington, PA, to develop a clas-

sification system for diabetic retinopathy.1 The

‘‘Airlie House’’ classification system used five stan-

dard photographic fields (field 2 centered on the

foveola; fields 4 and 5 just above and below the

foveola respectively; fields 1 and 3 just nasal and

temporal to the foveola respectively). Fundus

lesions (hemorrhages, microaneurysms, lipid, neo-

vascularization, etc.) were classified into one of

three categories: absent, mild to moderate, or

severe. However, with only three levels of severity

graders using the Airlie House classification often

found it difficult to reach consensus. This system

therefore fell short in its ability to communicate

with consistency between researchers. The Airlie

House classification scheme did not define enough

distinction between ‘‘mild to moderate’’ lesions and

‘‘severe’’ lesions so that most lesions were lumped

into the ‘‘mild to moderate’’ category. In the ‘‘lum-

pers’’ vs. ‘‘splitters’’ distinction, there was not

enough ‘‘splitting.’’

The Diabetic Retinopathy Study (DRS) subse-

quently created the modified Airlie House
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classification system with a greater degree of ‘‘split-

ting.’’ Two additional photographic fields were ana-

lyzed (field 6 superonasal and field 7 inferonasal) to

the optic nerve head (see Fig. 5.1).

In addition, more gradations of severity for indivi-

dual components were added.2 The primary question

asked by the DRS was whether photocoagulation

helped to prevent severe visual loss from proliferative

diabetic retinopathy. Eligible patients had either prolif-

erative diabetic retinopathy or severe nonproliferative

diabetic retinopathy (definedas follows) (seeTable5.1).

One eye received photocoagulation and the other

eye received observation only during the study per-

iod. The principal outcome measure was visual

acuity of <5/200 at two consecutive 4-month inter-

vals (defined as ‘‘severe visual loss’’). For the targeted

study population, the modified Airlie House classifi-

cation scheme allowed researchers to classify lesions

consistently and to demonstrate the benefit of

immediate scatter laser photocoagulation in patients

with ‘‘high-risk’’ proliferative diabetic retinopathy.

These ‘‘high-risk’’ characteristics were (1) neovascu-

larization of the disc, (2) neovascularization of the

disc > standard photograph 10A (see Fig. 5.2), (3)

neovascularization elsewhere, and (4) vitreous

hemorrhage (defined as hemorrhage more forward

in the vitreous cavity than preretinal hemorrhage –

standard photograph 13)3 (see Fig. 5.3).

However, for patients with lesion characteristics

whichapproachedbut didnot yet reach thedefinitions

of ‘‘high-risk’’ proliferative diabetic retinopathy,

Fig. 5.1 Seven standard fields of the modified Airlie House
classification (shown for the right eye). Field 1 is centered on
the optic disc, field 2 on the macula. Field 3 is temporal to the
macula. Fields 4 7 are tangential to the horizontal lines pas
sing through the upper and lower poles of the disc and to a
vertical line passing through its center. Reproduced from
ETDRS Research Group3

Table 5.1 DRS definition of severe nonproliferative diabetic
retinopathy

Any three of the following characteristics:

Soft exudates definitely present in � 2 of
photographic fields 4 7

IRMA definitely present in � 2 of photographic
fields 4 7

Venous beading definitely present in � 2 of
photographic fields 4 7

Hemorrhages and/or microaneurysms � severe
(� std photo 2A) in � 1 of photographic fields 4 7

Or

IRMA � standard photo 8A in � 2 of photographic
fields 4 7 and definitely present in the remaining two
fields

IRMA intraretinal microvascular abnormalities (dilated
preexisting vessels or intraretinal new vessels).
Adapted with permission from ETDRS Report No. 12.4

Fig. 5.2 Standard photograph 10A, defining the lower
boundary of Grade 3 (moderate) NVD. NVD covers
approximately one third the area of the standard disc
(4.7 mm diameter on the original transparency) and about
one fifth the area of this unusually large disc (6.0 mm dia
meter on the original transparency). The unusual size of this
disc was not taken into consideration when it was chosen as a
standard, and is disregarded in grading (i.e., the area of the
NVD in the photograph being graded is compared with that
in the standard, without regard to the size of the discs).
Reproduced with permission from the Early Treatment Dia
betic Retinopathy Study Research Group
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the DRS results were not helpful in determining

whether immediate photocoagulation was a better

treatment strategy as compared to deferral of

scatter photocoagulation until ‘‘high-risk’’ charac-

teristics developed. The Early Treatment Diabetic

Retinopathy Study (ETDRS) therefore was

designed to answer whether a strategy of earlier

treatment with scatter photocoagulation was ben-

eficial. As in the DRS, the primary end point was

the rate of development of visual acuity <5/200 at

two consecutive 4-month visits. However, since

DRS results had already indicated that eyes with

proliferative diabetic retinopathy and high-risk

characteristics were at increased risk of ‘‘severe

visual loss,’’ ETDRS data were also analyzed to

determine rates of progression to proliferative

diabetic retinopathy.

The ETDRS additionally asked whether laser

photocoagulation of diabetic macular edema was

helpful. The primary end point for this group of

patients with macular edema was the rate of devel-

opment of loss of 15 or more letters from baseline

(defined as ‘‘moderate visual loss’’).

In attempting to answer these two study ques-

tions, the classification system of themodifiedAirlie

House system was felt to have not enough detail in

the categories of moderate to severe NPDR and the

‘‘interim’’ ETDRS scale was designed. Besides the

modified Airlie House lesions of microaneurysms,

IRMA, NVE, and fibrous proliferations, the

ETDRS asked that photographs be graded addi-

tionally for hard exudates, cottonwool patches,

arteriovenous nicking, retinal elevation, and vitr-

eous hemorrhage.3 Venous abnormalities were

further subdivided into venous beading, venous

narrowing, venous loops, venous sheathing, and

perivascular exudate. The grading of each of these

17 factors in multiple stereoscopic fields with sev-

eral steps of severity presents a rather complicated

grading scheme. The ETDRS ‘‘interim’’ scale classi-

fication is shown in Table 5.2.

Subsequent analysis of ETDRS data validated

the prognostic power of this ‘‘interim’’ scale and

this interim scale was thereby modified to a ‘‘final’’

scale4 (see Table 5.3).

Onemay notice that the numbers used are different

between the interim and final scales (see Table 5.4).

In contrast to the numerical severity levels (of use

principally to professional graders), the verbal defi-

nitions5 of the ETDRS classification scheme in gen-

eral are more easily understood (e.g., macular

edema, mildNPDR, high-risk PDR) (see Table 5.5).

However, some of the definitions (e.g., clinically

significant macular edema, severe NPDR) remain

so complex as to make clinical application proble-

matic (as evidenced by the impetus behind the

Fig. 5.3 Standard photograph 13, one of two standards used
(interchangeably) to define the lower boundary of Grade 3
(moderate) preretinal hemorrhage. Reproduced with permis
sion from the Early Treatment Diabetic Retinopathy Study
Research Group

Table 5.2 ETDRS interim scale

Level Definition

30 A Venous loops definitely present

30 B Soft exudates, IRMA, or venous beading
questionable

30 C Hemorrhages present but less than severe in 1 3
fields

30 D Definite hard exudates

30 E Hard exudates > moderate in 1 field

41 A Definite IRMA in 1 3 fields

41 B Definite soft exudates in 1 3 fields

45 A Definite soft exudates in 4 5 fields

45 B Definite IRMA in 4 5 fields or moderately severe
IRMA in 1 field

45 C Definite venous beading in 1 field

45 D Severe hemorrhages in 1 3 fields

51 A Severe hemorrhages in 4 5 fields

Reproduced from ETDRS Report No. 12.4
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proposed International Clinical Diabetic Retinopa-

thy and Diabetic Macular Edema Severity Scales).

Although complicated the ETDRS severity scale

has become the de facto gold standard for grading

diabetic retinopathy severity in clinical trials. In the

recently described International Classification

Scheme (see below) theGlobal Diabetic Retinopathy

Project Group believed that ‘‘retina specialists were

considered to be familiar with the ETDRS classifica-

tion systemand expected to continue using either it or

their personal customized modifications.’’6 They are

likelymaking this statement in reference to the verbal

definitions as the numerical levels are of value only

for communication among researchers or the extre-

mely obsessive–compulsive clinician.

The additional value which the ETDRS classifi-

cation provides in ‘‘splitting’’ categories can be

found in natural history data. Based on a patient’s

current ETDRS retinopathy level, one can predict

the chance of developing high-risk proliferative reti-

nopathy7 (see Table 5.6).

In retrospect, a careful inspection of this data

demonstrates a deficiency of the ETDRS classifica-

tion scheme, whereas moderate NPDR (level 47)

carries an 8.6% 1-year risk of developing high-risk

PDR, severe NPDR (level 53e) carries a 45% risk of

developing high-risk PDR. Therefore, a jump in a

single numerical level of severity (47–53) results in a

big jump in risk (8.6–45%). Ideally, the risk of

developing high-risk PDRwill show a linear change

in risk as one progresses along the severity scale.

The demonstration by the ETDRS that a patient’s

1- and 3-year risk of progressing to high-risk prolif-

erative retinopathy increases dramatically when that

patient’s severity level increases from moderate to

severe NPDR has led to a concerted effort by the

Table 5.3 ETDRS final scale

Level Definition

10 Microaneurysms and other characteristics absent

20 Microaneurysms definite, other characteristics
absent

35 A Definite venous loops in 1 field

35 B Questionable soft exudates, IRMA, or venous
beading

35 C Hemorrhage present

35 D Definite hemorrhage in 1 5 fields

35 E Moderately severe hemorrhages in 1 field

35 F Definite soft exudates in 1 field

43 A Moderately severe hemorrhages in 4 5 fields or
severe hemorrhages in 1 field

43 B Definite IRMA in 1 3 fields

47 A Both 43 A and 43 B definitions

47 B Definite IRMA in 4 5 fields

47 C Severe hemorrhages in 2 3 fields

47 D Definite venous beading in 1 field

53 A �2 level 47 definitions

53 B Severe hemorrhages in 4 5 fields

53 C Moderately severe IRMA in 1 field

53 D Definite venous beading in 2 3 fields

53 E 2 or more level 53 definitions

Reproduced from ETDRS Report No. 12.4

Table 5.4 Comparison of ETDRS interim vs. final scales

Interim scale Final scale Severity

30 A

30 B

30 C

30 D

30 E

35 A Mild NPDR

35 B

35 C

35 D

35 E

35 F

41 A

41 B

43 A Moderate NPDR

43 B

45 A

45 B

45 C

45 D

47 A Moderately severe NPDR

47 B

47 C

47 D

51 A

51 B

51 C

53 A Severe NPDR

53 B

53 C

53 D

53 E

55 A

55 B

55 C

55 D

61 Mild PDR

65 Moderate PDR

71 High risk PDR

Adapted from ETDRS Report No. 12.4
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American Academy of Ophthalmology to educate

ophthalmologists to attempt differentiate severe

NPDR from lesser levels. A simplified technique to

identify severe NPDR is the 4:2:1 rule.8 The 4:2:1 rule

classifies severe NPDR as eyes with hemorrhages in

four quadrants > standard photograph 2A (see

Fig. 5.4); or venous beading in two quadrants > stan-

dard photograph 6A (see Fig. 5.5); or IRMA > stan-

dard photograph 8A in one quadrant (see Fig. 5.6).

Table 5.5 ETDRS definitions of commonly used terms

A.Macular edema Thickening of retina within 1 disc diameter of the center of the macula; and/or hard exudates�
standard photograph 3 in a standard 308 photographic field centered on the macula (field 2),
with some hard exudates within 1 disc diameter of the center of the macula

B. Clinically significant
macular edema

Retinal thickening at or within 500 mmof the center of the macula; and/or hard exudates at or
within 500 mm of the center of the macula, if associated with thickening of the adjacent
retina; and/or a zone or zones of retinal thickening one disc area in size at least part of
which was within 1 disc diameter of the center

C.Mild NPDR At least one microaneurysm, and definition not met for D, E, F, or G below

D.Moderate NPDR Hemorrhages and/or microaneurysms � standard photograph 2A, and/or soft exudates,
venous beading, or intraretinal microvascular abnormalities definitely present, and
definition not met for E, F, or G below

E. Severe NPDR Soft exudates, venous beading, and intraretinal microvascular abnormalities all definitely
present in at least two of fields 4 through 7; or two of the preceding three lesions present in
at least two of fields 4 through 7 and hemorrhages and microaneurysms present in these
four fields, equaling or exceeding standard photograph 2A in at least one of them; or
intraretinal microvascular abnormalities present in each of fields 4 through 7 and equaling
or exceeding standard photograph 8A in at least two of them; and definition not met for F
or G below

F. Early PDR New vessels; and definition not met for G below

G.High risk PDR New vessels on or within 1 disc diameter of the optic disc (NVD)� standard photograph 10A
(about 1/4 to 1/3 disc area), with or without vitreous or preretinal hemorrhage; or vitreous
and/or preretinal hemorrhage accompanied by new vessels, either NVD < standard
photograph 10A or new vessels elsewhere (NVE) � 1/4 disc area

H.Less severe retinopathy Mild or moderate nonproliferative retinopathy

I. More severe retinopathy Severe nonproliferative or early proliferative retinopathy

J. Severe visual loss Visual acuity < 5/200 at two consecutive follow up visits (scheduled at 4 month intervals).

K.Moderate visual loss Loss of 15 or more letters between baseline and follow up visit, equivalent to doubling of the
initial visual angle (i.e., 20/20 20/40 or 20/50 20/100)

Reproduced from ETDRS Report No. 9.7

Table 5.6 Risk of developing high risk proliferative retino
pathy in all eyes assigned to deferral by baseline retinopathy
severity level

ETDRS

retinopathy

level

1-year risk of

developing HR

PDR (%)

3-year risk of

developing HR

PDR (%)

5-year risk of

developing HR

PDR (%)

Level � 35 0.8 6.7 15.5

Level 43 3.3 14.2 26.5

Level 47 8.6 24.4 39.4

Level 53a d 14.6 39.5 56.0

Level 53e 45.0 64.9 71.3

Level 61 21.7 48.6 63.8

Level � 65 45.5 67.2 74.7

Reproduced from ETDRS Report No. 9.7

Fig. 5.4 Standard photograph 2A, intermediate standard for
hemorrhages/microaneurysms. This is the minimum grade of
hemorrhages and microaneurysms necessary for diagnosing
severe nonproliferative diabetic retinopathy. Reproduced
with permission from the Early Treatment Diabetic Retino
pathy Study Research Group
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One should recognize, however, that the 4:2:1

description of severe NPDR describes a level of

disease severity that is less than the DRS definition

of severe NPDR (see Table 5.1) and also less than

the ETDRS definition of severe NPDR. The

ETDRS definition of severe NPDR is characterized

by any one of three clinical descriptions.9 In the first

description, soft exudates, venous beading, and

IRMA all have to be present in at least two photo-

graphic fields (quadrants). The 4:2:1 rule makes no

mention of soft exudates and requires IRMA in

only one quadrant. The second ETDRS description

most closely approximates the 4:2:1 rule with

hemorrhages in all four quadrants (but only greater

than standard photograph 2A in one of them) and

also with two of the following three lesions (soft

exudates, venous beading, or IRMA) present in

two fields. The 4:2:1 rule requires only hemorrhages

in four quadrants or venous beading in two quad-

rants or IRMA in one quadrant. In contrast, the

second ETDRS description requires hemorrhages in

four quadrants and two of the three lesions in two

quadrants. The third ETDRS description of severe

NPDR stipulates IRMA in four quadrants with at

least two of the quadrants having severity� standard

photograph 8A. The 4:2:1 rule therefore describes a

level of diabetic retinopathy severity which is prob-

ably intermediate between the ETDRS definition of

moderate and severeNPDR.Althoughprobably rea-

sonable, one must realize that the 4:2:1 rule is an

extrapolation but not identical to ‘‘severe NPDR’’

as defined in the ETDRS. The scant evidence avail-

able suggests that clinicians are poor at correctly

discerning severe NPDR despite the intensive

educational efforts toward the goal of accurate

diagnosis.10

The second question asked by the ETDRS was

whether laser photocoagulation of diabetic macular

edema was helpful in reducing the rate of moderate

visual loss. Enrolled patients could have 20/20 visual

acuity in which vision gain was not likely. The

ETDRS was conducted in an era prior to optical

coherence tomography and defined macular edema

and clinically significant macular edema based on

examination of stereo fundus photographs. When

macular edema was defined as retinal thickening

within 1 disc diameter of the center of the macula,

protocol laser treatment was not shown to reduce the

risk of moderate visual loss within the initial 2 years

following treatment (see Fig. 5.7).

When macular edema was more strictly defined

to be closer to the fovea (clinically significant

Fig. 5.5 Standard photograph 6A, less severe of two stan
dards for venous beading. Twomain branches of the superior
temporal vein show beading that is definite, but not severe.
Reproduced with permission from the Early Treatment Dia
betic Retinopathy Study Research Group

Fig. 5.6 Standard photograph 8A, less severe of two stan
dards for grading soft exudates and IRMA. This is the mini
mum standard for grading IRMA sufficient to diagnose
severe nonproliferative diabetic retinopathy. Reproduced
with permission from the Early Treatment Diabetic Retino
pathy Study Research Group
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macular edema), the rate of moderate visual loss

was decreased by 50% (24% of untreated eyes com-

pared to about 12% of treated eyes at 3 years).11

Based on this data, the ETDRS recommended that

‘‘eyes with CSME with center involvement should

be considered for immediate laser treatment.’’ Since

the ETDRS demonstrated that subclassifying dia-

betic macular edema severity as ‘‘clinically signifi-

cant’’ or ‘‘not clinically significant’’ resulted in a

differential response to laser therapy, it is important

for the clinician to recognize this distinction. How-

ever, like ETDRS severity levels, the definition of

CSME is a research definition initially designed for

use by professional graders reviewing stereoscopic

fundus photographs. In clinical practice the ability

to distinguish ‘‘clinically significant macular

edema’’ from ‘‘macular edema’’ may be difficult to

reproduce. Furthermore, following laser therapy it
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Fig. 5.7 Comparison of
percentages of eyes that
experienced visual loss of 15
or more letters (equivalent to
at least doubling of the initial
visual angle) in eyes
classified by severity of
macular edema in baseline
fundus photographs and
assigned to either immediate
photocoagulation for
macular edema (broken line)
or deferral of
photocoagulation unless
high risk characteristics
develop (solid line).
Reproduced with permission
from ETDRS Research
Group11
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may also be difficult to clinically determine

improvement or resolution of clinically significant

macular edema. In the DRS and ETDRS there was

a lack of concordance between the professional gra-

ders and clinicians in determining macular edema

with the two groups agreeing only 55% of the time

on the diagnosis after taking into account the agree-

ment due to chance.12 This subjective variability in

diagnosing CSME may have practical implications

in reproducing the beneficial results of laser therapy

demonstrated in the ETDRS.

The DRS and the ETDRS demonstrated two

thresholds of diabetic retinopathy severity for recom-

mending laser therapy to help prevent vision loss: (1)

proliferative diabetic retinopathy with high-risk char-

acteristics and (2) clinically significant macular edema.

The Global Diabetic Retinopathy Project Group has

attempted to simplify the classification scheme to facil-

itate early detection of these threshold levels.6 They

have proposed an International Classification Scale to

help communication between comprehensive ophthal-

mologists and primary care physicians to hopefully

allow these threshold levels to be detected earlier.

Rather than utilizing 12 levels of severity (level

10–85) with 12 corresponding descriptive terms

(mild NPDR, moderate NPDR, moderately severe

NPDR, mild PDR, high-risk PDR, etc.), this inter-

national panel of experts proposed reducing the

number of levels. The distinguishing feature of this

classification scheme is an attempt to distinguish

patients with severe NPDR or worse from patients

with less than severe NPDR. The rationale pro-

posed lies in using the 4:2:1 rule as a simplified

method to identify severe NPDR. As previously

stated these definitions of severe NPDR approxi-

mate each other but are not equivalent.

In reviewing the ETDRS data the Global Dia-

betic Retinopathy Project Group realized that the

presence of IRMA and venous beading was more

predictive of the risk of progressing to high-risk

PDR, whereas retinal hemorrhages and microa-

neurysms alone were poorly predictive. For this

reason their classification scheme deemphasizes

the recognition of hemorrhages and microaneur-

ysms (see Table 5.7).

A separate severity scale was proposed for dia-

betic macular edema (see Table 5.8).

The global issues prompting a separate severity

scale for diabetic macular edema were purported to

be the use of direct ophthalmoscopy by primary

care physicians to examine the retina. The ETDRS

standard of diagnosing ‘‘clinically significant macu-

lar edema’’ as the indication to benefit from laser

treatment would therefore not be applicable to

practitioners untrained in the use of slit lamp bio-

microscopy. This proposed International Classifi-

cation Scheme merits consideration in facilitating

communication but has not been validated with

regard to its ability to overdiagnose or underdiag-

nose clinically significant macular edema.

Table 5.7 Proposed International Clinical Diabetic Retino
pathy Severity Scale

Proposed disease
severity level

Findings observable on dilated
ophthalmoscopy

No apparent
retinopathy

No abnormalities

Mild NPDR Microaneurysms only

Moderate NPDR More than just microaneurysms but
less than severe NPDR

Severe NPDR Any of the following: more than 20
intraretinal hemorrhages in each of
four quadrants; definite venous in
2+ quadrants; prominent
intraretinal microvascular
abnormalities in 1+ quadrant;
and no signs of PDR

PDR One or more of the following:
neovascularization, vitreous/
preretinal hemorrhage

Reproduced with permission from Wilkinson et al.6

Table 5.8 Proposed International Diabetic Macular Edema
Severity Scale

Proposed disease
severity level

Findings observable on dilated
ophthalmoscopy

DME apparently
absent

No apparent retinal thickening or
hard exudates in posterior pole

DME apparently
present

Some apparent retinal thickening or
hard exudates in posterior pole

If DME present Mild DME: Some retinal thickening
or hard exudates in posterior pole
but distant from the center of the
macula

If DME present Moderate DME: Retinal thickening
or hard exudates approaching the
center of the macula but not
involving the center

If DME present Severe DME: Retinal thickening or
hard exudates involving the center
of the macula

Reproduced with permission from Wilkinson et al.6
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The advent of optical coherence tomogram tech-

nology to quantitate retinal thickness along with its

universal acceptance has further complicated the

issue of classifications schemes to classify diabetic

macular edema. CSME as the indication for bene-

fiting from laser therapy is either present or absent.

The quantitative analyses provided by OCT allow

the possibility of further splitting diabetic macular

edema into subclassifications analogous to the pro-

gressive splitting of classifications between the Air-

lie House classification, modified Airlie House clas-

sification, and ETDRS classification schemes. It is

not unreasonable that varying degrees of diabetic

macular edema may respond differently to varying

approaches of laser combined with pharmacologic

therapy. However, in the absence of studies demon-

strating such benefit, the ETDRS currently pro-

vides the most complete data set and ‘‘clinically

significant macular edema’’ (either present or

absent) remains the gold standard classification

scheme.

The varying definitions of diabetic ‘‘macular

edema’’ and ‘‘clinically significant macular edema’’

lend itself to difficulties in communication among

clinicians. Although the ETDRS provided distinctly

different definitions to ‘‘diabetic macular edema’’

and ‘‘clinically significant macular edema’’ some

clinicians merge the two definitions into an unde-

fined term ‘‘clinically significant diabetic macular

edema.’’ Further vagaries in undefined terminology

are ‘‘diffuse’’ and ‘‘focal’’ diabetic macular edema.

The varying definitions for these terms are based on

using different modalities (clinical examination,

fundus photography, optical coherence tomogra-

phy, and fluorescein angiography) to describe

them. Although commonly used, these terms cur-

rently are poorly defined without evidence that

additional subclassification of diabetic macular

edema into ‘‘focal’’ and ‘‘diffuse’’ changes clinical

outcome or treatment decisions.13

A DME severity scale using professional grad-

ing of the ETDRS stereo photographs has recently

been proposed.14 This scale categorized edema

based on the grader-determined area of edema

within the macula and also the degree of retinal

thickening at the foveal center relative to a refer-

ence thickness. The objective of this severity scale

was to determine whether splitting macular edema

into more levels than ‘‘present’’ or ‘‘absent’’ might

be beneficial. Not surprisingly this study did find

an association. Greater severity of both diabetic

macular edema and edema that had been present

for a longer duration was associated with vision

loss. Given the ability of OCT to accurately and

reproducibly quantify macular thickness, the

results of this DME severity scale study imply

that accurate subclassification of diabetic macular

edema may be helpful.

The beneficial role of fluorescein angiography in

classifying diabetic retinopathy severity is unclear.

The ETDRS did perform and evaluate fluorescein

angiograms in a systematic fashion. It graded the

size of the foveal avascular zone (FAZ), FAZ out-

line, capillary loss, capillary dilatation, focal nar-

rowing, vessel wall staining, severity of leakage,

source of leakage, cystoid spaces, and RPE

defects.15 These characteristics were graded typi-

cally on a 3- to 5-step scale. Graders varied in their

assessment of the degree of severity. With regard to

grading severity of features of ischemia, there was

complete agreement in grading FAZ size in 74%;

complete agreement in grading FAZ outline in

47%; and complete agreement in grading capillary

loss in 47%. With regard to fluorescein angio-

graphic signs of leakage there was complete agree-

ment in grading severity of leakage in 63%; com-

plete agreement in grading source of leakage in

60%; and complete agreement in grading cystoid

spaces in 92%. It seems that if professional graders

disagreed on classifying the severity level of fluor-

escein angiographic findings 40–50% of the time,

consistent and reproducible grading of these lesions

by clinicians may be a challenge. Reproducibility of

grading fluorescein angiograms in diabetic retino-

pathy has not improved in the 20 years since the

ETDRS, and although their use was employed in

the first clinical trial of the Diabetic Retinopathy

Clinical Research Network (DRCR.net), these

gradings have since been abandoned as insuffi-

ciently reproducible and a poor allocation of

resources in Network studies.

Besides being difficult to reproduce the grad-

ings, it is not certain that the additional informa-

tion gained from fluorescein angiographic classi-

fication helps in predicting risk of progression or

for recommending therapy. In the DRS, the indi-

cation for benefiting from laser photocoagulation

was the presence of high-risk characteristics
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detected by fundus photography (and not fluores-

cein angiography). In the ETDRS, the indication

for benefiting from laser photocoagulation was

clinically significant macular edema diagnosed

clinically and confirmed by professional graders

interpreting stereo fundus photography (and not

fluorescein angiography). The Global Diabetic

Retinopathy Project Group did not include fluor-

escein angiographic characteristics in their disease

severity scales. The 4:2:1 rule does not include

fluorescein angiographic findings. Although a

greater severity of fluorescein leakage, capillary

loss, and arteriolar abnormalities were associated

with a greater risk of progression to proliferative

retinopathy, the ETDRS did not find this to be of

clinical importance because the information avail-

able from color photography alone was sufficient

to predict progression and to make recommen-

dations for treatment.16 The information gained

from fluorescein angiography may certainly

change the extent and pattern of laser applica-

tion.17 In the ETDRS, the protocol laser treat-

ment specified a grid pattern of laser to areas of

nonperfusion18 and direct treatment to areas of

focal leakage. However, it is possible that modify-

ing the precise treatment parameters of the

ETDRS may not adversely affect treatment

outcome.19

Although the ETDRS utilized fluorescein angio-

graphy to direct laser therapy, current clinical prac-

tice suggests that fluorescein angiograms are not

universally utilized. In a recent study of the

DRCR Network utilizing 35 clinical centers across

the United States, laser treatment of diabetic macu-

lar edema was directed by fluorescein angiography

in only 51% of cases.20 Although this suggests that

clinicians believe that laser treatment without fluor-

escein guidance is effective, to date there is no clin-

ical trial to compare the vision outcomes of laser

treatment for diabetic macular edema with and

without fluorescein guidance.

Ultrawide field fluorescein angiography systems

provide information from the retinal periphery

(ischemia and vascular leakage) outside of the area

investigated by the standard fields of the ETDRS.21

Pending the results of clinical trials it is unclear as to

whether this additional information will have prog-

nostic value for diabetic patients or will provide

information to alter therapy.

5.1 Summary of Key Points

� Terms in italics are specific definitions. Under-

standing these definitions helps foster better

communication to improve patient outcomes.
� The 4:2:1 rule approximates the ETDRS defini-

tion of severe NPDR.
� Laser therapy of clinically significant macular

edema reduces the risk of moderate visual loss,

whereas laser therapy of macular edema did not

show benefit over 24 months.
� Identification of high-risk characteristicsof PDR

and application of scatter laser photocoagula-

tion lead to a significant reduction in the risk of

severe visual loss.
� ETDRS severity levels are too complex for clin-

ical use.
� Clinical examination and fundus photography

provide sufficient information for classifying

diabetic retinopathy. Information from fluores-

cein angiography may help guide therapy but

does not affect classification schemes.

5.2 Future Directions

� Determination of whether additional informa-

tion from imaging studies (optical coherence

tomography and ultrawide field fundus photo-

graphy/fluorescein angiography) is helpful in

subclassifying diabetic retinopathy.
� Determination of whether utilizing the simplified

definitions of the ‘‘International Clinical Diabetic

Retinopathy and Diabetic Macular Edema Dis-

ease Severity Scales’’ alters patient outcomes.
� Determination of whether response to therapeutic

interventions for diabetic macular edema or high-

risk PDR varies dependent upon baseline hemo-

globin A1c or systemic blood pressure control.

5.3 Practice Exercises

Exercise 1 –Does this patient have ‘‘severe NPDR’’?

(see Figs. 5.8–5.14)

Severe NPDR:

ETDRS definition 1: Soft exudates, venous

beading, and intraretinal microvascular abnormal-

ities all definitely present in at least two of fields 4

through 7 (Table 5.9).
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Fig. 5.8 Exercise 1: Field 1

Fig. 5.9 Exercise 1: Field 2

Fig. 5.11 Exercise 1: Field 4

Fig. 5.10 Exercise 1: Field 3

Fig. 5.12 Exercise 1: Field 5

Fig. 5.13 Exercise 1: Field 6
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ETDRS definition 2: Two of the preceding three

lesions present in at least two of fields 4 through 7

and hemorrhages and microaneurysms present in

these four fields, equaling or exceeding standard

photograph 2A in at least one of them (Table 5.10).

ETDRS definition 3: Intraretinal microvascular

abnormalities present in each of fields 4 through 7

and equaling or exceeding standard photograph 8A

in at least two of them (Table 5.11).

DRS definition 1: Any three of the following:

Soft exudates definitely present in � 2 of photo-

graphic fields 4–7; IRMA definitely present in � 2

of photographic fields 4–7; venous beading � defi-

nitely present in � 2 of photographic fields 4–7;

hemorrhages/microaneurysms � standard photo

2A in � 1 of photographic fields 4–7 (Table 5.12).

4:2:1 rule: four quadrants of > 20 hemorrhages

or two quadrants of venous beading or one quad-

rant of IRMA (Table 5.13).

Exercise 2 – Systemic control of blood sugars22,23

and hypertension24 reduces the risk of diabetic reti-

nopathy progression. Elevated serum lipids25 and

serum triglyceride levels26 are associated with a

greater risk of developing more severe diabetic reti-

nopathy. The ETDRS began enrollment of patients

in 1980. Almost three decades ago 42%of patients in

the ETDRS had a hemoglobin A1c � 10%. Thirty-

six percent of patients had a serum cholesterol �
240 mg/100 ml. Twenty-six percent of patients had

a low density lipoprotein cholesterol � 160 mg/

100 ml.27 The DCCT demonstrated that the initial

level of hemoglobinA1c was the greatest predictor of

the risk of diabetic retinopathy progression. A 10%

lower initial hemoglobin A1c was associated with a

45% decreased risk of diabetic retinopathy progres-

sion.28 There was a 19% increased risk of retinopa-

thy progressing � 3 steps on the ETDRS scale for

every 1% increase in baseline hemoglobin A1c.29We

may be in a current medical environment where sys-

temic medical factors are under better control. The

DRCR.net reported results of its first clinical trial in

2007 in which the mean hemoglobin A1c was 8.2.30

To date it has not been demonstrated that poor vs.

Fig. 5.14 Exercise 1: Field 7

Table 5.9 Table for grading fundus photographs using
ETDRS definition 1 in exercise 1

Field 1 2 3 4 5 6 7

SE

VB

IRMA

Table 5.10 Table for grading fundus photographs using
ETDRS definition 2 in exercise 1

Field 1 2 3 4 5 6 7

SE

VB

IRMA

Table 5.13 Table for grading fundus photographs using
4:2:1 rule in exercise 1

Field 1 2 3 4 5 6 7

SE

VB

IRMA

Table 5.12 Table for grading fundus photographs using
DRS definition 1 in exercise 1

Field 1 2 3 4 5 6 7

SE

VB

IRMA

Table 5.11 Table for grading fundus photographs using
ETDRS definition 1 in exercise 1

Field 1 2 3 4 5 6 7

SE

VB

IRMA
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good control of systemic medical factors should

change one’s recommendation for treatment of clini-

cally significant macular edema or proliferative dia-

betic retinopathy with high-risk characteristics.

However, some clinicians will logically defer ther-

apy of diabetic macular edema if blood sugars or

blood pressure is acutely out of control. Randomized

clinical trials will usually collect information on sys-

temic medical factors (Hgb A1c, blood pressure, lipid

levels) to ascertain that suchmedical factors are evenly

distributed among treatment groups. This implies that

subclassifying diabetic retinopathy with regard to sys-

temic medical factors may modify the response to

therapy. One example of such subclassification arises

from analysis of the ETDRS data for early scatter

photocoagulation for patients with severe NPDR.

For patients with severe NPDR, early scatter photo-

coagulation was beneficial only in patients with Type

2 diabetes mellitus but not in patients with Type 1

diabetes mellitus.31

Should systemic medical factors be utilized by

clinicians to subclassify diabetic retinopathy?

Exercise 3 – Severe NPDR as characterized by the

4:2:1 rule requires four quadrants of> 20hemorrhages

or two quadrants of venous beading or one quadrant

of IRMA. With extensive capillary closure, these

fundus lesions may disappear producing what has

been described as ‘‘featureless’’ retina. These

patients have been described as being at significant

risk for developing high-risk PDR. The following

patient has been described by the Wisconsin Read-

ing Center as ‘‘featureless’’ retina (Figs. 5.15–5.21).

How would this patient be characterized by the

ETDRS? By the Global Diabetic Retinopathy

Project?

Exercise 4

How many high-risk characteristics does this

photograph demonstrate? (Fig. 5.22)

Would a fluorescein angiogram affect the

classification?

Answer Key

Exercise 1 Answer:

Severe NPDR:

ETDRS definition 1: Soft exudates (SE), venous

beading (VB), and intraretinal microvascular

abnormalities (IRMA) all definitely present in at

least two of fields 4 through 7 (Table 5.14).

ETDRS definition 2: Two of the preceding three

lesions present in at least two of fields 4 through 7

and hemorrhages and microaneurysms present in

these four fields, equaling or exceeding standard

photograph 2A in at least one of them (Table 5.15).

ETDRS definition 3: Intraretinal microvascular

abnormalities present in each of fields 4 through 7

and equaling or exceeding standard photograph 8A

in at least two of them (Table 5.16).

Fig. 5.16 Exercise 3: Field 2

Fig. 5.15 Exercise 3: Field 1
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DRS definition 1: Any three of the following:

Soft exudates definitely present in � 2 of photo-

graphic fields 4–7; IRMA definitely present in � 2

of photographic fields 4–7; venous beading � defi-

nitely present in � 2 of photographic fields 4–7;

hemorrhages/microaneurysms � standard photo

2A in � 1 of photographic fields 4–7 (Table 5.17).

4:2:1 rule: four quadrants of > 20 hemorrhages

or two quadrants of venous beading or one quad-

rant of IRMA (Table 5.18).

Exercise 2 Answer:

Subclassification of diabetic retinopathy as to

whether systemic medical factors are well controlled

or poorly controlled has not undergone evaluation

to determine whether such subclassification would

change the response to therapy (it has been shown

to affect the natural history). Such information

would be helpful for clinicians to know.

Exercise 3 Answer:

ETDRS classification: Moderate NPDR

Fig. 5.18 Exercise 3: Field 4

Fig. 5.19 Exercise 3: Field 5

Fig. 5.20 Exercise 3: Field 6

Fig. 5.17 Exercise 3: Field 3
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Global Diabetic Retinopathy Project classifica-

tion: Mild diabetic macular edema and moderate

NPDR.

Exercise 4 Answer:

The preretinal hemorrhage present is the first high-

risk characteristic. The presence of neovasculariza-

tion is the second high-risk characteristic. The size

of the neovascularization elsewhere being greater

than 1/2 disc area is the third high-risk characteristic.

A fluorescein angiogrammay show disc neovascular-

ization which would represent the fourth high-risk

characteristic. The knowledge of whether or not the

patient had the fourth high-risk characteristic would

not change the recommendation that this patient

stands to benefit from scatter laser photocoagulation.

It may change the risk–benefit analysis in that the

patient’s natural history would be worse with four

high-risk characteristics. A fluorescein angiogram

may therefore be helpful if one is in doubt about the

presence or absence of disk neovascularization.
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Fig. 5.21 Exercise 3: Field 7

Fig. 5.22 Exercise 4

Table 5.14 Table with answers for grading fundus photo
graphs using ETDRS definition 1 in exercise 1

Field 1 2 3 4 5 6 7

SE No Yes No No

VB No Yes No No

IRMA Yes No No No

Heme > 20 Yes No No No

Table 5.15 Table with answers for grading fundus photo
graphs using ETDRS definition 2 in exercise 1

Field 1 2 3 4 5 6 7

SE No Yes No No

VB No Yes No No

IRMA Yes No No No

Heme > 20 Yes No No No

Table 5.16 Table with answers for grading fundus photo
graphs using ETDRS definition 3 in exercise 1

Field 1 2 3 4 5 6 7

SE No Yes No No

VB No Yes No No

IRMA Yes No No No

Heme > 20 Yes No No No

Table 5.17 Table with answers for grading fundus photo
graphs using DRS definition 1 in exercise 1

Field 1 2 3 4 5 6 7

SE No Yes No No

VB No Yes No No

IRMA Yes No No No

Heme > 20 Yes No No No

Table 5.18 Table with answers for grading fundus photo
graphs using 4 2 1 rule in exercise 1

Field 1 2 3 4 5 6 7

SE No Yes No No

VB No Yes No No

IRMA Yes No No No

Heme > 20 Yes No No No
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Chapter 6

Diagnostic Techniques in Clinical Practice – OCT, FA,
Ultrasound

Keye Wong

If one follows the assumption that management of

patients with diabetic retinopathy begins with an

appropriate history and clinical examination then

the purpose of ancillary diagnostic testing should be

to add value to evaluation of the patient. Examples

of such valuemay be to provide patient education to

gain compliance with treatment recommendations

(blood sugar control); to decide when additional

intervention is beneficial either at baseline (detec-

tion of diabetic macular edema) or follow-up

(response of diabetic macular edema to therapy);

and to help establish prognosis such that appropri-

ate follow-up schedules can be mutually agreed

upon. In a research setting, there are additional

purposes for ancillary testing but the emphasis in

this chapter is on clinical care of patients with dia-

betic retinopathy.

6.1 Optical Coherence Tomography
(OCT)

OCT measurements of macular structure provide

both quantifiable measurements and morphologic

information which are helpful in diagnosing and

managing patients with diabetic macular edema.1

Time domain OCT (Stratus OCT: Carl Zeiss Med-

itec, Inc., Dublin, CA) was proprietary and first to

market. This technique has the ability to acquire

images at a rate of 400 axial scans per second with

an axial resolution up to 10 mm and transverse

resolution up to 6 mm. By identifying the boundaries

of the internal limiting membrane and the retinal

pigment epithelium Stratus OCT software algo-

rithms allow the calculation of the thickness of the

retina at up to 512 points along a linear scan thereby

generating a one-dimensional thickness map (see

Fig. 6.1). By acquiring thickness measurements in

two dimensions a topographical thickness map can

be generated with various colors being assigned to

numerical measurements (see Fig. 6.2).

Multiple linear scans in two dimensions are

required to generate this two-dimensional map. The

most commonly utilized software strategies to

acquire these multiple linear scans are the ‘‘fast macu-

lar thickness’’ acquisition protocol and the ‘‘macular

thickness’’ protocol. Both protocols obtain six radial

line scans separated by two clock hours and centered

on the foveola (see Fig. 6.1 – ‘‘Fundus Image’’).

The fast macular thickness protocol automati-

cally obtains these six radial line scans. Each radial

line scan obtains data from 128 axial measurements.

At a scan rate of 400 scans per second the fast

macular thickness protocol takes 1.92 s. In contrast,

in the macular thickness acquisition protocol the

operator obtains each of the six radial line scans

individually as separate scans. Each line scan is

obtained with 512 axial measurements so the lateral

resolution of each component line scan is 4� higher

than with the fast macular thickness protocol. Each

individual scan takes 1.28 s. The potential advantage

of this higher lateral resolution is that it gives more

data points with which to interpolate thickness mea-

surements. However, the disadvantage of the macu-

lar thickness protocol is that the quality of the scan is

more reliant on patient fixation. If the center point of

each individual line scan is not centered precisely on
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the foveal center (as in patients with poorer fixation)

then the center point thickness measurement of each

of the scans will vary and artifacts may be generated.

This feature may lead to greater inter-operator

variability and greater inter-visit variability.

Since OCT reliably2 and reproducibly3 measures

the thickness of the macula it has found great clinical

utility in diabetics in the management of macular

edema.4 Variable terminology has been used in

reporting quantitative thickness measurements.5

The quantitative measurements most commonly stu-

died from both the fast macular thickness and the

macular thickness acquisition protocols are the cen-

ter point thickness and the central subfield mean

thickness (CSMT) (see Fig. 6.2). The center point

thickness represents the average thickness value of

the center point of each of the six radial line scans. It

therefore represents the average of six

measurements. The central subfield mean thickness

represents the average thickness value of all of the

sampling points within the central 1 mm diameter

circle surrounding fixation. With the protocol acqui-

sition scans typically taking a 6.0 mm length scan the

central subfield thickness averages the thickness

measurements of 512 thickness measurements if

using the macular thickness protocol and 128 thick-

ness measurements if using the fast macular thick-

ness protocol. Although there are more data points

to average using the macular thickness protocol the

central subfield mean thickness does not show sig-

nificant variation from the fast macular thickness

protocol for patients with macular edema.6

The initial normative data were obtained from 73

eyes of 41 volunteers.7 The mean center point thick-

ness was 152 ± 21 mm and the mean central retinal

subfield thickness was 174 ± 18 mm. If one

Fig. 6.1 By identifying the boundaries of the internal limiting membrane and the retinal pigment epithelium the Stratus OCT
software generates a ‘‘Thickness Chart’’ (bottom left) by calculating the thickness of the retina (in mm) at each A scan location
(128 A scans in the fast macular thickness protocol and up to 512 A scans in the macular thickness protocol)
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considers 95%of normals to be within two standard

deviations above the mean then the upper limit for

normals for CSMT would be 174 þ 36 ¼ 210 mm.

Using the Stratus OCT in diabetics with minimal or

no retinopathy8 the CSMT was 201 ± 22 mm, con-

siderably higher than that reported by Hee et al.

with an older OCT version. The CSMT also varied

with gender with the mean for men being 209 ± 18

mm and the mean for women being 194 ± 23 mm.

Therefore 95% of normals for men would be less

than 209 þ 36 ¼ 245 mm whereas 95% of normals

for women would be less than 194 þ 46 ¼ 240 mm.

So howdoes quantitativeOCTadd value to and for

the patient? Even with the advent of pharmacother-

apy9 11 the best evidence directing treatment of dia-

betic macular edema comes from the Early Treatment

DiabeticRetinopathy Study.12,13Clinically significant

macular edema is a subjective diagnosis made by slit

lamp biomicroscopy but remains the only indication

supported by level 1 evidence by which one should

make the decision to treat with photocoagulation. In

the ETDRS the presence or absence of ‘‘clinically

significant macular edema’’ was determined by read-

ing center grading of stereo fundus photographs. In

the DRS and ETDRS the reading center agreed with

experienced clinical investigators in the diagnosis of

macular edema 55% of the time after correcting for

the effects of chance agreement.14

The concordance between diabetic macular

edema diagnosed by evaluation of stereo fundus

photographs and by evaluation using OCT is mod-

erate at best.15 The concordance between clinically

Fig. 6.2 The false color map (lower left) is generated by the Stratus OCT software applying an arbitrary color to each of the
A scan thickness measurements from each of the six individual line scans. By averaging the thickness measurements within the
central 1.0 mm of each of the six line scans Stratus OCT software generates the ‘‘central subfield mean thickness’’ (240 mm in
this example). By averaging the thickness at the very center of each of the six line scans a ‘‘center point thickness’’ measurement
is generated (192±2 mm in this example)
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significant macular edema diagnosed by contact

lens biomicroscopy and by evaluation using OCT

is good when the edema is definitely present or

definitely absent on clinical examination but is

poor when the edema is clinically questionable.

Brown et al.16 examined the concordance between

contact lens biomicroscopy and Stratus OCT in

detecting patients with a clinical diagnosis of no

edema, questionable edema, and definite edema

involving the fovea. The concordance was high for

patients without edema or with definite edema but

significant disparity occurred in the patients with

questionable edema. For patients with questionable

foveal edema on contact lens examination over 50%

of these patients had a central foveal thickness

�300 mm. Browning et al.17 found a similar lack of

concordance if the diagnosis of CSME was per-

formed using noncontact lens slit lamp biomicro-

scopy. For this subset of patients where clinical

examination and OCT data are discordant, the

data regarding natural history and response to ther-

apy are not yet available.18 Therefore, if one accepts

that clinical examination with contact lens slit lamp

biomicroscopy is the standard way to diagnose

clinically significant macular edema then the lack

of complete concordance between OCT and slit

lamp biomicroscopy implies that the information

obtained fromOCT should remain as confirmatory.

On the contrary if one accepts that OCT mea-

surements of diabetic macular edema are more

accurate than clinical assessments then disparate

information would be viewed as one’s clinical exam-

ination representing false positives and false nega-

tives and the OCT information as true positives and

true negatives. Using OCT as a surrogate measure

of contact lens-determined clinically significant

macular edema would subsequently imply that a

significant number of patients may be under-

treated or overtreated in comparison to ETDRS

guidelines. Currently there are no studies to com-

pare the relative benefit of treatment for clinically

significant macular edema diagnosed by contact

lens biomicroscopy vs. OCT measurement of

edema.

The recent advent of spectral (Fourier) domain

OCT is a new technology which operates on a simi-

lar principle to the Stratus OCT but obtains axial

scan rates of at least 20,000 scans per second with an

axial resolution up to 5 mm. As compared to Stratus

OCT the higher scan rate allows less fixation arti-

fact. In addition this higher scan rate allows greater

detail in generating a two-dimensional thickness

map. The scans are typically acquired in a raster

pattern with many more thickness measurements

being acquired. Whereas the macular thickness pro-

tocol of the Stratus OCT obtains 6 � 512 ¼ 3,072

thickness measurements within the macula, the

default setting of Topcon spectral domain OCT

acquires 128 � 512 ¼ 65,536 thickness measure-

ments with a central 6 � 6 mm square. Since the

Stratus OCT samples thickness measurements only

along the six radial scans at every two clock hours

there are gaps of data between these radial lines.

The Stratus OCT software allows interpolation of

proximal thickness measurement to fill in the gaps.

As compared to Stratus OCT the greater number of

scans with spectral domain OCT allows for retinal

thickness measurements to be calculated based on

actual measurements in contrast to interpolation

between actual measurements.

The algorithms for measuring retinal thickness

may employ different anatomic landmarks and

therefore the absolute quantitative measurement

numbers may vary between Stratus OCT and spec-

tral domain OCT systems. The Stratus time domain

OCT system identifies retinal thickness as the dis-

tance between the internal limiting membrane and

the junction of the photoreceptor outer segments

and inner segments. In contrast the Cirrus spectral

domain OCT identifies retinal thickness as the dis-

tance between the ILM and the retinal pigment

epithelium. On average the quantitative measure-

ments of retinal thickness within the various sub-

fields of the Cirrus spectral domain OCT system are

30–55 mm greater as compared to the Stratus OCT

consistent with histopathologic demonstration of

the outer segments of photoreceptors measuring

50 mm in length.19 Although the absolute numbers

may vary between Stratus and Cirrus OCTs, the

increased resolution from these spectral domain

OCT systems should not theoretically change the

principles of using OCT in management of DME.

Although spectral domain OCTs offer greater

resolution the software algorithms for quantifying

retinal thickness have not yet reached the accep-

tance level of Stratus OCT. In the absence of con-

sistent quantitative data of spectral domain OCTs

the clinician will have to rely upon comparing
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qualitative (morphologic) data on similarly regis-

tered scans.

To summarize the additional benefit of quantita-

tive OCT over clinical examination, evaluation of

stereo fundus photographs is the research standard

by which macular thickening is classified as clini-

cally significant or not clinically significant. Slit

lamp biomicroscopy (either contact or noncontact)

is an acceptable clinical surrogate for evaluation of

stereo fundus photographs. The literature demon-

strates a modest correlation between clinical deter-

mination of diabetic macular edema and OCT

determination of diabetic macular edema with dis-

cordant results occurring primarily in cases of ques-

tionable clinical edema. Therefore in situations

where subjective clinical examination and objective

OCT findings are discordant one should make the

decision to recommend initial treatment of diabetic

macular edema based on clinical examination.

So if one’s decision to treat is still based on clinical

examination then when should an OCT be obtained?

As compared to stereo photographs OCT is a more

sensitive means of detecting change in retinal thick-

ening.20 Therefore in patients with clinically signifi-

cant macular edema undergoing treatment the quan-

titative findings from the OCTmay be of value to the

patient in helping to make retreatment decisions. In

all therapies in which a choice of treatments is avail-

able, clinicians attempt to categorize patients into

‘‘responders’’ and ‘‘non-responders’’ or ‘‘poor

responders.’’ In poor or non-responders decisions

to repeat treatment or change treatment may logi-

cally improve patient outcome (although this pre-

mise has not been demonstrated by clinical trials).

Obtaining an OCT at baseline and at time points

where retreatment decisions are in question21 may

therefore be reasonable. One should realize, how-

ever, that the ultimate clinical goal is to provide the

best visual outcome and that in patients with dia-

betic macular edema OCT correlates modestly with

vision and changes in OCT in response to therapy

correlates only modestly with changes in visual

acuity.22

In patients with diabetic macular edema that is

not yet clinically significant, obtaining an OCT was

not helpful in predicting which patients would pro-

gress to clinically significant macular edema.23

However, in those individuals with diabetic macular

edema which is not yet clinically significant,

obtaining an OCT may be helpful in confirming

the progression to clinically significant macular

edema.24 This strategy provides added value to the

patient if one believes that earlier diagnosis and

treatment of clinically significant macular edema

provides a better visual outcome, i.e., if chronic

macular edema carries a poorer prognosis as com-

pared to sub-acute macular edema.

Some clinicians believe that patients with prolif-

erative diabetic retinopathy and high-risk charac-

teristics may be at risk for worsening of macular

edema in conjunction with scatter photocoagu-

lation.25 In the DRS 14% of patients treated with

argon laser and 30% of patients treated with xenon

laser suffered � 1 line of vision loss at 2 years.26 In

the ETDRS, of the patients with baseline macular

edema who underwent full-scatter photocoagula-

tion, 4.5% suffered � 3 lines of vision loss at 6

weeks and 9.7% suffered � 3 lines of vision loss at

4 months.27 The beneficial effect of scatter photo-

coagulation as outlined in the Diabetic Retinopathy

Study is to help reduce the chance of deteriorating

to vision <5/200 at two consecutive 4-month visits.

However, in the current era patients may not con-

sider their scatter photocoagulation treatment a

‘‘success’’ if their vision drops in conjunction with

laser-induced macular edema. OCT documentation

of this edema prior to scatter photocoagulation

treatment may be helpful to serve as a baseline

should visual decline occur and may incline the

ophthalmologist to add adjunctive therapy such

as intraocular or peribulbar triamcinolone or

intraocular anti-VEGF therapy.28,29 The documen-

tation prior to therapy may be helpful in educating

patients regarding their risk of suffering moderate

visual loss. Should moderate visual loss occur then

OCT quantification of macular edema may be help-

ful to follow the course of edema. Although the time

course by which post-laser edema can be expected to

improve is not known, if edema does not show

improvement on sequential 3-month visits then

additional therapy may be logical. Obtaining an

OCT adds additional value to the patient by provid-

ing quantification of the improvement or lack of

improvement of macular edema.

Besides quantitative information, OCT provides

morphologic, qualitative information. Subclassify-

ing diabetic macular edema by morphologic OCT

patterns has been proposed:
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(1) diffuse retinal thickening (see Fig. 6.3).

(2) cystoid macular edema (see Fig. 6.4)

(3) posterior hyaloidal traction (see Fig. 6.5)

(4) subretinal fluid (see Fig. 6.6)

(5) traction retinal detachment (see Fig. 6.7).30 32

There are intuitive reasons why the qualitative

information ofmorphologymay aid in altering prog-

nosis or therapeutic approach over and above the

quantitative information of retinal thickness mea-

surements. Chronic fluid accumulation may result

Fig. 6.3 Diffuse retinal
thickening

Fig. 6.4 Cystoid macular
edema
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in Muller cell necrosis and accumulation of fluid in

the extracellular space (presumably the ‘‘cystoid

macular edema’’ OCT morphology pattern). The

distinction of cystic vs. non-cystic retinal thicken-

ing may therefore imply Muller cell necrosis. On a

functional basis this concept is supported by data

indicating that an increased quantitative macular

thickening shows a modest correlation with worse

visual acuity.33 Furthermore, with moderate thick-

ening of the macula (<�400 mm) the additional

presence of cystoid changes correlates with a

greater deficit in visual acuity.34 However,

although cystoid morphology may correlate with

initially worse visual acuity it is unclear whether

such morphology portends a poorer response to

therapy. In the ETDRS the presence of cystoid

changes did not eliminate the benefit of focal laser

photocoagulation in reducing the risk of moderate

visual loss.35

Likewise, the distinction of whether or not dia-

betic macular edema is caused by mechanical trac-

tionmay intuitively alter the therapeutic approach.

The demonstration of partially detached hyaloid

which is exerting tangential traction on the macula

in conjunction with subretinal fluid has been pro-

posed as an indication to benefit from surgical

Fig. 6.6 Subretinal fluid
indicated by an orange arrow

Fig. 6.5 Posterior hyaloidal
traction
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intervention.36 Surgical intervention has also been

proposed for a ‘‘taut’’ hyaloid membrane.37 Diag-

nosis of a ‘‘taut’’ hyaloid membrane is clinically

based on a ‘‘glistening’’ reflex from the surface of

the macula in conjunction with fluorescein angio-

graphic evidence of diffuse oozing from tissue deep

in the retina. The OCT demonstration of an asso-

ciated epiretinal membrane conceptually supports

the potential benefit of surgical intervention for

this ‘‘taut’’ hyaloid membrane. Although the mor-

phologic information from OCT is very helpful in

diagnosing both of these conditions, vitrectomy

for diabetic macular edema is still not currently

considered to be standard-of-care as evidenced by

the current National Eye Institute-sponsored trial

to evaluate vitrectomy for diabetic macular

edema.38

6.2 Heidelberg Retinal Tomograph
(HRT)

The Heidelberg Retinal Tomograph (HRT)

(Heidelberg Engineering, Heidelberg, Germany)

is a confocal laser scanning tomograph that

sequentially acquires images in the x,y plane

along the z-axis. The HRT II image contains

384 � 384 pixels in the central 4.5 � 4.5 mm

square of the retina for a transverse resolution of

approximately 12 mm. Given the sampling strat-

egy of the HRT the transverse resolution is

equivalent throughout the scanned area. As

compared to the sampling strategy of OCT the

HRT will provide more ‘‘edema’’ data points in

the paracentral macula outside of the central 500

mm radius central subfield macular thickness

(CSMT). However, it appears that global mea-

sures of diabetic macular edema consistently cor-

relate with CSMT and provide no apparent dif-

ferential information to modify treatment or

prognosis.39 Therefore the theoretical advantage

of HRT sampling strategy may not be a clini-

cally relevant advantage.

Unlike OCT in which retinal thickness is mea-

sured by computing the distance from the RPE

reflection and the internal limiting membrane

(ILM) reflection, the HRT measures a change in

the distribution of the reflected light which is asso-

ciated with retinal edema. An edema index can be

generated for each scanned point of the macula. This

edema indexmeasures the optical effect of edema but

does not quantify the distance between the RPE and

ILM. When this edema index is compared to a clini-

cally derived map drawn by retina specialists exam-

ining patients with diabeticmacular edema (clinically

Fig. 6.7 Tractional retinal
detachment
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significant macular edema), the HRT was 92% sen-

sitive and 68% specific in detecting areas with

edema40 and as a consequence the HRT has not

gained wide acceptance. In the absence of clinical

trials it remains to be determined whether HRT

adds value to the patient above clinical examination.

6.3 Retinal Thickness Analyzer (RTA)

The Retinal Thickness Analyzer (RTA; Talia

Technology Ltd., Neve-Ilan, Israel) works on a

principle of slit lamp biomicroscopy. Sixteen

sequential vertical scans are rapidly generated

across the central 3 � 3 mm of the macula to

generate a topographical map of retinal thickness.

The axial resolution is up to 50 mm and the trans-

verse resolution is 187 mm. RTA software gener-

ates a foveal average thickness measurement.

When this foveal average thickness measurement

is compared to a clinically derived map drawn by

retina specialists examining patients with diabetic

macular edema (clinically significant macular

edema) the RTA was 57% sensitive and 71% spe-

cific in detecting areas with edema.40 This poor

sensitivity and specificity translates into a reduced

reliability in measuring macular edema as com-

pared to stereo fundus photography41 and OCT

technology,42 and as a consequence the RTA has

not gained widespread use in clinical practice nor

in clinical trials in managing diabetic macular

edema. In the absence of clinical trials it remains

to be determined whether RTA adds value to the

patient above clinical examination.

6.4 Microperimetry

Retinal thickness measured by OCT correlates only

modestly with visual acuity. Alternative explana-

tions for visual loss (such as duration and severity

of systemic diabetes and duration of edema) other

than just the quantity of edema logically play a role.

Fundus microperimetry is a scanning laser ophthal-

moscope technology which maps fixation charac-

teristics and sensitivity within the macula. Whereas

visual acuity measures foveolar function,

microperimetry canmeasure parafoveal visual func-

tion. In diabetic patients eccentric fixation and

unstable fixation correlate with poorer visual

acuity, mean OCT thickness, and a cystic OCT

morphology.43,44 The additional information pro-

vided by microperimetry over and above visual

acuity data may logically allow diabetic macular

edema to be subclassified into categories demon-

strating differential response to therapeutic inter-

ventions. Such an investigation, however, has not

yet been performed and it remains to be determined

whether microperimetry adds value to the patient

above clinical examination.

6.5 Color Fundus Photography

The large data set of the ETDRS demonstrates that

stereoscopic color fundus photographs provide one

with great predictive power to determine the risk of

progression to proliferative diabetic retinopathy45

(see Chapter 5). Dependent on the level of experi-

ence, ophthalmoscopy is often not as sensitive as

slide film in detecting diabetic retinopathy.46 Seven-

field stereoscopic digital imaging is equally sensitive

to slide film in detecting neovascularization of the

disc, neovascularization elsewhere, and clinically sig-

nificantmacular edema.47 Evaluation of stereoscopic

digital images of fields 1 and 2 only with JPEG

compression demonstrates a high correlation with

seven-field stereoscopic slide film in detecting

diabetic retinopathy.48 Non-stereoscopic digital ima-

ging has poor sensitivity in detecting clinically sig-

nificant macular edema.49 In summary, the acquisi-

tion of stereo color fundus photographs (either with

slide film or digitally acquired) may add value to the

evaluation of the diabetic patient dependent upon

the experience of the examiner. These results may

allow teleophthalmology strategies to effectively

screen diabetic patients for appropriate referrals.

6.6 Fluorescein Angiography

Historically the development of fluorescein angio-

graphy (and fluorescein angiography conferences)

defined the onset of medical retina as a distinct
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discipline.50,51 Since its original descriptions in

1960s52 54 fluorescein angiography remained the

dominant imaging technique for managing retinal

and choroidal vascular diseases until OCT became

widely available at the start of the 21st century. By

illustrating the competency of the retinal vascular

and choroidal circulation the pathophysiology of

diabetic retinopathy became much better under-

stood. The landmark clinical trials of the Diabetic

Retinopathy Study55 and Early Treatment Diabetic

Retinopathy Study used fluorescein angiography

in classifying disease severity,56 guiding laser ther-

apy,57 and evaluating the response to therapy.35

With this historical background one may ask the

question that in the 21st century does fluorescein

angiography still add clinical value to the patient?

Regarding proliferative diabetic retinopathy the

Diabetic Retinopathy Study (DRS) defined indica-

tions for benefiting from scatter photocoagula-

tion.58 Findings which placed the patient at high

risk for losing vision were defined. These high-risk

factors are (1) new vessels present, (2) new vessels

located on or within 1 disc diameter of the disc, (3)

new vessels moderate to severe (NVD � standard

photograph 10A or, for eyes without NVD, NVE�
1/2 disc area), and (4) vitreous or preretinal

hemorrhage present.59 Determination and diagno-

sis of these features are based on clinical examina-

tion and not fluorescein angiography. In the DRS

the cumulative 2-year rates of severe visual loss was

as high as 36.9% in controls (see Table 6.1).

Groups F,H, I, and J have three or four high-risk

factors and in those groups scatter photocoagula-

tion significantly reduces the 2-year risk of severe

visual loss. In groups with less than three high-risk

factors, the difference between treatment and con-

trol groups was not significant and therefore

prompt scatter photocoagulation was not advised.

One can see that in a diabetic patient with vitreous

hemorrhage but without clinically visible neovacu-

larization (Groups B and D) the identification of

neovascular tissue within the standard seven fields

would change one’s recommendation for prompt

scatter photocoagulation. Therefore, in diabetic

patients with vitreous hemorrhage but without

identifiable neovascular tissue fluorescein angiogra-

phy to attempt to identify leakage associated with

occult NVE or NVD would change one’s therapeu-

tic recommendation.

In patients with nonproliferative diabetic retino-

pathy the indication to benefit from focal photocoa-

gulation is clinically significant macular edema. As

Table 6.1 Cumulative 2 year rates of severe visual loss in eyes grouped by baseline severity of retinopathy and treatment
assignment

Group NVE NVD
VH
PRH

No. of
NV VH risk
factors

Control SVL
(%)

Control
N

Treated SVL
(%)

Treated
N

Z
value

A 0 0 0 0 3.6 195 3.0 182 0.4

B 0 0 + 1 4.2 11 0.0 16 1.0

C < 1/2 DA 0 0 1 6.8 120 2.0 96 1.8

D < 1/2DA 0 + 2 6.4 18 0.0 19 1.1

E �1/2 DA 0 0 2 6.9 125 4.3 141 1.0

F �1/2 DA 0 + 3 29.7 40 7.2 41 3.0

G + or 0 <10A 0 2 10.5 114 3.1 126 2.4

H + or 0 <10A + 3 25.6 39 4.3 35 2.9

I + or 0 �10A 0 3 26.2 150 8.5 174 4.7

J + or 0 �10A + 4 36.9 76 20.1 107 3.2

All
eyes

15.9 897 6.4 946 7.2

NVD new vessels on or within 1 disc diameter of the optic disc; NVE new vessels elsewhere (i.e., outside of the area defined
as NVD); VHPRH vitreous and/or preretinal hemorrhage; SVL severe visual loss (visual acuity < 5/200 at two or more
consecutively completed follow up visits scheduled at 4 month intervals); DA disc area (NVE< 1/2 DA indicates that NVE
does not equal or exceed one half the area of the disc in any of the standard photographic fields, NVE� 1/2 DA indicates that
NVE equals or exceeds this area in at least one of these fields); 10A Standard Photograph 10A of theModified Airlie House
Classification.
Reprinted with permission from DRS Research Group58.
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reviewed inChapter 5 (DefiningDiabeticRetinopathy

Severity) this definition is a clinical diagnosis based

on slit lamp biomicroscopy and does not rely on

fluorescein angiography. Therefore the information

obtained from fluorescein angiography should not

change one’s recommendation as to whether or not

the patient should undergo laser therapy. However,

the Early Treatment Diabetic Retinopathy Study

utilized a combination of two laser strategies to

treat diabetic macular edema. A focal treatment

was applied directly to all leaking microaneurysms

between 500 and 3,000 mm from the center of

the fovea. (This pattern of leakage arising from

microaneurysms was termed ‘‘focal’’ leakage in the

ETDRS.) A grid treatment was subsequently

applied to all areas of diffuse leakage and for areas

of capillary nonperfusion. (This pattern of leakage

was termed ‘‘diffuse’’ leakage in the ETDRS). Iden-

tification of microaneurysms, diffuse leakage, and

areas of capillary nonperfusion are all features iden-

tified by fluorescein angiography. Fluorescein

angiography is therefore indicated based on

ETDRS data to help guide initial laser therapy.

The terms focal and diffuse fluorescein leakage

are often used imprecisely.60 Focal fluorescein leak-

age presumably arising from microaneurysms was

differentiated in the ETDRS from diffuse fluores-

cein leakage presumably arising from leaking capil-

laries. The value of distinguishing between diffuse

and focal diabetic macular edema is uncertain (see

Sidebar in Chapter 7 Diabetic Macular Edema).35

Although ETDRS protocol utilized fluorescein

angiography to guide therapy it is not clear whether

such guidance is necessary to obtain beneficial results.

Since the results of the ETDRS were released, inter-

pretation of ‘‘ETDRS laser technique’’ in clinical

practice varies. The Diabetic Retinopathy Clinical

Research Network (DRCR.net) is a collaborative

network involving 150 sites (both community and

university based) with over 500 investigators.61

Based on a survey of its investigators the initial pro-

tocol compared two prevalent laser treatment techni-

ques for management of diabetic macular edema.62

Microaneurysms were specifically treated in one laser

treatment protocol (so-calledmodifiedETDRSfocal/

gird [mETDRS]). The visual acuity results at 12

months were not statistically different from the pro-

tocol in which microaneurysms were specifically not

treated (so-called modified macular grid treatment

[MMG]). In a subsequent DRCR.net study compar-

ing this ‘‘modified ETDRS’’ laser technique to intra-

vitreal triamcinolone, fluorescein angiography was

not required and performed only at investigator dis-

cretion.63 This ‘‘modified ETDRS’’ laser treatment

has not been compared to protocol ETDRS laser

treatment in a clinical trial. However, there is support

in the literature64 and it appears that current clinical

practice based onDRCR.net protocols demonstrates

a positive treatment response when laser is not guided

by fluorescein angiography. The ETDRS also found

no fluorescein angiographic variable of prognostic

importance for outcome.35

Retinal vascular diseases characterized by ische-

mia are associated with an upregulation of vascular

endothelial growth factor65 with a subsequent

increased risk of retinal and iris neovascularization.

Multiple clinical research protocols are currently

investigating the benefit of anti-VEGF intravitreal

injections in themanagement of proliferative diabetic

retinopathy and diabetic macular edema.66 68 As a

means to document retinal circulation, fluorescein

angiography is the best ancillary study to investigate

ischemia. In contrast to ischemiaof themacula, ische-

mia of the peripheral retina has a greater association

with an increased production of VEGF and other

vasoproliferative factors. If one could categorize per-

ipheral retinal ischemia indiabetic retinopathywould

this add value for the patient?

The technology currently exists to give us this

information. Conventional fluorescein angiography

images the retinal circulation within the posterior

pole. Ultra wide-field fluorescein angiography is a

technique which can visualize the peripheral retina

far beyond the seven standard photographic fields of

theModifiedAirlieHouseClassification (see Fig. 6.8).

The results of the ETDRS are typically viewed

with regard to its conclusions regarding the manage-

ment of macular edema. One of the principal

questions asked by the Early Treatment Diabetic

Retinopathy Study (and perhaps why it was named

‘‘early treatment’’) was ‘‘when in the course of dia-

betic retinopathy is it most effective to initiate photo-

coagulation therapy?’’ Patients were eligible if they

had mild, moderate, or severe nonproliferative reti-

nopathy or early proliferative retinopathy. These

patients were then randomized to early photocoagu-

lation or deferral of photocoagulation until high-risk

characteristics developed. In patients who received
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early photocoagulation the pattern of scatter laser

photocoagulation was randomized to either ‘‘mild’’

scatter or ‘‘full’’ scatter. About 1843 patients received

a full-scatter treatment composed of 1,200–1,600

burns and 1,868 patients received a mild-scatter

treatment composed of 400–650 burns.27 At 5 years

the rate of developing high-risk proliferative retino-

pathy was 18.4% in the full-scatter group and 28.7%

in the mild-scatter group. Therefore, mild-scatter

photocoagulation is not as effective as full-scatter

photocoagulation in preventing progression to

high-risk proliferative retinopathy. However, mild-

scatter photocoagulation was better than observa-

tion in that 40.7% of patients in the observation

group developed high-risk proliferative retinopathy

at 5 years. The ETDRS therefore provides evidence

that mild-scatter photocoagulation provides a reduc-

tion in the rate of progression to high-risk character-

istics but not as great a rate as full scatter.

It is intuitive that if one were to have angio-

graphic information from the retinal periphery

which would subclassify diabetic retinopathy with

regard to the extent of peripheral ischemia then this

subclassification might allow the mild-scatter treat-

ment protocol to achieve the degree of benefit

demonstrated by full scatter without as great a risk

of suffering moderate visual loss (9.7% at 4 months

in full scatter vs. 6.4% at 4months inmild scatter).27

At this time a study using a subclassification of

peripheral retinal ischemia to direct the extent of

laser treatment has not been performed.

If one believes that a greater extent of peripheral

retinal ischemia results in a greater upregulation of

VEGF and a greater chance of diabetic macular

edema then one might expect panretinal photocoa-

gulation to provide some benefit for patients with

diabetic macular edema. ETDRS data, however, do

not support this hypothesis. The rate of moderate

vision loss at 5 years in patients with macular edema

who received scatter photocoagulation as a sole

therapy was not much different from controls (see

Table 6.2).

This data would therefore argue against the logic

that wide-field fluorescein angiography would alter

one’s therapy. Therefore, although it makes intui-

tive sense, the information gained from wide-field

fluorescein angiography currently has not been

demonstrated to add value beyond classifying reti-

nopathy based on fundus examination alone.

In retinal vascular diseases ischemia of the

macula and an enlarged foveal avascular zone may

be a mechanism associated with visual loss exclusive

of macular edema.69 The ETDRS categorized

macular ischemia by grading the size of the foveal

avascular zone, the features of the outline of the

foveal avascular zone, and the areas of capillary

loss <1,000 mm from the foveal center. There was

only moderate agreement among the ETDRS pro-

fessional graders in classifying capillary loss and

abnormalities of the foveal avascular zone.70

Schemes to classify severity of macular ischemia

are inconsistent.71,72 These inconsistencies between

graders and between study centers make it difficult

to know whether the additional information gained

from fluorescein angiography of the macula adds

therapeutic or prognostic value to patients. Since

the classification schemes of the ETDRS and Glo-

bal Diabetic Retinopathy Project (see Chapter 5) do

Fig. 6.8 Example of ultra wide field fluorescein in angiogra
phy taken with a scanning laser ophthalmoscope

Table 6.2 Occurrence of moderate visual loss at 5 years

Moderate vision loss

Early full
scatter
(%)

Early mild
scatter
(%)

Deferral
(%)

Macular edema &
less severe
retinopathy

29.8 21.8 30.2

Macular edema &
more severe
retinopathy

24.1 25.7 32.1

Adapted with permission from ETDRS Research Group27.
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not include the information from fluorescein angio-

graphy one can infer that the information regarding

macular ischemia is not critical in providing prog-

nostic information for patients.73

Upregulation of vascular endothelial growth fac-

tor resulting from retinal ischemia74 correlates with

development of iris neovascularization.75 The

detection of iris neovascularization in darkly pig-

mented irides can be challenging and iris fluorescein

angiography76 is therefore more sensitive than clin-

ical examination in detecting abnormal iris ves-

sels.77 However, iris angiography is not widely

utilized in clinical practice perhaps because of the

lack of information as to the added value of this test

above ophthalmoscopy, color fundus photography,

and retinal fluorescein angiography.

6.7 Ultrasonography

In diabetic eyes ophthalmic ultrasound is a diagnos-

tic tool with current utility primarily in eyes with

opaque ocular media and vitreous hemorrhage.78

Probe placement on the globe provides better reso-

lution and is therefore preferable to placement on

the lids. In diabetic eyes with vitreous hemorrhage

precluding fundus examination ultrasonography is

important in determining the presence or absence of

retinal detachment, the location of the hemorrhage

(vitreous, loculated between the vitreous and the

retina, or subretinal), and the nature of associated

traction. Traction retinal detachments are more

commonly found along the vascular arcades and

peripapillary retina. Knowledge of the extent of

traction retinal detachment in addition to whether

or not the macula is attached is helpful in planning

surgical intervention and advising patients about the

prognosis with surgery. Blood on the posterior cor-

tical vitreous face can resemble a retinal detachment

on ultrasound examination. The higher reflectivity

exhibited with retinal tissue on A-scan ultrasonogra-

phy in conjunction with the lack of attachment of the

posterior cortical vitreous to the optic nerve seen

with dynamic B-scan ultrasonography can be helpful

in differentiating these two entities.

Anterior hyaloidal fibrovascular proliferation

(AHFVP) is a severe complication following dia-

betic vitrectomy79 which manifests with florid

neovascularization from the peripheral retina grow-

ing along the anterior hyaloid to the posterior lens

surface. Hypotony occurs from traction detach-

ment of the ciliary body. The prognosis is poor if

untreated and guarded if treated. In the setting of

associated vitreous hemorrhage diagnosis of

AHFVP depends on a high clinical suspicion. Ultra-

sonography to establish the extent and location of

associated fibrovascular membranes is helpful.80

High-frequency ultrasound biomicroscopy (UBM)

provides greater resolution at the level of the pars

plana81 and may therefore be preferable to B-scan

ultrasonography in demonstrating earlier fibrovas-

cular proliferations at the sclerotomy sites.82

6.8 Multifocal ERG

Multifocal ERG allows simultaneous electrophysio-

logic testing of multiple small areas of the retina.

Abnormal second-order wave forms can be detected

prior to the development of clinical diabetic

retinopathy implying a deficit in the inner retina. In

comparison, patients with clinical diabetic retinopa-

thy have abnormalities of both first-order and

second-order wave forms implying a deficit in both

the inner and outer retina. 83 A delay in multifocal

ERG implicit times may correlate with the chance of

diabetic retinopathy onset.84 The clinical benefit of

being able to predict which areas of the retina may

develop changes of nonproliferative diabetic retino-

pathy (in the absence of finding clinically significant

macular edema) has not been demonstrated.

6.9 Miscellaneous Modalities

Fluorescein does not leak from normal retinal vas-

culature. A breakdown of the blood retinal barrier

can be measured by vitreous fluorophotometry and

quantified by an instrument called the Retinal

Leakage Analyzer.85 Fine matrix mapping is a mod-

ified Humphrey field analyzer which assesses

photopic and scotopic retinal function. These tech-

niques may be useful as research tools but have not

gained acceptance by clinicians in management of

diabetic retinopathy.
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6.10 Summary of Key Points

� Clinical examination (and not OCT) should

determine the presence of clinically significant

macular edema.
� OCT is helpful in determining the response of

clinically significant macular edema to

therapy.
� OCT morphology may alter prognosis (cystic

changes indicative of chronicity and poorer

response to therapy) or alter therapy (vitreo-

macular traction needing surgery).
� Stereoscopic color fundus photography is more

sensitive than clinical examination in diagnosing

diabetic retinopathy.
� Fluorescein angiography is indicated to help

direct laser therapy of clinically significantmacu-

lar edema but current clinical practice suggests

benefit from laser therapy applied without fluor-

escein angiogram guidance.
� Determination of ischemia by fluorescein angio-

graphy is poorly reproducible.

6.11 Future Directions

� Determining whether the increased resolution

and sampling strategy of spectral domain

OCT provide additional benefit over Stratus

OCT.
� Determination of the public health role of

teleophthalmology in managing diabetic

patients.

6.12 Practice Exercises

Exercise 1 – Hemorrhages vs. microaneurysms

The ETDRS laser protocol directed focal treat-

ment to all microaneurysms between 500 and 3,000

mm from the foveola.

# Microaneurysms on fundus
photo

# Microaneurysms on
FA

This 54-year-old male has a 24-year history of

type 1 diabetes mellitus. He complains of micropsia

OS. His visual acuity OS is 20/25. Slit lamp biomi-

croscopy reveals clinically significant macular

edema. Please identify and count on the color fun-

dus photograph microaneurysms where focal laser

would be applied (Fig. 6.9).

Microaneurysms are typically identified/con-

firmed in the transit phase of the fluorescein angio-

gram. Please identify and count on the fluorescein

angiogram the microaneurysms where focal laser

would be applied (Fig. 6.10).

Fig. 6.9

Fig. 6.10
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Does the fluorescein angiogram change therapy?

Does the OCT change the pattern of laser?

(Fig. 6.11)

Exercise 2 – Identify ‘‘focal’’ leakage

The ETDRS defined ‘‘focal’’ leakage as leakage

arising from microaneurysms.

Does this angiogram (Figs. 6.10 and 6.12) reveal

any leakage that is not ‘‘focal?’’ i.e., is there

any region where grid laser would be applied?

Exercise 3 – The ETDRS defined areas of leakage

which were not attributable to microaneurysms as

‘‘diffuse.’’ The ETDRS laser protocol directed grid

laser to these areas of ‘‘diffuse leakage’’ in addition

to areas of capillary nonperfusion. This patient with

type 1 diabetes mellitus has clinically significant

macular edema (Figs. 6.13, 6.14, and 6.15).

Please identify the areas of capillary nonperfu-

sion where grid laser treatment would be applied.

Please identify the areas of leakage not attributable

to microaneurysms (‘‘diffuse’’ leakage) where grid

laser treatment would be applied.

Fig. 6.11

Fig. 6.12
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Exercise 4 – This patient with type 1 diabetes melli-

tus has clinically significant macular edema. Please

identify the areas of capillary nonperfusion where

grid laser treatment would be applied. Please iden-

tify the areas of leakage not attributable to micro-

aneurysms (‘‘diffuse’’ leakage) where grid laser

treatment would be applied (Figs. 6.16 and 6.17).
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Chapter 7

Diabetic Macular Edema

David J. Browning

7.1 Epidemiology and Risk Factors

Diabetic retinopathy is the leading cause of blindness

in persons under age 60 in the United States, and

diabetic macular edema (DME) is the most common

cause of visual loss in those with diabetic retinopa-

thy.1 3 Natural history studies of eyes with DME

show that 24% will lose at least three lines of vision

over a period of 3 years.4 DME is increasing in

prevalence throughout the world. In cross-sectional

studies, the prevalence of DME in patients with dia-

betes has been reported to be 1.0–5.7%.5,6 The pre-

valence ofDME in patientswith diabetic retinopathy

has been reported to be 2.7–11.0%.5,7 9 Suggestive

data have been reported that the prevalence of DME

relative to proliferative diabetic retinopathy (PDR)

may vary by race with rates of DME relatively low in

Native Americans relative to the rate of PDR.10

Besides its adverse effects on affected patients, DME

is associated with large economic costs. In aMedicare

claims study, diagnosis ofDMEwas associatedwith a

34 and 33% increase in 1- and 3-year direct medical

costs after adjustment for demographic variables and

baseline comorbid conditions.11

The prevalence of DME depends on the type of

diabetes and the duration of the disease. For dia-

betes occurring in insulin-taking patients under age

30 (generally type 1 diabetics), DME begins to

appear after 5 years and the prevalence thereafter

increases to 30–40% after 30 years of disease

(Fig. 7.1). For diabetes with onset after age 30 (gene-

rally type 2 diabetes), 3–5% of patients manifest

DME at the time of diagnosis, presumably because

of having undiagnosed diabetes for several years

before diagnosis. Thereafter, prevalence increases

with a plateau at approximately 30% after 25–30

years. In general, in this older onset group, noninsu-

lin-taking diabetics have lower prevalence rates than

insulin-taking diabetics (Fig. 7.1). Because of differ-

ent prevalences according to diabetes type, and evi-

dence that serum cholesterol is associated with reti-

nopathy severity and severity of hard exudates in

older onset diabetics using insulin (mostly type 2)

but not in younger onset diabetics using insulin

(type 1), there is conjecture that the pathophysiology

of retinopathy and DME may differ between these

categories of diabetes.12,13 In the absence of further

explorations of this possibility, in what follows we

will discuss DME in both groups as though they

have similar bases, understanding that this perspec-

tive may need modification as new information

becomes available.

In population-based studies, certain systemic

factors were associated with diabetic macular

edema. In patients under age 30, associated factors

were longer duration of diabetes, proteinuria, male

sex, negative history of cardiovascular disease, use

of diuretics, and higher hemoglobin A1C.9 In

patients 30 years of age and older, associated factors

were longer duration of diabetes, higher systolic

blood pressure, and higher hemoglobin A1C. Pro-

teinuria was an associated risk factor in the insulin-

taking older onset group, but not for the noninsu-

lin-taking group. In type 1 diabetics, high serum

lipids have been associated with an increased risk
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of DME.14 The onset of diabetes in patients with

type 1 disease is usually easy to define, in contrast

to patients with type 2 disease. As a result, one can

measure in a meaningful way the duration of type 1

diabetes before which DME is not seen; a duration

of 7 years has been reported.15 Such is not possible

in type 2 disease, in which it is common for patients

to have the disease for years before diagnosis, and

in which it is not rare to have patients present

with blurred vision secondary to DME as the pre-

senting sign that leads to the diagnosis of type

2 diabetes. The annual rate of incidence of DME

has declined in recent years compared to earlier

periods, perhaps as a result of tighter glycemic

control. In the Wisconsin Epidemiologic Study of

Diabetic Retinopathy, the annual rates of inci-

dence of DME for the intervals 1980–1982 to

1984–1986 and 1994–1996 to 2005–2007 were 2.3

and 0.9%, respectively.16 By comparison, the mean

glycosylated hemoglobin values were 10.7 and

9.4%, respectively.16

Themajor ocular factor associated withDME and

subclinical DME is diabetic retinopathy severity.

Although DME can be seen at any level of diabetic

retinopathy, increasing diabetic retinopathy severity

is associated with increasing prevalence of bothDME

and subclinical DME.3,16,18 20 The 14-year incidence

of DME increases from 25 to 37% as baseline retino-

pathy severity increases from mild to moderate non-

proliferative diabetic retinopathy (NPDR).18 Point

estimates of 4 and 15% for prevalence of subclinical

DME in mild to moderate NPDR and severe NPDR

to PDR, respectively, have been reported.20

7.2 Pathophysiology and Pathoanatomy

The reader should review Chapter 1 for a more

detailed discussion of the pathophysiology of dia-

betic retinopathy. In this section, we emphasize

only those aspects relevant to an understanding of

diabetic macular edema.

7.2.1 Anatomy

The capillaries in the macula are distributed in two

strata within the inner retina with the exception of

the single-level arrangement bordering the foveal

avascular zone (Fig. 7.2).This single level of capillaries

Fig. 7.1 The prevalence of diabetic macular edema by disease duration in (a) younger onset diabetics and (b) older onset
diabetics. Reprinted with permission from Klein et al.17

Fig. 7.2 Light micrograph of a section from the human
macula. The line indicates a capillary comprising the foveal
avascular zone border. The fovea lies to the left of the line.
These capillaries are contained within the ganglion cell layer.
Reprinted with permission from Iwasaki et al.21
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is found within the ganglion cell layer.21 Erythro-

cytes travel in the perifoveal capillaries in a pulsatile

manner with speed in the range of 0.5–1.0 mm/s.22

Farther from the fovea, the two levels of capillaries

are found within the nerve fiber–ganglion cell layer

and the inner nuclear cell layer. The more super-

ficial capillary network is closer to the arteries, and

the deeper network is closer to the venules. Arising

from the disk and extending within the nerve fiber

layer along the superotemporal and inferotemporal

vascular arcades is the radial peripapillary capillary

network, which seems to have sparse connections to

the superficial capillary network of the ganglion cell

layer (Fig. 7.3).23 The outer retina throughout the

macula is avascular and receives oxygenation by dif-

fusion from the deeper choriocapillaris.24 The max-

imumdistance between capillaries in the inner retina is

approximately 65–100 mmand the estimated maximal

diffusion distance in the human macula consistent

with normal function has been estimated to be

approximately half this distance or approximately

45 mm.21 Eighty percent of microaneurysms, which

seem to be a microvascular response to vascular

endothelial growth factor (VEGF) generated from

hypoxic retinal tissue, originate in the inner nuclear

layer and its border zones.25 The larger microaneur-

ysms tend to occur in this zone and smaller ones in the

nerve fiber–ganglion cell layers. Microaneurysms

range in size from 13 to 136 mm.25 Microaneurysms

are particularly frequent on the edges of nonperfused

retina, consistent with the hypothesis that they are a

secondary reaction to hypoxia and increased local

vascular endothelial growth factor concentration,

and not a primary change in diabetic retinopathy

(Figs. 7.4 and 7.5). As defined by fluorescein angio-

graphy, microaneurysms in DME do not have a

regional clustering. One study reported that, on aver-

age, 3% of the leaking microaneurysms discerned by

fluorescein angiography were present in the central

circular zone of 1-mm diameter, whereas the percen-

tages in the inferior, nasal, superior, and temporal

zones as defined by the Early Treatment Diabetic

Fig. 7.3 Diagram indicating
the distribution of the radial
peripapillary capillary
network, its location in the
inner retina (primarily nerve
fiber layer), and its sparse
connections with deeper
levels of capillaries
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Retinopathy Study (ETDRS) grid were 26, 25, 23,

and 24%, respectively.27 The relationship of micro-

aneurysms and DME is not straightforward. The

retina is not necessarily thickened adjacent to micro-

aneurysms and not all microaneurysms are

leaky.28,29 There is no increase in total microaneur-

ysms or leaking aneurysms per unit area in progres-

sively more thickened retina.29 Nevertheless, abla-

tion of leaky microaneurysms clearly improves

DME.4,30

In center-involved macular edema, it is common

for the central macula, including the foveal vascular

zone, to be thickest, an inversion of the normal rela-

tionship. Although the underlying reason has not

been established, one hypothesis is based on the

avascularity at the center of the macula. In other

regions of the macula, edema fluid can escape the

extracellular space in two ways – outward to the

choroid via the pumping mechanism of the retinal

pigment epithelium, and back into the intravascular

space through the walls of capillaries, the direction

reverse to salt and water egress from intra to extra-

vascular space in the more proximal microvascula-

ture (Fig. 7.6). At the center of the macula, the only

mechanism is that of the retinal pigment epithelial

Fig. 7.6 Diagram indicating one pathway for salt and water
within the retina. Under the influence of higher intravascular
pressure in the arterioles, salt and water pass out of the
vessels (transudate) and into the extracellular space of the
retina, then returning to the intravascular space in part by
entering the venular side of the circulation which has a lower
intravascular pressure

Fig. 7.5 The circled zone shows large microaneurysms and
some dot hemorrhages that border an ischemic, whitened
zone of retina

Fig. 7.4 The left panel (a) illustrates the foveal avascular
zone (FAZ) of a normal macula from a cynomolgus monkey
which has a similar anatomy to the human macula. The right
panel (b) illustrates changes induced by intravitreal injection

of VEGF. The microaneuryms resemble those seen in dia
betic retinopathy. Reprinted with permission from Tolentino
et al.26
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(RPE) pump, which may explain the greater accumu-

lation of edema fluid and increased retinal thickness

at this location (Fig. 7.7). A fundus sign of the pre-

ferential accumulation of edema fluid in the center of

the macula is the appearance of the macular lipid star

commonly seen in cases of DME (Fig. 7.8). As the

RPE pumps salt and water from the retinal extracel-

lular space to the choroid, lipoproteins contained in

the extracellular fluid are left behind as yellow exu-

dates that must be cleared much more slowly by

macrophages. In 15–30% of cases of DME, a serous

retinal detachment is present which is usually loca-

lized under the fovea. Although the explanation for

the subfoveal location of fluid is conjectural, one

possibility posits an effect of impaired subfoveal chor-

oidal circulation in DME.31,32

Fig. 7.8 A macular lipid star is a common fundus sign in
diabetic macular edema and indicates that the center of the
macula is a preferential site for accumulation of extracellular
fluid

Fig. 7.7 Diagram indicating the different situation of the center
ofthemacula.Thereisnovenoussideofthevasculatureinthisone
location in the retina, thus salt and water can exit the vascular
space from the capillaries, but can only leave the extracellular
spaceviatheactionoftheretinalpigmentepithelialpump,andnot
via reentry into the venules which aremissing in this location

The Retinal Pigment Epithelial Pump

In most discussion of diabetic macular edema, the role of the retinal pigment epithelial pump is

comparatively neglected, because it is difficult to study. Extracellular fluid travels from the retina

outward toward the choroid primarily under the influence of the RPE pump action.33 Figure 7.9

illustrates the current conception of ionic and fluid transport across the RPE into the choroid. An

active sodium–potassium pump is present on the apical membrane of the RPE that exchanges three

sodium ions toward the extracellular space for two potassium ions toward the RPE cytoplasm. An

electrochemical gradient is generated by the asymmetry in the ionic exchange ratio, and this gradient

powers other active transport mechanisms of which several have been described. Independent

sodium–potassium-chloride and sodium-bicarbonate co-transport sites exist on the apical RPE

membrane. An apical sodium-proton exchanger exists. These actively concentrate chloride and

bicarbonate intracellularly. On the basal RPE membrane, separate sites exist for chloride and

potassium ion egress as well as for a chloride–bicarbonate co-transporter.33,34 Physiologic and

pharmacologic modulation of fluid transport across the RPE is possible. Hypoxia decreases active

transport across the RPE. Epinephrine applied to the apical RPE surface increases RPE transport.

Acetazolamide increases transport, whereas furosemide decreases it. In extremely high concentra-

tions not achieved clinically, digoxin reduces RPE transport. The possible influence of drugs

commonly taken by patients with diabetes in altering the response to DME therapy has been

completely unexplored to date.
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Tight junctions occur between capillary endothe-

lial cells of the retina, the basis of the inner blood–

retina barrier, and between the lateral walls of RPE

cells, the outer blood–retina barrier. Diabetes

causes a redistribution of occludin within the tight

junctions of retinal vascular endothelium which

may be the histologic correlate of the altered

blood–retina barrier.35 In a rat model of diabetes,

the early breakdown of the blood–retinal barrier is

selective for small venules and capillaries of the

inner retina with sparing of the arterioles.36 The

inner blood–retina barrier rather than outer

blood–retina barrier (RPE layer) breakdown is con-

sidered to be more important in the mechanism of

DME even though RPE lesions can be seen shortly

after induction of diabetes in the streptozotocin-

treated rat model of the disease.37,38 The amount

of heparin sulfate proteoglycan is increased in the

vascular endothelium of diabetic eyes compared to

nondiabetic eyes. Muller cells are important in

transporting water from the extracellular space

into the retinal capillaries of the inner retina.39

Their density in the macaque monkey is five

times greater in the parafovea than the retinal

periphery.40 The colocalization of Muller cells

with the retinal regions most affected by edema

suggests that Muller cell dysfunction contributes

to DME. Moreover, Muller cells proliferate in

epiretinal membranes, which can exert traction

on microvessels and possibly increase their per-

meability, exacerbating macular edema. Astro-

cytes, which wrap their end feet around micro-

vessels, decrease their production of glial

fibrillary acidic protein in diabetes, which may

be important in the altered blood–retina bar-

rier.35 Within the retina, the synaptic portion of

the outer plexiform layer and the entire inner

plexiform layer comprise the two highest

Fig. 7.9 Model of the retinal pigment epithelial pumping
mechanism. The RPE cells are connected by zonula occlu
dens which restrict the extracellular flow of ions and water
back from the choroid toward the retina via the intercellular
space between RPE cells. The primary energy dependent
pump is the apical (retina side) sodium potassium, electro
genic pump (left side of the cell). Other active transport
systems derive the energy they require to run from the

electrochemical gradients built up by this primary pump.
In the apical membrane, independent sodium bicarbonate,
sodium potassium chloride, chloride bicarbonate, and
sodium lactate water transport sites have been described. In
the basal membrane, a chloride bicarbonate co transporter
exists. Passive conductance channels for potassium and
chloride also exist as shown. Adapted with permission from
La Cour34 and Quintyn33
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resistance barriers to the diffusion of interstitial

fluid from the inner retina outward toward the

choroid.41 At these layers, the density of junc-

tional complexes between cells and the tortuous-

ness of cellular processes combine to impede

most stringently the extracellular flow of water

and solutes.41 Diabetes also alters the structure

of the vitreous which may play a role in

increased traction on the macula with an

increase in vascular permeability (Fig. 7.10).42 44

The vitreous and the vitreoretinal interface

have significance in DME. Eyes containing vitr-

eous have lowered oxygen tensions compared to

eyes having had vitreous replaced with aqueous-

like solutions, and presumably intraretinal oxy-

gen tensions are secondarily affected.45,46 In

some cases of vitreous separation, the macula

and the disk may adhere to the posterior hyaloid

more firmly, and traction may contribute to

blood–retinal barrier breakdown.47 In eyes with

DME, the internal limiting membrane (ILM) has

more adherent cellular elements on its vitreous

side, is thicker, and has more heparin sulfate

proteoglycan compared to the ILM peeled from

nondiabetic cases of macular holes. Amounts of

fibronectin, laminin, and type I, III, IV, and V

collagen are increased in the ILM of diabetic

eyes.

7.3 Physiology

In DME the macula is thickened with increased extra-

cellular fluid derived primarily from hyperpermeable

retinal capillaries, but in perhaps 1% of cases from an

abnormally permeable RPE as well.49,50 Prolonged

hyperglycemia produces secondary effects associated

with increased leakage of salts, water, and macromo-

lecules from the macular microcirculation into the

extracellular space. Among these consequences of

hyperglycemia are reduced inner retinal oxygen ten-

sion, venous dilation, increased VEGF concentration

within the retina, leukocyte stasis, and dysregulated

growth factor levels, which together are associated

with increased exudation of serum out of the retinal

vasculature and into the retinal extracellular space.51,52

The RPE pump is overwhelmed by the exudation of

serum andmacular swelling results.53 Because salt and

water are pumped out from the retinal compartment

out toward the choroid, but associated serum lipopro-

teins are not, hard exudates derived from the lipopro-

teins accumulate in the retina. They often appear in

rings centered on leaking clusters of microaneurysms

and dilated capillaries. InDME the permeability of the

retinal capillaries increases approximately 12-fold, but

the activity of the pigment epithelial pump increases

only twofold, a mismatch resulting in extracellular

fluid accumulation.53,54

VEGF
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Fig. 7.10 Schematic of the
multiple factors that may
contribute to diabetic
macular edema. Reprinted
with permission from
Lewis48
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Poiseuille’s Law

Poiseuille’s law states that the change in the pressure drop over a length of a vessel will decrease

markedly if the vessel dilates. Mathematically,

DP ¼ Q8Z1=r4

where

DP¼ change in intravascular pressure over the length of a vessel, Q¼ blood flow in volume per

second, Z¼ blood viscosity, l¼ vessel length, and r¼ vessel radius.

Thus, when a retinal arteriole dilates, there is less of a pressure drop over the length of the

arteriole, leading to an increase in intravascular pressure experienced by the downstream capillaries.

The significance of Poiseuille’s law arises in the context of loss of autoregulation of the retinal

vasculature in diabetes.55,56 Loss of autoregulation results in widened arteriolar diameters such that

the intravascular pressure transmitted to the retinal capillaries is greatly increased. Because of the

fourth power dependence of the intravascular pressure gradient on vessel diameter, even minute

changes in arteriolar diameter are associated with large increases in retinal capillary pressure.54

A useful framework for understanding the patho-

physiology of diabetic macular edema is the oxygen

theory.24 According to this theory, hyperglycemia

over prolonged periods leads to reduction in perfu-

sion of the inner retina and decrease in inner retinal

oxygen tension. The autoregulatory response of the

retinal arterioles is dilation which leads to increased

hydrostatic pressure in the intraretinal capillaries

and venules as specified by Poiseuille’s law

(Box).54 The elevated intravascular pressure experi-

enced by the capillaries may itself damage them.24,54

Concomitantly, the decrease in retinal oxygen ten-

sion leads to an increase in synthesis of VEGF and

probably other permeability factors, which cause

the microvasculature to become leakier. Besides

increasing microvascular permeability, VEGF can

also directly induce retinal venous dilation, a syner-

gistic effect exacerbating extracellular edema.57 By

Starling’s Law (Box), increased intravascular pres-

sure and increased vascular permeability imply net

flow of water, ions, and macromolecules from the

intravascular space into the extravascular space.

Extracellular fluid exits by reentering the retinal

vessels further downstream or out into the choroid

via the pumping action of the RPE. The relative

contributions of these two pathways to the egress

of macular extracellular fluid have not been quanti-

tated. Clinical observations that retinal arteriolar

dilation precedes DME fit well with this theory.24,58

Starling’s Law

Starling’s Law states that the equilibrium state of fluid transfer between intravascular and extra-

vascular space is characterized by the equation

DP–DQ¼ 0

whereDP¼ intravascularpressurewithinmicrovessels of retinaminus the extravascular tissuepressure,

and DQ¼ intravascular oncotic pressure minus the intraocular pressure. Arteriolar dilation causes DP to

increaserelative to itspreviousstateofequilibrium,andthusfluidexits thevascularcompartmentandenters

the extravascular, tissue compartment. The clinical significance of Starling’s Law in DME has been

recognized for decades in the form of observations that increased intraocular pressure is correlated with

protectionfromexudatesandhypotonywithexacerbationof them.59Anexampleoftheclinical relevanceof

Starling’s Law inDME is shown in the following case report.
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Case Report

A78-year-oldwomanwith diabetes of 32 years duration and hypertension of 20 years duration had been

treatedwith focal photocoagulation forDMEwith resolution 5 years before presentingwith newblurred

vision right eye in October 2008. The right eye had open angle glaucoma for which amitomycin-assisted

trabeculectomy had been performed in 2004. Between August 2008 and October 2008, the visual acuity

dropped from 20/40 to 20/125 with recurrent DME. An intravitreal injection of triamcinolone and

supplemental photocoagulation had little effect on the recurrent thickening (Fig. 7.11). At theDecember

2008 visit, the intraocular pressure was 8 mmHg and the fluorescein angiogram showed choroidal folds

suggesting hypotonymaculopathy. A decrease in intraocular pressure favors serous transudation across

the macular capillaries according to Starling’s Law. In this case, intravitreal triamcinolone and supple-

mental focal laser photocoagulation may not have addressed the responsible exacerbating factor for the

recurrent macular edema. That is, recurrent DMEmay not have reflected an increase in retinal vascular

permeability, but rather the low intraocular pressure.

Many variables have suspected importance in the

breakdown of the blood–retina barrier. The dura-

tion of diabetes and the integrated elevation of

blood glucose reflected in the HbA1C have proven

pathophysiologic importance. Retinal neurons

and glial cells increase their production of VEGF

a

ed
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Fig. 7.11 (a) Development of hypotony with associated
maculopathy (choroidal folds) in the presence of nonprolifera
tive diabetic retinopathy inducing recurrent DME. (b) Mid
phase frame from the fluorescein angiogram showing leaky
microaneurysms, old focal laser scars, and pigmented linear
RPE scars from previous choroidal detachment subsequent to

a mitomycin C trabeculectomy. (c) Late frame from the fluor
escein angiogram showing late diffuse hyperfluorescence in
the macula. (d) Recurrence of macular thickening as depicted
in the macular false color map associated with onset of
hypotony. (e) Radial line scans showing intraretinal cysts in
the presence of the recurrent DME
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in diabetes, even before ophthalmoscopic evidence

of capillary loss, and this is associated with increased

occludin phosphorylation and reduced occludin con-

tent in capillary endothelial tight junctions.35,60,61 Vitr-

eous levels ofVEGFare higher in eyeswithDME than

in diabetic eyes without retinopathy.62 The diabetic

retina shows leukostasis, accumulation of macro-

phages, intercellular adhesion molecule-1 activation,

and prostacyclin upregulation which indicates a state

of inflammation and is associated with capillary non-

perfusion and breakdown of the blood–retina bar-

rier.52,63 Inflammatory cytokines such as tumor necro-

sis factor-beta and interleukin-1b may be important

mediators of increased vascular permeability.35,64,65

Pigment epithelium-derived growth factor, an anti-

angiogenic and possibly permeability decreasing cyto-

kine, is lower in eyes with DME than diabetic eyes

without retinopathy.62 Many other small molecules

and growth factors, including insulin-like growth fac-

tor, hepatocyte growth factor, and histamine, may be

important in the mechanisms underlying DME,

although the details of the pathways are incompletely

understood.64 68 High lipid levels may cause endothe-

lial dysfunction and increased vascular permeability

through a local inflammatory response, release of vas-

cular permeability promoting cytokines, and higher

levels of advanced glycation end products.14,69

Alterations in retinal and choroidal blood flow

have been reported in diabetic retinopathy that may

influence DME. Patients with diabetes have impaired

retinal vascular reactivity to oxygen tension that wor-

sens with retinopathy severity.70,71 Retinal vascular

autoregulation is impaired in diabetes with more

severe dysfunction associated with more severe reti-

nopathy.55 The local factors primarily responsible for

vascular autoregulation are nitric oxide and endothe-

lin-1.72 Vitreous nitric oxide concentration does not

differ from vitreous concentrations in macular hole

patients used as controls, but vitreous endothelin-1

concentration is significantly lower in DME than

levels found in these controls.72 It is possible that

this loss of autoregulatory function may explain

refractoriness of certain patients with DME to treat-

ments that are effective in eyes retaining autoregula-

tion. Reported decreases in foveal choroidal blood

flow in type 2 diabetic patients with retinopathy may

be relevant in the pathophysiology of DME as well,

although the techniques for assessing choroidal blood

flow have greater uncertainty. Eyes with DME have

been reported to have a greater decrease in choroidal

blood flow than eyes without DME, leading to sug-

gestions of relative hypoxia of the RPE and outer

retina and possible increased permeability of the

outer blood retinal barrier on this basis.31

The vitreous has a role in the pathogenesis of

DME. The diabetic vitreous differs from normal,

and the increased cross-linking and glycation of the

diabetic vitreous may explain the tendency to develop

tangential macular traction, whichmay in turn induce

or exacerbate DME.42,44 Besides the direct effect of

traction causing leakage from blood vessels or macu-

lar elevation with subretinal fluid, vitreous adherent

to the macula may loculate chemical mediators of

increased vessel permeability in proximity to macular

capillaries and may impede oxygenation of the retina

causing venous dilation and increased edema via Star-

ling’s Law or by upregulation of vascular endothelial

growth factor.45,58,73 75 Mean blood flow velocity in

perifoveal capillaries increases after vitrectomy in eyes

of diabetics with vitreous adhesion, which might be

associated with improved macular oxygenation and

lessened leakage.76

With all of the components that influence DME

identified, we can consider the net economy of salt

and water transport in subclinical and clinical DME.

Figure 7.12 shows that the passive flux of salt and

water out of retinal vessels and into the retinal inter-

stitium increases monotonically as one traverses

from the state of health to diabetic retinopathy with-

out edema to subclinical DME and finally to clini-

cally significant macular edema (CSME). Passive

permeability increases 12-fold in going from health

to CSME.54 Correspondingly, the active transport of

salt and water outward through the RPE increases,

although less steeply, through the first three stages,

but then falters going into CSME, such that active

transport increases only twofold as one traverses

from health to CSME.54 The primary problem in

DME, therefore, is the increase in passive permeabil-

ity and not the RPE pumping mechanism.54

This account of the pathophysiology of DME

informs our current understanding of how treat-

ments for DME work and how nondiabetic factors

can modulate severity of DME (Fig. 7.13). Pharma-

cologic blood pressure reduction reduces passive per-

meability of the inner blood–retinal barrier.54 The

beneficial effects of grid laser are thought to arise

from the increase in oxygenation of the inner retina
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both by reduction in oxygen-consuming photorecep-

tors and by a shorter diffusion pathway to the inner

retina for oxygen originating in the choroid.24,77,78

Focal photocoagulation presumably works by

directly destroying leakage sources such as microa-

neurysms. Focal/grid laser may also improve RPE

pumping of salt and water outward toward the chor-

oid.24,79 In a rabbit model, focal/grid laser photocoa-

gulation caused reduced expression of protein kinase

C alpha, a regulatory protein for phototransduction

and signal transmission in rod bipolar cells and

increased labeling for glial fibrillary acidic protein

in Muller cells throughout the retina, not just locally

in the areas photocoagulated, implying more than a

local effect of focal/grid laser treatment.80 Themacu-

lar thinning effect of focal/grid photocoagulation

precedes significant documented closure of microa-

neurysms on fluorescein angiography suggesting that

the grid effect begins immediately and the focal effect

somewhat later. Eighty-nine percent of leaking

microaneurysms have been reported to be closed by

12 weeks after a session of focal/grid laser, but less

than 1% by 2 weeks post laser.27 Anti-VEGF drugs

work by blocking the permeability inducing effects of

VEGF.36 Although somewhat controversial, there is

some evidence that corticosteroids reduce expression

of the VEGF gene, thus reducing VEGF levels, and

differentially regulate expression of the various

VEGF receptors.81,82 Corticosteroids may have

other, non-VEGF-mediated effects resulting in

reduction in permeability of retinal microvessels

such as decreasing leukocyte recruitment and pro-

duction of intercellular adhesion molecule-1.83 85

Oral protein kinase C-b inhibitors such as ruboxis-

taurin block the biochemical pathway upregulated

by VEGF binding to its receptor on retinal vascular

endothelial cells.86 Statins reduce serum lipid levels,

possibly decreasing microvasculature leukostasis

and secondary inflammation.69,87 Vitrectomy may

work by increasing intravitreal and secondarily

inner retinal oxygen levels, leading to downregula-

tion of VEGF synthesis and resulting in a decrease in

permeability of microvessels.24,78,88 In addition,

vitrectomy may open up compartments of loculated

cytokines and relieve traction exerted on the macula

by an altered vitreous.48,88,89 Peribulbar and intravi-

treal corticosteroids may exert beneficial effects on

DME by blocking VEGF-mediated increases in ret-

inal vascular permeability and through influences on

non-VEGF-mediated pathways.90 Endophthalmitis

and other forms of uveitis that may coincidentally

occur with diabetic retinopathy may exacerbate

DME because inflammatory mediators increase

microvasculature permeability.91

Our discussion of DME to this point has con-

cerned extracellular edema, also called vasogenic

edema. In addition to extracellular edema, a concept

of intracellular edema exists which may be relevant

for DME, although it has been less studied.39,92

Water transport out of the retina occurs via retinal

pigment epithelial active transport of potassium and

chloride and passive co-transport of water across

aquaporin1 channels. Less recognized, however, is

transport of water into retinal microvessels via Mul-

ler cells. Muller cells possess a unidirectional potas-

sium channel called Kir2.1 that allows extracellular

potassium derived from neuronal firing to pass into

Fig. 7.12 Passive permeability primarily of the inner blood
retina barrier increases 12 fold in going from the state of
health through the state of clinically significant macular
edema. In contrast, active transport of salt and water out
ward via the RPE pump increases only doubles. P = passive
permeability. T=active transport. Reproduced with permis
sion from Lund Andersen54

7 Diabetic Macular Edema 151



the Muller cell but not out of it. In addition, Muller

cells have a bidirectional potassium channel called

Kir4.1 that allowsMuller cell intracellular potassium

to flow into vessels around which Muller cell pro-

cesses are wrapped (Fig. 7.14). In animal models of

diabetes, there is downregulation of Kir4.1. Diabetic

Muller cells in these models continue to take up

potassium from the extracellular space but cannot

discharge the potassium into the retinal microvessels.

Because water osmotically follows solute, the Muller

cells swell, a situation termed intracellular edema. In

addition, a dysregulated polyol pathway activated by

chronic hyperglycemia in diabetes is thought to be

associated with accumulation of intracellular osmo-

tically active solutes that draw in water and cause

cellular swelling.54,93 Whereas the evidence for

intracellular edema appears to be substantial in dis-

eases of the brain, models for intracellular edema in

the retina have been less well investigated.92,94

7.4 Clinical Definitions

There are several definitions important for under-

standing the literature on diabetic macular edema.

Diabetic Macular Edema – retinal thickening

within 1 disk diameter of the center of the macula

or definite hard exudates in this region.4 This defini-

tion used in the Early Treatment Diabetic Retino-

pathy Study (ETDRS) differs from some other defi-

nitions in which the radius may be 2 disk diameters

Laser Vitrectomy

Fluid currents carry oxygen from
well perfused areas to ischemic

areas of retina

Thermal
coagulation of

RPE and
photoreceptors

Decreased oxygen
consumption of

outer retina

Choroidal oxygen
diffuses through
laser scars and

reaches inner retina

Increased oxygen tension of inner retina

Decreased
VEGF

production

Decreased
concentration of
unblocked VEGF

Release
macular
traction

Decreased
permeability
of vessels

Decreased water flux from
vascular to tissue

compartment (Starling)

Decreased hydrostatic
pressure in capillaries

and venules

Autoregulatory arteriolar
vasoconstriction

Decreased Edema Formation

Vitrectomy

Intravitreal anti
VEGF drugs

Decreased
leukostasis and

ischemia

Intravitreal
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Fig. 7.13 Schematic
summarizing the
mechanisms of action of the
various treatments for
diabetic macular edema. The
color filled blocks represent
different treatment
modalities for DME.
Adapted and expanded from
Stefansson24
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and in which the hard exudates criterion may be

omitted. For epidemiologic purposes, some studies

also classify an eye as having DME if there are

macular photocoagulation scars to indicate pre-

vious treatment even if no macular thickening is

present.95

Clinically Significant Macular Edema (CSME) –

the situation in which at least one of the following

criteria is fulfilled:

a. Retinal thickening within 500 mm of the center of

the macula

b. Hard exudates within 500 mm of the center of the

macula with adjacent retinal thickening

c. One disk area of retinal thickening any part of

which is within 1 disk diameter of the center of

the macula4

Clinically Significant Macular Edema – Terminologic Vagary

The definition of CSMEwas created in the ETDRS andwas based on analysis of stereoscopic fundus

photographs of the macula by trained nonphysician graders. The term, however, was used and

continues to be used in a clinical sense as well. The eyes in the ETDRS were classified and

Fig. 7.14 Schematic depicting pathways for water transport
in the retina. Water is generated in the retina by oxidative
synthesis of adenosine 50 triphosphate (ATP) that generates
carbon dioxide and water (H2O).The Muller cell has pro
cesses that wrap around retinal microvessels. Bidirectional
potassium channels called Kir4.1 are present in the Muller
cell membranes abutting these microvessels. Muller cells also
possess unidirectional potassium channels called Kir2.1
abutting the extracellular space that allows passage of potas
sium from the neuroretinal cells into the Muller cell.

Aquaporin 4 (AQ4) water channels allow the osmotic
co transport of water to follow potassium movement. The
retinal pigment epithelium also actively transports potassium
and chloride from the retina to the choroid with water co
transport occurring via aquaporin1 (AQ1) channels. In dia
betes, the Kir4.1 channels are decreased, but not the KIR2.1
unidirectional potassium channels or the RPE potassium
transport channels. The net effect is Muller cell swelling
intracellular edema. Reproduced with permission from
Reichenbach and colleagues92
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randomized at baseline based on fundus photographic gradings, but at follow-up visits, retreatment

decisions were made based on clinical examinations at the slit lamp. Thus, although there is one-term

CSME, there are two methods of determining it.

The definition of CSME has been termed ‘‘complex’’ and ‘‘difficult to apply precisely in clinical

practice’’ even by its originators.96 Most published reproducibility statistics apply to the term as

construed from color fundus photography.97 There are no statistics published for the reproducibility

of CSME as determined at the slit lamp by different clinicians, and yet the definition is widely used in

clinical ophthalmology as the threshold for treatment of DME. To confidently extrapolate the

results of the ETDRS trial to routine clinical practice, it would seem of interest to know how

photographically graded CSME and clinically graded CSME compare. In one study on this topic,

clinical diagnosis had a sensitivity of 24% relative to stereo photography.96 In other studies, the

chance corrected agreement between clinical diagnosis and stereo fundus photography has ranged

from 0.31 to 0.55.96,98 Among the disagreements between ophthalmoscopy and analysis of fundus

photographs, undercalls by ophthalmoscopy were more common than overcalls (88 and 12%,

respectively).96 In the ETDRS itself, a much more tightly controlled study environment in which

the retina specialists who were involved were the same ones who defined the term CSME, the kappa

statistic for clinical examination with a fundus contact lens compared to analysis of stereo fundus

photographs was 0.61.99 In general, clinical detection of CSME is less sensitive than detection by

analyzing stereo fundus photographs. The evidence suggests that treating DME based on clinical

estimation of the presence of CSME probably leads to a degree of undertreatment compared to

treatment decisions based on analysis of stereoscopic fundus photographs.

7.5 Focal and Diffuse Diabetic Macular
Edema

The terms focal and diffuse are used frequently to

differentiate two types of DME, although these

terms have not been defined consistently in the litera-

ture.100 121 Focal edema is said to arise from micro-

aneurysms (Fig. 7.15), whereas diffuse edema is said

to arise from generally dilated and hyperpermeable

capillaries throughout the macula (Fig. 7.16).122,123

The difficulty comes in translating this simple concept

into an operationally reproducible methodology in

clinical practice. Focal DME defined in a variety of

ways has been reported to be more common than

diffuse DME, but many cases of DME subjected to

these definitions have mixed features making a clear

distinction difficult (Fig. 7.17).79,116,124 127 Additional

confusion may arise because the term focal is used to

describe a technique of applying laser directly to

microaneurysms when treating DME with focal/grid

photocoagulation.4

In general, paucity of lipid exudates has been

associated with diffuse edema in ophthalmoscopic

definitions, whereas presence of lipid and lipid

rings has been associated with focal

edema.79,102,112,128 132 Definitions involving color

fundus photographs often involve area criteria,

and the criteria vary among studies.

In the ETDRS, DMEwas defined clinically from

stereoscopic biomicroscopy without reference to

focal or diffuse descriptions of that clinical exam-

ination. However, fluorescein angiograms were

analyzed by a reading center and the source of

fluorescein leakage was graded categorically by pro-

portion of leakage originating from microaneur-

ysms for classification of edema as focal or diffuse.

Eyes with � 67% of leakage associated with micro-

aneurysms were classified as focal, those with

33–66%of leakage associated withmicroaneurysms

as intermediate, and those with <33% of leakage

associated with microaneurysms as diffuse.133,134

The reproducibility of grading fluorescein angio-

grams for leakage source has been classified as

only fair by the ETDRS authors.133 Others are less

circumspect. Blair and colleagues state ‘‘it is notor-

iously difficult to quantify leakage on fluorescein

angiograms.’’29
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Optical coherence tomography (OCT) can also be

used to define edema as focal or diffuse. In the false

color map, isolated islands of hot colors surrounded

by larger areas of cool colors give a sense of focality,

but this is subjective. Some have suggested that dif-

fuse DME be understood to imply an increasing

number of elevated subfields on the map display.135

This OCT-based characterization has not proven to

explain additional variability in visual acuity over

that explained by central subfield mean thickness,

age, or fluorescein leakage in the inner subfields nor

has it been predictive of visual acuity outcomes at 1

year after focal photocoagulation.136

When clinicians are asked to classify DMEas focal

or diffuse, evidence suggests that their assessments

differ from classifications used by photographic

a b c

Fig. 7.16 (a) Diffuse diabetic macular edema is often
described as arising from dilated capillaries throughout the
posterior pole, but not frommicroaneurysms, involving large
areas of the macula, involving the center of the macula, and
associated with few lipid exudates.The usage of the term

diffuse, however, is inconsistent in the published literature.
This color fundus photograph shows few lipid exudates. (b)
Relatively few microaneurysms are seen relative to the
amount of fluorescein leakage shown in the late frame (see
c). (c) Profuse late leakage of fluorescein is present

a
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Fig. 7.15 (a) Focal diabetic macular edema is often
described as arising from microaneurysms and having an
association with lipid exudates, often in circinate rings. In
this red free photograph, lipid exudates surround a large
microaneurysm temporal to the center of the macula. (b)
The mid phase fluorescein angiogram shows the

microaneurysm responsible for the exudates. The exudates
are not apparent on fluorescein angiography. (c) The late
phase fluorescein angiogram shows fluorescein leakage from
the microaneurysm. (d) The horizontal radial line scan OCT
image shows parafoveal cystoid thickening of the macula
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reading centers. In comparing a British prospective

survey of laser treatment for DME in which clinicians

graded DME and a Diabetic Retinopathy Clinical

Research (DRCR) network clinical trial involving

two methods of laser treatment for DME in which a

reading center graded DME, there was a 27% discre-

pancy between fractions categorized as focal by the

two studies.137 Although this might reflect different

samples, it could also suggest that the clinical and

photographic methods capture different information

about these eyes, and suggests that caution is required

in implicitly comparing statements about focal DME

defined in different ways.

Many authors have claimed that diffuse DME is

refractory to macular photocoagulation and that

diffuse DME is a prognostic factor for poorer visual

acuity at follow-up, but the evidence for these

claims has not come from prospective clinical trials

and is weak.115,138 In some cases, the literature has

been misquoted, most frequently by claiming that

the ETDRS showed that diffuse DME showed a

poorer response to focal/grid laser than focal

DME.121,139 In fact, the ETDRS looked at the

source of fluorescein leakage as a possible factor

that might modify the beneficial effect of photocoa-

gulation for DME on the development of moderate

Fig. 7.17 Many eyes with diabetic macular edema have
mixed characteristics with leakage from microaneurysms
and dilated capillary segments, lipid exudates in some thick
ened areas and not others, and large areas of thickening, but
not necessarily involving the center of the macula. An exam
ple is shown. (a) A lipid ring is present superotemporally but
other regions of thickened macula are free of lipid. (b) Amid
phase frame of the fluorescein angiogramdoes not showmore

microaneurysms in the area of the lipid ring than in other
areas without lipid. (c) A frame from the late phase of the
fluorescein angiogram shows an area of leaky microaneur
ysms inferotemporal to the center of the macula without
associated lipid of note. (d) The OCT shows that the fovea
is only mildly thickened, a characteristic often associated
with focal edema, yet with a large area of thickened macula,
a characteristic often associated with diffuse edema
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visual loss and found no difference when comparing

eyes with leakage classified as predominantly focal

with those classified as intermediate to diffuse.

There were too few eyes with predominantly diffuse

leakage for analysis.134 Others have suggested that

diffuse DME responds better to intravitreal triam-

cinolone injections, intravitreal bevacizumab injec-

tions, or vitrectomy and focal DME to focal laser

photocoagulation.121,123,140 142 The evidence to

support the claims comes from qualitative compar-

isons across studies of different designs and is

weak.140,141

It is possible that a concept of focal and diffuse

edema, possibly expressed with a new vocabulary,

will prove to be important in explaining baseline

variance in visual acuity or in predicting treatment

outcomes as has been claimed, but the usefulness of

the concept has not yet been established despite its

ubiquitous use.137

7.6 Subclinical Diabetic Macular Edema

Diabetic macular edema may be clinically recog-

nized, yet not reach a severity satisfying the defini-

tion of CSME (Fig. 7.18). Clinical assessment of

macular edema and OCT assessment of macular

edema frequently disagree in this group of

patients.143,144 In addition, some eyes do not have

clinically recognized DME, but macular thickening

is detectable by OCT.144 The term subclinical DME

(SCDME) has been used to define both of these

classes of DME that are less severe than clinically

significant DME.144,145

7.7 Refractory Diabetic Macular Edema

Diabetic macular edema that has been treated with

focal/grid photocoagulation and yet persists is

defined as refractory.146 148 Different authors use

different criteria for the number of focal/grid treat-

ments that are used before applying the term, but all

require at least one. Eyes may be refractory to treat-

ments other than focal/grid photocoagulation, and

some eyes have edema refractory to all known

treatments for DME. Refractory DME has been

reported to produce more rapid visual acuity loss

in older patients, and is associated with greater

short-term variability in macular thickness than is

seen in eyes without refractory DME.149,150 It is

also associated with higher levels of HbA1c than

DME that resolves with focal/grid laser

photocoagulation.148

Fig. 7.18 Example of
subclinical diabetic
macular edema. No
thickening of the macula
was recognized on
biomicroscopy, yet on
OCT there is clearly
abnormal thickening
superonasal to the center
of the macula
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What Is the Rate of Visual Decline from Diabetic Macular Edema?

The rate of visual decline in the control group eyes with baseline visual acuity� 20/40 in the ETDRS

was 1 ETDRS letter per 48 days.151 These eyes received no laser photocoagulation. In the PKC-

DRS2 study, the treatment naı̈ve eyes in the control group with severe DME and baseline visual

acuity� 20/40 also lost visual acuity at a rate of 1 ETDRS letter per 48 days.152 Unpublished data of

the author suggest an estimate of 1 ETDRS letter lost per 72 days of follow-up in eyes with refractory

DME. It appears that the rate of visual acuity declines fromDMEmay decrease over time but not to

zero. Further studies are needed to properly address this suggestion.

7.8 Regressed Diabetic Macular Edema

Regressed diabetic macular edema is defined as the

macular state in which DME was once present, was

treated with focal/grid laser or other treatments,

and is now absent. It is important to state the

method for determining absence of the macular

edema, as classifications may disagree using clinical

methods and imaging methods such as OCT or

fluorescein angiography.

7.9 Recurrent Diabetic Macular Edema

Regardless of the treatment used, cases exist in

which DME vanishes after treatment, but subse-

quently recurs.153 AlthoughDME can resolve spon-

taneously without treatment, and then recur, the

term recurrent DME is generally used with refer-

ence to treated eyes with recurrences.

7.10 Methods of Detection of Diabetic
Macular Edema

Diabetic macular edema is most commonly assessed

by stereoscopic slit-lamp examination using a fun-

dus lens.4 Examination with a contact lens is more

sensitive, but takes more time and can degrade the

view for subsequent photography.154 Noncontact

fundus lenses are more commonly used in daily

practice, are faster and more compatible with sub-

sequent fundus imaging, but have less sensitivity for

detection ofDME.79Direct ophthalmoscopy allows

detection of lipid exudates, which may be a sign of

DME, but suffers from lack of stereopsis. Although

lipid presence suggests associated macular thicken-

ing, the two findings are not synonymous and,

therefore, presence of lipid alone is an unreliable

surrogate for DME.155,156

Stereoscopic fundus photographs can be used to

assess presence of DME and grade its severity in

clinical trials but not in clinical practice.151,157 Com-

pared to clinical examination with a contact fundus

lens, stereo fundus photography with reading by

trained nonphysicians is more sensitive for the

detection of DME associated hard exudates,

equally sensitive for detection of center-involved

DME, and less sensitive for the detection of non-

center-involved DME.99 Because OCT is more

reproducible and is more widely available, grading

of DME by stereo fundus photography is a research

tool used only in clinical trials, and even in this

setting its use is declining.

Fluorescein angiography has been used to detect

leakage of fluorescein from microaneurysms and

other leakage sources in diabetic retinopathy. In

some studies, fluorescein leakage has been used as a

surrogate variable for macular thickening.47 Because

it does not assess the function of the retinal pigment

epithelial pump, the correlation of fluorescein leak-

age with macular thickening is modest.158,159 It was

not used in the ETDRS for the detection of DME,

but rather for guidance of focal/grid photocoagula-

tion once DME had been diagnosed by slit-lamp

stereo fundus biomicroscopy.99

As a practical matter, there appears to be a trend

toward decreasing use of fluorescein angiography in

management of DME. Immediately after the pub-

lication of the first ETDRS report, fluorescein
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angiography was considered as a necessary tool to

guide focal/grid laser treatment.160 Although no

randomized trials have been done comparing

focal/grid with and without use of fluorescein

angiography for guidance, subsequent uncontrolled

case series have reported similar results of focal/grid

laser photocoagulation for DME whether fluores-

cein angiography is or is not used to guide the

treatment.112,161 The report that similar planned

focal/grid treatment patterns result regardless of

whether experienced retinologists use fluorescein

angiography may have boosted a trend away from

fluorescein angiography use.162 For example, in a

1998 audit of DME management, only 19.5% of

British ophthalmologists treating DME with focal

laser photocoagulation obtained a fluorescein

angiogram before treatment.110 In a 2007 study

from the DRCR Network, 50% of eyes were man-

aged without fluorescein angiography.163 In the

year of diagnosis of DME, Medicare claims data

indicate that a 60% of patients received a fluores-

cein angiogram over the 2000–2004 period. Despite

investigation, there has been no evidence published

to support assertions of necessity of fluorescein

angiography for planning treatment or usefulnesss

in predicting outcomes.112,134,162 Oral fluorescein

angiography has promise for detecting DME in

the setting of a screening program, possibly redu-

cing the numbers of patients requiring referral to

ophthalmologists, but has not been adopted outside

of a demonstration project. Compared to stereo-

scopic slit-lamp biomicroscopy, sensitivity of 92%

and specificity of 81% have been reported for detec-

tion of DME with this technique.164

The importance of OCT in the diagnosis and

management of DME can scarcely be overempha-

sized.165 The clinical diagnosis of DME as practiced

in the ETDRS era before OCT was beset by varia-

bility among clinicians actually carrying out the

principles established in the clinical trial.79 After

accounting for the effects of chance, agreement

between the clinical diagnosis of CSME by an inves-

tigator and the gold standard diagnosis based on

stereoscopic viewing of color fundus photographs

has been reported to be 31% in a setting represen-

tative of community care.96 The importance of inac-

curacy in disease detection and staging has been

stressed as a factor explaining discrepancies in out-

comes within clinical trials as compared to

community settings.166 Because detection and

assessment of DME by OCT are more objective

and reproducible than by clinical examination,

more uniformity in intervention and outcomes of

treatment may be possible than in the pre-OCT

era.143,144 Increasingly in both clinical trials and

community care, an OCT component to a definition

of DME is included based on normal databases of

OCT values that have been published.135,167 In the

DRCR Network, central subfield mean thickness

by Stratus OCT must be � 250 mm to qualify for

inclusion in DME trials and to be eligible for

retreatment at specified reevaluation intervals.

From Medicare claims analyses, 2.5% of patients

with DME had an OCT ordered in the year after a

diagnosis of DME in 2000, increasing to 40% in

2004.11 The penetration of OCT machines into

ophthalmic practice has continued to increase

since 2004 and that percentage would undoubtedly

be higher today.

There is no reproducibility data on clinical

detection of DME, but there is a wealth of repro-

ducibility data on OCT.168 172 Variability in OCT

measurements occur in several forms. Measure-

ment variability is that variability noted between

repeat measurements made within minutes of each

other. Measurement variability has been found to

be dependent on the macular thickness. In gen-

eral, any change of macular thickness greater than

11% of a previous measurement exceeds OCT

measurement variability and can be assumed to

be a real change in macular thickness.170 In addi-

tion to measurement variability, there is short-

term fluctuation in macular thickness in DME.

By this one refers to the variability noted over

the course of days to even weeks when there is

no trend in the changes.173 Short-term fluctuation

in DME is also dependent on macular thickness

and is larger than measurement variability.150

It is of particular importance in eyes with refrac-

tory DME and of little clinical importance in

eyes with diabetic retinopathy but no previous

history or present evidence of macular edema

(Table 7.1).173 Unpublished data of the author

suggest that it is of intermediate magnitude and

concern in eyes with regressed DME. Two clinical

examples will help make concrete the clinical sig-

nificance of short-term variation in macular

thickness.

7 Diabetic Macular Edema 159



7.11 Case Report 1

A 67-year-old female with type 2 diabetes for 28

years had a history of DME in both eyes. She had

had argon laser focal/grid photocoagulation of the

right eye three times previously as well as vitrectomy

and internal limiting membrane peeling when the

DME did not resolve after laser treatment. Panret-

inal photocoagulation of the right eye had been

administered for proliferative diabetic retinopathy

with regression of the neovascularization. Despite

multiple treatments, refractory DME of the right

eye persisted (Fig. 7.19), yet her visual acuity was

sufficient that she was able to read a newspaper and

pass a drivers test. Treatment had been suspended as

futile over the past 2 years, but she was monitored at

3–6-month intervals. The corrected visual acuity in

March 2008 was right eye 20/50 and left eye 20/200.

The central subfield mean thickness (CSMT) of the

right eye was 273 mm. The left eye had chronic, more

severe, refractory DME. She returned 6 months later

and reported worse blurring of vision. At this time

visual acuity was right eye 20/80 and left eye 20/200.

The OCT-measured DME of the right eye had wor-

sened with CSMT of 371 mm (Fig. 7.20). The fundus

appearance and the fluorescein angiography for the

right eye are shown in Figs. 7.21, 7.22, and 7.23. Loss

of the ability to drive was feared, and reconsideration

was therefore given to further intervention for the

refractory DME. In attempting to decide the wisest

Table 7.1 Short term variation in central subfield mean thickness in subgroups of eyes with diabetic retinopathy

Diabetic retinopathy
group Study N

Baseline CSMT, median,
IQR (mm)

Short term variation in CSMT, median,
(IQR), [range], (mm)

Diabetic retinopathy
without DME

Browning173 56 219 (195 235) 18 (11 31) [2 172]

Treatment naı̈ve DME Toda174 8 374 (274 761) 137 (54 237) [27 299]

Refractory DME Massin150 12 463 (407 541) 153 (80 296) [40 368]

IQR = interquartile range, mm = microns, CSMT = central subfield mean thickness

Fig. 7.19 Initial OCT
images of the right eye of
case report 1 in March
2008 when the patient
could see sufficiently to
pass a drivers license
examination. The radial
line scan is oriented
vertically
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recommendation for this patient, the question arose

whether the 98 mm thickening of the CSMT wit-

nessed between the last two visits was within the

expected range of short-term OCT variability for

eyes with refractory DME. In other words, was she

truly worsening – showing increasing macular thick-

ening – or was this compatible with short-term

variability of macular thickening in an eye with

refractory DME?

The patient returned 1 month later, and the

CSMT and visual acuity of the right eye had

improved spontaneously to 178 mm and 20/60,

respectively (Fig. 7.24). That is, as this case exem-

plifies, short-term fluctuation in CSMT in

Fig. 7.20 OCT images of
the right eye of case 1 in
September 2008 when the
patient had experienced
deterioration of visual
acuity, more difficulty
driving, and was found to
have increased diabetic
macular edema. The radial
line scan is oriented
vertically

Fig. 7.21 Red free photograph of the right eye of case 1 in
September 2008 when exacerbation of DME was observed.
Two large microaneurysms on the foveal avascular zone bor
der and several others more remote from the border are noted

Fig. 7.22 Mid phase fluorescein angiogram of the right eye
of case 1 in September 2008. The location of two large micro
aneurysms on the border of the foveal avascular zone is
documented
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refractory DME can be larger than OCT measure-

ment variability, which for an eye with macular

thickness of 273 mm would be approximately

30 mm. The clinician may need to include this factor

of short-term variability of macular thickness in

refractory DME in clinical decision making to

avoid restarting previously futile styles of treatment

and possibly inducing further side effects such as

laser-induced paracentral scotomata or steroid-

induced pressure elevation without benefiting visual

acuity.142,175

7.12 Case Report 2

A 77-year-old man with diabetes of 10 years duration

and hypertension of 1-year duration was examined in

2000 and found to have DME reducing visual acuity

in the left eye to 20/50. No OCT was available in our

clinic in 2000, but clinically significantmacular edema

was found on stereoscopic slit-lamp biomicroscopy

with a noncontact fundus lens and two sessions ofar-

gon laser focal/grid photocoagulation were given on

16 March 2000 and 28 January 2002. The DME

resolved both on clinical examination and by OCT

measurements once that instrument became available

to the practice. During follow-up, four consecutive

normal CSMTs were recorded between 25 January

2005 and 21 August 2007 in consonance with the

clinical examination that showed nomacular thicken-

ing on stereoscopic slit-lamp biomicroscopy. The

appearance of the fundus at this time is shown in

Fig. 7.23 Late phase fluorescein angiogram of the right eye
of case 1 in September 2008. There is petalloid hyperfluores
cence most prominent superior and temporal to the fovea
although the epicenter of the thickening on the OCT false
color map is inferonasal to the fovea

Fig. 7.24 OCT images of
the right eye of case 1 in
October 2008 when the
patient had spontaneous
regression of the
exacerbated macular
thickening. The radial line
scan is oriented vertically
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Fig. 7.25. At follow-up on 9 April 2008, the CSMT

increased to 283 mm compared to the value of 205 mm
on 21 August 2007 (Figs. 7.26 and 7.27). Clinically,

the center of the macula was judged to be not thick-

ened. The question arose whether the 78 mm increase

in macular thickness represented a change in the

macula in excess of the short-term fluctuation in

macular thickness in an eye with regressed DME. In

other words, was this recurrent DME and did it need

to be treated?

The patient was observed without treatment and

at follow-up on 11 November 2008 was noted to

have spontaneous resolution of the macular thick-

ening present at the previous examination. That is,

as this case exemplifies, short-term fluctuation in

CSMT in regressed DME is potentially larger than

OCT measurement variability. For an eye with

macular thickness of 205 mm, measurement

Fig. 7.26 Three OCT false color maps of the left eye of case
report 2 documenting the regional pattern of macular thick
ness in a patient with regressed DME after two sessions of
focal/grid photocoagulation given 7 years earlier. On 8 May

2008, there is OCT thickening that was not present at the 21
August 2007 visit. Without any therapy, there is spontaneous
regression of this thickening as shown in the map from 11
November 2008

Fig. 7.25 Color fundus photograph documenting the
appearance of the left eye of case 2 with regressed DME
and a pattern of focal/grid laser scars
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variability would be approximately 21 mm. The clin-

ician may be advised to include the larger short-

term fluctuation factor for eyes with regressed

DME in clinical decision-making.

Of the many OCT indices that can be followed in

the course of DME, the central subfield mean thick-

ness (CSMT) is the best single measure.176,177 It is

more reproducible than center point thickness, yet is

highly correlated (r¼ 0.99) with the latter.176,177

Total macular volume (TMV) correlates somewhat

less well with CSMT(r¼ 0.76), but there have been

no conclusions drawn from analyzing TMV that

would not have been drawn by studying CSMT

instead.146,157 Other variables such asmaximal thick-

ening of the inner zone and maximal thickening of

the grid have not added value to analyses using

CSMT.157 OCT has also revealed the fact that serous

retinal detachment is associated with DME in

9.7–26.0% of cases, a fact unappreciated in the

ETDRS era.68,132,178 180 Serous retinal detachment

can be associated with mild or severe degrees of

neural retinal thickening, with retinopathy featuring

clustered microaneurysms or with few microaneur-

ysms, and has little correlation with visual acuity

impairment. It responds to treatments for DME,

just as does the thickening of the neural retina, is

not correlated with degree of capillary nonperfusion,

and has little prognostic importance for outcome.116

Serous retinal detachment is not seen in the absence

of some degree of neural retinal edema.180

Methods of Analysis of OCT Data

OCT-measured changes in macular thickness can be analyzed in three ways – as absolute changes in

thickness, relative changes in thickness, and relative changes in thickening, where thickeningmeans excess

retinal thickness compared to published normal values. Chan and Duker have stated that all studies of

Fig. 7.27 Three OCT
horizontal radial line scans
documenting the macular
morphology of the left eye of
case report 2 on the same
three dates shown in
Fig. 7.25. On 9 May 2008,
there is intraretinal cystoid
change and thickening that
was not present on 21
August 2007. The thickening
has spontaneously resolved
by the scan of 11 November
2008, although there is still
some lesser degree of
intraretinal cystoid change
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macular edema should employ the relative change in thickening method of analysis, but their recommen-

dations were based on examples from the literature that were much thicker than the majority of eyes

treated for DME.177 The DRCR Network has shown that the relative change in thickening method of

analysis is unstable for eyes withmild degrees ofmacular edema—for example, with thicknesses<300 mm
(Fig. 7.28). For such eyes, the preferred method of analysis is absolute change in thickness.176

Optical coherence tomography was originally

developed using time domain acquisition of images

(TD-OCT).182More recently, machines using spectral

domain acquisition of images have been introduced

(SD-OCT), and time domain machines, while preva-

lent in practice, are no longer being made. Spectral

domain technology allows faster acquisition of

images and denser sampling of the macula.183 185

The normal values for SD-OCT and TD-OCT differ

because the segmentation algorithms define the retina

layers differently.184,185 TD-OCT defines retinal

thickness as the distance between the internal limiting

membrane and the photoreceptor inner segment/

outer segment boundary. SD-OCT defines retinal

thickness as the distance between the internal

limiting membrane and the retinal pigment epithelial

layer. For this reason, retinal thickness values

with SD-OCT are on average 50–60 mm thicker than

values with TD-OCT and are tightly correlated (r >

0.9).193 195 The axial resolution of SD-OCT is 2–7 mm
compared to 10–15 mm with TD-OCT.184,186,187 This

leads to a more sensitive detection of cystoid changes

in the macula with SD-OCT, such that prevalences of

such morphologic findings must be qualified by

describing the method of imaging in order to prevent

potential confusion.141,188 Reproducibility is better

with SD-OCT because of the greater number of

scans obtained per unit of area of retina. For the

central subfield, the mean coefficients of variation of

TD-OCT and SD-OCT have been reported to be 1.33

and 0.53–0.66%, respectively.184,187

OCT is an excellent tool for objectively measur-

ing macular thickening, but macular thickening is

only modestly correlated with visual acuity (r =

0.52–0.53), which is the more important clinical

variable.180,189 One potential explanation for the

imperfect correlation is the effect of variable dura-

tion of edema, an elusive clinical variable to

define.119 Diabetes also causes apoptosis of retinal

neurons before edema develops, and causes dys-

function of the glial cells of the retina, reflected in

abnormalities in the electroretinogram (ERG) and
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Fig. 7.28 Reproduced with permission from Browning.176

Relative change in central subfield thickening from 8 a.m. to
4 p.m. by the 8 a.m. central subfield thickness in a study of

diurnal variation of macular thickness in eyes with diabetic
macular edema. 181When the baseline thickening is small, the
scatter in the relative change in thickening becomes large
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thinning of the diabetic retina before edema devel-

ops.35 Other confounders that impair correlation of

macular thickening and visual acuity include varia-

tions in macular capillary perfusion, RPE dysfunc-

tion and scarring, and media opacities. The impor-

tance of these effects in degrading visual acuity varies

from case to case and for some effects varies in ways

that are currently impossible to measure.35,68

Besides its usefulness in the detection of macular

edema, OCT has value as a method of longitudinally

following DME, a chronic disease that follows a

course of years to decades, and is subject to multiple

interventions over time.190 The important element in

obtaining this function is the use of spreadsheet

tabulation of the OCT with graphical capability

(Fig. 7.29). A noncommercial program has been

described using widely available spreadsheet soft-

ware, and proprietary variations of this approach

are appearing in electronic medical records products

and the software that comes with OCT machines.190

OCT provides near histologic levels of detail in

localizing edema within the retina and categorizing

morphologic variations in edema. Specific cases can

be seen in which cysts and edematous regions are

present in any given layer of the retina, but in general

DME is characterized by thickening of the outer rather

than the inner retina.68,132,178,191 Subretinal fluid has

been seen in 9.7–26.0% of eyes with DME and is not

seen in the absence of neuroretinal edema.68,132,178 180

Various classifications of DME based on OCT mor-

phology have been proposed. The most widely quoted

classification proposes to grade DME into three OCT

groups: sponge-like swelling, cystoid macular edema,

and subfoveal fluid; others combine these categories

into hybrid subgroups.178,180 Because detection of

CME is machine dependent, the reproducibility of

interclinician grading using this scale is unknown,

and no consensus or standardization of OCT classifi-

cations of DME has been achieved, the proposed

scales are considered to be provisional.

Fig. 7.29 Longitudinal plot of change in central subfield
macular thickness (CSMT) in micrometers (top panel) and
total macular volume (TMV) in mm3 (bottom panel) of a
patient with diabetic macular edema followed over 29
months. The short arrow indicates argon laser focal/grid
laser treatment. The long arrow indicates vitrectomy, inter
nal limiting membrane peeling. The longitudinal display

allows easier recognition of signal (true changes in macular
thickness) from noise (measurement variability, diurnal var
iation in macular thickness, and short term variation in
macular thickness). In addition, this format provides visua
lization of changes in OCT indices with interventions over
time, a perspective difficult to achieve by flipping through
sequential snapshot OCT images
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Vitreous fluorometry has been used in research

centers to assess permeability of the blood–retina

barrier and has great appeal because it assesses a

pathophysiologic variable directly responsible for

DME.192,193 Using this technique, it has been deter-

mined that the blood–retina barrier permeability

increases 9–26% per 6 months in patients with non-

proliferative diabetic retinopathy and no DME and

that daily variation in permeability is approximately

20%.50,193 The technique has been used to show that

angiotensin converting enzyme inhibitor therapy

(captopril) for 6 months in hypertensive diabetics

and 18 months in normotensive diabetics with non-

proliferative retinopathy can blunt this rise in perme-

ability.50,194 Limited evidence suggests that it has

prognostic significance for visual loss in DME, but

because it is not a clinically relevant ancillary study,

and because interpretation of results is confounded

by vitreous liquefaction, a common finding in

patients with diabetic retinopathy, it currently has

little impact in clinical care.158 Fluorescein angiogra-

phy does not provide equivalent information, because

it is graded subjectively rather than objectively.

7.13 Other Ancillary Studies in Diabetic
Macular Edema

Studies of multifocal electroretinography (mfERG)

show that response density is decreased in eyes with

DME, especially in the subclass of eyes with cystoid

macular edema.119 Full field cone b-wave amplitudes

are also decreased in eyes with DME compared to

normal controls. Microperimetry shows that DME

can lead to unstable central fixation, that fixation may

remain predominantly central, but can also become

eccentric.195,196 One study suggested that eyes with

DME and eccentric fixation run the risk of treating

the new area of fixation with supplemental focal/grid

photocoagulation.196 None of these ancillary studies is

regularly used in clinical care of patients.119

7.14 Natural History

The ETDRS provided natural history data on a large

number of eyes with DME. Over 3 years of follow-

up, the rate of moderate visual loss (15 letters on the

ETDRS chart) was 8%per year, such that by 3 years

24% of untreated eyes had suffered moderate visual

loss.4 Rates of visual loss increased according to the

baseline visual acuity with worse-seeing eyes losing

vision at a higher rate.4 Rates of visual loss also

increased according to baseline retinopathy severity

with eyes having more severe retinopathy losing

vision at higher rates than eyes with less severe reti-

nopathy.4 The median rate of visual loss in eyes with

severe DME and baseline visual acuity of �20/40
was 0.63 ETDRS letters per month.151 Rates of

visual acuity gain of at least six ETDRS letters (at

least one line on the ETDRS chart) in untreated eyes

with DME and visual acuity of �20/40 (and thus

capable of visual acuity improvement) over 3 years

of follow-up were stable at 20–25%.4 In the ETDRS,

of eyeswithDME less severe thanCSME (one subset

of what has been termed subclinical DME) and

observed without treatment, 22 and 25% progress

to DME with the center of the macula involved at 1

and 3 years of follow-up, respectively.4 In the OCT

era, in a retrospective case series, 31% of eyes with

SCDME and serially observed progressed to CSME

over a median follow-up of 14 months.145

Chronic, untreated DME and refractory DME

can be associated with subretinal fibrosis, particu-

larly if hard exudates are present, and by more

subtle retinal pigment epithelial pigmentary

changes (Fig. 7.30).87,197

Fig. 7.30 Chronic extracellular fluid and subretinal fluid
accumulation in the macula can trigger reactive retinal pig
ment epithelial hyperplasia manifested clinically as the stel
late lesion in the center of the macula
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7.15 Treatments

7.15.1 Metabolic Control and Effects of
Drugs

Recognition of the risk factors for diabetic macular

edema led to randomized clinical trials of better

blood glucose and blood pressure control in

attempts to reduce the prevalence of the condition.

The Diabetes Control and Complications Trial

(DCCT) showed that tight blood glucose control

in patients with type 1 diabetes reduced the cumu-

lative incidence of macular edema at 9 years follow-

up by 29% and reduced the application of focal

laser treatment for diabetic macular edema by

half.198,199 The effects of years of improved glycemic

control persist even if control later deteriorates. In

the Epidemiology of Diabetes Interventions and

Complications (EDIC) study, an extension study

of the DCCT in which the level of glycemic control

of the former intensive and conventional control

groups converged, the former intensive control

group continued to fare better than the former con-

ventional control group. Four years after the end of

the DCCT, the former intensive control group had a

2% incidence of CSME compared to 8% for the

former conventional control group (P < 0.001).200

The UK Prospective Diabetes Study was an analo-

gous randomized clinical trial of patients with type 2

diabetes. It showed that tighter blood glucose con-

trol reduced the requirement for laser treatment at

10 years follow-up by 29%, compared to looser

control; 78% of the laser treatments were for

DME.201 It also showed that a mean systolic

blood pressure reduction of 10 mmHg and a diasto-

lic blood pressure reduction of 5 mmHg over a

median follow-up of 8.4 years led to a 35% reduc-

tion in retinal laser treatments, of which 78% were

for DME.202 These clinical trial results make phy-

siologic sense, as it has been shown that in eyes with

retinopathy and a damaged blood–retina barrier,

reduction of blood pressure not only reduces the

driving force for egress of fluid to the extracellular

space, but also decreases microvessel permeability,

an effect documented before the appearance of

microaneurysms and other morphologic stigmata

of diabetic retinopathy.50,196 In studies of blood–

retina barrier permeability in patients with NPDR

and hypertension, captopril with or without a diure-

tic has been shown to reduce permeability when

used for 6 months. The effect was not immediate

suggesting that a structural change in the

blood–retinal barrier occurs that takes time to

develop.50,203 Over longer periods in normotensive

patients with NPDR, captopril delayed the increase

in BRB permeability seen in untreated patients.194

There is suggestive evidence that level of glycemic

control also influences responsiveness to therapy;

higher glycosylated hemoglobin levels have been

reported in patients with DME refractory to focal/

grid laser photocoagulation.148

Multiple studies suggest a causal link between a

patient’s lipid profile and the presence of DME.204

Increased serum cholesterol levels are associated

with increased severity of retinal hard exudates at

baseline, increased risk of developing DME during

follow-up, and increased risk of losing visual acuity

even after adjusting for presence or absence of

macular edema (Fig. 7.31).12,205 Patients with

abnormally elevated triglycerides and HDL choles-

terol had worse visual acuity outcomes after focal/

grid photocoagulation than did patients with nor-

mal levels in one small prospective study.206 Small

studies have shown that 3-hydroxy-3-methylglu-

taryl coenzyme A inhibitors can reduce serum cho-

lesterol levels and retinal hard exudates by them-

selves, and may reduce subfoveal lipid migration

and improve regression rates of DME as adjunctive

therapy to focal/grid laser.87,207 Small clinical trials

of clofibrate showed that macular exudates could be

Fig. 7.31 Diabetic macular edema in a patient with marked
elevation of serum cholesterol and triglycerides can be asso
ciated with more pronounced lipid exudates as illustrated in
this case
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reduced through their use, although visual acuity

was not improved, possibly because of advanced

disease and irreversible damage of the maculas at

baseline.204,208,209

Pharmacologically induced diuresis, peritoneal

dialysis, hemodialysis, and renal transplantation can

all beneficially influence DME in patients with renal

failure.210 212 In a case report, plasmapheresis has

been used in severe cases to lower serum lipids with

improvement in macular edema and visual acuity.69

Certain drugs have been associated with induction

of newDMEor exacerbation of existingDME.Others

have been associated with amelioration of DME.

Thiazolidinediones are oral agents used to treat type

2 diabetes, often as adjuncts to other drugs. They are

peroxisome proliferator-activated receptor g agonists

that work by enhancing insulin sensitivity. Pioglita-

zone and rosiglitazone are members of this class of

drugs in common use. They have been associated

with peripheral edema, pulmonary edema, and/or con-

gestive heart failure, especially when used in combina-

tion with insulin. Plasma VEGF levels are higher in

patients on thiazolidinediones than in patients not on

these drugs.213 Case reports and series suggest that

they can be associated with new or worsened diabetic

macular edema as well.214 216 Although the reported

association is controversial, it is worthwhile for

ophthalmologists to monitor their patients using

these drugs and to raise the possibility of a regimen

changewith the supervising internist if ocular interven-

tion is being considered.

Ruboxistaurin is a protein kinase C-b antagonist

that ameliorates diabetes-induced retinal circulatory

abnormalities and suppresses VEGF-induced retinal

vascular hyperpermeability in animal models.217 In a

clinical trial, treatment with ruboxistaurin for 36–46

months reduced the risk of moderate visual loss by

63% primarily affecting eyes with DME at baseline.

In eyes with moderately severe to severe nonproli-

ferative diabetic retinopathy, ruboxistaurin 32 mg/

day reduced the risk of progression of DME to

within 100 mm of the center of the macula in patients

with CSME at baseline. In addition, compared to

placebo, ruboxistaurin reduced the need for focal/

grid photocoagulation for DME by 26%.218 In a

separate randomized, placebo-controlled clinical

trial of varying doses of ruboxistaurin orally for 30

months in patients with DME >300 mm from the

center of the macula, progression to sight-

threatening DME or focal laser treatment was no

different among groups.219 Suggestive evidence for

a beneficial neuroprotective effect of the 32-mg dose

on secondary outcomes such as rate of visual decline

in the presence of severe DME has led to further

planned studies of this drug for DME.152,219

Improved metabolic control of diabetes, hyper-

tension, and serum lipids is frequently underempha-

sized by the ophthalmologist because changes in

management are made by the internist, yet there is

an intimate connection between these changes and

retinal effects. A multifactorial intervention aimed

at reducing glycosylated hemoglobin, elevated

blood pressure, and elevated serum lipids can pro-

duce measurable effects in OCT-measured macular

thickness in as little as 6 weeks, and allows lower

power laser treatment to be used when focal/grid

photocoagulation is applied. Further collaborative

studies taking this approach are needed as the pub-

lished results involve small numbers of patients.220

There is a small subset of diabetic patients who

undergo pancreas transplantation, sometimes in com-

bination with kidney transplantation. Approximately

70% of such surgeries are successful in rendering

patients euglycemic.221 Approximately 20% of such

patients have had focal laser photocoagulation for

DME by the time they undergo transplantation. At

an average follow-up of 14 months after surgery,

11.4% of eyes show progression of DME, a fraction

similar to that in patients undergoing kidney trans-

plantation alone and who remain insulin depen-

dent.221 In addition, other markers of retinopathy

severity do not manifest improvements compared to

similar patients who undergo isolated kidney trans-

plantation and remain insulin dependent.221 Thus in

these patients who typically have advanced diabetic

retinopathy and a significant prevalence of DME,

normalization of glycemia via pancreas transplanta-

tion does not affect the retinopathy.

7.16 Focal/Grid Laser Photocoagulation

7.16.1 ETDRS Treatment of CSME

In the ETDRS model of treatment, a fluorescein

angiogram was obtained to guide focal/grid argon

laser treatment using either the argon blue-green or

green wavelengths.4 Initial focal treatment of
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microaneurysms, intraretinal microvascular abnorm-

alities (IRMA), and other discrete leakage sites

could extend from 500 mm of the center of the

macula out as far as 2 disk diameters from the

center of the macula. Fifty to hundred micrometers

burns were used for this type of treatment. Fifty to

two hundred micrometers burns could be used in a

grid pattern to areas of diffuse fluorescein leakage

and capillary nonperfusion. Burns were specified

to be light to moderate in intensity, and photo-

graphs were published as examples of what this

level of intensity meant (Fig. 7.32). In cases with

CSME persisting at 4 months follow-up despite

initial treatment and if visual acuity was less than

20/40, repeat treatments could extend to within

300 mm of the center of the macula if perifoveal

capillary nonperfusion was not present.222 Treat-

ments were repeated at 4-month intervals if CSME

persisted and treatable lesions or untreated, thick-

ened, and nonperfused retina remained. It is

important to conceive of ETDRS treatment as a

regimen of repeated treatments, as the average

patient in that study received between three and

four focal/grid laser treatments.

Potential Pitfalls in Applying ETDRS Focal/Grid Laser Criteria in Real Life

The ETDRS focal/grid laser protocol allows laser applications to microaneurysms within 300 mm of

the center of the macula in cases of persistent CSME. Some have worried that such treatment could

enlarge the diameter of the foveal avascular zone and induce loss of visual acuity. Others have

worried that amicrosaccade by the patient during laser treatment risks could cause a laser burn to the

fovea.121,222 There is evidence that direct laser to microaneurysms does not close the microaneur-

ysms, despite the intent to do so; if true, the goal of such treatment is futile and the risk substantial.223

There has been no subgroup study of such eyes from the ETDRS to see how they fared. Thus,

although the ETDRS provides a rationale to manage such cases with direct focal laser to such

parafoveal avascular zone (FAZ) microaneurysms, it is unknown if the benefit outweighs the risk.

Figure 7.33 shows an eye in which these concerns were manifested, and illustrates the practical

difficulty in defining the FAZ border under the best of circumstances.

The ETDRS showed that at 3 years follow-up,

untreated eyes did worse than treated eyes by sev-

eral different measures. For example, 24%of eyes in

the untreated group had a doubling of the visual

angle, compared to 12% in the treated group, and

12% of untreated eyes were legally blind compared

to 7% of the treated group.4 Obversely, more trea-

ted eyes had improved outcomes, again by several

measures. For example, in patients with a present-

ing acuity of 20/40 or worse, visual acuity improved

in 40% of treated eyes compared to 20% of

untreated eyes at 3 years follow-up, and 36% of

treated patients reported subjective improvement,

compared to 14% of untreated patients at 1 year

follow-up.4 In general, these conclusions hold for

different lengths of follow-up and across all baseline

visual acuity levels, but the relative magnitude of the

benefit conferred by focal laser treatment is smaller

for better baseline visual acuities.4 There is evidence

from retrospective studies that increasing age has a

negative influence on visual acuity outcomes after

focal/grid laser for DME, but the prospective data

Fig. 7.32 This photograph of exemplary focal laser treat
ment from the ETDRS era would be considered too intense
by contemporary standards
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contained in the ETDRS has not been explored in

this regard to determine if this relationship is

true.224,225

It has been commonly taught that focal/grid

photocoagulation for DME rarely improves visual

acuity.54,222,226 To quote one of many sources,

‘‘Although clearly effective in saving many patients

from blindness and severe visual impairment,

photocoagulation cannot improve vision.’’54 In

fact, this was neither true in the ETDRS among

eyes with subnormal baseline visual acuities nor

has it been true in cohorts with DME treated with

modified ETDRS focal/grid photocoagula-

tion.227 In the DRCR Network trial of intravi-

treal triamcinolone vs. focal/grid laser photocoa-

gulation for DME, 31% of eyes in the focal/grid

group gained 10 or more ETDRS letters at 2 years

follow-up, and similar results were true of eyes

with vision �20/40 in the ETDRS 20 years ear-

lier.227 A false impression of no visual acuity ben-

efit conferred by focal laser treatment arose

because most of the eyes in the ETDRS started

with good vision, making any improvement diffi-

cult to achieve.

The Early Treatment Diabetic Retinopathy Study (ETDRS)

The ETDRS addressed important issues regarding DME, but also issues regarding when in the

course of diabetic retinopathy it is appropriate to intervene with panretinal photocoagulation and

whether aspirin use influences retinopathy progression, development of vitreous hemorrhage, or

cataract development. Because of its singular importance in understanding management of DME,

we include a summary table of its design and findings here, but some of the findings apply to issues

addressed in the chapters on proliferative diabetic retinopathy and systemic considerations in

diabetic retinopathy.

a

c

bFig. 7.33 (a) Example of
an eye with persistent
CSME despite previous
focal/grid laser treatment.
Microaneurysms within
300 mm of the center of the
macula are present. (b)
The mid phase fluorescein
angiogram shows many
more laser spots than were
visible on the red free
photograph which makes
it difficult to assess the
border of the foveal
avascular zone. Some of
the microaneurysms are
perfused and some are
nonperfused. (c) A
horizontal radial line scan
through the fovea shows
loss of the foveal pit and
presence of cystoid
macular edema
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Focal/grid photocoagulation for DME has

potential side effects. Macular visual fields show

elevated thresholds after focal/grid laser treatment

and cone thresholds increase using fine matrix map-

ping.175,229 Laser scars can enlarge over time and

paracentral scotomata from enlarging scars have

been reported (Fig. 7.34).230,231 Multifocal ERGs

show prolonged implicit times and decreased

amplitudes after focal/grid laser photocoagula-

tion.130 Some eyes develop subretinal fibrosis, but

the relationship to the laser treatment as opposed to

the edema is controversial (Fig. 7.35).197,232,233

Some eyes develop secondary choroidal neovascu-

larization, which has been associated with more

intense, smaller burns (Fig. 7.36).234

Table 7.2 Early treatment diabetic retinopathy study, 1979 1990

Major eligibility criteria

Visual acuity �20/40 (�20/400 if reduction caused by macular edema)

Mild to severe nonproliferative diabetic retinopathy (NPDR) and/or non high risk proliferative diabetic retinopathy
(PDR), with or without macular edema (ME)

Both eyes suitable for photocoagulation

Major design features

One eye of each patient assigned randomly to early photocoagulation and the other to deferral (careful follow up and
photocoagulation if high risk PDR develops)

Patients assigned randomly to aspirin or placebo

Major conclusions

Focal photocoagulation (direct laser for focal leaks and grid laser for diffuse areas of leakage and nonperfusion) reduced
risk of moderate visual loss (doubling of the visual angle) by�50% and increased the chance of a small improvement in
visual acuity

Both early scatter with or without focal photocoagulation and deferral followed by low rates of severe visual loss (5 year
rates in deferral subgroups 2 10%; in early photocoagulation groups, 2 6%)

Focal photocoagulation should be considered for eyes with clinically significant ME

Scatter photocoagulation not indicated for mild to moderate NPDR but should be considered as retinopathy approaches
high risk PDR and usually should not be delayed when this high risk stage is present

Benefit of early scatter photocoagulation is more pronounced for patients with type 2 diabetes or with type 1 diabetes of
long duration

Aspirin had no effect on progression of retinopathy, frequency of vitreous hemorrhage, or cataract development

Reproduced and adapted from Aiello.228

a cb

Fig. 7.34 (a) This eye was treated with a nonconfluent grid
of laser spots that over 10 years expanded to produce a
confluent zone of geographic retinal pigment epithelial atro
phy. Smaller, lighter intensity laser burns are used now com
pared to the burns described as optimal at the time of the
publication of ETDRS results, but evidence is lacking that

these changes have resulted in avoidance of laser scar expan
sion. (b) Example of a laser scar on the superonasal border of
the foveal avascular zone that expanded over 2 years of
observation. (c) Note the larger diameter of the superonasal
macular laser scar. Less obvious expansion of laser scars is
seen in the inferotemporal macula by comparing b and c
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7.17 Evolution in Focal/Grid Laser
Treatment Since the ETDRS

The style of focal/grid argon laser treatment applied

in the ETDRS has been modified over time. The

most significant changes are embodied in the Dia-

betic Retinopathy Clinical Research Network

(DRCR Network) protocols that employ focal/grid

photocoagulation. Table 7.3 lists the major changes.

Rather than burns that can vary from 50 to 200 mm,

contemporary burns are 50mm.The burns are lighter –

light gray – rather than heavier intensity burns

illustrated in ETDRS publications (Fig. 7.31).222

The yellow wavelength (561–589 nm) laser is

acceptable in addition to green (514–532 nm);

blue-green (488 nm) is not used now because of

the theoretical concern of absorption by macular

luteal pigment, although it was allowed in the

ETDRS. It is not necessary to darken microaneur-

ysms as long as the subjacent retinal pigment

epithelium is lightly blanched. The use of a fluor-

escein angiogram is now optional rather than

required. Approximately 50%of eyes inDRCRNet-

work studies, and up to 80%of eyes in otherWestern

hemisphere countries, are treated without fluorescein

angiography, and probably even higher percentages

of eyes are treated without guiding fluorescein angio-

grams in less developed countries.79,110,163 In eyes

treated without fluorescein angiography, grid laser

is applied to areas of thickening without focal lesions

within 2 disk diameters of the center of the macula,

and there is no provision for treating zones of capil-

lary nonperfusion. The goal of these changes is to

reduce the incidence of laser scar expansion and

paracentral scotomata that have been reported to

occur after ETDRS style focal/grid photocoagula-

tion.229 Figure 7.37 shows the type of post laser

scarring intensity that could be seen with more

intense laser technique 20 years after application

compared with contemporary technique.

A continual problem with focal/grid laser photo-

coagulation for DME has been the decision regarding

what constitutes maximal treatment. The decision is

intrinsically subjective and makes it difficult to stan-

dardize.235 For example, one study defines maximal

focal laser treatment as ‘‘a point at which the investi-

gator felt that additional laser treatment would be of

no benefit based on clinical judgment and flurescein

angiogram.’’236 Other studies have graded focal/grid

photocoagulation based on number of burns.237,238

Heavy laser is defined as >300 burns, moderate as

126–300 burns, and light as <126 burns.237,238 Unfor-

tunately, these numerical definitions fail to capture the

reality that spot sizes used in focal/grid laser vary from

50 to 200 mm, such that a specified number of burns

may produce large differences in the area of photocoa-

gulated macula.

Fig. 7.35 This eye shows subfoveal retinal pigment epithelial
metaplasia after focal photocoagulation for diabetic macular
edema

Fig. 7.36 A gray subretinal neovascular membrane with
surrounding subretinal hemorrhage is shown arising from
the site of a focal laser burn in the inferior perifoveal zone
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The interval for retreatment specified in the

ETDRS has also been reevaluated. There is evi-

dence that the macular thinning response to focal/

grid laser takes longer than 4 months to reach an

asymptote, which implies that a retreatment inter-

val of 4 months for persistent edema could result in

unnecessary overtreatment with the attendant side

effects. A DRCR Network study showed that

further reductions in macular thickness beyond 4

months occur in 42% of eyes with improved but

persistent DME after a single session of focal/grid

laser for DME (DRCR protocol K manuscript sub-

mitted for publication). This group amounted to

10% of all eyes (11 of 115) with DME receiving

focal/grid laser in the study and evaluable at 32

weeks after laser. It is not known whether visual

acuity outcomes would be improved by observation

until OCT improvement stops or by retreatment for

persistent DME 4 months after initial treatment as

is the current convention inDRCRNetwork studies

involving a laser arm for DME. A randomized trial

would be necessary to answer this question.

A semiautomated patterned scanning laser has

been developed that uses the argon green wave-

length, shortens the pulse duration from the

historically conventional 100–200 to 10–20 ms, and

applies automatic patterns of laser with physician

control of focusing.239 Histologically, burns with

this technology are indistinguishable from conven-

tional argon green laser burns.239 The advantage in

the treatment of DME is faster treatment. A poten-

tial disadvantage of using patterned laser is that burn

characteristics may change depending on the vari-

able retinal thickness seen in DME such that a pat-

tern of uniform powered spots applied to regionally

varying retinal thickness may give varying thermal

uptake over these regions. For scatter photocoagula-

tion, an additional advantage is decreased pain asso-

ciated with shorter pulse duration, but this advan-

tage does not apply to focal/grid laser, which is

painless using conventional laser machines.239

7.18 Macular Thickness Outcomes After
Focal/Grid Photocoagulation

At the time the ETDRS was performed, there was

no way to objectively measure macular thickness,

but with OCT, this outcome has become important

Table 7.3 Changes in focal/grid laser from the ETDRS to the present

Avoid blue green wavelength; addition of yellow wavelength as acceptable

Exclusive use of 50 mm burns

Fluorescein angiogram (FA) use to guide treatment now discretionary

Lighter burns light gray and barely visible

If no FA use, grid is applied to diffuse areas of thickening without treatable lesions

Not necessary to darken microaneurysms. If not possible, lightly blanch the subjacent retinal pigment epithelium.

Fig. 7.37 The left panel shows the pigmentary pattern seen
after contemporary focal/grid laser photocoagulation. The
right panel shows the effects of more intense laser burns from

an earlier era with laser scar expansion, retinal pigment
epithelial hyperplastic scar formation, and paracentral sco
toma induction
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in following treatment. There is little information

published on comparability of outcomes among

different ophthalmologists performing ostensibly

similar treatment, but what is available suggests

rough comparability.240 The biggest determinant

of macular thinning effect after focal/grid laser

treatment is the baseline macular thickness.241

Table 7.4 shows a sample of the range of reported

thinning effects as a function of baseline macular

thickness. It is apparent that the greater the macular

thickening before laser treatment, the greater the

thinning response after focal/grid laser.

In general, the threshold for performing focal/

grid laser photocoagulation occurs when the central

subfield mean thickness attains 250 mm, and on

average, for this threshold level of edema, one can

expect approximately 25 mm of macular thinning

after focal/grid laser at the usual first follow-up

interval of 3–4 months. For every 100 mm of addi-

tional baseline macular thickening above this

250 mm threshold, one can expect that focal/grid

laser will yield approximately 10 mm of additional

macular thinning at the 3–4-month follow-up visit

(Fig. 7.38). Visual acuity at this follow-up time is,

on average, unchanged from baseline.163,227,241,242

7.19 Resolution of Lipid Exudates After
Focal/Grid Laser Photocoagulation

The natural history of lipid exudates associated with

DME is to spontaneously resolve over 2 years or

longer.243 Macrophages clear the exudates by pha-

gocytosis.69 Both serum lipid control and focal/grid

photocoagulation can independently accelerate the

clearance of lipid exudates in DME (Fig. 7.39).87 A

potential clinical problem is the subfoveal migration

of hard lipid after focal/grid laser treatment,

Table 7.4 Macular thinning from a single session of focal/grid laser for diabetic macular edema at 3 4 months follow up

References N
Baseline macular thickness (mean–SD) or
(median, IQR) in mm

Change in thickness at 12 17 weeks
follow up in mm

DRCR protocol H
study163

19 441 (354, 512) 40

DRCR protocol B
study227

304 398 (329, 505) 33

DRCR protocol K
study

118 327 (279, 402) 27

DRCR protocol E
study242

38 324–70 30

Browning241 122 271 (225, 362) 26

N = number of eyes. SD = standard deviation. IQR = interquartile range.
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Fig. 7.38 Relationship of
macular thinning at 12 17
weeks of follow up induced
by a single session of focal/
grid laser photocoagulation
for DME as a function of
macular thickness. Each
data point represents a row
of data from Table 7.4
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particularly in patients with heavy lipid exudates

before treatment. Adjunctive oral statin therapy in

such patients has been reported to eliminate this

problem in a small clinical trial.87

7.20 Inconsistency in Defining
Refractory Diabetic Macular Edema

Focal/grid laser photocoagulation is the standard

treatment for DME after optimization of metabolic

control fails to eliminateDME. It is the only form of

treatment that has been proven through a large,

multicentered, randomized controlled trial. More-

over, it has been proven to be superior to serial

intravitreal triamcinolone injections in a large, mul-

ticentered, randomized controlled clinical trial.227

Thus, it becomes important to decide when an eye

meets criteria for refractoriness to focal laser. This

decision is linked to the clinician’s sense of what

constitutes maximal focal/grid laser photocoagula-

tion, a conundrum already discussed. The mean

number of focal/grid laser treatments in the

ETDRS was 3.8. Yet, in some studies, investigators

have labeled eyes as refractory to focal/grid laser

after one or two sessions of laser, and used this term

to justify moving on to alternative forms of ther-

apy.139,146,147,236 Some have termed eyes with per-

sistent edema after three focal/grid treatments to be

refractory and have used them in an observational

control arm in testing other forms of therapy.149 A

recently initiated randomized clinical trial for

refractory DME does not define how many laser

treatments are required to qualify as refractory, and

the same is true of another published randomized

trial of intravitreal triamcinolone injection vs. pla-

cebo.244,245 It is the norm for multiple focal/grid

laser treatments to be necessary in the treatment of

DME, and yet despite multiple treatments it is com-

mon for DME to persist. Of eyes with CSME at

baseline and randomized to immediate focal photo-

coagulation, 35 and 24% of eyes continued to have

DME with the center of the macula involved at 1

and 3 years, respectively.246 In WESDR, 35 of 109

older onset diabetics with baseline DME returned

for reexamination 10 years later. Of these 35, 5

(14.3%) had persistent DME and of these 5, 2 had

refractory DME having received focal/grid laser

photocoagulation after the baseline examination.1

7.21 Alternative Forms of Laser
Treatment for Diabetic Macular
Edema

Krypton red laser (647–670 nm) has been used in

some clinical series and appears to have efficacy in

DME; however, it is not the preferred wavelength,

because it is poorly absorbed by red microaneur-

ysms and other focal leaking sites, is absorbed more

ba

Fig. 7.39 Although spontaneous resolution of intraretinal
lipid in DME can take �2 years, interventions can speed the
process. (a) Lipid exudates present in the macula of an eye
with DME before any treatment. (b) Five months after focal/

grid laser treatment, a large fraction of the lipid has resolved,
much faster than the natural history of lipid resolution. Faint
gray focal laser scars are seen
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by the choroid than the RPE, and is associated with

more pain for the patient.247 249 Frequency doubled

neodymium YAG and diode micropulse (532 and

810 nm, respectively) laser have been used as well in

case series, again with some evidence of effi-

cacy.250,251 The advantage is an elimination of

photoreceptor damage, reduction in retinal pigment

epithelial scarring, and elimination of paracentral

visual field scotomata.252,253 The disadvantage is

that there is no visible endpoint for treatment, mak-

ing it difficult to determine where treatment has

been given; treatment methods and settings have

varied from study to study.253 In addition, the treat-

ment response is slower than with conventional

laser treatment, and more treatments may be neces-

sary to achieve elimination of edema.252 Neither of

these modalities has been widely used.

What Is Selective Micropulse Laser Treatment?

Micropulse laser treatment employs repetitive trains (50–500) of laser pulses of short duration (0.8–5.0

ms). Powers used have varied between 5 and 50 mW and energy per pulse between 70 and 175 mJ.254

Wavelengths of 514, 524, 527, 532, and 810 nm have been used.223,255 257 Individual microaneurysms

are not targeted, in contrast to conventional focal/grid laser treatment. The intent of treatment is to

lightly affect the retinal pigment epithelium alone, restricting the lateral spread of heat and thus

sparing damage to the overlying photoreceptors and mid-retinal interneurons. The off period between

pulses allows time for heat dissipation to achieve this goal. Although attractive as a concept, the

practical problem remains that the clinician cannot tell where treatment has been applied, because the

lesions are ophthalmoscopically invisible and can only be detected by fluorescein angiography

(hyperfluorescence) or autofluorescence photography (hypoautofluorescence), both cumbersome

ways of monitoring the distribution of lesions.223,258 Methods of choosing power to use are ad hoc

and variable and based on choosing a power that is some fraction of that producing a visible burn in

an area remote from the macula. Moreover, the power setting is not changed, regardless of the

presence of subretinal fluid or variable macular thickening, a concept that is counterintuitive to the

stated goal of producing uniform lesions at the level of the RPE.223 There are no microscotomata

detectable by microperimetry over micropulse laser lesions by 3 months after treatment.259

7.22 Peribulbar Triamcinolone Injection

Peribulbar triamcinolone or methylprednisolone

injections have been used to treat DME either as

monotherapy or as adjunctive therapy to focal/grid

laser, and short-term efficacy in thinning the macula

and improving visual acuity has been demon-

strated.102,104,242,260 Evidence exists that peribulbar

triamcinolone is less effective than intravitreal triam-

cinolone in improving visual acuity in DME over a

3-month period.261,262 In a pilot prospective, rando-

mized, multicentered clinical trial, neither peribulbar

monotherapy nor combination therapy showed clini-

cally important superiority over modified ETDRS

focal/grid photocoagulation, and, therefore, a

large-scale clinical trial was not done.242 The compli-

cations of peribulbar triamcinolone injection include

intraocular pressure elevation and ptosis in approxi-

mately 10 and 20% of cases, respectively.242

7.23 Intravitreal Triamcinolone Injection

Jonas and Sofker were the first to use intravitreal

triamcinolone injection in the treatment of DME in

2001.263 In a randomized clinical trial comparing

intravitreal triamcinolone injection to observation,

the efficacy of triamcinolone injections was estab-

lished through 2 years of follow-up.264 Many case

series and a separate shorter term placebo con-

trolled randomized trial have supported this conclu-

sion.142,150,245,265,266 The benefits of this form of

therapy must be balanced by consideration of the

side effects including surgical cataract formation in
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51% of phakic eyes at 2 years follow-up and intrao-

cular pressure elevation in 25–40% of eyes.142,267,268

In a randomized clinical trial comparing serial intravi-

treal triamcinolone injection therapyusing1or4mg to

focal/grid photocoagulation, focal/grid photocoagu-

lation showed superior efficacy and fewer side effects;

thus, intravitreal triamcinolone therapy is a second

line therapy for consideration when focal photocoa-

gulation has failed.227 In this study, the mean visual

acuity was four–six ETDRS letters better in the laser

group than in the 1 and 4 mg intravitreal triamcino-

lone groups after 2 years, and the improved visual

outcomes persisted after discounting the effects of

cataract progression in the triamcinolone groups.227

The mean central subfield mean thickness decreased

53–62 mm more in the focal/grid group compared to

the 1- and 4-mg triamcinolone groups at 2 years,

respectively.227 The 4-mg triamcinolone group was

superior to the focal/grid laser group at the 4-month

follow-up visit, but that short-term advantage of

triamcinolone had vanished by 1 year follow-up, and

at 2 years follow-up the focal/grid group had clearly

superior outcomes.227

Many doses of intravitreal triamcinolone have

been used, including 1, 2, 4, 5, 8, 13, and 20–

25 mg. In general, there is inconclusive but sugges-

tive evidence that duration of action is longer with

higher doses and that frequency of intraocular pres-

sure rise increases with higher doses.140,238,269,270

There is no consistent evidence that higher doses

are more effective for thinning the macula or

improving visual acuity than lower doses, and

some evidence exists that lower doses have greater

efficacy for macular thinning than higher doses.139

In a small pilot randomized trial, intravitreal

triamcinolone injection was associated with a

higher rate of partial vitreous separation with foveal

attachment or traction compared to eyes treated

with focal/grid photocoagulation. Eyes with this

change had worse visual outcomes.271

7.24 Intravitreal Dexamethasone
Delivery System

A sustained release drug delivery system for dexa-

methasone inserted transclerally into the vitreous

produced statistically significant visual acuity

improvement for 90 days after insertion and was

well tolerated for 180 days.272 For the 700 mg device,

the probability of a �10 letter improvement in visual

acuity at 90 days was 2.8 times greater in the device

group compared to the observation group. Mean cen-

tral retinal thickness decreased bymore than 160mmat

90 days, but this figure included pooled results from

other causes of macular edema besides DME. Eleven

percent of treated patients had an intraocular pressure

rise of 10 mmHg or higher. This device is presently

undergoing further clinical trials.272,273

7.25 Intravitreal Injections of Anti-VEGF
Drugs

Intravitreal injections of anti-VEGF drugs also pro-

duce reductions in macular thickening, but on aver-

age the magnitudes of the reductions and the dura-

tions of responses are less than with intravitreal

triamcinolone injections, suggesting that biochem-

ical pathways not involving VEGF are important

in the pathogenesis of DME.121,163,274 276 Intravi-

treal pegaptanib, bevacizumab, ranibizumab, and

VEGF-trap all fall into this category.109,121,274,277 279

Counterbalancing their lesser efficacy compared to

steroids, the anti-VEGFdrugs have amore favorable

side effect profile, in particular without the tendency

to cause cataract and raise intraocular pressure.276

Instances have been reported in which intravitreal

pegaptanib injected in one eye has been associated

with regression in neovascularization in the fellow

eye.280 Similar concerns have been expressed for bev-

acizumab, but, despite study, no evidence of a fellow

eye effect on DME has been found, suggesting that

systemic absorption is negligible.120 Limited data

suggest that fears that intravitreal anti-VEGF drugs

could worsen macular ischemia are unfounded.121

No clinically important differences in effects on

DME of 1.25 vs. 2.5 mg of bevacizumab have been

reported in studies comparing the two.163,109,281

Some evidence suggests that these drugs are more

effective in treatment of naı̈ve eyes than in eyes pre-

viously treated with focal/grid laser.281 Further

research will be necessary to better determine the

role of these intravitreal injections in the therapy of

DME, but they may find a role in phakic patients

and patients with glaucoma.275

178 D.J. Browning



7.26 Combined Intravitreal Anti-VEGF
Drugs and Triamcinolone

Combined intravitreal bevacizumab and triamcino-

lone as an initial injection followed by two intravi-

treal bevacizumab injections given at 6-week inter-

vals was no more effective in decreasing DME than

three consecutive intravitreal injections of bevaci-

zumab given at 6-week intervals.282,283 As the addi-

tion of triamcinolone would be expected to increase

cataract development and intraocular pressure rise,

there is little impetus to continue exploring the com-

bination of steroids and anti-VEGF drugs for DME.

7.27 Combined Intravitreal and
Peribulbar Triamcinolone and Focal
Laser Therapy

Visual acuity outcomes are superior with focal laser

photocoagulation than with observation alone in

managing DME.4 Serial injections of intravitreal

triamcinolone therapy are also superior to observa-

tion at least over a period of 2 years follow-up.264 A

combination of intravitreal triamcinolone injection

followed by focal laser photocoagulation is a form

of therapy that has a theoretical rationale for being

possibly superior to focal laser alone or serial intravi-

treal triamcinolone injections alone. Preceding the

focal/grid photocoagulation by steroid treatment

might reduce inflammationassociatedwith thephoto-

coagulation, reduce the macular thickness allowing

less powerful laser applications, and thereby reduce

unnecessary collateral retinal damage and laser-

induced scarring.284,285 The photocoagulation part

of the combined regimen theoretically provides sus-

tainability to the treatment effect that an injection

alone lacks.174 The preponderance of the evidence

suggests that combination therapy may reduce macu-

lar thickening somewhat better than serial intravitreal

triamcinolone injections in the short term and have a

faster onset of action than focal laser alone.266,285,286

Similar improved results of combined peribulbar

triamcinolone plus focal photocoagulation have

been reported.102,122 Not enough patients have been

studied prospectively for a sufficiently long time to

make conclusions on this point, but the DRCR

Network is engaged in a clinical trial that should

answer whether combination therapy is superior to

focal/grid laser alone.

7.28 Vitrectomy

The idea that vitreomacular adhesionmight promote

DME arose from the observation that eyes with

DME have a lower prevalence of posterior vitreous

detachment than eyes without DME.47 The sub-

sequent observation that resolution of DME

could occur after posterior vitreous detachment

strengthened the plausibility that surgical induction

of a vitreomacular separation might improve

DME.287,288 Vitrectomy for DME was first reported

by Lewis and colleagues in 1992.289 Since then, many

small retrospective and prospective case series, sev-

eral small clinical trials, one large retrospective case

series, but no large, multicentered, randomized, con-

trolled trials of the approach have been pub-

lished.48,74,76,146,147,149,153,229,238,290 301 Vitrectomy

was introduced for eyes with a taut posterior hyaloid

adherent to themacula, often associatedwith shallow

traction macular detachment, which had futile pre-

vious focal/grid laser.73,75,153,289,290,302 Later, it was

explored as a therapy for eyes with an attached but

nonthickened, nontaut posterior hyaloid or for eyes

with persistent DME despite previous focal laser or

intravitreal triamcinolone injection regardless of the

status of the posterior hyaloid.147,153,291 293,300,301

Most recently, the treatment has been studied as a

potential primary therapy in eyes with more severe

edema, greater visual acuity loss at presentation,

and characteristics considered to mitigate against

effectiveness of focal/grid.74,294,296,299 The relative

frequencies of the various candidate groups have

been reported as follows: refractory DME in eyes

with attached but nontaut posterior hyaloid 68%,

refractory DME in eyes with posterior vitreous

detachment 22%, refractory DME in eyes with a

taut posterior hyaloid 5%, and refractory DME in

eyes with an epiretinal membrane 5%.237 Other

categories for which primary vitrectomy has been

applied include eyes with microaneurysms too

close to the fovea to receive focal laser, eyes with

enlarged foveal avascular zones, and eyes with

cystoid edema.121
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Although the concept of a taut hyaloid has been

widely discussed, the term is not consistently defined

in the literature. On biomicroscopy, a taut hyaloid has

been defined as a thickened, glistening, posterior hya-

loid without stria.237 In addition to a biomicroscopic

appearance, others define the term based on an OCT-

visualized attachment of the hyaloid layer to the

macula with adjacent partial vitreomacular detach-

ment and accompanying submacular fluid. Finally,

some define the term based on intraoperative findings

even when preoperative biomicroscopic and OCT

examinations are negative.289,303,304 Because subma-

cular fluid has been seen in cases of DME with no

macular traction by clinical examination or OCT,

submacular fluid cannot be considered specific for

the taut hyaloid syndrome.116,305,306

Some groups distinguish a taut hyaloid with its

hypothesized tangential traction in DME from the

vitreomacular traction syndrome with its hypothe-

sized anterior–posterior traction, but others do

not.146,289,290,292 Diffuse, deep intraretinal fluorescein

leakage has been commonly associated with a taut

hyaloid, but is also not specific for this condition, as

it can be seen in eyes after vitrectomy.289,293 Some

authors have required more than simple OCT identi-

fication of a vitreomacular point of contact, requiring,

for example, that the slope of the elevated macula be

steep and that the OCT-defined posterior hyaloid be

thicker than normal and hyperreflective, although a

cutpoint for ‘‘thicker’’ and a definition of hyperreflec-

tive have not been given.75Others report an associated

large central macular cyst in tractional cases.146When

eyes have been classified by biomicroscopic signs,

OCT evidence of partial vitreomacular separation,

and OCT evidence of submacular fluid, different

groupings of eyes result. Some eyes have all three

signs, some any two of the three, and some only one

of the three.304 Several groups have reported inability

to predict OCT or intraoperative signs of vitreomacu-

lar traction and adhesion based on clinical biomicro-

scopy.146,290 EyeswithDME in associationwith a taut

hyaloid are uncommon, with estimates that they com-

prise 3.1–18.0% of cases of DME.304,306 Lewis has

suggested that the presence of a shallowmacular trac-

tion detachment on OCT is a conservative way to

determine if a suspected taut hyaloid is truly contrib-

utory in a specific case ofDMEandperhaps indicative

that vitrectomy surgery might be helpful, but Massin

and colleagues report numerous cases of DME with

taut hyaloid yet no traction macular detachment on

OCT.48,307 Among reports in which vitrectomy was

effective in thinning the macula, the magnitude of the

treatment effect has been greater in eyes with OCT

signs of macular traction.146

Taut Hyaloid Syndrome – Is It More Than Vitreomacular Traction Syndrome?

The novice to the literature on the taut hyaloid syndrome may be excused if he deduces that

tangential traction, said to be characteristic of the taut hyaloid, and anterior–posterior traction,

said to be characteristic of vitreomacular traction syndrome, can be distinguished with slit-lamp

biomicroscopy.289,290 In fact, if one puts the illustrative OCTs of these two conditions side by side, it

is difficult to distinguish them. Below are publishedOCTs from the two conditions (Fig. 7.40).Which

OCT goes with which condition? (For the answer, see Fig. 7.40)

Fig. 7.40 It is difficult to distinguishOCTs published to exem
plify the taut hyaloid syndrome in diabetic macular edema and
the vitreomacular traction syndrome. The left panel shows
DME with a taut hyaloid and the right from a case of

nondiabetic vitreomacular traction syndrome. The left
panel is reproduced with permission from Kaiser et al.73

and right panel is reproducedwithpermission fromJohnson
et al.308
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It is likely that many cases exist in which vitreous

traction on the macula contributes to microvessel

hyperpermeability but is not the sole problem. The

clinical issue is frequently whether to attempt focal

laser treatment or intravitreal injectional therapy

alone or in combination first to address the non-

tractional component of the problem or whether to

proceed directly to a treatment involving vitrectomy

with peeling of frequently associated epiretinal

membranes and the adherent posterior hyaloidal

face.309 Although eyes with a taut hyaloid are fre-

quently refractory to focal/grid photocoagulation,

it is typical for clinicians to attempt these less inva-

sive treatments first in hopes of substantial

improvement without needing to proceed to

vitrectomy.289

A controversy exists regarding the effects of

vitrectomy for DME. Several groups of investiga-

tors have reported that vitrectomy reduces macular

thickening but does not improve visual

acuity.297,310,311 Others report improved visual acui-

ties simultaneous with decreases in macular thick-

ening or lagging behind macular thinning by a few

months.146,271,294,301,303 Still others report improved

visual acuity in cases with macular traction, but no

visual improvement in cases without traction.75,305

Ancillary tests of macular function, such as cone

thresholds by fine matrix mapping, have been

reported to improve in parallel with macular thin-

ning after vitrectomy surgery.146 Even when inves-

tigators report that both morphology and visual

acuity improve, the morphologic improvement has

consistently been more pronounced than visual

acuity improvement, presumably because of perma-

nent damage to the macula due to ischemia, subfo-

veal exudates and pigment epithelial metaplasia,

damage from previous extensive focal/grid laser,

or long duration of edema.89,238

Because the types of eyes chosen for application

of vitrectomy could influence the outcomes, it is

difficult to compare the results of different series.

Table 7.5 lists the characteristics of included eyes in

various studies of vitrectomy for DME to assist in

the comparison. Some studies report that a history

of previous focal/grid laser or presence of subma-

cular fluid at baseline is a negative influence on

visual acuity outcome.240,312 Longer duration of

edema has been reported to negatively influence

visual outcomes.111 Duration of DME is difficult

to quantitate, however, because of ambiguity

regarding date of onset before clinical

diagnosis.75,189

Vitrectomy surgery for DME potentially involves

multiple steps that could affect DME. Creating a

posterior vitreous separation with or without enzy-

matic adjuncts, internal limiting membrane peeling

with or without staining, supplemental or de novo

panretinal laser photocoagulation, supplemental or

de novo focal laser photocoagulation, concomitant

cataract extraction, and concomitant injection of

intravitreal triamcinolone or anti-VEGF drugs could

all be important variables affecting the response to the

intervention.299 Different groups have employed dif-

ferent procedures (Table 7.5).302,310 Internal limiting

membrane (ILM) peeling with the use of indocya-

nine green (ICG) staining has been considered

potentially toxic to the macula and optic nerve

with loss of visual field after its use in cases of

DME.313 Two groups reported no advantage in

outcomes in eyes receiving internal limiting mem-

brane peeling.310,311 The largest study reported an

improved visual outcome in the group with ILM

peeling at 6 months and 1 year but not at 5 years.301

Others report improved OCT outcomes but not

visual acuity outcomes with ILM peeling.297 Tera-

saki and colleagues reported that ILM removal was

associated with delayed recovery of the focal macu-

lar electroretinogram b-wave after surgery.294 In

the absence of a randomized clinical trial, it is diffi-

cult to determine which steps are important in redu-

cing macular edema.

A consensus on the kinetics of macular thinning

after vitrectomy for DME is lacking. In support of

slow change, Terasaki and colleagues found that

thinning progressively occurred over 12 months of

follow-up. For 19 eyes for which posterior hyaloid

separation was induced, the reduction in thickening

observed was 61, 69, and 82%of the baseline macular

thickening at 3, 6, and 12 months, respectively.294

Tachi and Ogino likewise found that progressive

macular thinning occurred from 6 to 12 months after

vitrectomy.293 Yanyali and colleagues found progres-

sive reduction in thickening over follow-up time

through 6 months. Reduction in thickening observed

was 61 and 85% at 1 and 6 months, respectively.296

Yamamoto and colleagues found that macular thin-

ning continues at least through 4months after vitrect-

omy.298 In support of faster equilibration, Recchia
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Table 7.5 Selected studies of vitrectomy surgery for diabetic macular edema

A

Study Year Prospective? Controlled?
Number of
eyes

Previous
focal

Taut
hyaloid

Previous
IVTA

Terasaki 2003 N N 19 Not stated Some N

Yanyali 2005 Y Y 12 N N N

Stolba 2005 Y Y 25 Y Y N

Recchia 2005 Y N 11 Y N N

Tachi 1996 N N 58 Some N N

Otani 2002 Y Y 7 Some Some N

Rosenblatt 2004 N N 26 Y N N

Yamamoto 2007 N N 69 Some Some N

Asami 2004 N N 10 N N N

Kadonoso 2000 Y N 9 N N N

Patel 2006 Y N 12 Y Some N

Shimonagano 2007 N N 46 Some N Not stated

Figueroa 2008 Y N 42 Some N N

Hartley 2008 N N 9 Some Some Some

Bardak no ILM peel
group

2006 Y N 11 Y Some Not stated

Bardak ILM peel
group

2006 Y N 13 Y Some Not stated

Higuchi 2006 N N 3 Y Y Y

Mochizuki VTX only 2006 N N 13 N Some N

Mochizuki VTX

+IVTA

2006 N N 22 N Some N

Mochizuki VTX

+ILM peel

2006 N N 22 N Some N

Patel 2006 Y Y 6 Y Some N

la Heij 2001 N N 21 Some N N

Patel, no ILM peel
group

2006 Y N 8 Y N N

Patel, ILM peel group 2006 Y N 10 Y N N

Thomas 2006 Y Y 15 Y N N

DRCR network 2009 Y N 87 Some Y Some

B
Study Previous PRP Active NV Peel hyaloid Peel ILM IVTA PRP Focal

Terasaki Some Not stated Y N N Y N

Yanyali Some Not stated Y Y N N N

Stolba Not stated N Y Y N N N

Recchia Some Not stated Y Y N N N

Tachi Y Y N N N N

Otani Y N Y N N N N

Rosenblatt Not stated Not stated Y Y N Y N

Yamamoto Some Some Y N N N N

Asami Some Some Y Y N Y N

Kadonoso Y Not stated Y N N N N

Patel Some Not stated Y N N N N

Shimonagano Some Not stated Y N N All None

Figueroa Not stated Not stated Y Some Some None None

Hartley Some Not stated Y Y N N N

Bardak no ILM peel group Not stated Not stated Y Y N Y N
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Table 7.5 (continued)

B
Study Previous PRP Active NV Peel hyaloid Peel ILM IVTA PRP Focal

Bardak ILM peel group Not stated Not stated Y N Y Y N

Higuchi N Not stated Y N N N N

Mochizuki VTX only Y Not stated Y N N N N

Mochizuki VTX

+IVTA

Y Not stated Y N Y N N

Mochizuki VTX

+ILM peel

Y Not stated Y Y N N N

Patel Some N Y N N N N

la Heij Some N Y N N N N

Patel, no ILM peel gp N N Y N N N N

Patel, ILM peel gp Some N Y Y N N N

Thomas Some Not stated Y Y N N N

DRCR network Some Some Y Some Some Some Some

C

Study
Baseline
CSMT

6 mo
CSMT

12 mo
CSMT

Baseline
logMAR VA

6mo chge ETDRS
letters

12 mo chge
ETDRS letters

Terasaki 548 282 232 0.63 8

Yanyali 439 220 0.75 11

Stolba 543 484 0.28 2

Recchia 445 252 1.25 28

Tachi 1.029 14

Otani 622 269 0.7 10

Rosenblatt 599 325 0.982 0.75

Yamamoto 464 275 224 0.78 7 9

Asami 456 260 0.78 8

Kadonoso 283 216 0.951 30

Patel 334 280 0.7 13

Shimonagano 516 331 271 0.78 6.5 10

Figueroa 409 312 280 0.7 10 3

Hartley 406 297 283 0.66 1

Bardak no ILM
peel group

1.3 20

Bardak ILM peel
group

1.4 20

Higuchi 533 230 0.699 14

Mochizuki VTX
only

0.99 3

Mochizuki VTX

+IVTA

0.9 7

Mochizuki VTX

+ILM peel

0.74 2

Patel 364 277 337 0.25 2 2

la Heij 1.1 15

Patel, no ILM peel
group

233 213 0.7 13

Patel, ILM peel
group

400 275 0.4 2

Thomas 272 199 0.72 3

DRCR network 491 0.7 3

Y yes, N no, IVTA intravitreal triamcinolone, PRP panretinal photocoagulation, ETDRS early treatment diabetic
retinopathy, VTX vitrectomy, ILM internal limiting membrane, DRCR diabetic retinopathy clinical research, mo
month, chge change, VA visual acuity, CSMT central subfield mean thickness, NV neovascularization, logMAR
logarithm of the minimal angle of resolution.
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and colleagues and the DRCR Network studies

reported completion of themacular thinning response

by 3 months after surgery153 (DRCR Vitrectomy

study submitted for publication).

The reported amplitude of the macular thinning

to vitrectomy surgery has been variable, but more

thinning occurs with vitrectomy than single session

macular grid laser.237,241 The average macular thin-

ning effect of single session focal laser at 6 months is

–69 mm for an eye with CSMT of 410 mm.241 In

contrast, the average thinning produced by vitrect-

omy surgery in eyes of this baseline thickness was –

144 mm.241 Vitrectomy surgery is rarely done for

eyes with macular thickness less than 300 mm. For

eyes of 300 mm, the average response to vitrectomy

surgery is macular thinning of approximately 60 mm
at 6 months (Table 7.5 and Fig. 7.40). For each

additional 100 mm of baseline macular thickness,

vitrectomy surgery on average yields an additional

70 mm of macular thinning at 6-month follow-up

(Fig. 7.41).241 The median change in visual acuity at

6-month follow-up after vitrectomy surgery for

DME is eight ETDRS letters, IQR (2,11), based

on analysis of the data in Table 7.5. There are no

important relationships between the baseline macu-

lar thickening and the change in visual acuity at 6

months or between change in macular thickness at 6

months and change in visual acuity at 6 months

(data not shown, but based on Table 7.5).

As has been reported for other treatments for

DME, recurrence of edema after initial improvement,

incomplete resolution of macular thickening, and fail-

ure to respond also occur with vitrectomy. Recchia

and colleagues found recurrence of initially improved

edema in 18% of eyes by 6-month follow-up and

employed intravitreal triamcinolone injection toman-

age such cases.153 Rosenblatt and colleagues found

that macular thickening increased despite vitrectomy

in 7% of eyes.147 Massin and colleagues found that

macular thickening resolved in all seven patients with

vitreomacular traction treated with vitrectomy over a

mean follow-up of 19 months, but persistent thicken-

ing was present in 75% of eyes without vitreomacular

traction.75 Kadonoso and colleagues found that 22%

of eyes failed to show macular thinning after vitrect-

omy for DME.76

Although there is general acceptance that vitrect-

omy has a role in the management of at least some

cases of DME, there is also consensus that it has no

role in many cases, including cases of mild edema

with minimal visual compromise and in cases with

large submacular hard exudates, in which chronic

retinal pigment epithelial atrophic changes limit the

potential for improvement even after specifically

removing these exudates through small retino-

tomies.89,314 Prospective, multicentered, rando-

mized clinical trials have been published regarding

focal/grid photocoagulation and intravitreal triam-

cinolone injection for DME. A similar large study is

needed to define the role of vitrectomy surgery in

the management of DME. The many retrospective

studies make a case that vitrectomy for DME has a
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Fig. 7.41 Relationship of macular thinning induced at 6
months by vitrectomy surgery for DME and the baseline
macular thickness. The thinning effect increases with increas
ing baseline macular thickness. Each data point represents

one study in Table 7.5 for which a baseline mean or median
central subfield mean thickness and a 6 month change in
central subfield mean thickness were reported
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role, but a large-scale clinical trial is necessary to

clarify what that role is. Such a trial has been fre-

quently advocated in the past, although not unan-

imously.237 A multicentered, randomized clinical

trial (the TIME Study) comparing observation vs.

vitrectomy with internal limiting membrane peeling

vs. intravitreal injection(s) of triamcinolone 4 mg

once is underway.244

7.29 Supplemental Oxygen and
Hyperbaric Oxygenation

Hyperbaric oxygenation reduced breakdown of the

blood–retinal barrier in a rat model of diabetic reti-

nopathy.315 In a small clinical series, 10–30 hyper-

baric oxygen treatments resulted in no morphologic

change in DME.316 Three months of supplemental

oxygen therapy by nasal cannula improved macular

thickness in nine eyes of five patients with DME

refractory to conventional focal/grid laser treat-

ment.317 Three eyes showed � 2 lines improvement

in visual acuity and five of nine eyes worsened after

cessation of supplemental oxygen. More experience

is needed with these therapies before any recom-

mendations for use can be considered.

7.30 Resection of Subfoveal Hard
Exudates

Lipid exudates in DME primarily occur in the outer

plexiform layer, often in a perivascular distribu-

tion.69 However, in advanced and chronic cases of

DME, large plaques of hard exudates can accumu-

late in the subfoveal space and stimulate formation

of fibrotic scars.197,318 Several case series have exam-

ined whether surgical removal of these plaques is

beneficial. The conclusions of the series are inconsis-

tent with some series reporting improvements com-

pared to nonrandomly selected comparison groups

not undergoing surgery and others suggesting

improvements over the natural course.314,319 Because

the effect size of the surgery based on these case series

is modest, a randomized controlled trial of a large

number of patients would be needed to decide

whether this type of surgery is worthwhile, an unli-

kely prospect given the relative infrequency of such

cases in practice.

7.31 Subclinical Diabetic Macular Edema

The ETDRS included several groups of patients

that provided useful estimates of the rate of devel-

opment of CSME in patients without DME at base-

line. In eyes with severeNPDRor early PDRand no

macular edema, an estimate of the rate of develop-

ment of CSME was 4% per year over a follow-up

period of 7 years.320 For eyes with severe NPDR or

early PDR and macular edema, but not CSME, an

estimate for the rate of development of CSME was

12% per year over 5 years of follow-up.320 A similar

estimate for the eyes with mild to moderate nonpro-

liferative diabetic retinopathy and macular edema,

but not CSME, was 14% per year over 5 years of

follow-up.320

With known effective treatments for DME, the

clinical problem of following patients with macular

edema insufficient to lead to a recommendation for

focal/grid laser treatment is important.4,79,135 The

management of patients with less than clinically

significant DME was investigated in the ETDRS

in an era without the assistance of retinal thickness

measurements by OCT.4,320 Studies have shown

that clinical assessment of macular edema and

OCT assessment of macular edema frequently dis-

agree in this group of patients.143,144 The macular

status of such patients as followed in the OCT era is

not well understood.143,144 Subclinical DME refers

to eyes with macular edema recognized clinically,

but of severity less than the threshold characterized

by the term clinically significant, as well as edema

not detected clinically but detected by OCT.144,145

Clinically important questions concerning these

patients include the following: Are there factors

that predict rates of progression of patients with

subclinical DME to reach CSME? And, how fre-

quently should patients be followed with subclinical

DME in order to promptly detect conversion to

CSME and institute treatment?

In one study of a cohort of eyes with SCDME

followed over a median duration of 14 months,

31.4% of the eyes reached clinically significant
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DME and received treatment.145 An analysis look-

ing for any patient characteristics or eye character-

istics that predicted the eventual need for treatment

revealed none. In particular, no OCT indices were

predictive of progression. The median time to treat-

ment for the eyes eventually receiving treatment

was 13 months, and only 11% needed treatment

within 4 months of the baseline visit.145 Thus, the

generally observed slow change in OCT values and

delayed time to treatment suggest that a 4–6 month

follow-up interval would be unlikely to miss pro-

gression from SCDME to clinically significant

DME. Figure 7.42 shows an example of an eye

that progressed from SCDME to CSME over a

period of 28 months of periodic observation.

Patients with subclinical DME merit periodic

examination with stereoscopic slit-lamp biomicro-

scopy to determine when the threshold for interven-

tion is reached. This threshold continues to be

defined by the concept of CSME proposed by the

ETDRS. Where OCT is available, it should be used

in the care of these patients, because of evidence that

stereoscopic slit-lamp biomicroscopy alone results in

errors of both underdiagnosis and overdiagnosis of

DME.143,144 Subclinical DME does not inexorably

progress, and when it progresses, tends to do so

Fig. 7.42 (a) Red free fundus photograph of the left macula
manifesting CSME on 24 August 2008.Microaneurysms are
present temporal to the macula with a lipid ring superotem
poral to the center of the macula. (b) Late phase fluorescein
angiogram shows leakage of fluorescein from the microa
neurysms temporal to the macula. (c) OCT map images of
the left eye over time. In 2006, the central subfield mean
thickness is at the upper limit of normal and the inner
paracentral fields are more than two standard deviations

above normal, but there was no clinically recognized edema
(i.e., the eye manifests SCDME). Over the ensuing 28
months, all subfields increased in thickness and edema
became clinically apparent. (d) Horizontally oriented OCT
line scans of the left eye of a patient with SCDME. The
morphology is initially normal, with a preserved foveal
depression. Over the ensuing 28 months of follow up
cystoid thickening developed
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slowly. A substantial fraction of eyes with subclinical

DME show spontaneous improvement in macular

edema over time.145 There is no rationale to push

intervention earlier than the present standard of

clinically significant DME.145

7.32 Cases with Simultaneous
Indications for Focal and Scatter
Laser Photocoagulation

In some cases of diabetic retinopathy, both clini-

cally significant diabetic macular edema and a level

of retinopathy equal to or more severe than severe

nonproliferative retinopathy are present (Fig. 7.43).

In these eyes, there are indications to begin both

focal and panretinal laser photocoagulation, giving

rise to the question of how the two types of treat-

ments should be administered. Should therapy be

sequential, and if so, in what order? Should therapy

be combined in some cases?

No large randomized clinical trials have been per-

formed that give evidence favoring the best manage-

ment approach in every clinical scenario, but evidence

does exist that suggests reasonable approaches in

many situations. The ETDRS compared five treat-

ment approaches in eyes with macular edema and

either severe nonproliferative or early proliferative

retinopathy: deferral of photocoagulation, immediate

focal/immediate mild scatter, immediate mild

scatter/delayed focal, immediate focal/immediate

full scatter, and immediate full scatter/delayed

focal.320 The approach with the lowest rates of �15
ETDRS letters visual acuity loss (moderate visual

loss) was immediate focal/immediate mild scatter.

Approximately, 5% of patients with this approach

will havemoderate visual loss shortly after treatment,

a greater percentage thanwith deferral, but this short-

term inferior outcome is effaced by 4 months com-

pared to deferral, and thereafter the intervention is

superior to deferral.320 For eyes with high-risk PDR

and macular edema, Maia and colleagues reported a

small randomized trial of 22 patients with symmetric

disease in which both eyes received focal/grid plus

three sitting scatter laser treatments separated by 1

week. One eye of the two in each patient was rando-

mized to receive a 4 mg intravitreal triamcinolone

injection after the third sitting. Both macular thick-

ness and visual acuity were better in the intravitreal

triamcinolone group at 12 months.321 Other case ser-

ies and reasoning based on pathophysiology suggest

that simultaneous focal/grid with panretinal photo-

coagulation supplemented in some cases by a pre-

paratory intravitreal injection of an anti-VEGF

drug is a reasonable treatment alternative.224,322 A

DRCR Network randomized trial comparing focal/

grid plus panretinal laser, adjunctive intravitreal rani-

bizumab followed by focal/grid plus panretinal laser

and repeat ranibizumab at 4 weeks, and adjunctive

intravitreal triamcinolone followed by focal/grid plus

panretinal laser is underway.

cba

Fig. 7.43 (a) Red free photograph of a pseudophakic eye
with high risk proliferative diabetic retinopathy (new vessels
along the superior arcade plus preretinal hemorrhage infer
iorly) and concomitant clinically significant diabetic macular
edema. (b) Frame from the mid phase fluorescein angiogram

showing mid peripheral capillary nonperfusion and rather
many leaky microaneurysms and capillary segments.
(c) Frame from the late phase fluorescein angiogram show
ing widespread fluorescein leakage

7 Diabetic Macular Edema 187



7.33 Exacerbation of Diabetic Macular
Edema by Scatter
Photocoagulation

Scatter photocoagulation can induce DME in eyes

without preexisting DME and can exacerbate DME

in eyes with concomitant DME.320,323,324 Hydrogen

peroxide increases in the vitreous after scatter laser

photocoagulation which is in turn associated with

increased adhesion molecules in the vascular

endothelium. Leukocytes therefore stagnate in the

macular microcirculation and reduce blood flow

leading to release of oxygen-free radicals, proteoly-

tic enzymes, nitric oxide, and inflammatory cyto-

kines.325,326 The risk of scatter photocoagulation-

induced DME increases for eyes with subclinical

DME compared to eyes with normal macular thick-

ness.327,328 Because these are eyes for which clinical

examination alone is frequently unreliable for

detecting increased thickening, it is worthwhile to

obtain a macular OCT study for any eye for which

scatter photocoagulation is being considered.328,329

If thickening is detected, consideration should be

given to pretreating the eye with a peribulbar or

intravitreal injection of triamcinolone or an intravi-

treal injection of an anti-VEGF drug.328,330,331 If the

indications for scatter photocoagulation are not so

pressing, dividing the treatment into smaller sessions

separated over time may decrease the treatment-

associated inflammation and reduce the chance of

induced DME.327 Some evidence exists that panret-

inal laser that emphasizes more peripheral treatment

and avoids treatment closer to the perimacular vas-

cular arcades may reduce the chance of exacerbating

concomitant DME.332 There is no good evidence

that dividing sessions of scatter laser in eyes without

increased macular thickening is useful in preventing

induction of new DME.333

7.34 Factors Influencing Treatment
of Diabetic Macular Edema

Increasing duration of DME with cell death has been

hypothesized as a negative influence on treatments for

DME, but because of inability to determine duration,

its effects have not been adequately assessed.30,151

Increasedmacular ischemia has been reported to nega-

tively influence results of vitrectomy and intravitreal

bevacizumab therapy for DME and has been sus-

pected as a negative influence in other therapies for

DME.121,238,334 These studies suggest that if vitrect-

omy and intravitreal bevacizumab therapy were

applied to cases with less macular ischemia, the visual

outcomesmight be better.Macular ischemia is difficult

to quantitate, gradable with only modest reproducibil-

ity, and associated with low rates of interpretable

fluorescein angiograms in eyes with DME which

often have concomitant cataract. Macular ischemia

has been infrequent in most cases with DME making

it difficult to assess the modifying effects of macular

ischemia on treatments for DME. Presence of subret-

inal fluid and subretinal hard lipid exudates have both

been reported as negative prognostic factors for cases

treated with vitrectomy.306,335

7.35 Sequence of Therapy

Four different interventions for DME are in current

use by ophthalmologists: focal laser photocoagula-

tion, intravitreal injection of triamcinolone acetonide

(IVTA), injection of anti-VEGF drugs, and vitrect-

omy surgery.4,163,267,289 In general, focal laser is

applied initially, followed by intravitreal triamcino-

lone or anti-VEGF drug injection if response is sub-

optimal or transitory, and vitrectomy surgery is

reserved for the worst cases in which less invasive

techniques have failed or for which intravitreal

triamcinolone injections are contraindicated.147

This paradigm has evolved by the historical develop-

ment of treatments and their relative risks, and not

by conscious design. As these treatments improve

and risks change with modification of techniques, it

is possible that the conventionally accepted sequence

of interventions may change, with factors affecting

the surgical decisions depending on particulars of

anatomy, visual acuity, lens status, and other clinical

variables. The targeted abnormalities for all of these

treatments are the thickening of the macula anato-

mically and decreased visual acuity ultimately.

Reconsidering the rationale underpinning the opti-

mal sequence of intervention in diabetic macular

edema has been suggested.241 Groups of investigators

have already begun to study alternative sequences of

intervention, including intravitreal triamcinolone
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therapy and vitrectomy surgery as initial treat-

ments.75,227,310 When traction of the vitreous on the

macula has been judged to be important, vitrectomy

surgery is sometimes chosen as the initial treatment,

although the criteria are often subjective and unstated

for deciding that vitreous traction is of primary

importance.75,300 One articulated rationale has been

that visual outcomes in cases undergoing vitrectomy

without previous focal/grid photocoagulation have,

in some series, been superior to those in eyes with

previous focal/grid photocoagulation.238,292

The four interventions for DME are not cur-

rently applied to comparable groups of eyes. The

best seeing eyes with the least macular thickening

generally receive focal laser treatment. More

severely affected eyes, with thicker maculas and

often having failed focal laser, receive intravitreal

triamcinolone injection. The most severely affected

eyes, with the thickest maculas and often having

failed the first two treatments, receive vitrectomy

surgery or combined treatments.336 For example, in

the DRCRNetwork studies of focal/grid laser ther-

apy, intravitreal triamcinolone injections, and

vitrectomy surgery for DME, the median CSMTs

were 327, 398, and 491 mm, respectively227 (DRCR

vitrectomy study submitted for publication, DRCR

protocol K submitted for publication).

For the purpose of considering an optimal

sequence of intervention, treatments for DME can

be characterized by their effect sizes with respect to

macular thickening and visual acuity at specific

times after treatment, the slope of the effect with

respect to time, and rates of paradoxical thickening.

Table 7.6 shows such a comparison using 6 months

as the reference interval after treatment.

Differences in effect size, stability, and duration

of effect, and rates of paradoxical thickening

associated with the three interventions have been

reported.241 Focal/grid laser has a modest, stable

effect. IVTA has a more pronounced early effect,

but it wears off, and the same is true of intravitreal

anti-VEGF therapy. Vitrectomy surgery has an

early effect midway between focal laser and IVTA,

but the effect appears to increase to a stable ceiling

over time.241 Prospective studies are needed to put

these provisional observations in truer context.

The observed differences in treatment effects have

to do in part with the differences in baseline character-

istics of the groups to which the interventions are

applied. Thus, the effect size of IVTA and vitrectomy

may in part reflect the opportunity in these groups for

the macula to thin more after an intervention because

these groups typically have thickermaculas. For exam-

ple, the macular thinning effects of focal laser, IVTA,

and vitrectomy all vary directly with the baseline

CSMT (Fig. 7.41).241 In addition, the treatments

work by different mechanisms, which makes the con-

cept of combined therapy more attractive for severe

cases.

Inmild cases ofDME, focal/grid laser remains the

gold standard treatment. In more severe cases, this

approach is also worth an initial trial, understanding

that persistent thickening of the center of the macula

may be seen in approximately 35% of cases after 1

year of repetitive treatments at 4-month intervals.4

Because persistent DME is associated with progres-

sive loss of visual acuity, which is faster the more

severe the edema, at some point an alternative com-

bined treatment may be prudent.151

In view of the small effect size and 25.4% rate of

paradoxical thickening induced by focal laser, and the

consistent, but transient thinning induced by peribul-

bar or intravitreal triamcinolone, a combined

approach with initial steroid adjunct followed by

Table 7.6 Summary of the magnitude of reduction in thickness and of change in visual acuity of three interventions for
diabetic macular edema at 6 months follow up

Intervention
Macular thinning at
6 months (mm)

Change in ETDRS letters
read at 6 months

Slope of the effect
at 6 months

Fraction with paradoxical
thickening at 6 months (%)

Untreated 0 0 Flat 40.4

Focal 28 0 Flat 25.4

IVTA 83 +3 Decreasing 3.8

Vitrectomy 92 1 Increasing 19.0

IVTA intravitreal triamcinolone acetonide. Note that the treatments on average are applied to groups with different
baseline thickening in relative order focal laser< IVTA<Vitrectomy. Paradoxical thickening refers to the fact that thinning is
expected with treatment, but in a proportion of cases, the macula actually thickens.
Reproduced with permission from Browning.241
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focal laser may be a rational step in improving

attempts to treat more severe cases of DME.122,285

For the most severely affected eyes, perhaps with

visual acuity of 20/100 or worse, earlier use of vitrect-

omy surgery may be a rational step and worthwhile

investigating (Fig. 7.44).336 Better seeing eyes should

probably not be exposed to the risks of vitrectomy

surgery, which are higher than the risks of focal laser

or intravitreal triamcinolone injection. Further clinical

trials are needed to better define preferred practices.

7.36 Interaction of Cataract Surgery
and Diabetic Macular Edema

Cataract surgery can induce diabetic macular edema

in eyes with diabetic retinopathy and no preexisting

edema and exacerbate DME when it predates catar-

act surgery. Pseudophakic cystoid macular edema, a

post-surgical inflammatory condition distinct from

DME, also occurs more frequently after cataract

surgery in eyes of patients with diabetes, even if the

eye is free from clinical retinopathy. From a public

health perspective, this topic is so important that a

separate chapter in this book is devoted to its review

and analysis. The reader is directed to chapter 10 for

further information.

7.37 Summary of Key Points

� The prevalence of diabetic macular edema is

increasing worldwide, mainly because of increas-

ing type 2 diabetes.
� Types 1 and 2 diabetes both lead to diabetic

macular edema, but the clinical profiles and risk

factors of the cases in these two types differ.
� Understanding retinal anatomy helps in analyz-

ing clinical presentations of diabetic macular

edema based on the effects of the avascularity

of the central macula, the locations of the micro-

vessels in the inner retinal layers, the importance

of the pigment epithelial layer, and the role of the

vitreoretinal interface.
� The oxygen theory of DME is the most compre-

hensive pathophysiologic schema, and VEGF is

the single most important, although not the sole,

mediator in that pathway. Impaired retinal vas-

cular autoregulation, breakdown of the inner

blood–retina barrier, dysregulation of retinal sig-

naling pathways, and vitreoretinal traction are

important factors in understanding DME.
� Optical coherence tomography is ascending in

importance as a clinical ancillary study in mana-

ging diabetic macular edema. Fluorescein angio-

graphy is less often used.

ba

Fig. 7.44 Example of the effect of vitrectomy and panretinal
photocoagulation alone without focal laser and without
adjunctive intravitreal pharmacotherapy in causing regres
sion of severe diabetic macular edema. (a) Preoperative
severe diabetic macular edema. The macula is so thickened
and ischemic that focal laser burns cannot be achieved with
out using unreasonably high power settings likely to rupture
Bruch’s membrane. The patient underwent vitrectomy,

separation of the posterior hyaloid, and panretinal laser
photocoagulation. The purpose of panretinal photocoagula
tion was to reduce the vitreous concentration of VEGF by
ablating ischemic retina. (b) Postoperative resolution of the
diabetic macular edema with residual subretinal scarring. No
focal laser has been given, nor has there been any use of
intraocular triamcinolone or any anti VEGF drug
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� Macular thickening has an imperfect correlation

with visual acuity, probably due to factors cur-

rently difficult to assess, such as duration of

edema and degree of macular ischemia. Visual

acuity outcome for now remains the primary

clinical focus, and macular thickening outcomes

cannot be viewed as surrogates.
� Metabolic control of blood glucose, blood pres-

sure, and serum lipids is the foundation of ther-

apy for diabetic macular edema, and specific

ocular treatments are most effective when this

foundation is optimized first.
� Focal/grid photocoagulation is the benchmark

ocular treatment for diabetic macular edema of

all degrees of severity, but evidence for the effi-

cacy of intravitreal injections of triamcinolone

and anti-VEGF drugs and of vitrectomy surgery

is increasing. These other therapies are likely to

have a role in managing many cases, and may

prove to be useful in combination. The best

sequence of application of these therapies is as

yet undefined.

7.38 Future Directions

Although fraught with uncertainty, it is interesting to

hazard some predictions about directions of future

research into the causes and best management of

DME. Genetic mutations rendering patients more

or less susceptible to DME as a complication of dia-

betes are likely to be defined. The physiologic path-

ways contributing to DME and not mediated by

VEGF are a likely focus of future research. Most

patients with DME take many medications, and

many of them, such as certain classes of antihyperten-

sive drugs, newer oral agents for management of

diabetes, and statins, have theoretical bearing on ret-

inal physiology. The interactions of drugs with DME

are presently unexplored and should be clarified in the

next years. Using SD-OCT, it should be possible to

define at almost histologic levels the retinal changes

occurring in DME and determine which, if any,

changes associate with visual outcomes. Newer meth-

ods of laser photocoagulation are likely to become

increasingly tested against conventional photocoagu-

lation. The semiautomated production of laser pat-

terns that is currently found in certain commercial

laser machines may overcome the problem with

micropulse laser of not knowing where treatment

has been applied. Refinements in the best methods

of application of focal/grid photocoagulation and the

role of alternative therapies such as pharmacologic

adjuncts, combined therapies, and vitrectomy will

likely flow from clinical trials. Trials using visual

acuity as the primary endpoint are expensive and

lengthy. The quest for surrogate clinical endpoints

that correlate well with visual acuity and could allow

randomized trials to be simplified and shortened con-

tinues. OCT-measured macular thickness has not

been the hoped-for surrogate, but other endpoints,

such as retinal vessel diameter, are being

evaluated.54,189
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Chapter 8

Diabetic Macular Ischemia

Scott E. Pautler

8.1 Introduction

Diabetic retinopathy encompasses many interre-

lated pathological changes that occur in the retina

of diabetic patients. Retinal ischemia has received

much attention as a primary risk factor for the

development of proliferative diabetic retinopathy.1

Ischemia affecting the macula has received less

attention in the literature likely due to difficulty in

detection and lack of treatment options.2 Retinal

capillary nonperfusion was first described by Ash-

ton using India ink preparations of the diabetic

retina (Fig. 8.1).3 Subsequent histological studies

revealed acellular capillaries in zones of nonperfu-

sion (Fig. 8.2).4 7 Clinically, diabetic macular ische-

mia is detected by fluorescein angiography as a lack

of filling of the macular capillaries, which correlates

well with reported histological changes.1,7 9

Although capillary obstruction occurs in the early

stages of diabetic retinopathy, precapillary arterio-

lar and larger arteriolar occlusions become increas-

ingly evident in more advanced stages.3 The cause

and sequence of evolution are not well understood,

but the risk factors for DMI are likely those of

diabetic retinopathy in general. These include

degree and duration of hyperglycemia and hyper-

tension.10 12 Small studies of DMI identify

increased risk of macular ischemia with diabetic

macular edema, increased stage of diabetic retino-

pathy, and other factors that likely relate to severity

of diabetes, such as age of onset.2,13,14 Prevalence

data are not available as major population studies

of diabetic retinopathy are not geared to identify

macular ischemia.15,16 Despite these gaps in under-

standing, diabetic macular ischemia is recognized as

an important cause of visual disability and poor

response to treatment of diabetic macular edema

and proliferative diabetic retinopathy.7,17,18

8.2 Pathogenesis, Anatomy,
and Physiology

Anatomic changes in diabetic macular ischemia

include a variety of cellular and extracellular

abnormalities resulting in a loss of neuroretinal tis-

sue and occlusion of the microvasculature. These

anatomic changes occur in the late stages of diabetic

retinopathy along with other complications of dia-

betic retinopathy, such as macular edema and fibro-

vascular proliferation. Thus, it is difficult to study

macular ischemia in isolation. Furthermore, there

are myriad physiological and anatomical altera-

tions with complicated and arcane interactions

that have not been fully elucidated to date.

Factors involved in the occlusion of macular

capillaries include changes in the vascular lumen

itself, as well as interactions with the extraluminal

neurosensory retina and intraluminal blood consti-

tuents. Diabetes affects both the cellular and extra-

cellular components of the retinal capillary wall.

Among the earliest pathological abnormalities are

alterations in the retinal capillary basement mem-

brane, which represents the shared basement

membrane of the pericytes and endothelial cells.
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Normally, the basement membrane is primarily

composed of a thin, smooth deposition of type IV

collagen with macromolecules, which interact with

the endothelium. The basement membrane may

serve as a skeleton to support cellular components,

as a molecular sieve, and metabolically as an inhi-

bitor of proliferation. In diabetic retinopathy, there

is thickening of the retinal capillary basement mem-

brane with increased type IV collagen deposition,

vacuolization, deposition of fibrillar type III col-

lagen, and decreased heparin sulfate BM-1 proteo-

glycan.19 21 The alteration of macromolecules

within the basement membrane may result in direct

deleterious effects on endothelial cells.20 The cause

of these basement membrane changes appears to

be related to the aldose reductase metabolic path-

way, advanced glycation end products (AGE) for-

mation, and vascular endothelial growth factor

(VEGF).19,21 25 Retinal cellular dysfunction may

result in the formation of abnormal basement mem-

brane by the endothelium.23,26 Conversely, it is con-

ceivable that basement membrane pathology may

be causally related to further subsequent cellular

changes. For example, a thickened basement mem-

brane may decrease access of nutrients and oxygen

to pericytes and neurosensory retina in a manner

analogous to thickening of Bruch’s membrane in

age-related macular degeneration.27 29 Low oxygen

tension induces the expression of VEGF and its

receptors.25

Pericytes surround the abluminal capillary sur-

face and play important roles in capillary function.

As pericytes are derived from smooth muscle cell

precursors, they may regulate vascular tone.30 32

Pericytes produce structural elements of the extra-

cellular matrix and basement membrane.30 Pericytes

regulate endothelial proliferation and differentia-

tion.30,33 They are well seen on enzymatic digest

preparations with prominent round nuclei on the

outer surface of the capillary wall, and loss of peri-

cytes is revealed as empty balloon-like spaces

(Fig. 8.3).6 Pericyte apoptosis occurs early in dia-

betic retinopathy. Pericytes have a relatively lower

rate of proliferation relative to endothelial cells,

which are also lost through apoptosis. Consequently,

Fig. 8.1 India ink preparation demonstrating capillary loss
in diabetic retinopathy. (Reprinted with permission from
Ashton.3 Copyright # 1953 British Journal of Ophthalmol
ogy. All rights reserved)

Fig. 8.2 Perifoveal acellular
capillaries in diabetic
retinopathy correspond to
nonperfused retina. Trypsin
digest with hematoxylin
eosin stain. (Reprinted with
permission from Bresnick
et al.7 Copyright # 1976
Elsevier. All rights reserved)

204 S.E. Pautler



pathological specimens often show a greater loss of

pericytes relative to endothelial cells.34 A newer

concept explaining the loss of pericytes is angiopoie-

tin-induced migration of pericytes from the capil-

lary wall.35 Because pericyte loss occurs to a much

greater degree in the retina than in other tissues,

local retinal factors are implicated in the pathogen-

esis.4 Additional factors implicated in pericyte loss

include impaired adhesion to abnormal basement

membrane and adverse effects of hyperglycemia on

cell replication.36,37 The loss of pericytes may lead

to closure of capillary lumen though the loss of

cytokine interaction with the endothelium.38 The

presence of antipericyte antibodies may represent a

risk factor for diabetic macular ischemia; it is

unknown whether this is a cause of or a result of

tissue damage.39 41

The endothelial cell plays a central role in dia-

betic retinopathy. The endothelium interacts with

many humoral and cellular elements, and loss of

endothelial cells is associated with capillary closure.

The endothelium is a continuous monocellular lin-

ing of the luminal wall of retinal capillaries and with

intercellular tight junctions creates a barrier to the

diffusion of macromolecules (the blood–ocular bar-

rier). Its function is affected by surrounding ele-

ments in the capillary wall, the neurosensory retina,

and the blood components.23,26,38 The molecular

mechanisms involved in endothelial damage and

macular ischemia are complex and include the sor-

bitol pathway, AGE formation, protein kinase C,

renin–angiotensin system, inflammation, oxidation,

and alterations in gene expression and in the release

of numerous cytokines.42 54 There may be a balance

of angiogenic cytokines, which appear to protect

against apoptosis of the endothelium, and anti-

angiogenic cytokines, which may induce apopto-

sis.55,56 In diabetes, factors in the blood stream

that lead to endothelial damage include increased

platelet aggregation and adherence, as well as leu-

kostasis resulting from less deformability, increased

activation, and increased adhesion.57 61 Decreased

red blood cell deformability and increased aggrega-

tion occur with hyperglycemia as well.62 Normal

platelet–endothelial interaction maintains the

endothelial vascular integrity through the release

of humoral factors that stabilize the tight junc-

tions.33 Platelets also mediate endothelial–leuko-

cyte interaction and help suppress blood–ocular

breakdown when the endothelium becomes

damaged.63,64 The degradation of extracellular

matrix in diabetic retinopathy releases fibronectin

and associated fragments that stimulate endothelial

cell proliferation and adhesion, likely involved in

microaneurysm formation and neovasculariza-

tion.65 Endothelial cell proliferation may play a

role in the pathogenesis of microaneurysms, and

hypertrophy may result in capillary occlusion.66

Subsequent apoptosis of the endothelium may also

result in obliteration of the capillary lumen and neu-

rosensory nonperfusion.7,9,34 Platelet–fibrin thrombi

likely contribute to obliteration of the capillary

lumen in association with endothelial cell loss.67

Integrin-mediated leukocyte entrapment is increas-

ingly recognized as a cause of arteriolar occlusion

and downstream damage to the capillary bed.68 71

Following acute occlusion, retinal glial cells invade

and proliferate within the vascular lumen.72

Fig. 8.3 Flat section reveals former pericytes as clear spaces
on the outer surface of the capillary wall. (Reproduced with
permission from Cogan et al.5 Copyright # 1961 American
Medical Association. All rights reserved)
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The Role of VEGF in the Early and Late Stages of Diabetic Retinopathy

VEGF is one of many cytokines that plays a prominent role in diabetic retinopathy and is induced by

ischemic neurosensory retina.73,74 VEGF is a marker of oxidative stress and induces hyperperme-

ability of macular capillaries contributing to macular edema.75 77 VEGF also induces endothelial

proliferation and migration consistent with clinical findings of microaneurysm and neovascular

membrane formation.53 VEGF prevents apoptosis of capillary endothelial cells.56 When neurosen-

sory cell death occurs, VEGF production might be expected to decrease with the result of apoptotic

endothelial cell loss, capillary occlusion, resolution of macular edema, and involution of neovascu-

larization. Indeed, this clinical picture is seen late in the course of diabetic retinopathy.78,79 In

addition, VEGF offers protection against apoptotic neuroretinal cell death in ischemic retinal

conditions.80 This raises concern regarding the use of multiple injections of anti-VEGF agents in

the treatment of eyes with ischemic diabetic retinopathy.81 The possibility exists that anti-VEGF

therapy may help preserve vision in the short term by reducing macular edema and proliferative

complications at the long-term expense of eventual neuroretinal apoptosis and capillary dropout.

Supporting this hypothesis is the finding that intravitreal bevacizumab (IVB) injections for diabetic

macular edema (DME)may result in a decrease in visual acuity in eyes with macular ischemia despite

a decrease in macular thickness/edema.81 Also, a case report demonstrated the acute loss of vision

and rapid enlargement of the FAZ following IVB injection in an eye with diabetic macular ische-

mia.82 In another report, IVB for severe PDR with traction retinal detachment resulted in acute loss

of vision to no light perception.83 However, in a retrospective case series of DME treated with

multiple IVB injections, no progressive change in FAZ diameter was reported.84 Furthermore, in a

small prospective clinical trial of bevacizumab for DME in eyes with severe macular ischemia, no

change in perfusion was detected over a 1-year follow-up period.85 Indeed, some researchers reported

subtle evidence of limited improvement in perfusion of the retina following bevacizumab injection,

though this apparent change may be due to a reversal of shunting of blood flow through neovascular

channels in PDR.83,86,87 Additional research is needed to better define the role of VEGF in diabetic

retinopathy.

There is evidence to suggest that the neurosen-

sory retina plays a role in the evolution of retinal

microangiopathy.88 Prior to the development of

diabetic retinopathy, neurosensory retinal dysfunc-

tion is evident on testing with ERG, hue discrimina-

tion, and contrast sensitivity.89 97 Early functional

changes in neurotransmission are reversible and

may be due to hyperglycemia or hypoxia.92,98,99

Although there is an adaptive response by the retina

to hyperglycemia, over time permanent neurosen-

sory damage occurs and may lead to further micro-

vascular changes of diabetic retinopathy.90,100 102

For example, the hypoxic retina produces VEGF,

among other cytokines, in response to

hypoxia.73,103,104 VEGF production may represent

an adaptive response to metabolic stress in order to

promote neuronal survival.88 VEGF protects

against apoptosis and induces endothelial prolifera-

tion, migration, and vasopermeability that may

lead to microaneurysm formation, neovasculariza-

tion, and edema.53,56,105 Glutamate excitotoxic

damage may ultimately lead to neurosensory

apoptosis leading to a reduction in cytokine pro-

duction and resultant retinal capillary cellular

apoptosis and capillary closure.89,106 In addition,

lipid mediators are released from the neurosensory

retina in response to oxidative stress. These pros-

tanoids contribute to neurovascular injury and

directly induce endothelial cell death with subse-

quent closure of the capillary bed.67,107 Thus, a

number of pathways have been identified to sup-

port the role of neurosensory damage in contribut-

ing to capillary dropout. In addition, there are

examples of retinal vasculopathy secondary to
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neuronal cell loss in conditions without diabetes.

Capillary microangiopathy secondary to neuro-

sensory damage has rarely been described in a

laboratory model of glaucoma and in retinitis pig-

mentosa.102,108 These data suggest a contributory

role of neuroretinal cell loss in causing retinal

capillary microangiopathy.

In the final stages of diabetic macular ischemia,

neurosensory cellular apoptosis is seen in association

with retinal capillary occlusion. Glutamate excitotoxi-

city appears to play a role in ischemia-associated neu-

roretinal cell death.109 Plasminogen activators and

oxidative damage contribute to the accumulation of

glutamate.110,111 Clinically, this is manifested by thin-

ning of the macula, which is readily demonstrated on

optical coherence tomography (Fig. 8.4).

8.3 Natural History

The natural history of diabetic macular ischemia is

not well described. One explanation for the lack of

information is the relative rarity of clinically identi-

fiable macular ischemia in large prospective clinical

trials using standard fluorescein angiography.112

Video-fluorescein angiography with the scanning

laser ophthalmoscope reveals macular capillary

dropout prior to the development of microaneur-

ysms.113 The Early Treatment Diabetic Study pro-

vided some degree of information on the short-term

natural history of diabetic macular ischemia.

DMI was graded in 1,243 eyes over a 5-year period.

However, the study was limited by attrition (36%)

Fig. 8.4 Clinical example of
severe diabetic macular
ischemia. The time domain
optical coherence tomogram
shows thinning of themacula
(a dramatic increase in blue
on the false color map and
reduced subfield thickness
measurements) and loss of
architectural detail (as seen
on the line scan at bottom).
The photograph with
fluorescein angiogram
demonstrates capillary
dropout with an enlarged
foveal avascular zone
(5.21mm2). The visual acuity
was 20/125, J10
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and by the inclusion of only a few cases of severe

macular ischemia. Analysis of the data demon-

strated no change in the distribution of severity

of diabetic macular ischemia over the 5-year study

period.114 Over the long term, however, diabetic

macular ischemia is known to progress. The

perifoveal intercapillary area and size of foveal

avascular zone increase with advancing stages of

diabetic retinopathy.13,113,115,116 Retinal vascular

remodeling may result in limited revascularization

at the border of ischemic retina and may result in

visual improvement.68,117 The presumed mechan-

ism appears to be intraretinal neovasculariza-

tion.117,118 The potential for improvement in

DMI is unknown, but is probably very low.

There are no definitive data on the bilaterality or

symmetry of DMI. Macular nonperfusion has

been reported to occur sooner after the diagnosis

of type 2 diabetes than type 1 diabetes.119 The

higher prevalence of coexisting systemic hyperten-

sion in patients with type 2 diabetes may offer an

explanation of this finding.10,120 122 However, the

true date of onset in type 2 diabetes is more diffi-

cult to assess than in type 1 diabetes. The time

between the true onset and the diagnosis of

type 2 diabetes may be less in young patients

than in older patients. In addition, the prevalence

of diabetic retinopathy was reportedly higher

in type 1 than in type 2 diabetes mellitus in a

study of an adolescent cohort.122 Thus, it appears

likely that diabetic macular ischemia develops and

progresses as an integral part of diabetic retino-

pathy related to severity and duration of

hyperglycemia.

8.4 Clinical Evaluation

Various modes of clinical study provide informa-

tion on the structural and functional effects of dia-

betic macular ischemia. Fundoscopy and fundus

photography demonstrate ‘‘featureless’’ areas of

ischemic retina in which no microaneurysms, blot

hemorrhages, or exudates are present (Fig. 8.5).

Surrounding the area of ischemia is the hypoxic

penumbra where there are dilated ectatic capillaries

and other typical findings of diabetic retinopathy.68

Larger caliber vessels traversing ischemic areas are

attenuated, sheathed, or appear as ghost vessels

(Fig. 8.6).7,123,124 As seen in other ischemic retino-

pathies, focal depressions in the macula are due to

ischemic infarcts.125

Fluorescein angiography (FA) is the gold stan-

dard in the clinical diagnosis of diabetic macular

ischemia. FA displays relative hypofluorescent

areas of retina where there is absence of blood

flow through the macular capillaries. At the edges

of ischemic retina, associated angiographic findings

include arteriolar changes and capillary dilatation.

The hallmark findings include enlargement and

irregularity of the foveal avascular zone (FAZ)

and widened, non-uniform spaces between macular

capillaries indicative of intervening capillary loss

(Fig. 8.7).7,8,13,115,126 In the late phase of the fluor-

escein angiogram, the relative hypofluorescent

patches of ischemia are surrounded by hyperfluor-

escent leakage (Fig. 8.8).8 The normal FAZ as deter-

mined by trypsin digestion studies is reported

to have an average longest diameter of 0.65 mm

with a considerable range from 0.12 to 1.2 mm

a b

Fig. 8.5 (a) Fundus
photograph showing
featureless temporal macula
without microaneurysms or
blot hemorrhages in ischemic
temporal macula
(b) Fluorescein angiogram
demonstrating capillary
dropout in temporal macula

208 S.E. Pautler



area of the FAZ.127 When measured by fluorescein

angiography, the mean diameter (the average of

two perpendicular measurements) is 0.53–

0.73 mm.126,128 In diabetic retinopathy the average

longest diameter of the FAZ was reported to be

0.94 mm with a range from 0.74 to 1.02 mm.126

The mean diameter in diabetic eyes was 0.79 with

a range of 0.66–0.91 mm.126 Given the irregularity

of the FAZ in diabetic retinopathy126, the FAZ

area may be a more reliable measurement of ische-

mia than FAZ diameter. The normal FAZ area is

0.205–0.405 mm2, similar to that reported in mild-

to-moderate NPDR.2,13,113,115,116,126,129,130 How-

ever, the high end of the normal range of FAZ

measurements exceeds 2 mm2 in area.115,126,131 In

severe NPDR and PDR, the reported range of the

FAZ is 0.42–0.96mm2.2,13,115,126,129 Certainly, there

are cases of severe macular ischemia that exceed

these reported ranges (Fig. 8.4). For comparison,

one disk areais equal to 1.77 mm2, assuming one

disk diameter equals 1,500 mm.

Grading the degree of diabetic macular ischemia

by fluorescein angiography is useful for clinical stu-

dies, but is limited by media opacity and lacks uni-

formity among published reports. The proportion

of ungradable angiograms in the ETDRS was low

(2%), but selection bias might suggest that media

opacity may prevent detailed evaluation in the clin-

ical setting.114 In a subsequent study in which the

ETDRS scheme of grading DMI was used by Goe-

bel et al., fluorescein angiograms were ungradable

in 11% of eyes despite the exclusion of eyes with

advanced cataract and corneal opacities.132 Assess-

ment of macular ischemia by evaluating the perifo-

veal capillaries is appropriate as they appear parti-

cularly susceptible to occlusion from diabetes and

Fig. 8.7 Enlarged, irregular foveal avascular zone with
widened spaces between macular capillaries resulting in
increased perifoveal intercapillary area (PIA)

Fig. 8.8 Late phase fluorescein angiogram demonstrating
diabetic macular ischemia as areas of relative hypofluores
cence surrounded by diffuse intraretinal fluorescein leakage

Fig. 8.6 Severely ischemic retina in which sclerotic major
retinal vessels appear as white ‘‘ghost vessels’’
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FAZ dimensions are strongly positively correlated

with the severity of capillary nonperfusion in the

posterior retina.7,126 Various measures of DMI

include presence/absence of enlarged or irregular

FAZ, nonperfusion within 1,500 mm from foveal

center, gradations of areas of ischemia based on

disk area, and computerized calculations of the

area of ischemia.13,81,133 135 The measured peri-

meter of the foveal avascular zone and the FAZ

area may be a reasonable substitute for the

ETDRS method of assessment, although it does

not take into account the impact of ischemia outside

the FAZ.13 The ETDRS approached assessment of

macular ischemia by the use of reference photo-

graphs that demonstrated the boundaries of the

grading groups. For example, standard photograph

1A represented the lower boundary of medium

grade capillary loss (Fig. 8.9).114 Ischemic changes

that were graded by the ETDRS included the degree

of capillary loss, the size of the FAZ, capillary dila-

tation, and abnormalities of the arterioles. Capil-

lary loss within 1,500 mm from the fovea was eval-

uated by dividing the area into five subfields. Each

subfield was graded by severity: grade 0 (absence of

capillary loss), grade 1 (questionable capillary loss),

grade 2 (definite capillary loss, but less than

standard photo 1A), grade 3 (moderate capillary

loss, equal to or greater than standard photo 1A,

but less than standard photo 2), and grade 4 (severe

capillary loss, equal to or greater than standard

photo 2).8 The reader is directed to Fig. 8.10 for

ETDRS standard photograph 2. The size of the

foveal avascular zone was quantified by linear

dimension: grade 0 (less than 300 mm), grade 1

(equal to 300 mm), grade 2 (300–500 mm), grade 3

(greater than 500 mm), and grade 8 (cannot grade,

e.g., severely irregular FAZ). The outline of the FAZ

was also graded by the degree of destruction of the

normally smooth round to oval contour: grade 0

(normal), grade 1 (questionable), grade 2 (less than

one-half is destroyed), grade 3 (more than one-half of

FAZ destroyed, but some remnants remain), grade 4

(FAZ completely destroyed), and grade 8 (cannot

grade). Capillary dilatation was graded by standard

photographs with the same five-step grading scale as

that used for capillary loss. Arteriolar abnormalities

associated with ischemia were graded by severity and

included focal narrowing, pruning, staining, broad-

ening, and blurred contour. Focal arteriolar narrow-

ing of perpendicular side branches is usually seen in

smaller, terminal, or near-terminal branches

(Fig. 8.11). Pruning is a short arteriolar stump

Fig. 8.9 ETDRS standard photograph 1A. Lower boundary
of macular ischemia for medium grade capillary loss. (Repro
duced with permission from the Early Treatment Diabetic
Retinopathy Study Research Group)

Fig. 8.10 ETDRS standard photograph 2. Lower boundary
of macular ischemia for severe grade capillary loss. (Repro
duced with permission from the Early Treatment Diabetic
Retinopathy Study Research Group)
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directed to an area of capillary loss (Fig. 8.12). Stain-

ing is described as narrow fluorescent lines visible on

each side of the arteriolar blood column. Staining

may also be seen as an arteriolar segment appearing

more fluorescent than neighboring segments

(Fig. 8.13). Broadening of an arteriolar segment is

due to staining of the arteriolar wall and is frequently

preceded by a side branch or by focal narrowing of

the arteriole. Broadening of an arteriolar segment

and blurring of arteriolar contour are due to abnor-

mal fluorescein leakage due to increased permeabil-

ity. Despite the use of standard photographs, clear

definitions, highly trained angiographers, and expert

clinicians, there was only moderate inter-observer

agreement on grading the degree of DMI in the

Early Treatment Diabetic Retinopathy Study

(weighted kappa = 0.41–0.60).8 In the clinical set-

ting, the ETDRS method of grading diabetic macu-

lar ischemia may be impractical and of limited clin-

ical use. A recently proposed International

Classification of Diabetic Retinopathy did not

include grading of macular ischemia.136

Optical coherence tomography can accurately

and reliably quantify macular thickness in diabetic

retinopathy.137 In diabetes before clinical detection

of retinopathy, pericentral retinal thickness may be

Fig. 8.11 Focal arteriolar
narrowing (see arrow).
(Standard photograph 5A,
reproduced with permission
from the Early Treatment
Diabetic Retinopathy Study
Research Group)

Fig. 8.12 Arteriolar
pruning (see arrow).
(Standard photograph 7,
reproduced with permission
from the Early Treatment
Diabetic Retinopathy Study
Research Group)
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reduced due to ischemic neurosensory tissue

loss.138,139 Retinal nerve fiber layer thickness is sig-

nificantly reduced in preproliferative diabetic reti-

nopathy.140 In specific areas of retinal ischemia

there is a disturbance of the inner retina and high-

reflective deposit between the outer segments and

the retinal pigment epithelium (Fig. 8.14).141 In the

absence of edema, the ischemic areas in the macula

appear thin on OCT (Fig. 8.4). Coexisting macular

pathology is common in diabetic retinopathy and

may complicate the interpretation of OCT.142 Idio-

pathic preretinal membranes may cause macular

thickening and small retinal cysts.143 Although the

quality and quantity of cystic changes may be help-

ful in differentiating between diabetic macular

edema from preretinal membrane, both cause

retinal thickening that may offset neuroretinal thin-

ning from DMI.141,143 145 This may explain the

finding that macular ischemia confounds the corre-

lation of visual acuity with macular thickness in

diabetic macular edema (Fig. 8.15).132,146

Perimetry provides useful information on func-

tional loss of vision in diabetic retinopathy beyond

that of visual acuity.147 Various methods of perime-

try show significant reduction of retinal sensitivity

in diabetic eyes prior to the development of clinical

findings of retinopathy and these findings are pre-

dictive of future development of diabetic retinopa-

thy.97,148 150 Short-wave automated perimetry

(SWAP) isolates the blue–yellow neural pathway

and appears more sensitive than standard white-

on-white automated perimetry (SAP).147,151,152

Areas of decreased retinal sensitivity on perimetry

reliably correlate well with angiographic areas of

capillary dropout.153 155 With regard to central

macular ischemia, mean thresholds of SWAP show

abnormalities before loss of visual acuity and the

findings correlate well with increasing size of foveal

avascular zone and perifoveal intercapillary

area.147,155 Worsening of functional defects on SAT

and SWAP correlates well with progression of dia-

betic retinopathy.152 Furthermore, visual field

defects detected by SWAP are more common in

eyes with macular edema, but may reflect ischemic

damage rather than macular edema itself.156 If con-

firmed, SWAP may be helpful in stratifying patients

with diabetic macular edema for potential visual

return with treatment. Microperimetry offers the

option to test retinal sensitivity while directly obser-

ving the fundus and demonstrates loss of retinal

sensitivity in areas of ischemia and reduced sensitiv-

ity at the border of ischemia.141,157 Although perime-

try may provide helpful information on the func-

tional effect of DMI, it is primarily employed in

research at this time.

Considerations in the Management of Glaucoma in Patients with Diabetes

The functional visual field defects and thinning of the nerve fiber layer in diabetic retinopathy may

confound the interpretation of diagnostic testing in eyes with coexisting glaucoma.101,149,158 This

complication may also be encountered in patients without any clinical sign of diabetic retinopa-

thy.101,149,159 In addition, young diabetic women may demonstrate a significant depression in visual

field threshold sensitivity in the luteal phase of the menstrual cycle, further exacerbating the problem

of fluctuating field loss in glaucomatous eyes.160

Fig. 8.13 Arteriolar staining/broadening (see arrow). (Stan
dard photograph 4, reproduced with permission from the
Early Treatment Diabetic Retinopathy Study Research
Group)
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The electroretinogram (ERG) provides an objec-

tive measurement of retinal function in diabetes.

Prior to the development of clinical or angiographic

findings of diabetic retinopathy, ERG most consis-

tently shows an increase in the oscillatory potential

implicit time (OP1, suggesting dysfunction among

bipolar, amacrine, and ganglion cells possibly

related to preclinical circulatory insufficiency), and

other functional inner retinal abnormalities are

variably described.90 Progressive retinal dysfunc-

tion on ERG correlates with and may be predictive

of progressive diabetic microangiopathy seen

Fig. 8.14 Comparison of normal (top) fundus and spectral
domain optical coherence tomography (SD OCT) and severe
nonproliferative diabetic retinopathy (middle). The white arrow
in the fundus photos shows the direction of SDOCT scans.Top
right SD OCT scan shows all ten layers of the normal retina:
innermost hyperreflective retinal nerve fiber layer (RNFL), the
hyporeflective ganglion cell layer (GCL), the hyperreflective
inner plexiform layer (IPL), the hyporeflective inner nuclear
layer (INL), the hyperreflective outer plexiform layer (OPL),
the hyporeflective outer nuclear layer (ONL), the hyperreflective

external limiting membrane (ELM), the hyporeflective photo
receptor cell layer (PR), the hyperreflective photoreceptor inner/
outer segment junction (IS/OS), and the hyperreflective retinal
pigment epithelium/choriocapillaris (RPE/CC). Themiddle right
image demonstrates thinning of inner retinal layers and abnor
mal high OCT reflectivity between the IS/OS and the RPE/CC
on theSDOCTscan in the nonperfused area (NPA, double sided
arrow) of the retina. The bottom image shows the NPA on the
corresponding fluorescein angiogram. (Reprinted fromUnoki et
al.141 Copyright# 2007, with permission from Elsevier)

8 Diabetic Macular Ischemia 213



clinically.90 Macular dysfunction studied by multi-

focal ERG (mfERG) is inconsistently localized to

specific areas of apparent pathologic fundus lesions,

perhaps due to the presence of occult macular ische-

mia.161,162 Foveal cone ERG parameters may be

abnormal in diabetic retinopathy with or without

edema, but severity of dysfunction on mfERG

seems to correlate with degree of retinal thick-

ness.163,164 The wealth of information on ERG

and diabetic retinopathy includes, but does not

clearly separate, the effects of diabetic macular

ischemia and edema.90 Electroretinography is not

used in the routine clinical management of PDR.

Color perception testing reveals a variety of

defects in diabetic retinopathy beginning before sig-

nificant visual loss.96,165 Approximately 50% of

patients enrolled in the ETDRS had abnormal

color vision on the Farnsworth-Munsell 100 hue

test.166 Tritan color defects are the most common

color deficiency in diabetic retinopathy and may

relate to an S-cone (blue cone) pathway dysfunction

or S-cone cell loss.167 169 In the ETDRS, factors

associated with impaired hue discrimination

included age, diabetic macular edema, and neovas-

cularization.170 The severity of macular ischemia

and altered retinal blood flow has also been shown

to correlate with a tritan defect.171,172 At this time,

little useful clinical information is gleaned by color

vision testing.

Contrast sensitivity testing reveals abnormal

function before visual acuity testing and may be

more sensitive and specific for degree of retinopathy

than color vision testing.94 Contrast sensitivity loss

correlates well with fluorescein angiographic

evidence of capillary dropout and macular

edema.173,174 Impaired contrast sensitivity may be

reversed with improvement in metabolic control in

non-ischemic nonproliferative diabetic retinopa-

thy.175 Oxygen supplementation partially reverses

abnormalities in contrast sensitivity and hue

a

b

Fig. 8.15 Retinal thickening
from premacular membrane
(a) or diabetic macular
edema (b) may obscure
macular thinning induced by
diabetic macular ischemia
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discrimination, suggesting retinal hypoxia plays a

role in these tests of early functional defects.98,176

From a clinical standpoint, contrast sensitivity test-

ing does not offer critical information for the clin-

ical decision-making process.

The blue-field entopic phenomenon demon-

strates reduced capillary blood flow in diabetic reti-

nopathy.177 The entopic phenomenon may be used

to evaluate the macular capillary hemodynamics as

well as measure the size and shape of the foveal

avascular zone.131,178,179 This subjective method of

assessment is rarely applied clinically.

8.5 Clinical Significance of Diabetic
Macular Ischemia

Although there is no established treatment of dia-

betic macular ischemia, management decisions are

complicated by its presence. DMI is important as it

relates to visual function. The ETDRS baseline

visual acuity showed little tendency to decrease

with worsening of ischemia, except in the group

with severe ischemia. However, the number of eyes

classified as moderate or severe DMI was small and

there was no attempt to control for differences in

edema among the groups.114 Some investigators

report that visual acuity correlates well with mea-

sures of DMI, including enlargement of the foveal

avascular zone (R2 = 0.51) and the parafoveal

intercapillary area (R2 = 0.24).129 Visual acuity

less than 20/50 was found to be consistent with

an FAZ � 0.55 mm2 or perifoveal intercapillary

area� 14,000 mm2 (Fig. 8.16).129 DMI, as measured

by degree of destruction of the FAZ, is better corre-

lated with visual acuity (R=0.69,P=0.0014) than

with retinal thickening, as judged by stereo fundus

photography.180 The ETDRS described retinal

changes consistent with macular ischemia as the

primary cause of decreased acuity in only 10 of

149 eyes with persistent severe visual loss.181 Others

also report profoundDMI is a cause of severe visual

loss and may limit visual return after treatment of

diabetic retinal complications, such as macular

edema and traction retinal detachment.84,124,182

DMI may be underappreciated. Severe DMI is

associated with advanced PDR which may be asso-

ciated with complications of hemorrhage, macular

edema, retinal detachment, and neovascular glau-

coma, which may overshadow the associated pre-

sence of DMI.181

Not surprisingly, diabetic macular ischemia por-

tends a poor prognosis in diabetic retinopathy.

Capillary loss, in general, is associated with progres-

sion from nonproliferative to proliferative diabetic

retinopathy.1 Although capillary dropout is usually

most severe outside the macula,1,183 the presence of

DMI has also been reported to be a risk factor for

macular edema, PDR, poor visual outcome after

vitrectomy, and presence of nephropa-

thy.114,126,133,183 187 The 1-year risk of developing

PDR was 18.2% in NPDR without DMI compared

with 41.3% risk in eyes with severe DMI.1

Fig. 8.16 Scatterplot with regression line of the visual acuity
and the perifoveal intercapillary area in patients with dia
betes mellitus (left). Scatterplot with regression line of the
visual acuity and the foveal avascular zone in patients with

diabetes mellitus (right). (Reprinted from the Arend et al.129

Copyright# 1995 American Medical Association. All rights
reserved)
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Furthermore, the rate of progression of capillary

dropout appears to be greater in eyes with predomi-

nant posterior capillary dropout compared with

eyes with predominant peripheral or midperipheral

involvement, although no statistical analysis is

available for review.126,186

Macular ischemia may be present in eyes

with potentially treatable macular pathology and

may impart a poor response to treatment. The

ETDRS protocol recommended focal treatment

up to 300 mm from the foveal center for persistent

CSME and visual acuity less than 20/40.188 The

study demonstrated a trend toward less treatment

effect of focal/grid laser for diabetic macular edema

in eyes with macular ischemia. This trend did not

reach statistical significance possibly as a result of

the small number of cases with moderate to severe

macular ischemia. At baseline there were 1,243 eyes

in the study and only 90 eyes (7%) had moderate or

severe ischemia. Consequently, the ETDRS recom-

mended caution in applying their findings support-

ing focal/grid laser for clinically significant macular

edema in eyes with extensive ischemia.114 Among

eyes with diabetic retinopathy with and without

macular edema, decreased acuity significantly cor-

relates with measures of increased ischemia, such as

extent of foveal capillary loss (r = 0.585, p =

0.0001), size of FAZ (r = 0.484, p = 0.0015), and

outline of FAZ (r = 0.542, p = 0.0004).189 Several

investigators report that DMI is associated with

poor visual prognosis in the treatment of diabetic

macular edema (DME) with laser even though

reduction in edema can be achieved.187,190 192 Simi-

larly, coexistent DMI reduces the short-term

beneficial visual effects of bevacizumab and triamci-

nolone acetonide treatment of DME.81,135 The visual

outcome of vitrectomy performed for a variety of

indications is poorer in eyes with macular ischemia

as well.133,134,193 Unfortunately, it is often difficult to

determine the primary cause of decreased vision

when multiple potential causes are present (e.g.,

edema, ERM, traction, previous macular detach-

ment, and RPE atrophy). Thus, macular ischemia

may be a more significant cause of limited vision in

diabetes than is commonly recognized.

In the case of concomitant macular edema and

ischemia, it may be useful to determine the degree to

which ischemia accounts for decreased vision. If

there is no reasonable hope for improvement in

vision due to the presence of macular ischemia,

laser may be deferred.191 A trial of intravitreal

triamcinolone acetonide for rapid resolution of

macular edema may be of use to this end.194 When

presented with the scenario of combined macular

edema/ischemia, a recent survey of the American

Society of Retinal Specialists (ASRS) showed that

almost one-half of 309 respondents indicated

they would offer laser treatment among other treat-

ment modalities, including anti-VEGF therapy,

steroids, and vitrectomy.195 This wide spectrum of

suggested treatment options underscores the difficulty

encountered in managing this clinical presentation.

8.6 Controversies and Conundrums

There are a number of issues of contention regard-

ing diabetic macular ischemia. For example, what

role does macular ischemia play in the develop-

ment of diabetic macular edema? Diabetic macular

edema is generally attributed to a breakdown of

the blood–ocular barrier. This vasogenic edema

results in extracellular accumulation of serous

fluid.196 Others have proposed cytotoxic edema

as an additional causative mechanism for DME.

Cytotoxic edema may initially manifest as intracel-

lular edema induced by hyperglycemia or

hypoxia.196 199 Retinal hypoxia exacerbated by

nocturnal hypotension or high altitude may induce

macular edema as evidenced by reversibility upon

resolution of the aggravating factor.198,200,201 The

two proposed types of macular edema may not be

mutually exclusive. The same factors (ischemia/

hypoxia) that presumably induce intracellular

edema by a cytotoxic mechanism may also initiate

extracellular vasogenic edema through the induc-

tion of VEGF.202

In eyes with clinically significant macular edema

and ischemia, is it safe to treat microaneurysms that

line the foveal avascular zone? The ETDRS

research group advised against treating microa-

neurysms bordering capillary dropout near the

fovea so as to avoid further capillary closure.188

This advice appears to have been anecdotal. There

is no hard evidence that current focal treatment will

exacerbate ischemia. A separate issue is whether the
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patient might become aware of a scotoma from

parafoveal photocoagulation. Further study is

needed, but this treatment approach is not pro-

scribed by high-level evidence at this time.

Does the value added by DMI interpretation in

clinical care justify the use of fluorescein angiogra-

phy (FA)? Certainly, the role of FA has decreased

with the widespread availability of non-invasive opti-

cal coherence tomography (OCT). OCT has proved

useful in themanagement of diabeticmacular edema,

preretinal membranes, and vitreomacular traction

syndromes.132,142,143,145,163,203,204 Isolated macular

ischemia is also identifiable as retinal thinning and

loss of retinal structure.141 The adjunctive use of

fluorescein angiography may particularly be helpful

in advanced proliferative diabetic retinopathy com-

plicated by macular edema and/or preretinal mem-

branes. In these clinical scenarios the identification

of extensive capillary dropout on fluorescein angio-

graphy may lead the ophthalmologist away from

aggressive treatment aimed at recovery of central

vision. However, routine use of fluorescein angiogra-

phy screening for diabetic macular ischemia appears

unnecessary.

What is the role of the choroid in diabetic macu-

lar ischemia? Evidence supports recent theories of

an ischemic penumbra in diabetic retinopathy,

wherein there is preservation of hypoxic retina in

a paravascular distribution in the peripheral retina

due to the diffusion of oxygen from the larger

caliber radial vessels.68 The persistent release of

VEGF from the hypoxic retina may perpetuate

the neovascular response in PDR. The release of

VEGF also protects retinal capillary endothelial

cells from apoptosis and subsequent capillary clo-

sure.55,205,206 Similarly, the choroidal circulation

may play a role in the development of capillary

dropout in diabetic retinopathy. The choroid sup-

plies oxygen to the outer retina up to the inner

nuclear layer.207 Therefore, the neurosensory

retina in the FAZ derives its blood supply from

the choroid.126 Conceivably, the choroidal circula-

tion may offer relative protection against ischemic

neurosensory apoptosis from diabetic retinopathy.

The general preponderance of retinal capillary

occlusion in the peripheral retina as opposed to

the posterior pole is consistent with the greater

choroidal blood flow in the posterior pole com-

pared with the periphery.183,186,208,209 If choroidal

perfusion becomes impaired, the retina might be

more susceptible to ischemic damage from retinal

capillary basement membrane thickening. Indeed,

there is evidence of a relationship between

decreased choroidal blood volume and flow in

eyes with more advanced diabetic retinopa-

thy.210 215 It is interesting to note that choroidal

blood flow increases in the macula following pan-

retinal photocoagulation, suggesting a possible

secondary beneficial effect on macular perfu-

sion.216,217 Pentoxyphylline also improves choroi-

dal blood flow in diabetic retinopathy.218

8.7 Summary of Key Points

� Diabetic macular ischemia (DMI) is caused by

complex interactions of the cellular and non-

cellular constituents of the vascular wall, the

intraluminal blood, and the extraluminal neu-

rosensory retina resulting in nonperfused acel-

lular capillaries and neurosensory cellular

apoptosis.
� Macular ischemia can be detected early in dia-

betic retinopathy and becomes increasingly

apparent with advancing stages of severity of

diabetic retinopathy.
� DMI is suspected clinically by fundoscopy in

areas of ‘‘featureless’’ retina surrounded by typi-

cal diabeticmicroangiopathy. Fluorescein angio-

graphy demonstrates the hallmark non-filling of

macular capillaries, enlargement and irregularity

of the foveal avascular zone (FAZ), and

increased perifoveal intercapillary area (PIA).

Optical coherence tomography reveals neurosen-

sory macular thinning.
� The magnitude of DMI correlates with visual

acuity in diabetic retinopathy with or without

macular edema. Consequently, eyes with DMI

respond poorly to treatment for concomitant

vitreoretinal pathology such as diabetic macular

edema, preretinal membrane, and traction macu-

lar detachment.
� The FAZ area is a reliable measure of DMI and

is recommended for use in clinical studies. Cur-

rently, there is no convincing evidence for the

need of routine measurements of the FAZ area

in clinical practice.
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8.8 Future Directions

Prevention of diabetes or prevention of diabetic

retinopathy through optimal management of dia-

betes is an ideal goal. An improved understanding

of the autoimmune mechanisms of type 1 diabetes

mellitus may eliminate this form of diabetes.219,220

Unfortunately, epidemic obesity makes the likeli-

hood of elimination of type 2 diabetes an elusive

goal in the foreseeable future.221 However, since the

published reports of theDCCT andUKPDS, others

have reported decreased prevalence of diabetic reti-

nopathy due to improved metabolic control. In

2003, Henricsson reported a prevalence of diabetic

retinopathy of 39% in type 1 diabetes mellitus of

10 years duration in Sweden compared with 63%

prevalence in the DCCT.222 The WESDR also

demonstrated a decrease in annual prevalence in the

latter part of the 25-year follow-up of eyeswith type 1

diabetes.223 More progress may be anticipated with

further improvement in diabetes management.

There is a need for standardization in the method

of assessing DMI for uniformity among studies of

diabetic retinopathy. The ETDRS method of DMI

assessment was detailed, but cumbersome, and has

been used in few subsequent studies.85,132 Various

measures commonly studied include FAZ peri-

meter, FAZ area, and perifoveal intercapillary

area (PIA). There is need for general agreement on

methods of measurement and on categories of

severity in order to assist with comparison among

studies. Furthermore, a practical method of asses-

sing DMIwould be useful for clinicians, especially if

such measurement is found to be pertinent to

patient care.

There is a very practical need for improvement in

interpretation of optical coherence tomography.

Although isolated DMI is associated with macular

thinning, coexisting macular pathology may con-

found OCT interpretation.141 Diabetic macular

edema, preretinal membrane, and vitreomacular

traction may cause thickening of the retina despite

the presence of ischemia.141 In addition, retinal

thickening is often interpreted as representing ret-

inal edema, regardless of cause. However, as an

example, the clinical management of retina thicken-

ing from DME is clearly different from that of pre-

retinal membrane.

Research is needed to better understand

the correlation of DMI and visual function.

Among the many measures that have been evalu-

ated, which ones correlate best with visual acuity

and/or visual function? Many studies examine the

foveal avascular zone without regard to the poten-

tial significance of increased perifoveal intercapil-

lary area.2,13,84,133,185,224 The practical application

of this research might be the proscription of surgery

for preretinal membrane or traction retinal detach-

ment if specific criteria are met for severity of DMI.

Similarly, an eye with DME may not be capable of

improvement in vision if profound ischemia is pre-

sent. Thus, observation would be in order in such a

case rather than protracted treatment.
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Chapter 9

Treatment of Proliferative Diabetic Retinopathy

Scott E. Pautler

9.1 Introduction

Proliferative diabetic retinopathy (PDR) is an

advanced stage of diabetic microangiopathy in

which extensive retinal capillary occlusion results

in the growth of preretinal fibrovascular tissue.

The pathogenesis is not well understood. Under-

lying pathophysiologic changes in diabetic retino-

pathy include abnormal shunting of glucose via

the aldose reductase pathway, formation of

advanced glycation end-products, activation of

protein kinase-C beta isoform, induction of vas-

cular endothelial growth factor (VEGF), oxida-

tive damage, and inflammation.1 5 Pathological

anatomic changes evolve with abnormal thicken-

ing of capillary basement membrane, loss of peri-

cytes, breakdown of the blood–retinal barrier,

changes in microvascular caliber, microaneurysm

formation, endothelial cell loss associated with

capillary occlusion, and neovascularization within

the retina (intraretinal microvascular abnormal-

ities) and in the preretinal space with varying

degrees of preretinal fibrosis. PDR may cause

loss of vision from edema, ischemia, intraocular

hemorrhage, premacular membranes, vitreomacu-

lar traction, traction retinal detachment, traction–

rhegmatogenous retinal detachment, and neovas-

cular glaucoma.6

Advanced glycation end-product formation and metabolic memory: Metabolic memory is a term used

to describe the phenomenon of the delayed effect of changzes in metabolic control on the micro-

circulation. Improved metabolic control reported in the Diabetes Control and Complications Trial

was associated with a delayed beneficial effect on the incidence and progression of diabetic retino-

pathy.7,8 Similarly, after loss of strict control of hyperglycemia, a continued protective effect persists

for years.9,10 There is a molecular mechanism that may offer an explanation. Hyperglycemia is

associated with non-enzymatic glycation of proteins, termed as advanced glycation end-products

(AGE). Glycation of the proteins in retinal capillary basement membrane is implicated as playing a

role in diabetic retinopathy.1,11 As the turnover of structural proteins is slow, these advanced

glycation end-products (AGEs) have been implicated as a cause of metabolic memory.12

Neovascularization (NV) is a distinctive ocular

manifestation of diabetes mellitus and develops as a

result of retinal ischemia/hypoxia in diabetic retino-

pathy.13 15 NV grows from the surface of the retina

at the posterior border of retinal capillary nonper-

fusion, from the surface of the disk, and from
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anterior sites (iris, ciliary body, and anterior retina)

in eyes with increasing degrees of ischemia.13,16,17

Retinal neovascularization generally arises from

retinal veins or postcapillary venules near sites of

arteriovenous crossing or venous branching.18,19

The distribution of retinal NV follows a C-shaped

extramacular distribution, sparing the temporal

raphe.13,18,19 Neovascularization of the disk

(NVD) is associated with extensive retinal nonper-

fusion.13,17 Presumably, NVD occurs as VEGF and

other growth factors migrate from peripheral

ischemic retina to the disk by way of vitreopapillary

drainage.13,15 The neovascular tissue grows within

the outer cortical vitreous andmay induce overlying

secondary vitreous degeneration.20 23With time the

vascular nature of the NV is associated with fibrous

tissue proliferation, likely mediated by agents other

than VEGF, such as connective tissue growth fac-

tor.24 26 Initial contraction of the fibrous tissue may

lead to retinal striae and retinal dragging.27 30

Further vitreous tractionmay lead to retinal detach-

ment with or without retinal breaks.31,32 Release of

angiogenic growth factors from hypoxic retina con-

tinues until neurosensory cell death occurs (in the

very late stages of natural history or following

photocoagulation) after which neovascular involu-

tion occurs.13,33 The fibrous tissue remains and vitr-

eous traction may continue to progress.18,21,34 The

clinical presentation of proliferative diabetic retino-

pathy includes a wide spectrum of disease due to

variability in the relative developmental stages of

vascular and fibrous proliferation.

An important factor affecting the presentation of

PDR is the status of the vitreous. The vitreous under-

goes a number of pathological changes in diabetes,

including an increase in the number of collagen

crosslinks and an increase in glycation end-pro-

ducts.35 These changes contribute to premature

degeneration and liquefaction of the vitreous in dia-

betes.36 In the absence of a posterior vitreous detach-

ment, the cortical vitreous provides a scaffold on

which preretinal neovascularization proliferates.22

With continued neovascular growth, extensive areas

of fibrovascular proliferation create firm attachment

between the retina and the vitreous cortex.18 This is a

common presentation in type 1 and early-onset type

2 diabetes mellitus as PDR develops in the environ-

ment of an intact vitreous body. The presentation of

PDR in an older individual differs in large part due

to the degree of vitreous degeneration and posterior

separation.37,38 If incomplete PVD is present, NV

may grow anteriorly from the site of attachment

(e.g., the disk) within the elevated posterior vitreous

cortex, but it does not create further extension of

fibrovascular plaques on the surface of the retina.

In the presence of complete PVD, clinically impor-

tant neovascularization does not usually

develop.37,39 However, anterior ocular neovascular-

ization may become manifest (e.g., NV involving the

anterior retina, ciliary body, and iris).40

Iris neovascularization (rubeosis) may occur in

advanced stages of diabetic retinopathy and threa-

tens pain and blindness from neovascular glau-

coma.41,42 Rubeosis frequently begins at the

superior pupillary border of the iris and trabecu-

lum due to convection currents in the anterior

chamber, which in a head-up posture results in

an upward flow of aqueous over the surface of

the iris.43,44 Rubeosis progresses more slowly in

phakic than aphakic eyes, likely due to the effect of

the crystalline lens as a barrier to the diffusion of

neovascular growth factors into the anterior

chamber.45 47 The vitreous possesses inhibitors

of NV and may also be a physical barrier to vaso-

proliferative factors that give relative protection

against NV developing in the anterior seg-

ment.13,48 This explains the increased incidence

of neovascularization of the iris and other anterior

structures following vitrectomy and lensectomy,

especially in eyes with under-treated or untreated

PDR.13,40,47,49 The reader is referred to Chapter 1

for extensive review of the pathophysiology of

diabetic retinopathy.

Why Is Neovascularization Rare After Isolated Central and Branch Retinal Artery Occlusions?

Retinal neovascularization is well described in branch retinal vein occlusion, sickle retinopathy, and

diabetic retinopathy, but not in isolated retinal artery occlusion.18,50,51 The explanation may lie with

the difference in the rate of onset and magnitude of ischemia. The slow onset and chronic nature of

ischemia induced by diabetic retinopathy result in the development of hypoxic retina, which allows
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time for the induction of neovascular growth factors.18 Acute retinal artery occlusion causes abrupt

cell death preventing the induction of vascular growth factors in the retina.13,18 In addition,

subsequent reperfusion of an occluded retinal artery may also protect against neovascular

sequelae.18

Diabetes mellitus is a leading cause of blindness.

The complications of neovascularization andmacu-

lar edema are themost common causes of vision loss

in diabetic retinopathy.52 The relatively high preva-

lence of blindness from diabetes is related to the

expanding epidemic of obesity and diabetes.53

About two-thirds of adult Americans are over-

weight or obese.54 Almost 11% of the US popula-

tion (23.5 million persons) over the age of 20 years

has diabetes. An additional 57 million have pre-

diabetes.55 Although there is high-level evidence

that the incidence and progression of diabetic reti-

nopathy may be reduced by intensive control of

blood glucose and blood pressure,7,56,57 sustaining

strict diabetes management regimens is difficult.9,10

Furthermore, routine eye examinations for early

detection of retinopathy fall short of recommended

guidelines.58,59 Thus, diabetic retinopathy is com-

mon. About 40% of diabetics 40 years of age or

older have diabetic retinopathy, and 8% have

vision-threatening retinopathy.60 The average

annual progression to proliferative diabetic retino-

pathy is 1–4% and the cumulative 25-year progres-

sion to PDR is 42% among patients with type 1

diabetes mellitus.61,62 The number of persons with

diabetic retinopathy is expected to triple by 2050 to

17.7 million.63 The reader is referred to Chapter 3

for additional information regarding the epide-

miology of PDR. Given the high prevalence of

diabetes and associated retinopathy, appropriate

treatment is of paramount importance in prevent-

ing blindness.

This chapter focuses on the clinical management

of proliferative diabetic retinopathy. The intent is to

present a rational approach to problems encoun-

tered in the treatment of PDR by incorporating

relevant information gleaned from research since

the seminal publications of the Diabetic Retinopa-

thy Study (DRS) group, the Early Treatment Dia-

betic Retinopathy Study (ETDRS) group, and the

Diabetic Retinopathy Vitrectomy Study (DRVS)

group. Tables 9.1, 9.2, and 9.3 summarize the salient

findings from these studies relevant to proliferative

diabetic retinopathy. Additional information from

the literature is presented to assist in the process of

deciding from among myriad treatment possibilities

in order to minimize risk and maximize the benefits

of intervention. Also included is a brief discussion

of current studies whichmay lead to potential thera-

pies in the future.

9.2 Laser Photocoagulation

Retinal photocoagulation for diabetic retinopathy

has evolved since the initial reports by Meyer-

Schwickerath using the xenon-arc photocoagula-

tor.64 Technological advances have provided more

suitable tools with which the ophthalmologist can

treat the retina with more precision and control. In

addition, improved understanding of diabetic reti-

nopathy through the work of the Diabetic Retino-

pathy Study (DRS) led to the routine use of scatter

laser treatment (panretinal photocoagulation) of

the hypoxic peripheral retina to induce involution

of neovascularization in eyes with high-risk

PDR.65,66 Further refinements were made with the

Early Treatment Diabetic Retinopathy Study

(ETDRS) with regard to the indications and appli-

cation of photocoagulation.67,68 Both the ETDRS

and the Diabetic Retinopathy Vitrectomy Study

(DRVS) provided high-level evidence in support

of vitrectomy for complications of PDR.69 74

Although there have been no large-scale, rando-

mized, controlled, multi-center studies of treatment

for PDR since these studies, there has been signifi-

cant progress. Panretinal photocoagulation (PRP)

reduces the 5-year risk of blindness by 90%.58

Improved metabolic control not only is associated

with decreased progression of diabetic retinopathy

but may also improve response to PRP.75
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Table 9.1 Summary of the Diabetic Retinopathy Study (DRS) reports

DRS #1 (1976)65

Preliminary report of effects of photocoagulation therapy

Eligibility requirements

1. Both eyes with severe NPDR or at least one eye with PDR

2. Visual acuity � 20/100

Treatment and follow up

1.One eye promptly treated with argon or xenon photocoagulation

2. Scatter laser plus direct treatment of non elevated NVE (argon treated eyes also underwent direct treatment of NVD and
elevated NVE)

3. 1727 patients treated (858 argon and 869 xenon)

4. Followed every 4 months

5. End point: <5/200 on two or more consecutive visits (severe visual loss SVL)

Results at 2 year follow up analysis

1. 57% reduction of SVL between treated and untreated eyes (9.4% untreated eyes vs. 4.1% treated eyes)

2. No difference in benefit between argon and xenon photocoagulation

3. Small loss of vision measured 4 months post treatment (recovered at 2 year analysis in argon group only)

4. Reduced visual field score in xenon treated eyes only

Protocol change

1. Consider treating fellow eye if possess high risk characteristics

2. Direct treatment of NVD and elevated NVE was made optional

DRS #2 (1978)66

Coined the term ‘‘high risk characteristics’’ (HRC)

1. Disk neovascularization (NVD) > standard photograph 10A

2. Vitreous hemorrhage with any NVD or NVE >½ disk area

At 1 year analysis of treated eyes, noNVwas present in 78.8%ofNPDR eyes compared with 21.2%of eyes with moderate to
severe NVD at baseline

Summary

1. Prompt PRP recommended for eyes with HRC

2. Call for ETDRS to study prompt vs. deferred PRP for eyes < HRC

DRS #10 (1985)760

Natural history: 2 year follow up data

The presence and extent of NVD was the strongest predictor of SVL

The second strongest predictor was extent of retinal hemorrhage/microaneurysm

DRS #11 (1987)761

Photocoagulation reduces the risk of intraocular hypertension, apparently by preventing neovascular glaucoma

DRS #12 (1987)762

Risk factors for decrease in vision measured 6 weeks following PRP

1. Pre existing macular edema

2. Intensity of PRP

Recommendations

1. Focal laser of macular edema before PRP

2. Divide PRP into multiple sessions and decrease intensity of burns

DRS #13 (1989)763

Risk factors for SVL despite PRP during 5 years after randomization

1. Increasing NVD (most important factor)

2. Increasing retinal hemorrhages/microaneurysms

3. Increasing retinal elevation (detachment)

4. Increasing proteinuria

5. Increasing hyperglycemia

6. Decreasing treatment density

Note: Treatment density was identified as an independent predictor of visual outcome supporting the practice of repeating
PRP if initial treatment does not reduce or stabilize PDR
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Table 9.2 Summary of the Early Treatment Diabetic Retinopathy Study (ETDRS) reports for PDR

ETDRS #3 (1987)68

Technique for photocoagulation of PDR

Scatter (PRP): 500 m (Goldmann) moderately intense burns

Local: confluent treatment of flat NVE

Details described in chapter

ETDRS #8 (1991)764 and ETDRS #20 (1995)765

Effects of aspirin treatment (ASA 650 mg/day) on diabetic retinopathy

1. No clinically important beneficial or harmful effects in eyes with mild to severe NPDR or early PDR

2. No prevention of development of high risk PDR or risk of visual loss

3. No increased risk of vitreous hemorrhage

4. No effect on severity or duration of vitreous hemorrhage

ETDRS #12 (1991)100

Fundus photographic risk factors for progression of diabetic retinopathy

1. Severity of intraretinal microvascular abnormalities

2. Severity of retinal hemorrhages/microaneurysms

3. Severity of venous beading

4. NOT soft exudates (cotton wool spots)

ETDRS #13 (1991)630

Fluorescein angiographic (FA) risk factors for progression of diabetic retinopathy

1. Fluorescein leakage (particularly, diffuse)

2. Capillary loss and dilation

3. Arteriolar abnormalities (e.g., focal narrowing, pruning, staining)

4. FA risk factors offer increased power to predict progression ofDR, but do not offer clinically important information over
clinical exam and color photography

ETDRS #17 (1992)69

Pars plana vitrectomy in the ETDRS

1. 208 eyes (5.6%) of 3711 enrolled in ETDRS

2. Diabetes mellitus type: 51.9% type 1, 35.1% mixed, and 13% type 2

3. Preoperative PRP initiated in 88% of eyes (>1200 burns in 69%)

4. Primary indication: vitreous hemorrhage (53.9%), retinal detachment (46.1%)

5. Preoperative vision: 66.7% � 5/200, 6.2% > 20/100

6. Postoperative vision (1 year): 20.2% < 5/200, 47.6% � 20/100, and 24% � 20/40

7. Note: endolaser became available early in ETDRS (1983)

ETDRS #18 (1998)102

Risk factors for high risk PDR and severe visual lossa (SVL)

Baseline risk factors for high risk PDR

1. Higher glycosylated hemoglobin

2. History of diabetic neuropathy

3. Lower hematocrit

4. Elevated triglycerides

5. Lower serum albumen

6. Type 1 diabetes

Baseline risk factors for severe visual loss

1. Development of high risk PDR

2. Decreased visual acuity at baseline

Baseline risk factors for SVL before reaching high risk PDR

1. Decreased visual acuity (or increased extent of macular edema)

2. Female gender

3. Type 2 diabetes

ETDRS #21 (1995)766

Transient decrease in accommodative amplitude of 1/3 diopter measured at the 4 month exam following scatter
photocoagulation (P < 0.001)
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Table 9.3 Summary of the Diabetic Retinopathy Vitrectomy Study (DRVS) reports

DRVS #1 (1985)70

Two year course of visual acuity in severe PDR with conventional management

744 eyes followed with conventional management

Risk factors for decreased vision: (45% SVL in eyes with NV > 4 disk areas and Va � 20/60 at baseline)

Vitrectomy required (25%) in eyes with TRD involving center of macula or severe, nonclearing VH (1 year duration)

DRVS #2 (1985)71

Early Vitrectomy for severe vitreous hemorrhage (VH) in diabetic retinopathy

616 eyes with severe VH (�5/200) randomized: early vs. 1 year deferral for Vtx

Visual acuity �20/40 at 2 year follow up

Total group: 25% early group vs. 15% deferral group (P 0.01)

Subgroup (type 1 DM): 36% early group vs. 12% deferral (P 0.0001)

Subgroup (type 2 DM): 16% early group vs. 18% deferral

The evidence of a difference in response by type of DM was of borderline significance

Conclusion: Early vitrectomy for acute, severe vitreous hemorrhage hastens return of vision and is especially significant for
patients with type 1 diabetes mellitus

DRVS #3 (1988)72

Early vitrectomy for severe PDR with useful vision

370 eyes with advanced, active PDR (�20/400): early vtx vs. conventional

Visual acuity �20/400 at 4 year follow up

Early vitrectomy group: 44%

Conventional management group: 28%

The advantages of early vitrectomy increased with increasing severity of NV

DRVS #4 (1988)73

Clinical application of DRVS #3 (examples)

DRVS #5 (1990)74

Early vitrectomy for severe vitreous hemorrhage in DR. Four year results

616 eyes described in DRVS #2 with extended follow up

The proportion of eyes �20/40 was higher in early vtx group than deferral group

Up to the 18 month visit, the early group had higher rate of NLP

Eyes with severe VH in patients with type 1 DM benefit from early vitrectomy

DM diabetes mellitus, DR diabetic retinopathy, vtx vitrectomy, NLP no light perception, SVL severe visual loss
(<5/200 on two or more consecutive 4 month visits)

Table 9.2 (continued)

ETDRS #24 (1999)615

Causes of severe visual loss in the ETDRS
Persistent severe visual loss was rare due to PRP/vitrectomy
149 eyes of 127 persons (3711 persons in ETDRS)
Causes of severe visual loss (decreasing order of frequency)
1. Vitreous/preretinal hemorrhage (despite vitrectomy) 61 eyes (41%) Of the 61 eyes, 17 eyes with RD (27.9%) and 3 eyes

with NVG (4.9%)
2. Macular edema
3. Macular pigmentary change (e.g., past edema or RD)
4. Retinal detachment
5. Narrow or opaque arteries (i.e., ischemia)

Risk factors for persistent severe visual lossb

1. Elevated glycosylated hemoglobin
2. Elevated cholesterol

a<5/200 measured on two consecutive visits 4 months apart
b<5/200 without improvement on follow up examinations
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Theories on the mechanism of action of PRP

have expanded and may not be mutually exclusive.

During the process of DRS, the researchers came to

an agreement on the value of peripheral scatter

treatment as a means in which to ablate ischemic

retina presumably to decrease the stimulus for neo-

vascular growth.68 Since then, vascular endothelial

growth factor (VEGF) has been identified as play-

ing a major role in the development of PDR.76 PRP

laser appears to decrease VEGF production and

induces the release of angiostatin, a potent inhibitor

of neovascularization in the retina and vitr-

eous.77 79 A great number of other agents are

undoubtedly involved and there appears to be an

alteration in the complex balance and interaction of

growth factors (e.g., angiopoietin,80,81 cortistatin,82

insulin-like growth factor-1,83 basic fibroblast

growth factor,4 platelet-derived growth factor,4

endothelin-1,84 transforming growth factor beta-

1,85 connective tissue growth factor,86 growth

hormone87) and inhibitors (e.g., pigment epithe-

lium-derived factor,88 90 soluble vascular endothe-

lial growth factor receptor-1,91 somatostatin,4

endostatin,92 angiostatin,79 thrombospondin4) that

result in tissue proliferation in PDR.4,93

Panretinal photocoagulation may also allow an

influx of oxygen from the choroid into the ischemic

retina by thinning the retina and focally diminishing

oxygen consumption by outer retinal mitochon-

dria.94 The oxygen tension in the preretinal vitreous

cavity is greater over areas of retina treated by PRP

than over untreated areas in diabetic eyes.95 Conse-

quently, there is a reduction of blood flow in major

retinal vessels and decreased venous dilatation fol-

lowing peripheral scatter laser photocoagulation

for PDR.96,97

The physical effect of retinal photocoagulation is

a result of the absorption of light energy not only by

pigment, primarily melanin in the retinal pigment

epithelium, but also by hemoglobin. Light energy is

thereby transformed into heat energy, which is con-

ducted into the neurosensory retina. The amount of

laser energy required to achieve the desired degree

of photocoagulation is dependent on the concentra-

tion of laser energy delivered to the retina through

the media of the eye. Retinal whitening becomes

visible as the retina coagulates and the intensity of

the whitening relates to the depth of heat penetra-

tion into the retina. Very intense whitening of the

retina indicates full thickness retinal photocoagula-

tion, regardless of the laser wavelength used.75,98

9.2.1 Indications

The current indications for laser treatment of PDR

are based on the recommendations from the pro-

spective, randomized, controlled trials carried out

by the Diabetic Retinopathy Study group and the

Early Treatment Diabetic Retinopathy Study

group. The DRS identified the clinical features of

eyes with proliferative diabetic retinopathy at high

risk for visual loss and termed this group as high-

risk proliferative diabetic retinopathy (HR-PDR),

which included eye with either (1) neovasculariza-

tion of the disk (NVD) equal to or greater than

standard photograph 10A or (2) preretinal or vitr-

eous hemorrhage associated with NVD < standard

photograph 10A or NVE � 1/2 disk area.65,66,99

Figure 9.1 shows standard photograph 10A. The

risk of severe visual loss in eyes with HR-PDR was

shown to be reduced by greater than 50% over a

Fig. 9.1 ETDRS standard photo 10A. NVD (NV on or
within one disk diameter of the disk border) of approximately
one quarter to one third disk area67 (reproduced with per
mission from the Early Treatment Diabetic Retinopathy
Study Research Group. All rights reserved)
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2-year period with the application of peripheral

scatter laser photocoagulation, now commonly

referred to as panretinal photocoagulation

(PRP).65,99 Despite clear benefit from PRP, the

4-year rate of severe visual loss (visual acuity less

than 5/200, measured at two or more consecutive

visits) in eyes with high-risk PDR was 20.4%.67 It is

important to note that the DRS included cases with

HR-PDR of varying degrees of severity, not just

new-onset HR-PDR.

The ETDRS was designed to compare the effect of

early vs. delayed PRP in earlier stages of diabetic

retinopathy in an effort to further decrease the risk of

visual loss. The 5-year rate of severe visual loss in the

ETDRS was 2.6 and 3.7% in the early treatment and

delayed deferral group, respectively.67 The ETDRS

adopted from the DRS the definition of severe non-

proliferative diabetic retinopathy (S-NPDR) and high-

risk proliferative diabetic retinopathy and expanded

the diabetic retinopathy severity scale.67,100

Regarding the treatment of mild-to-moderate

NPDR, the ETDRS recommended against PRP as

the risk of severe visual loss in this group was low

and there was adverse risk of moderate visual loss

following treatment. This recommendation was

made with the provision that these patients could

be followed for progression.67

The ETDRS recommendations for the treatment

of severe nonproliferative diabetic retinopathy

(S-NPDR) and early proliferative diabetic retino-

pathy (E-PDR) with scatter laser (PRP) were less

definite.67 The ETDRS definition of S-NPDR in

Table 9.4 refers to ETDRS photographic fields

(Fig. 9.2), to standard photo 2A (Fig. 9.3), and to

standard photo 8A (Fig. 9.4). Early PDR was

defined as new vessels present, but less than high-

risk PDR. The ETDRSmade a recommendation to

‘‘consider’’ PRP in eyes with severe nonprolifera-

tive diabetic retinopathy and early proliferative

Table 9.4 ETDRS definition of severe nonproliferative dia
betic retinopathy

Either of two definitions below

1. Any three of the following findings

a. Soft exudates in at least two fieldsa

b. Venous beading in at least two fieldsa

c. Intraretinal microvascular abnormalities in at least two
fieldsa

d. Hemorrhages and microaneurysms� standard photo 2A
Present in at least one fielda

2. Intraretinal microvascular abnormalities (IRMA) in all
four fieldsa and IRMA severity � standard photo 8A in at
least two fieldsa

a308 photographic fields 4 7 (shown in Fig. 9.2)
Standard photograph 2A is shown in Fig. 9.3
Standard photograph 8A is shown in Fig. 9.4

Fig. 9.2 ETDRS diagram for right eye showing 308 photo
graphic fields. Fields 4 7 are used for grading severe non
proliferative diabetic retinopathy (the ETDRS diagram
was reproduced with permission from Ophthalmology.628

Copyright # 1991 American Academy of Ophthalmology.
All rights reserved)

Fig. 9.3 ETDRS standard photograph 2A demonstrating
moderate hemorrhages and microaneurysms (reproduced
with permission from the Early Treatment Diabetic Retino
pathy Study Research Group. All rights reserved)
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diabetic retinopathy.67 This cautious wording

may have led physicians away from treating this

group of eyes. There are, however, some issues that

may compel a decision to treat. For example, the

ETDRS used somewhat stronger wording in

favor of treating at least one eye when both eyes

are approaching HR-PDR by stating that it

‘‘seems particularly appropriate.’’ They logically

considered the potential difficulty in urgently

treating both eyes if they simultaneously developed

HR-PDR at a later date. The 5-year risk of devel-

oping HR-PDR is greater than 70% in this

cohort.67

There are other factors that might reasonably

influence the clinician to offer PRP in eyes with

S-NPDR or E-PDR. Such factors include situa-

tions in which an eye may be at increased risk of

progression or poor outcome (Table 9.5).101

Patients who are unable to adhere to appropriate

follow-up examinations are at increased risk of

progressing to HR-PDR without being detected

and treated in a timely fashion.67 In ETDRS report

#17, there was a higher risk to progress to vitrect-

omy in eyes of patients with type 1 diabetes melli-

tus with poor metabolic control.69 In addition, the

ETDRS and DRVS described a disproportionate

percentage of patients with type 1 diabetes mellitus

with very severe PDR consistent with other studies

suggesting this group of eyes is at increased risk of

progression.70,102 Eyes with diabetic macular

edema are at increased risk of both severe visual

loss and vitrectomy and these eyes might be treated

with PRP after appropriate management of

edema.67 Findings of neovascularization of the

iris (NVI) or neovascular glaucoma (NVG) por-

tend a poor prognosis.67,103 Such eyes may not

present with high-risk PDR, especially if there is a

posterior vitreous detachment.38,39 Patients with

recent improvement in diabetes management with

a rapid decrease in hemoglobin A1c may experi-

ence an ‘‘early worsening’’ in retinopathy before

long-term stabilization.8 Therefore, documented

progression to S-NPDR or E-PDR in this situation

may be an indication for PRP. Similarly, worsen-

ing of diabetic retinopathy is well described in

pregnancy.104 106 Other factors in favor or treat-

ment include the previous severe loss of vision

from diabetic retinopathy in the fellow eye and,

possibly, family history of poor outcome from dia-

betic retinopathy.107 In the ETDRS there were few

eyes with NVE greater than two disk areas in

extent to provide significant data.67 These eyes

with more extensive NVE might be reasonably

considered for PRP as they appear to be at

increased risk of severe visual loss.70

Alternatively, there are factors that may influ-

ence the physician to observe S-NPDR and

E-PDR. For example, observation may be prefer-

able in cases with laser-induced complications in

the fellow eye, patient preference after counseling,

good metabolic control, no DME, asymptomatic

eye, low-risk fellow eye, and in cases without

documentation of progression (e.g., the initial

visit).

Table 9.5 Proposed factors promoting decision to treat
S NPDR and E PDR

1. Bilateral diabetic retinopathy approaching high risk
PDR

2. Poor compliance with follow up visits

3. Poor metabolic control

4. Type 1 diabetes mellitus (especially, if poorly controlled)

5. Presence of diabetic macular edema

6. Presence of iris neovascularization

7. Pregnancy

8. Recent, rapid improvement in metabolic control

9. Previous severe visual loss in fellow eye from PDR

10. Total NVE area greater than two disk areas

Fig. 9.4 ETDRS standard photograph 8A demonstrating
IRMA severity (reproduced with permission from the Early
Treatment Diabetic Retinopathy Study Research Group. All
rights reserved)

9 Treatment of Proliferative Diabetic Retinopathy 235



Iris neovascularization or pupillary vascular tufts? Vascular tufts of the pupillary margin are uncom-

mon, unilateral or bilateral, capillary hamartomas with an estimated prevalence ranging from 0.0015

to 3.5% in the general population.108 114 They may be solitary or multiple and are best visualized

with fluorescein angiography.110,115 Although most patients are asymptomatic, some present in

adulthood with spontaneous hyphema.108,110,115 There is no consistent association with systemic

disease with the possible exception of diabetes.114,115 The tufts differ from rubeosis in that they

appear as elevated vascular loops adjacent to the pupillary ruff at the pupillary border, sometimes

associated with fine radial vessels on the iris.108,115,116 When multiple tufts are present, they do not

form a vascular network.116 The tufts do not visibly extend into the iris stroma or angle.110 In an eye

with diabetic retinopathy, proper management is dependent on making a distinction between iris

neovascularization and pupillary vascular tufts (Fig. 9.5).

A unique subset of patients may present with

‘‘end-stage’’ or ‘‘burned-out’’ proliferative diabetic

retinopathy (Fig. 9.6). These eyes may have exten-

sive fibrous proliferation with or without traction

retinal detachment (TRD) in the absence of a sig-

nificant vascular component to the preretinal tis-

sue.117,118 In these cases the neovascularization has

undergone spontaneous involution. Therefore, the

value of PRP is debatable. As vitreous traction

may continue in the absence of active NV, PRP

may be helpful in creating chorioretinal adhesions

to decrease the likelihood of progressive

TRD.20,24 26,34,119,120 However, there may be con-

cern that inflammation associated with PRP may

stimulate fibrous tissue contraction. This issue has

not been studied adequately for definitive

recommendations.

9.2.2 PRP Technique

The application of panretinal photocoagulation

continues to evolve in an effort to maximize the

benefits and minimize the risks of treatment. The

ETDRS technique of applying scatter laser in PDR

was proven effective.67,68 The following is a detailed

review of this technique and a discussion of consid-

erations for modification based on new information

and technology.

Prior to initiating PRP, consideration is given to

pain management in order to ensure patient satis-

faction and continuity of care. Peribulbar and retro-

bulbar anesthesia are equally effective for pain con-

trol and were used optionally in the ETDRS.68,121

There appears to be little benefit of oral medications

(benzodiazepines, acetaminophen, nonsteroidal

a b

Fig. 9.5 Elevated iris pupillary vascular tuft (microheman
gioma) demonstrated by slitlamp photograph (a). The Iris
fluorescein angiogram reveals numerous hyperfluorescent

vascular tufts at pupillary margin (b) (reprinted with permis
sion fromBakke et al.114 Copyright# 2006Wiley
Blackwell. All rights reserved)
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anti-inflammatory drugs), intramuscular injections

(ketorolac), or topical anti-inflammatory drops

(ketorolac) for control of pain, but these agents

may be helpful in selected patients (e.g., prelaser

benzodiazepines for anxiety).122 127 There is evi-

dence to support the use of subtenons anesthesia,

which may be safer and administered with less dis-

comfort than retrobulbar anesthesia.128 Avoiding

laser emission in the red end of the spectrum mini-

mizes discomfort.129,130 The use of laser applica-

tions of short duration (e.g., 0.01–0.05 s) reduces

pain.131 133 With these changes in laser parameters,

topical anesthesia is often satisfactory and elimi-

nates the risks of injection anesthesia.134,135

Slitlamp delivery of laser is standard in the office

setting, but binocular indirect ophthalmoscopic

(BIO) laser delivery may offer advantages where

physical handicaps prevent proper positioning at

the slitlamp.136,137 Additionally, scleral depression

provides excellent access to the far peripheral retina,

especially in eyes with poor visualization through

cataract, intraocular lens, posterior capsular opa-

city, and vitreous hemorrhage.136,138 However, a

relatively smaller laser spot size is created on the

retina when scleral depression is employed and this

may result in hyperintense treatment.139 Low-

volume retrobulbar block may allow for the reten-

tion of ocular motility to aid in treatment, while

providing patient comfort.140

Contact lens selection for laser treatment in the

ETDRS included the Goldmann, the McLean, and

the Rodenstock contact lenses, though the Gold-

mann three-mirror contact lens was most widely

used.68 Newer, wide-angle contact lenses have

become popular since the ETDRS as they provide

ease, efficiency, and speed of use.141 Methylcellu-

lose, sodium hyaluronate, and other viscous cou-

pling agents are commonly used, but may cause

more corneal epithelial trauma than non-viscous

agents such as normal saline.142 In eyes with severe

diabetic corneal neuropathy and epitheliopathy, the

use of a bandage contact lens may provide protec-

tion against epithelial trauma.143

Initially, argon blue-green laser was used in the

ETDRS, but green-only and krypton red lasers were

allowed when they became available.68 Green-only

laser offers advantages over the blue-green laser as

there is less scatter of laser light, less absorption by

xanthophyll pigments in the treated eye, and less

potential laser-induced color vision complications

in the eyes of the treating physician.144,145 Krypton

red laser appears equally effective in comparison

with argon blue-green laser and has been popular-

ized for its improved penetration through cataract

and vitreous hemorrhage.130,146,147 However, laser

light of longer wavelengths penetrate deeper into

the choroid, increasing the risk of pain and choroi-

dal hemorrhage.129,130 Regardless of laser selection,

there may be reason for concern regarding laser

light flashback into the eyes of the ophthalmologist

when laser is performed soon after fluorescein

angiography.148 In an additional note of caution,

unintentional inner retinal photocoagulation may

result from laser photocoagulation after staining

of the internal limiting membrane with indocyanine

green.149

The intensity of the laser burn was described in

the ETDRS as ‘‘moderately intense white burns that

do not spread to become appreciably larger than

500 mm.’’68 Care must be taken in reducing the laser

power in the peripheral retina where less energy is

required to cause retinal whitening.150 In addition, a

Fig. 9.6 Fundus photographic montage showing ‘‘burned
out’’ proliferative diabetic retinopathy with extensive preret
inal fibrous proliferation and spontaneous regression of
neovascularization in the absence of photocoagulation
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careful approach is necessary in eyes with pale

fundi. Although greater laser energy may be

required due to decreased concentration of mel-

anin, these eyes provide less contrast in which to

appreciate laser-induced whitening.151 Thus, a

relatively less intense burn may be a suitable

goal. Intense laser treatment causes more promi-

nent visual field defects than mild-to-moderate

whitening.152

Supported by preliminary studies, less intense

burns are often the current goal in an effort to

decrease pain with treatment and to reduce the

side effects of PRP.128,129,131,152,153 The Diabetic

Retinopathy Clinical Research Network protocol

called for mild-to-medium white burns.154 Pushing

the limits of decreasing the laser-whitening effect on

the retina, diode subthreshold micropulse laser

employs short bursts of laser to produce subvisible

laser applications limiting the conduction of heat

from the retinal pigment epithelium to the retina in

an effort to minimize side effects of treatment.155

Randomized controlled trials are needed to com-

pare these strategies with ETDRS protocol.

To achieve a desired intensity the treating

ophthalmologist may make adjustments in several

laser parameters. The laser spot size and duration

are first selected after which the power is adjusted to

reach the desired goal of retinal whitening.68 The

ETDRS protocol called for a setting of 500 mm for

the diameter of the laser spot using a Goldmann

lens. This setting was adjusted to 250–300 mm when

using the Rodenstock lens to achieve a similar effect

without changing the number of burns required for

a complete initial treatment. However, calculations

suggest that a photocoagulator spot size setting of

383 mm using a Rodenstock panfundoscopic lens

might more closely approximate the retinal photo-

coagulative effect of a spot setting of 500 mm while

using a Goldmann lens (Table 9.6).156 158 In the

ETDRS, allowance was made for adjusting to a

smaller spot size to reach the desired intensity in

eyes with opaque media (cataract or vitreous

hemorrhage).68 The spot size may also be reduced

to allow for better pain control.128,132 When using

smaller spot sizes, a greater number of burns are

needed to treat a comparable area of the retina. As

the area of the laser spot is proportional to the

square of the radius, four times as many spots may

be needed if the spot size is reduced by 50%.

Another concern with the use of a smaller laser

spot size is the risk of creating a hyperintense burn

resulting in the rupture of Bruch’s membrane and

hemorrhage.159

The laser flash duration in the ETDRS was 0.1 s,

but longer duration was allowed if needed to reach

the intensity goal as needed in eyes with opaque

media.68 Alternatively, the flash duration may be

shortened in an effort to decrease pain with

treatment.128 Laser flashes with shorter duration

(0.01–0.05 s) are less painful than longer duration

(0.1 s) controlling for end point laser intensity.131,132

Flash duration also correlates with breadth and

depth of the zone of coagulation. Longer pulse

duration is associated with greater conductive

spread of retinal photocoagulation, likely account-

ing for pain and possibly accounting for therapeutic

benefit.132 Burns longer than 0.1 s duration may

increase the risk of traction retinal detachment fol-

lowing treatment for PDR.160 Shorter pulse dura-

tion is associated with increased risk of chorioret-

inal hemorrhage.161,162 This risk may be mitigated

by increasing the laser spot size.161

The goal of spacing of laser burns in the retina in

the ETDRS was to aim for a final appearance of

burn separation (after expansion of the burn) of

one-half burn diameter. Therefore, laser burns

could be placed from one-half to one burn diameter

apart to reach this target (Fig. 9.7).68 As laser scars

may expand over time, this pattern may result in

confluent atrophy from laser with attendant loss of

visual field (Fig. 9.8).163,164 Although this adverse

effect may call for a change in the pattern density of

Fig. 9.7 Immediate post laser appearance of retina follow
ing ETDRS style PRP
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PRP, the ETDRS showed that the beneficial effects

of full scatter laser as described above was superior

to mild scatter (less dense pattern) laser in the treat-

ment of PDR.67 The Diabetic Retinopathy Clinical

Research Network modified the laser pattern den-

sity from that used by the Early Treatment Diabetic

Retinopathy Study by spacing burns one burn

diameter apart without aiming for a final burn

separation of one-half burn diameter after expan-

sion (Fig. 9.9).154

The Pattern Scan Laser Photocoagulator (PASCAL1)

The pattern scan laser photocoagulator offers the convenience and efficiency of placing multi-

ple laser burns with a single pedal depression. This frequency-doubled Nd:YAG diode laser

delivers 532 nm laser pulses of sufficiently short duration so as to permit the delivery of

multiple retinal burns in less than 650 ms. Predetermined patterns of square arrays (2 � 2,

3 � 3, 4 � 4, and 5 � 5) and triple-burn-width arcs (18 burns) may be applied to perform PRP.

Test spots may be used to adjust the laser power during treatment for desired intensity of

photocoagulation.165

The location within the retina for the placement

of scatter laser was also well defined in the ETDRS.

The posterior extent of scatter laser was described as

forming an oval around the macula and including

the disk ‘‘defined by a line passing two disk dia-

meters above, temporal to, and below the center of

the macula and 500 mm from the nasal one-half of

the disk margin.’’ The anterior extent of scatter laser

reaches ‘‘to or beyond the equator’’ avoiding direct

treatment of major vessels, preretinal hemorrhage,

and chorioretinal scars (to avoid rupturing Bruch’s

membrane).68 Since the ETDRS publications, sev-

eral studies emphasize the importance of treating

the retina well anterior to the equator, especially in

severe cases, to reduce the risk of anterior neovas-

cularization and associated complications.166 169

Recent insights also suggest the utility of applying

laser in a pattern on each side of the medium-sized,

radiating, midperipheral retinal vessels as the

hypoxic retinal tissue mantle in this paravascular

area appears to a persistent source of neovascular

cytokines.18

Fig. 9.9 Mild to moderate white PRP burns consistent with
the Diabetic Retinopathy Clinical Research Network protocol

Fig. 9.8 Confluent areas of chorioretinal atrophy and scar
ring following panretinal photocoagulation (Fig. 9.7 shows
the same eye immediately following laser treatment)
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The Ischemic Penumbra

The concept of an ischemic penumbra in diabetic retinopathy is borrowed from our understanding of

cerebrovascular accidents in which there is a core of infarcted tissue surrounded by a mantle of

hypoxic tissue (the penumbra). In ischemic diabetic retinopathy there are areas of viable, hypoxic

retinal tissue adjacent to patches of capillary nonperfusion. These zones of hypoxic retina may be an

important source of production of vasoproliferative factors, such as VEGF. Furthermore, attention

to treating these zones may prove to be a useful method of controlling neovascularization. One well-

recognizedmantle of hypoxic retina is along the posterior border of midperipheral capillary dropout.

More recently, McLeod presented cogent reasoning for the existence of a paravascular hypoxic

penumbra involving the midperipheral radiating retinal vessels.18 Oxygen may diffuse into the

surrounding retina from these major vessels providing for survival despite oligemia from surround-

ing retinal acapillarity. Indeed, increased VEGF production has been detected in this perivascular

distribution.170 This concept may offer further explanation for the frequent sparing of the far

peripheral retina from early capillary occlusion in diabetic retinopathy.17,171 The thin peripheral

retina receives much of its oxygen from the choroid, which may offer relative protection against

apoptosis in the face of retinal capillary insufficiency. Perhaps a similar mechanism underlies the

apparent protective effect of high myopia and advanced glaucoma on the progression of diabetic

retinopathy.13,18,172,173

With some exceptions the ETDRS required

direct, confluent treatment (200–1000 mm, 0.1–0.5

s, moderately intense whitening) of small, flat areas

of NVE (not more than 2 disk areas, i.e., circle of 1.5

disk diameter) avoiding treatment closer than

500–1000 mm from the center of the macula. The

base of elevated NVE was treated confluently as

well. Although direct photocoagulationmay be cur-

rently less popular for the purpose of regression of

NV, there may be a role for treating NVE to create

an adhesion in order to reduce the risk of retinal

detachment from future vitreous/membrane con-

traction.119,174 Photocoagulation for PDR rarely

involves the macula with the notable exception of

treating ischemic areas temporal to the center of the

macula in cases of active PDR despite standard

PRP.67 In addition, avoiding direct treatment over

the long posterior ciliary nerve minimizes pain and

reduces the risk of parasympathetic denervation of

iris and ciliary body.175

As PRP is frequently completed in two or more

sessions, a decision is made as to which areas of the

retina need treatment first. The order of treatment

in the ETDRS was optional for the ophthalmolo-

gist. Then as now, the most urgent areas of the

retina were treated first. If vitreous hemorrhage

threatens to gravitate inferiorly, treatment is

begun in the inferior quadrants. If macular edema

is present, the nasal quadrants are treated first in

order to minimize adverse effects on visual acuity.

When treating the temporal quadrants, initial treat-

ment beginning posteriorly around the macula may

help lessen the chance of inadvertent macular

photocoagulation.68

Treatment anterior to the equator was optional

in the ETDRS, but there are compelling reasons to

routinely treat well anterior to the equator.17,171

Standard panretinal photocoagulation applied pos-

terior to the equator may cause severe visual field

loss rendering the patient unable to drive an auto-

mobile.164 A prospective randomized trial showed

that anterior PRP is as effective as standard PRP in

causing involution of PDR with fewer complica-

tions of DME and less visual field loss.176 In addi-

tion, anterior PRP reduces the risk for anterior

hyaloidal neovascularization and retinal detach-

ment following subsequent vitrectomy sur-

gery.18,119,166 168,174 Figure 9.10 shows an example

of neovascular proliferation on the anterior border

of PRP. The potential for anterior choroidal effu-

sion with shallowing of anterior chamber following

PRP anterior to the equator may be minimized by
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avoiding excessive laser intensity and by dividing

the treatment into multiple sessions, especially in

hyperopic eyes.177

The ETDRS protocol specified the details regard-

ing the duration of a laser session, the number of

sessions, the time between sessions, and the definition

of completion of PRP. The number of laser burns per

session did not exceed 900 in order to avoid compli-

cations from excessive treatment.68 However, when

urgent treatment completion is needed, exceeding this

guideline is not proscribed in clinical practice.178

Alternatively, fewer laser burns per session may be

considered in a sensitive patient or when shallow

anterior chamber angles threaten closure.67

The number of sessions to complete initial PRP

was two or more in the ETDRS.68 A randomized

controlled trial showed that PRP may be completed

in a single treatment without increased long-term

adverse effects compared with divided sessions.

Short-term side-effects did include serous choroidal

and retinal detachment and angle closure.178

Another more recent prospective trial by the

DRCR.net demonstrated no major increased risk

of macular edema in comparing single-session vs.

four-session PRP in eyes with severe NPDR or early

PDR without pretreatment diabetic macular

edema.154 Thus, there is latitude in deciding the

number of sessions in which to complete PRP.

In theETDRS, the time interval between treatment

sessions was at least 2 weeks apart if total of two

sessions were planned for completion of treatment.

A separation of at least 4 days was required if three

or more episodes were planned for complete initial

PRP. Completion of initial PRP occurred within 5

weeks in the ETDRS.68 A desire for rapid completion

of initial PRP is considered in eyes with PDR at high

risk for vitreous hemorrhage.68 An increased interval

between laser sessions is desirable in eyes with diabetic

macular edema, especially if adjunctive therapy is not

employed as described later in this chapter.178,179

The ETDRS protocol defined the completion of

PRP in terms of total laser applications from all

initial treatment sessions. Between 1200 and 1600

laser burns were required for initial PRP to be com-

plete.68 However, there may be situations in which

less extensive laser may be satisfactory. For exam-

ple, response to PRP can be rapid with dramatic

resolution of NV within 3 weeks and these early

responders tend to remain stable for at least 6

months.180 As adverse effects from laser are directly

related to number of laser burns, a predetermined

number of burns may be imprudent in cases where

NV resolves before completion of intended PRP.67

An alternative strategy in this scenario may be to

observe rather than continue treatment session after

regression from high-risk PDR with reinstitution of

treatment when worsening of NV is documented.

Another factor to consider in deciding when to stop

initial PRP is the status of the vitreous. PRP is

known to precipitate posterior vitreous detachment,

and if PVD were documented before completion

of initial PRP, observation may be in order given

the anticipated benign clinical course reported in

eyes with PVD.38,181,182 Alternatively, if vitrectomy

surgery is planned in an eye with severe PDR,

more extensive PRP appears to improve out-

come.49,183,184 Thus, although guidelines are help-

ful, a predetermined number of laser applications

may not be a clinically relevant goal in the treatment

of proliferative diabetic retinopathy.

During follow-up after the completion of initial

PRP, retreatment was optional in the ETDRS.

a bFig. 9.10 Fundus
photograph (a) and
fluorescein angiogram (b)
showing NVE anterior to
previously placed PRP
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Retreatment with scatter laser was indicated for the

redevelopment of high-risk characteristics at which

time a minimum of 500 scatter laser burns were given

between previous laser scars, anterior to the equator,

and the macula. Factors considered in the decision to

retreat included the following: (1) change in NV since

last treatment, (2) appearance of NV (caliber, degree

of capillary network, extent of fibrous tissue), (3)

frequency and extent of VH since last treatment, (4)

extent of laser scars, and (5) extent of fibrous tissue/

TRD. Additionally, ETDRS protocol recommended

local confluent or scatter laser treatment to newly

occurring small flat NVE.68 Since the publications

by the ETDRS, scatter laser of the macula is usually

avoided to minimize visual side effects.185 However,

focal macular laser has been shown to reduce the rate

of progression of PDR and scatter laser to ischemic

temporal macula seems appropriate when active NV

is present despite adequate peripheral retinal treat-

ment.67 In cases of recurrent vitreous hemorrhage,

retreatment with laser reduces the rate of future

VH.186 The risk factors predictive of the need for

retreatment include the presence of NVD and the

severity of diabetes (e.g., younger age at onset of

DM and short time from diagnosis of DM to devel-

opment of high-risk characteristics).187 Over the

course of a year following initial PRP for proliferative

diabetic retinopathy, retreatment may be anticipated

in about a third of patients.187

There is disagreement on the issue of determining

end point in the application of PRP. There are propo-

nents of high-intensity, high-density photocoagulation

and this pattern may be most appropriate for severe

proliferative diabetic retinopathy as seen in some

patients with severe PDR from type 1 diabetes.188,189

However, both the benefits and the adverse effects of

scatter laser are dose dependent.67 Therefore, if vitr-

eous traction rather than progressiveNV growth is the

primary cause of VH, vitrectomy surgery is more

appropriate than exhaustive laser retreatment leading

to peripheral retinal ablation.20,164,189 191

9.2.3 Complications

Complications of laser photocoagulation of PDR

are important to identify, treat promptly, and pre-

vent when possible.185,192 A potentially serious

anterior segment complication is corneal epithelial

trauma.142 Diabetic eyes are predisposed to abra-

sion due to poor adhesion of the epithelium to the

basement membrane, which may relate to corneal

neuropathy. Friction from the contact lens creates a

shear force that overcomes the pathologic adhe-

sion.142 Rarely, severe thermal damage to the cor-

nea may be caused by pigment, such as mascara, on

the corneal surface during treatment.193 Anterior

segment breakdown of the blood–aqueous barrier

may be more long lasting in eyes with darker color

irides, but appears to be clinically insignificant.194

Lenticular burns may occur in cataractous eyes

treated with small-diameter, high-power, long-

duration argon photocoagulation.195 Posterior seg-

ment adverse effects due to breakdown of the

blood–ocular barrier include macular edema, ser-

ous macular/retinal detachment, contraction of pre-

retinal membranes, and choroidal detachment,

which may lead to shallowing of the anterior cham-

ber, transient myopia, and secondary glau-

coma.160,196 199 These complications were reported

by the ETDRS andwere found to be less common in

eyes randomized to less extensive scatter laser.67 In

ETDRS protocol, PRPwas not applied over fibrous

tissue to minimize the risk of preretinal fibrous

contraction and TRD.67 Despite this precaution,

vitrectomy surgery may be required for the treat-

ment of traction retinal detachment following

PRP.120 Ciliochoroidal effusion is common after

PRP and usually asymptomatic; however, it may

cause angle closure in hyperopic eyes with shallow

chambers (Fig. 9.11).177,199 Treatment involves the

use of topical and oral glaucoma medications and

steroids. Iridotomy is not typically helpful in these

cases.200 Inadvertent direct photocoagulation of the

maculamay result in permanent scotoma andmay be

best prevented by following a strict regimen begin-

ning with photocoagulation posteriorly and working

anteriorly.68 Rupture of Bruch’s membrane with

associated risk of hemorrhage and neovasculariza-

tion secondary to laser photocoagulation is uncom-

mon and appears to be related to highly intense,

small spot-size burns, and the red spectrum of laser

light.201 206 Even without direct macular photocoa-

gulation, multifocal ERG of the macula may show

reduced amplitudes after PRP despite good acuity

and lack of increase in thickening on OCT.207 Inad-

vertent photocoagulation of the long posterior ciliary
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nerve may result in permanent mydriasis and loss of

accommodation.208 Profound visual field loss may

be caused by high-density, high-intensity

PRP.67,152,164 Even with standard PRP visual com-

plications may include decreased acuity, visual field,

color vision, and contrast sensitivity.185

9.2.4 Outcome

TheETDRSdemonstrated that immediate full scatter

(PRP) decreased the rate of development of high-risk

proliferative diabetic retinopathy by approximately

50% over a 2-year period.67 Even in the group with

poorest prognosis (severe nonproliferative diabetic

retinopathy with macular edema) the 5-year rate of

severe visual loss (<5/200) was only 6.5% with

immediate PRP.67 Risk factors for poor visual out-

come include poor baseline vision, more severe PDR

at baseline, and presence of DME. 67,187,209

9.3 Intraocular Pharmacological
Therapy

Subsequent to the completion of the ETDRS and

DRVS, a number of pharmacological agents have

been used with increasing frequency in an effort to

improve outcome in the management of PDR.210 In

general, the risks of intravitreal injection include vitr-

eous hemorrhage, endophthalmitis (0.02–0.87%),

pseudo-endophthalmitis, and transient extreme ele-

vation of intraocular pressure following injec-

tion.211 215 Individual agents are discussed below

with attendant benefits and risks.

Triamcinolone acetonide: Triamcinolone aceto-

nide (TA) has anti-inflammatory, anti-angiogenic,

and anti-fibrotic effects making it an appealing

pharmacological choice to treat the complications

of PDR and short-term adverse consequences of

laser and vitrectomy.211 Its mechanism of action in

reducing neovascular proliferation may include

lowering vascular endothelial growth factor

(VEGF) and promotion of apoptosis of NV.216,217

Corticosteroids stabilize the blood–retinal barrier

and may protect the neurosensory retina against

apoptosis.211 Intravitreal triamcinolone acetonide

(IVT) has been used in PDR to prevent or treat

loss of vision from macular thickening and inflam-

mation after panretinal laser and vitrectomy, as well

as to treat serous macular detachment following

PRP.218 221 IVT appears to decrease early post-

operative ciliary body thickening and anterior

chamber angle narrowing after vitrectomy.222 IVT

induces regression of neovascularization of the

retina and iris in PDR and NVG, respec-

tively.223 227 The aqueous half-life of 1.5 mg intra-

vitreally injected TA is 18.6 days in the non-vitrec-

tomized human eye and 3.2 days in the

vitrectomized human eye, in which there is a greater

probability of dispersion of TA throughout the vitr-

eous cavity and into the anterior chamber.228,229

Clinically, the duration of effect of a single intravi-

treal injection is 2–4 months for a 4 mg intravitreal

injection and 6 months to 1.5 years for a 20–25 mg

injection.223,229 The particulate size of TA crystals

varies from one preparation to another and this

difference may account of variable rates of clear-

ance and durations of action among commercially

available preparations.229 There is no significant

evidence of therapeutic systemic levels of triamcino-

lone following IVT.229 The benefits, however, must

be weighed against the adverse effects of cataract

(51%), ocular hypertension/glaucoma (21–53%),

cytomegalovirus retinitis, reactivation of herpes

a bFig. 9.11 Peripheral
choroidal effusion
(a) following PRP with
secondary shallow
chamber (b)

244 S.E. Pautler



simplex keratitis, central serous retinopathy, and

others.211,223,229 235 Additionally, concerns have

been raised regarding the potential toxicity of triam-

cinolone acetonide or its preservative on the

retina.236 238 In one study of several, commercially

produced preparations of TA using a rabbit model,

there was no evidence of toxicity found with a com-

monly used preparation (Kenalog1).239 Clinical

reports to date suggest that triamcinolone acetonide

is useful in select cases of PDR.211 Readers are

directed to Chapter 7 for discussion of triamcino-

lone acetonide in nonproliferative diabetic

retinopathy.

Anti-VEGF Therapy: Intravitreal anti-VEGF

drugs offer many advantages of triamcinolone acet-

onide without the steroid-associated risks of catar-

act and glaucoma.240 243 By blocking the effect of

vascular endothelial growth factor-A (VEGF-A),

these drugs decrease vascular permeability and pro-

liferation.241,244,245 The most commonly used drug

in this class is bevacizumab, which blocks all iso-

forms of VEGF-A.246 The aqueous half-life of

1.5 mg intravitreally injected bevacizumab (IVB) is

9.82 days in the non-vitrectomized human eye and is

similar to that of ranibizumab.247 In general,

impressive results of bevacizumab have been

reported in treating macular edema, retinal neovas-

cularization, neovascular glaucoma, and other com-

plications of PDR.241,248 250 IVB prior to PRP

decreases the risk of post-laser foveal thickening

and loss of acuity through its inhibition of the vaso-

permeability effect of VEGF.251,252 In vitrecto-

mized eyes the effect of IVB on improving diabetic

macular edema is diminished.253 In the short term,

IVB induces regression of NV in active, progressive

PDR.242,254 259 However, due to limited duration of

effect, they may be best used adjunctively with other

modalities, such as laser and/or vitrect-

omy.257,260,261 In eyes with PDR and dense vitreous

hemorrhage, IVB may stabilize NV until sponta-

neous clearing of hemorrhage allows for

PRP.262,263 Some investigators have found that the

preoperative injection of bevacizumab improves the

ease of vitrectomy, especially in eyes with traction

retinal detachment.246,264 With regression of NV,

membranes may be dissected from the retina more

readily and intraoperative bleeding is reduced.265

However, the optimal timing of the preoperative

injection is uncertain. Injections less than 7 days

prior to vitrectomy may allow for regression of

NV and permit surgical intervention before adher-

ent fibrous membranes develop.266 Bevacizumab is

also used adjunctively with laser/surgery for the

management of neovascular glaucoma.250,267,268

The rapid resolution of iris neovascularization

may halt the progression of angle synechiae while

retinal ablative therapy takes effect and may

improve the outcome of glaucoma surgery by

decreasing risk of intraoperative or postoperative

hemorrhage.242,248,267,269 IVBmay also help prevent

bleb failure.270 Resolution of vitreomacular trac-

tion has been reported in a diabetic patient after

ranizumab injection.271 However, adverse effects

of anti-VEGF injections for PDR include new-

onset traction retinal detachment (approximate

2–5% incidence) occurring at a mean of 13 days fol-

lowing injection (range, 3–31 days).212,254,255,272,273

Notable progression of pre-existing TRD may

occur in approximately 18% of cases.274 These

complications may occur because of the unop-

posed action of connective tissue growth factors

in PDR.24,85,86 Similar rapid progression of fibro-

vascular traction with retinal detachment may

occur following panretinal photocoagulation.120

There is also concern that pan-VEGF inhibition

may induce neurosensory apoptosis in ischemic

conditions, such as PDR.275 Of interest, however,

is the finding of short-term improvement in per-

ipheral retinal perfusion after a single IVB injec-

tion in a small series.276 Currently, the use of IVB is

widespread and further studies will help define the

optimal role of anti-VEGF therapy.6,210

Hyaluronidase: Purified, preservative-free, ovine

hyaluronidase has been shown to speed the clear-

ance of vitreous hemorrhage to allow earlier treat-

ment with PRP compared with sham injection in a

randomized, controlled trial.277 279 Its use may be

limited by relative slow onset of action and dose-

related iritis.277 Nonetheless, this treatment option

may be of special use for patients in whom the

systemic risks of vitrectomy surgery and anesthesia

are unacceptably high.

Pharmacologic vitreolysis: Pharmacologic vitreo-

lysis offers improved ease of separation of vitreous

from the retina.280 Eyes with PDR and posterior

vitreous detachment (PVD) follow amore favorable

course than those without PVD.38 Reports of small

series described improved ease of surgery (no
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peeling or delamination required) and fewer com-

plications (retinal tears) with vitrectomy aided by

autologous plasmin enzyme.281,282 Several pharma-

cological agents are under evaluation and are dis-

cussed later in this chapter. Interestingly, injection

of SF6 has also been used to induce PVD to retard

progression on PDR.283 Further studies are needed

to better define the role of pharmacologic vitreolysis

in the treatment of PDR.

9.4 Vitreoretinal Surgery

Vitreoretinal surgery has an established role in the

management of complications of diabetic retino-

pathy.69,71,72 Vitrectomy was required in 208 eyes

(5.6%) of 3711 patients enrolled in the ETDRS

underscoring the lack of universal response of

PDR to laser treatment.69 Prior to the Diabetic

Retinopathy Vitrectomy Study (DRVS), vitrect-

omy was reserved for dense nonclearing vitreous

hemorrhage greater than 1-year duration and for

traction retinal detachment involving the center of

the macula. These conservative indications

reflected the lack of experience with vitrectomy

and the high rate of serious complications at that

time.71 Both the ETDRS and the DRVS were hin-

dered by the lack of endophotocoagulation, which

was not available until 1983.71 With gains in

experience and technology, the role of vitrectomy

has expanded significantly since these important

studies were published.

9.4.1 Indications

Following vitreous hemorrhage and traction retinal

detachment are other less pressing indications for

vitrectomy such as dense premacular hemorrhage,

fibrovascular proliferation, and diabetic macular

edema as well as conditions not specific to diabetes

including macular pucker, vitreomacular traction,

and macular hole. More severe conditions that are

now approached include combined rhegmatogen-

ous–traction retinal detachment, neovascular glau-

coma, uncontrolled hemolytic/ghost cell glaucoma,

anterior hyaloidal fibrovascular proliferation, and

fibrinoid syndrome with retinal detachment.284 286

The following sections define indications with man-

agement considerations and outcomes among these

subgroups.

Vitreous hemorrhage: Although vitreous hemor-

rhage is a common indication for vitrectomy, sur-

gery may be avoided in most eyes. Observation

alone may result in improvement.285 Bed rest with

elevation of the head (with or without patching)

may facilitate spontaneous resolution of vitreous

hemorrhage.287 289 Intravitreal injection of hyalur-

onidase hastens the clearing of vitreous hemor-

rhage.278 When a portion of the retina can be visua-

lized, panretinal photocoagulation is applied to

induce regression of active neovascularization.285

Krypton laser and long-wavelength diode laser sys-

tems penetrate vitreous hemorrhage with greater

facility than argon laser and indirect ophthalmo-

scopic delivery systems may be more effective than

slitlamp delivery.285

The DRVS demonstrated the benefit of early

vitrectomy (1–4 months from onset) in severe vitr-

eous hemorrhage (<5/200 vision) resulting in earlier

recovery of vision and better visual outcome at 2

and 4 years, especially in type 1 diabetes mellitus.

There was no significant increased risk of the severe

complication of NLP vision with early vitrectomy,

though it occurred sooner in the early-surgery

group compared with the deferral group.71 The

DRVS enrolled 616 eyes with vision less than

5/200 due to severe vitreous hemorrhage with dura-

tion of less than 6 months. Eyes with VH present for

at least 1 month were randomized to early vs. defer-

ral of vitrectomy for 1 year. Recovery of vision of

20/100 or better by 3 months was more common in

the early group (50%) compared with the deferral

group (17%). The visual acuity at the 2-year

follow-up was 20/40 or better in the early group

was 25% compared with 15% in the deferral

group (P ¼ 0.01). The benefit was even greater in

patients with type 1 diabetes mellitus (36% early

group vs. 12% deferral group, P ¼ 0.0001) com-

pared with type 2 (16% early group vs. 18%deferral

group). The benefit persisted at the 4-year follow-up

visit and was most prominent in the type 1 patients,

presumably due to the aggressive nature of PDR in

these cases.71 In a survey of the American Society of

Retinal Specialists in 2008, the vast majority of

366 respondents routinely performed vitrectomy
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surgery between 1 and 3 months from onset of

nonclearing vitreous hemorrhage.210

There are a number of issues to consider in eval-

uating the unimpressive results of early vitrectomy

in type 2 patients. Poorer postoperative visual

acuity may be a function of greater severity of

maculopathy in type 2 patients compared with

those with type 1 diabetes.71 In addition, the

DRVS did not report an analysis of the vitreous

status in these eyes.71 PVD is more common with

age and is associated with better prognosis without

intervention compared with eyes without

PVD.38,182 Therefore, in clinical decision making,

the use of preoperative B-scan examinations may be

helpful in stratifying this group of eyes. Eyes with

more extensive vitreoretinal attachments may ben-

efit from vitrectomy to a greater degree than those

with more complete PVD. Another influential

factor in determining the timing of vitrectomy for

vitreous hemorrhage is the presence and degree of

activity of iris rubeosis. Prompt vitrectomy is indi-

cated to clear the media for the application of PRP

in cases of progressive rubeosis and neovascular

glaucoma.285

Subsequent to the DRVS, a retrospective study

reviewed 353 eyes operated for diabetic vitreous

hemorrhage and reported improved vision in

81% of cases. Final vision of 20/200 or better was

achieved in 48% of operated eyes and 5/200 or

better in 79%.290 Favorable factors for good out-

come were preoperative vision greater than 5/200,

minimal cataract, no NVI/NVG, and PRP in at

least one quadrant.184 These data and others

argue in favor of preparing for vitrectomy with

augmentation of PRP laser when possible and

applying endolaser at the time of surgery.69,285

Postoperative vitreous hemorrhage is common

and usually clears with observation; however,

approximately 10% of cases require repeat vitrect-

omy or fluid–gas exchange.285,291 In a retrospec-

tive study of 484 consecutive vitrectomy proce-

dures for various complications of PDR, 4% of

eyes required repeat vitrectomy for vitreous

hemorrhage.291

Ghost cell glaucoma: Glaucoma may be

encountered as a consequence of diabetic vitreous

hemorrhage as degenerated red blood cells

obstruct trabecular outflow resulting in elevated

intraocular pressure.292 This secondary open-

angle glaucoma occurs most commonly in

aphakic and/or vitrectomized eyes, as ghost cells

do not penetrate the intact anterior hyaloid

face.290,293 296 Ghost cells are erythroclastic red

blood cells that have become spherical, less pli-

able, and slower to clear from the eye. The indica-

tion for vitrectomy and anterior chamber lavage is

uncontrolled intraocular pressure despite maxi-

mal medical therapy.297 Response to surgery is

generally favorable.297

Dense premacular (subhyaloid) hemorrhage: In

PDR with intact vitreous, dense premacular hemor-

rhage may be trapped between the internal limiting

membrane and the posterior hyaloid face resulting

in acute, profound loss of visual acuity. The thick

red hemorrhage is well circumscribed, usually

round or oval in shape, and obscures all view of

the underlying retina (Fig. 9.12). The natural his-

tory is not well defined as these cases were grouped

with vitreous hemorrhage in the DRVS.70,71 Most

subhyaloid hemorrhages will clear without vitrect-

omy by spontaneously breaking through into the

vitreous cavity.284 However, dense nonclearing

subhyaloid hemorrhages may be associated with

fibrovascular proliferation, preretinal membrane

formation, and traction macular detachment.298

Vitrectomy surgery is used in these eyes to speed

recovery of vision and decrease the risk of compli-

cations.290,298,299 Although it is desirable to allow a

few months time for the hemorrhage to clear, a

further delay in surgery may make surgical dissec-

tion more difficult.285

Fig. 9.12 Dense premacular hemorrhage trapped between the
partially separated posterior cortical vitreous and the retina
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Non-vitrectomy Management of Dense Premacular Hemorrhage

As a less invasive alternative to vitrectomy, laser (argon, krypton, or Nd:YAG)may be used to create

an opening in the posterior hyaloid face to aid in the breakthrough of subhyaloid hemorrhage into

the vitreous cavity.300 304 However, laser membranotomy is not universally successful. In a retro-

spective study of 21 laser-treated eyes with hemorrhage from a variety of causes, the blood did not

clear in five eyes (24%).305 Furthermore, one eye developed a macular hole and one myopic eye

developed retinal detachment.305 Macular hole, however, has been reported to occur following

subhyaloid premacular hemorrhage not treated with laser.306,307 Laser membranotomy may be

augmented with intravitreal tissue plasminogen activator (tPA).300 Intravitreal gas (SF6) injection

can also resolve subhyaloid hemorrhage through the induction of a posterior vitreous detachment.308

Intravitreal tPA alone or in combination with gas (C3F8 or SF6) injection has been reported to be

successful in small retrospective case series.308 310

Traction retinal detachment: Vitreoretinal traction

is common in PDR as neovascular membranes grow

within the cortical vitreous gel, create firm vitreoret-

inal adhesions, and contract over time.28,285 Break-

down of the blood–ocular barrier contributes to vitr-

eous contraction and subsequent traction retinal

detachment (Fig. 9.13).311 Traction macular

detachment acutely involving or threatening the

macula has become the most common indication

for vitrectomy since the ETDRS and DRS.285

The DRVS described the course of extramacular

traction retinal detachment (TRD) in the posterior

pole over a 2-year period.70 The study enrolled 290

eyes with vision �20/100 (or �20/400 due to

Fig. 9.13 Stylized
illustration of traction
retinal detachment involving
the macula in PDR. Vitreous
tractional forces are
represented by multiple
individual lines drawn along
the posterior vitreous face
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vitreous hemorrhage). At baseline the TRD mea-

sured at least four disk areas and extended within

308 from the center of the macula. Also included

were TRD’s less than four disk areas if the vitreor-

etinal adhesions causing the elevation were within

308 from the center of the macula and were asso-

ciated with either active new vessels or recent vitr-

eous hemorrhage. Photocoagulation was permitted

at the discretion of the ophthalmologist. Two or

more lines of vision were lost in 43% of eyes from

baseline to the 2-year examination. Severe visual

loss (<5/200 at two consecutive 4-month visits)

increased from 0% at baseline to 15% at 1 year

and 24% at 2 years. Subgroup analysis revealed

poor prognosis in eyes with active NV (defined as

NV containing visible blood) or recent vitreous

hemorrhage (defined as red in color). Severe visual

loss in eyes with and without these characteristics

was 21–30% and 14%, respectively. Among eyes

with active NV or recent vitreous hemorrhage, the

extent of TRD was also a significant factor for

severe visual loss: 21% for eyes with TRD less

than four disk areas compared to 30% for eyes

with TRD greater than four disk areas. The most

common causes of severe visual loss included vitr-

eous hemorrhage and retinal detachment. Of signif-

icance, only 35.2% of all eyes with TRD had PRP at

the baseline examination. By the 2-year follow-up

examination, 54.8% had not received PRP.70 Cur-

rently, earlier interventionwith PRP and vitrectomy

offers an improved prognosis in these cases.70,285

The management of extramacular traction ret-

inal detachments appears to be undergoing change.

Traditionally, extramacular traction detachments

were observed as the rate of progression into the

macula (approximately 15% annual risk) was felt to

be lower than the risk poor outcome with vitrect-

omy.312 However, the anatomic results following

vitrectomy have improved since earlier reports and

the risk of loss of vision with vitrectomy has

decreased.274,313,314 Unfortunately, the functional

results of vitrectomy surgery following the success-

ful repair of macula-off traction retinal detachment

remains disappointing (Table 9.7). Consequently, a

number of researchers have called for vitrectomy

surgery at an earlier stage, prior to severe visual

loss from TRD.274,315

A number of retrospective studies of eyes oper-

ated for diabetic TRD are available for review,

although direct comparison is not possible due to

variability in the patient populations (Table 9.7). A

variety of surgical techniques have been employed.

Improving anatomic results have been apparent

with the evolution of vitrectomy from removal of

axial traction by core vitrectomy to sophisticated

methods of relieving tangential traction by segmen-

tation and delamination with membrane peeling

relegated to a minor role in the management of

minimally adherent membranes.49,274,313,315 319

Reports over the past 20 years indicate visual

improvement may be achieved in 60–75% of

cases.274,313,320 323 The final visual acuity results

generally reveal a modest 20/200 or better in

47–57% of eyes, and 5/200 or better in

69–77%.313,318,319,321,322,324,325 Successful anatomic

reattachment of the macula is achieved in 81–100%

of cases.313,318,319,321,322,324,325 Favorable factors

include age <50 years, preoperative PRP laser, pre-

operative vision >5/200, minimal cataract/vitreous

hemorrhage, no NVI/NVG, less extensive retinal

neovascularization, absence of iris neovasculariza-

tion, macular detachment for less than 30 days, no

need for lensectomy/gas tamponade, and no iatro-

genic break.49,69,325,326 The incidence of surgical

complications appears to be greater in eyes under-

going vitrectomy for PDR with TRD compared

with other indications in diabetic retinopathy.326

The need for reoperation following vitrectomy for

diabetic traction retinal detachment generally

ranges from 24 to 47% (excluding laser and cataract

extraction).49,313,318,319

Chronic TRD involving macula (>6 months

duration) is managed conservatively.69,71 In one

study, macula-off TRD of greater than 1 month

duration was associated with poor visual prognosis

(<20/200, P¼ 0.042, univariate analysis).325 In eyes

with chronic macular detachment, the retina is

atrophic beneath tightly adherent fibrovascular

membranes, which lower the potential for successful

surgery.18,285

Combined traction–rhegmatogenous retinal

detachment: PDR may cause severe fibrovascular

proliferation resulting in progressive traction and

posterior retinal breaks.327 The resultant retinal

detachment appears different from TRD. Com-

bined traction–rhegmatogenous retinal detach-

ments (TRRD) appear convex and often extend

anteriorly to the ora serata.120 The retinal often
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has hydration lines, white lines in the inner retina,

which are diagnostic of a retinal break (Fig. 9.14).285

Subretinal hemorrhage may be present.328 There is

usually a single, small, paravascular retinal break

near posterior fibrovascular proliferation, often not

identified until surgery.120,317,329 Silicone oil tampo-

nade is frequently used, especially in patients with

poor vision in the fellow eye.120,330 Silicone oil

reduces the incidence of postoperative rubeosis

and phthisis.120,330 Early reports of retrospective

consecutive series demonstrated retinal reattach-

ment in 47–82% and improvement in vision in

20–53% of operated eyes with final visual acuity

of 5/200 or better in 55–68% of all eyes oper-

ated.32,317,329,331,332 With the availability of silicone

oil, subsequent studies reported retinal

Table 9.7 Literature summary of vitrectomy for diabetic traction retinal detachmenta

Outcome

Source
Year N Intervention

Macula/
Retina
attached (%)

�5/200
(%)

�20/200
(%) Comments

Tolentino317

1980

140 Vtx, seg/peel

± SBP/AFE, Lnx 4%
no gas/silicone

74/NR 67 51 65% better, 18% same,
17% worse

Reoperation: NR
Phthisis: NR

Aaberg315

1981

125 Vtx, seg/peel/delam

± SBP/GFE, Lnx
no silicone oil

�91/91 NR 58 72% better, 11% same,
17% worse

Reoperation: NR
Phthisis: NR

Rice767

1983

197 Vtx, seg/peel

SBP >35%, Lnx 47%
360cryo 37%, ± GFE
no silicone oil

66/57 59 NR 57% better, 9% same,
35% worse

Reoperation: 29%
Phthisis: 9%

Thompson49

1987

360 Vtx, seg/peel

SBP 22%, Lnx 29%
360cryo 32%, GFE 42%
no silicone oil

71/69 64 NR 59%better, 41% same or
worse

Reoperation: 24%
Phthisis: 11% included

series from rice
(above)

Williams318

1989

69 Vtx, en bloc delam

SBP 17%, Lnx 7%
GFE 51%, no silicone

88/83 71 NR NR% better, NR%
same, NR% worse

re operation: 47% (29%
return to OR)

Phthisis: 6%
Oldendoerp321

1989

100 Vtx, seg/peel

SBP 39%, no Lnx
GFE 65%, Silicone 9%

81/NR 77 47 71%better, 29% same or
worse

Reoperation: NR9%
Pre phthisis/phthisis: 18%

Han319

1994

30 Vtx, mod EB delam

SBP 17%, Lnx 3%
GFE 40%, no silicone

�97/97 77 54 NR% better, NR%
same, NR% worse

Reoperation: 27% (7%
in OR)

Phthisis: none reported
Meier324

1997

28 Vtx, mod EB delam

SBP 57%, Lnx 36%
GFE 14%, Silicone 86%

86/79 NR 50 Silicone oil not removed

Reoperation: NR
Phthisis: NR

Steinmetz313

2002
67 Vtx, delam

SBP 24%, Lnx 6%
GFE 64%, Silicone 1%

100/93 70 57 72%better, 28% same or
worse

Reoperation: 33%
Phthisis: 0%

aIncluded reports >100 cases prior to 1988, follow up �6 months. Note: endolaser became available ca 1983.
NR not reported, N number of cases in reported series, Vtx vitrectomy, seg membrane segmentation, peel
membrane peeling, EB en bloc, SBP scleral buckle procedure, AFE air fluid exchange, GFE gas fluid exchange,
Lnx lensectomy, delam membrane delamination, 360cryo 360 degree peripheral retinal cryopexy
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reattachment in 73–93% and an improvement in

vision in 64–81% of eyes following vitrectomy

with final visual acuity of 5/200 or better in

55–68% of all eyes operated (Table 9.8).330,333 335

To achieve these results reoperation was required in

29–90% of eyes.49,120,329,330,334 The incidence of

phthisis decreased from 8 to 10% in early, large

series to 0% with the use of silicone oil in later

series.49,120,329,330 Favorable factors for postopera-

tive vision >5/200 include preoperative vision

>5/200, no NVI, no macular involvement, and no

iatrogenic break.32,120

Severe fibrovascular proliferation: The progres-

sive proliferation of fibrovascular preretinal tissue

may occur despite photocoagulation, especially in

poorly controlled type 1 diabetes.70 Without surgi-

cal intervention, severe fibrovascular proliferation

(FVP) threatens profound loss of vision.285 The

DRVS reported the natural history study of 142

eyes with severe FVP (NV >4DA with elevation of

the border of the NV from traction, but no signifi-

cant VH or TRD) and showed the percentage of

eyes that developed severe visual loss at the 2-year

follow-up increased from 0 to 32%. A majority of

eyes (52%) suffered a loss of acuity of two or more

lines mostly within the first year. The percentage of

eyes with good vision (�20/40) decreased from 57 to

39%. Visual acuity at baseline was a significant

negative risk factor; eyes with<20/40 vision at base-

line deteriorated to <5/200 at 2 years in

approximately 40% of cases. In interpreting this

data, however, it should be noted that 73% of

these eyes had no PRP at baseline, and by the 2-

year follow-up, the percentage of eyes without any

PRP was 35.9%.336 Today, more aggressive appli-

cation of PRP likely improves the outcome in this

cohort.69

The DRVS developed the definition of

‘‘advanced, active, neovascular or fibrovascular

proliferation’’ (AA-PDR) from a review of the nat-

ural history study referenced above. They rando-

mized to early vitrectomy vs. conventional man-

agement 370 eyes with useful vision (�20/400) and
AA-PDR. At the 4-year follow-up exam, good

vision (�20/40) was present in 44% of eyes in the

early vitrectomy group compared with 28% of the

conventional group (observation until TRD

involved the macular or nonclearing VH >6

months) (P < 0.05). There was no reported differ-

ence between the two groups regarding risk of poor

vision from surgical intervention. The final rate of

severe visual loss was similar in the two groups.

The benefit of surgery tended to increase with

increasing severity of neovascularization (border-

line statistical significance). Significant favorable

factors included better vision at baseline and pre-

operative PRP laser.

Thus, the DRVS recommended early vitrect-

omy for eyes with any one of the following char-

acteristics diagnostic of AA-PDR: (1) severe new

vessels and severe fibrous proliferations; (2)

severe new vessels and red vitreous hemorrhage;

or (3) moderate new vessels (standard photo

10A, Fig. 9.1), severe fibrous proliferation, and

red vitreous hemorrhage. Severe new vessels were

defined as (1) NVD equaling or exceeding stan-

dard photograph 10C (Fig. 9.15) or (2) NVE

equaling or exceeding standard photograph 7

(Fig. 9.16) in at least one 308 photographic field

or (3) total new vessels (NVD and all NVE)

summed over all photographic fields estimated

to equal or exceed four disk areas. The DRVS

concluded that eyes most suitable for early

vitrectomy were those with both severe fibrous

proliferation and at least moderately severe NV

despite extensive PRP or hemorrhage precluding

such treatment.69,337 Severe fibrous prolifera-

tions were defined as (1) fibrovascular prolifera-

tions on or within one disk diameter of the disk

Fig. 9.14 Combined traction rhegmatogenous retinal
detachment from PDR. The fundus photograph shows the
convex nature of the retinal detachment with hydration lines
within the retina. Preretinal hemorrhage obscures the view of
the macula
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border (FVD) equaling or exceeding two disk

areas, or (2) fibrous proliferations elsewhere

(FVE) equaling or exceeding standard photo-

graph 11 (Fig. 9.17) in at least one photographic

field, or (3) total fibrous proliferations (FVD and

FVE) equal to or exceeding four disk areas.

Others have reported favorable surgical results

for severe fibrovascular proliferation as well. In

retrospective series, stable or improved vision was

reported in approximately 78% of cases. Final

vision >5/200 was reported in 81–82% of operated

eyes.290 Favorable prognostic factors include young

Table 9.8 Literature summary of vitrectomy for diabetic traction rhegmatogenous retinal detachmenta

Outcome

Source
Year N Diagnosis Intervention

Macula/
Retina
attached (%)

�5/
200
(%)

�20/
200
(%) Comments

Michels331

1978

10 TR RD No
VH

Vtx, Lnx

SBP, cryo

NR NR NR 20% better, 40% same, 40%
worsemixed case series limited
data segregation Reoperation:
NR, Phthisis: NR

Peyman332

1978

26 RD with VH
or
‘‘vitreous
retraction’’

Vtx (vitrophage)

limited details

NR NR NR 42% better, 46% same, 12%
worse mixed case series/
limited data Reoperation:
NR, Phthisis: NR

Tolentino317

1980

34 TR RD m
off 100%

Vtx, seg, min peel

SBP 100%, AFX,
Lnx

82/NR 68 29 47% better, 35% same, 18%
worse mixed series/limited
data Va � 20/40 in 12% of
eyes Reoperation: NR,
Phthisis: NR

Rice329

1983

107 TR RD m
off 89%

Vtx, seg, cryo/laser

SBP/360cryo 58%
AFX 100%, Lnx 60%

64/47 55 36 53% better, 6% same, 41%
worse Va � 20/40 in 10% of
eyes Reoperation: 29%,
Phthisis: 8%

Thompson32

1987

172 TR RD m
off 87%

Vtx, seg, SBP 63%

360cryo 56%,
A GFE, Lnx 42%

�52/52 56 ±42 48% better, 7% same, 45%
worse Va > 20/40 in 9% of
eyes, 23% NLP Included
Rice series (above)
Reoperation: 32%, Phthisis:
10%

Sima334

1994

26 TR RD m
off NR%

Vtx, seg, NR delam

Lnx, SBP
cryo/laser, SO 100%

NR/NR NR 61 81% better, 19% same or worse
mixed series/limited data SO
removed in most eyes
Reoperation: NR%, Phthisis:
NR%

Douglas330

2003

22 TR RD m
off 100%

Vtx, seg, delam

en bloc, laser
Lnx 100% (no IOL)
SO 100%

91/91 68 55 64%better, 9% same, 27%worse
68%� 20/400 Silicone
removed 64%of eyes
Reoperation: 64%,Phthisis:
0%

Yang120

2008
40 TR RD m

off 100%
Vtx, Lnx, seg, peel,
delam, SBP 100%
15% C3F8 42.5%
SO 57.5%

93/93 55 48 70% better, 15% same, 15%
worse Note: SO was not
removed Reoperation: 90%,
phthisis: 0%

aRetrospective case series with follow up � 6 months. Note: Endolaser became available ca 1983
N number of cases in report, NR not reported, TR RD combined traction rhegmatogenous retinal detachment, VH
vitreous hemorrhage, m off macula off (macular detachment), Vtx vitrectomy, Lnx lensectomy, IOL intraocular
lens, SBP scleral buckle procedure, cryo retinal cryopexy, 360cryo 3608 peripheral retinal cryopexy, seg membrane
segmentation, min minimal, peel membrane peeling, AFX air fluid exchange, A GFX air or gas fluid exchange,
SO silicone oil.
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age (<40 years), good preoperative vision (>5/200),

no NVI, preoperative PRP, and no iatrogenic break

at surgery.183

From the literature we conclude that these cases

are best managed with extensive PRP laser prior to

early vitrectomy, which is best undertaken prior to

the development of extensive, strong vitreoretinal

attachments.285,338 As some eyes lose vision despite

surgery, it is essential to counsel the patient regard-

ing the benefits and risks of surgery vs. natural

history. These issues are of particular importance

in patients with relatively asymptomatic pathology.

Diabetic macular edema: The reader is referred to

Chapter 7, which includes a discussion of vitrectomy

for diabetic macular edema.

Postvitrectomy fibrinoid syndrome with retinal

detachment: The syndrome of intraocular fibrin

deposition following diabetic vitrectomy is discussed

under the section on complications of vitrectomy

surgery later in this chapter. Repeat vitrectomy sur-

gerymay be attempted in severe cases with secondary

traction retinal detachment and neovascular glau-

coma, but the prognosis is poor.285 Adjunctive use

of steroids and tissue plasminogen activator may

improve success rate.285,339 341

Anterior hyaloidal fibrovascular proliferation

(AHFVP): The growth of fibrovascular tissue on

the anterior vitreous base in PDR is a severe com-

plication following vitrectomy.342,343 If progres-

sive membranes cause retinal detachment, ciliary

body detachment, or neovascular glaucoma,

repeat vitrectomy surgery may be indicated.285

The reader is referred to the subsequent section

on complications of vitreoretinal surgery for

further details.

A less rapidly progressive form of AHFVP has

been described after cataract extraction in non-

vitrectomized eyes. Risk factors included PDR, iris

rubeosis, and ischemic anterior retina. Delayed onset

Fig. 9.15 Standard photograph 10C defining the lower limit
of severe new vessels on orwithin one disk diameter of the disk
(printed with permission from the Early Treatment Diabetic
Retinopathy Study Research Group. All rights reserved)

Fig. 9.16 Standard photograph 7 defining the lower limit of
severe NVE (NV>1 disk diameter from disk border) (printed
with permission from the Early Treatment Diabetic Retino
pathy Study Research Group. All rights reserved)

Fig. 9.17 Standard photograph 11 defining the lower limit
of severe fibrous proliferation elsewhere (>1 disk diameter
from the disk border) (printed with permission from the
Early Treatment Diabetic Retinopathy Study Research
Group. All rights reserved)
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was noted at an average of 12 months following

cataract surgery and no progression was noted over

an average 6-month follow-up. Vision was rarely

affected and no complications of vitreous hemor-

rhage or traction detachment were reported.343

Vitreomacular interface pathology: Epiretinal

membranes (ERM), macular hole, vitreomacular

traction syndrome, and other vitreoretinal interface

disorders are encountered in patients with or with-

out diabetes. However, there may be unique fea-

tures in the presentation, management, and out-

come with vitrectomy in patients with diabetes

mellitus.344 347

Epiretinal membranes in PDR may be vascular

or avascular.348,349 Below is a discussion of avascu-

lar, premacular, epiretinal membranes associated

with diabetic retinopathy. Although pathogenesis

of ERM in diabetic retinopathy shares some fea-

tures with idiopathic ERM, the role of fibrogenic

growth factors maybe greater in diabetic

ERM.25,26,350,351 In addition, the cellular and extra-

cellular composition of ERMvaries with underlying

etiology.352,353 The proliferative activity of diabetic

ERMmay be greater than the idiopathic variety.354

In preparation for surgery, optical coherence tomo-

graphy demonstrates the variable vitreoretinal rela-

tionships seen with diabetic ERM.355 Diabetic

ERM is more likely to have focal rather than global

attachments to the macula compared to idiopathic

ERM (P¼ 0.007).356 Factors associated with visual

improvement after membrane peeling in PDR

include age and preoperative visual acuity.348 Con-

comitant peeling of internal limiting membrane

(ILM) may improve macular appearance on

OCT349 and improve visual outcome.349,357 How-

ever, peeling of ILM in eyes with diabetic macular

edema may rarely be associated with macular hole

formation.358,359

In general, the presentation of macular holes in

patients with diabetes may be similar to those with-

out diabetes. The causative mechanism of macular

hole appears to be tangential vitreous traction,

although diabetic macular edema may play an addi-

tional causative role in diabetic retinopathy.360,361

Macular holes may form in association with PDR

alone (Fig. 9.18) or following bevacizumab injec-

tion, triamcinolone injection, or vitrectomy surgery

with or without peeling of the ILM.272,359,362,363

Complex vitreoretinal attachments may be

encountered with fibrovascular proliferation at the

macular hole, which may result in retinal detach-

ment.32,364,365 Peeling of ILM may be difficult and

unnecessary for successful closure of macular hole

in cases of moderate or high macular detach-

ment.364 The rate of successful closure of macular

hole is 73–100% (Table 9.9).344 347,360,362,364,366,367

The visual prognosis correlates negatively with poor

preoperative visual acuity, increased degree of

macular detachment, increased severity of diabetic

retinopathy, and the presence of submacular

hemorrhage.344 346,346,347,364 Generally, there is

only limited visual improvement following repair

of macular hole associated with proliferative dia-

betic retinopathy. Spontaneous closure of macular

hole with PDR may occur.368

Vitreomacular tractionmay present with complex

vitreoretinal adhesions potentially requiring more

extensive vitrectomy surgery than that required in

non-diabetic patients (Fig. 9.19). The intact posterior

hyaloid may be taut in cases of ERM and macular

edema.369 371 Progressive contraction of the intact

cortical vitreous may result in traction retinoschi-

sis.372 Alternatively, tangential traction may result

in macular heterotopia as a cause of decreased

acuity, metamorphopsia, and diplopia.27,30,369,373 378

Controversial indications for vitrectomy: Vitreo-

papillary traction (VPT) is a relatively new and

equivocal indication for diabetic vitrectomy with

proponents in Europe.183,379 381 VPT occurs as a

result of anomalous posterior vitreous detachment.

Fig. 9.18 Macular hole due to fibrous proliferation and
contraction in PDR
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The macromolecular changes that result in vitreous

gel liquefaction occur without concurrent separa-

tion of the posterior cortical vitreous from the sur-

face of the optic disk.382 The optic disk may appear

elevated and hyperemic with blurred margins due to

condensation of the overlying vitreous or due to

traction on the disk and peripapillary retina.383

Optical coherence tomography is useful to confirm

the diagnosis.384,385 Vitreopapillary traction has

been described as an isolated phenomenon or in

association with other pathology, including diabetic

retinopathy. Among those cases without diabetic

retinopathy, VPT may occur in young patients in

whommyopia may induce vitreous liquefaction and

mildly dyplastic optic disks may contribute to unu-

sual vitreopapillary adherence.386,387 Although

most patients are asymptomatic despite the pre-

sence of intrapapillary and peripapillary hemor-

rhage,386,387 gaze-evoked amaurosis may occur.388

Generally, VPT remains stable with follow-up and

does not require intervention.386,387 However,

macular exudates presenting as a stellate maculo-

pathy may rarely develop in association with peri-

papillary traction detachment in VPT.389 In older

patients with involutional vitreous degeneration,

persistent vitreopapillary adhesion of unknown

cause may result in VPT. These patients usually

present without symptoms and may be detected on

fluorescein angiography with disk staining.390,391

However, symptomatic vitreomacular traction and

traction macular detachment may complicate

VPT.384,385 Ischemic central retinal vein occlusion

has been reported to cause VPT; however, the

Table 9.9 Literature summary of vitrectomy for macular hole with proliferative diabetic retinopathya

Source
Year N Diagnosis (N) Intervention (N)

Follow up
(months)

Outcome
(% closed) Comments

Flynn347

1994

2 PDR s/p PRP (1)
PDR (1)

Vtx, 16% C3F8 (2) 7 12 100% Case 1: from 20/400 to 20/200

Case 2: from 20/400 to 20/300
Brazitikos360

1999

3 PDR (3) with
VH (1)

Vtx, no ILMpeel (3)

‘‘gas’’ (1)
20% SF6 (2)

4 6 100% Case 1: Va unreported

Case 2: from 20/400 to 20/200
Case 3: from 20/50 to 20/40

Ghoraba346

2002

14 TR RD (5) TRD
(3), PMH (3)
CME (3)

Vtx (14),

ILM peel (1)
SF6 (3), SO (11)

3 19 (av
7.6)

73% Limited improvement (�20/100) 11/14
previously operated severe PDR

Kurihara344

2005

3 PDR s/p PRP (3)
regressed NV (3)

Vtx, ILM peel (3)

20% SF6 (3)

NR 100% Mean improvement in Va: two Snellen
lines

Yan367

2007

12 DR unspecified Vtx, ILM peel (12)

18% C3F8 (9)
SO (3)

3 24
(mean 6)

83% Va ‘‘improved’’ in 83% cases

Yeh364

2008

23 TRD (17) TR
RD (6)

Vtx (23)

ILM peel (4)

NR 83% ILM peeling may not be needed in cases
with moderate to high macular
detachment

Mason366

2008

6 TRD (6) Vtx, ILM peel (6)

‘‘gas’’ (6)

10 (mean) 100% Mean pre op Va: 20/250

Mean postop Va: 20/100
Kumagai362

2008
9 PDR (9) postop

from previous
Vtx

Vtx with SF6 (9)
ILM peel (3)

59 (mean) 78% Mean pre op Va: 20/154
Mean postop Va: 20/125
better closure rate with ILM peeling

aRetrospective case series
NR not reported,N number of cases in series, PDR proliferative diabetic retinopathy, PRP panretinal photocoagulation, VH
vitreous hemorrhage, TR RD traction rhegmatogenous retinal detachment, TRD traction retinal detachment, PMH premacular
hemorrhage, CME cystoid macular edema, NV neovascularization, Vtx pars plana vitrectomy, ILM internal limiting
membrane, SO silicone oil, av average, Va visual acuity (Snellen)

Fig. 9.19 Optical coherence tomograph of right eye (20/40)
with established PDR demonstrating incomplete separation
of vitreous with multiple vitreoretinal attachments
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report of three cases was complicated by coexisting

diabetes, diabetic retinopathy, and severe premacu-

lar fibrous proliferation.392 In diabetes mellitus,

glycation of vitreous collagen and other secondary

vitreous changes may play a role in VPT.382,383 No

functional abnormalities are reported with vitreo-

papillary traction unassociated with other compli-

cations of diabetic retinopathy.393 A causative role

of VPT has been suggested in eyes with coexistent

symptomatic diabetic macular edema.381 Support-

ing this notion is the report of an isolated case of

spontaneous resolution of diabetic macular edema

and disk edema following spontaneous posterior

vitreous detachment in an eye with VPT and

PDR.394 Others have proposed early vitrectomy to

prevent optic neuropathy secondary to VPT,

though supportive data are limited at this

time.379,380 Although threatened axonal damage

from VPT is proposed as an indication for vitrect-

omy, removal of the optic disk stalk in diabetic eyes

may result in axonal loss as well.395 There is limited

evidence that isolated vitreopapillary traction

affects visual function and that surgery improves

outcome.381 Vitreopapillary traction is often seen

in association with other complications of prolifera-

tive diabetic retinopathy (e.g., traction retinal

detachment), which provide a clearer indication

for surgery.183

Subfoveal exudates are an uncommon indica-

tion for vitrectomy surgery. The reader is referred

to Chapter 7 for discussion.

9.4.2 Preoperative Management

The surgical preparation of a patient with compli-

cations of PDR is complex. The presence of

advanced diabetic retinopathy may be indicative

of the presence of significant systemic microvascu-

lar andmacrovascular disease. In addition, the non-

retinal ocular complications of diabetes are protean

and proper assessment is critical to successful sur-

gery. Thus, the preoperative management may

require extensive examination, counseling, and

consultation.

General medical considerations: The exhaustive

list of issues to be considered in the systemic

management of the diabetic patient prior to surgery

is beyond the scope of this chapter. Given the high

cardiovascular risk of these patients, the ophthal-

mologist may elect to refer the patient for preopera-

tive evaluation and clearance with the primary care

physician, cardiologist, nephrologist, and/or endo-

crinologist.396 Optimal preoperative control of

blood glucose may offer protection against infec-

tion.397 Clear instructions are given to the patient

regarding adjustments of medications, especially

those taken for blood glucose control. Antiplatelet

and anticoagulant medications may be stopped at

the discretion of the surgeon. Blood pressure med-

ications should not be mistakenly discontinued by

the patient and, indeed, the addition of a preopera-

tive beta-blocker may be considered by the inter-

nist.398 Included in preparation is a counseling ses-

sion with the patient to review systemic risks of

surgery and anesthesia.

Ocular considerations: Aside from evaluation of

the retina, a number of important issues may

necessitate management decisions prior to vitreor-

etinal surgery. Although preoperative antibacter-

ial prophylaxis has not been proven effective in a

randomized controlled trial, the preponderance of

evidence suggests its effectiveness.399 Topical anti-

biotics may be considered especially in specific

instances when the risk of endophthalmitis may

be increased (e.g., blepharitis or contralateral pros-

thesis).399 Infectious lesions of the lid, adnexae,

nasolacrimal duct, conjunctiva, and corneal are

treated prior to surgery. Careful examination for

exposure of a previously placed scleral buckle may

necessitate removal prior to entering the eye. If the

anterior chamber is shallow, prophylactic laser iri-

dotomy may prevent angle closure postopera-

tively. The presence of iris rubeosis may necessitate

prompt intervention with vitrectomy and strong

consideration of preoperative PRP and/or intravi-

treal injection of bevacizumab or triamcinolone

acetonide.227,241,248 An assessment of lens clarity

identifies the need for cataract extraction either

before or during vitreous surgery. Identifying a

silicone intraocular lens implant is important to

raise the threshold for capsulotomy or use of sili-

cone oil tamponade. Silicone oil firmly adheres to

silicone IOL’s leading to poor visualization of the

retina during surgery and decreased visual acuity

postoperatively.400,401
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Preoperative vitreoretinal evaluation is critical.

Careful examination of the vitreous by ophthalmo-

scopy, echography, and/or optical coherence tomo-

graphy to define the configuration of vitreous

attachments to the retina helps to plan the surgical

approach (Fig. 9.20).402 404 Preoperative electro-

physiological testing (ERG and VEP) may be useful

in predicting visual outcome in cases of media opa-

city, but the outcome may be contradictory and

these tests are not routinely used clinically.405

There is ample evidence to support the use of ade-

quate PRP laser prior to surgery and special con-

sideration may be given to anterior peripheral ret-

inal coverage to reduce the risk of anterior hyaloidal

neovascularization, especially in severe PDR in type

1 diabetes mellitus.17,49,69,176,183,184,406,407

As with all surgical procedures, the determina-

tion to operate is dependent on the outcome of

counseling the patient and family regarding the

risks, benefits, alternatives, and limitations of sur-

gery. This complicated, decision-making process

involves not only a working knowledge of the gen-

eral medical and ocular pathology on the part of the

physician but also the understanding of the impact

of surgery by the patient. Finally, a mutual decision

to proceed with surgery is made based on the needs

and values of the patient. It may be helpful to

provide written information for the patient to

review after the office discussion.

9.4.3 Instrumentation

With increasing technological demands, the instru-

mentation available to the surgeon continues to

grow. This section reviews general concepts regard-

ing instrumentation with selected examples of spe-

cific tools that may be useful in the management of

complicated situations.

Lens systems: There are a variety of lens systems

used for negating the refractive power of the cornea

to visualize the vitreous and retina. A variety of

contact lenses are available for macular or periph-

eral retinal surgery. They may be self-stabilizing or

may require centration and stabilization by a skilled

assistant or with the use of sutured rings.408 The

plano-concave macular lenses offer excellent

stereopsis and resolution.409 Wide-angle lenses and

prism lenses are also available for peripheral retinal

surgery.408 Biconcave contact lenses negate the

refractive effects of intravitreal gas in the phakic

eye.410 The incidence of corneal epithelial defects is

greater with contact lenses, especially irrigating

contact lens systems.411 This issue may be of parti-

cular significance in eyes having undergone LASIK

surgery, after which displacement of the LASIK

flap may occur at the time of vitrectomy.412,413

Non-contact lens systems are attached to the

operating microscope and provide a wide field of

view. Compared with contact lenses, non-contact

lenses offer greater depth of field and better visua-

lization through anterior media opacities (corneal

haze, cataract), but lack fine stereropsis.414 The

wide-angle view of non-contact lenses may explain

the reported lower incidence of postoperative ret-

inal detachment.415

Vitrectomy systems: There are relative advan-

tages and disadvantages to using vitrectomy instru-

ments of varied caliber. Larger (20-gauge) instru-

ments currently offer the greatest number

supplementary instruments with which to work

and provide excellent structural integrity with mini-

mal instrument flex.416 Smaller caliber instruments

(23, 25 gauge, and smaller) rarely require suturing

of the sclerotomy incision if angled entry incisions

Fig. 9.20 Preoperative B scan demonstrates vitreous hemor
rhage and vitreoschisis. Large arrow shows inner wall of
schisis cavity and smaller arrow shows taut outer wall with
subhyaloid hemorrhage
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are created.417 Therefore, they may provide less

inflammation, less postoperative discomfort, and

more rapid recovery.418,419 There is a divided opi-

nion on whether operating time is reduced.418,419

Small-gauge vitrectomy surgery is more prone to

postoperative hypotony and is less efficient at

removing vitreous, especially dense vitreous hemor-

rhage.416,420 422 Although there are exceptions,

small-gauge instruments are especially suitable for

less complicated vitrectomy procedures.210,418 The

choice of vitrectomy instrumentation is dependent

on the surgeon’s experience until evidence-based

information becomes available.423

Illumination systems: Extensive options for illu-

mination during vitrectomy are available. Hand-held

illuminators permit the surgeon to direct the light

source and include single-function illumination

probes tomultifunctional, illuminated picks, forceps,

aspirators, coagulators, vitrectomy probes, and scis-

sors.313,424 426 Bimanual dissection is also made pos-

sible by the use of illuminators inserted into the sclera

apart from or through working sclero-

tomies.313,427,428During peripheral dissection, illumi-

nation may be provided by co-axial illumination

from themicroscope with external scleral depression,

from an illuminated contact lens, or from external

application of the fiberoptic light probe on the sclera.

Membrane manipulators: Preretinal membranes

may be removed with the use of tissue forceps, var-

ious picks, spatulas, scissors, soft-tipped cannulas, or

with gentle suction by the vitrectomy probe or tissue

manipulator.429 431 Epiretinal membranes may be

removed with a flexible intraocular rake.432 Depend-

ing on their structure and relationship to surround-

ing tissues, membranesmay be removed by a number

of instruments at the discretion of the surgeon.

Membrane-cutting instruments: The vitrectomy

probe functions well to cut membranes. Segmenta-

tion and isolation of individual islands of fibrovas-

cular proliferationmay be performed especially well

with newer vitrectomy probes with the cutting port

placed close to the end of the probe.274 Vertical-

cutting scissors do not push tissues away from the

blades compared with horizontal-cutting scissors.

However, horizontal scissors may be inserted more

easily between the cortical vitreous and the retina

for delamination. A variety of designs of scissors,

blades, and spatulas have been described for cutting

membranes.

Retinopexy instruments: Endodiathermy is com-

monly used to stop bleeding during surgery and is

often used to mark retinal breaks for better visuali-

zation for photocoagulation after gas–fluid

exchange. Laser may be applied to the retina by

internal probes or by indirect ophthalmoscopic

delivery. Endolaser allows for delicate placement

of burns posteriorly. Indirect ophthalmoscopic

delivery allows for ease of laser placement in the

far periphery in phakic eyes avoiding the risk of

lens trauma from the endolaser probe. With either

method of laser delivery, scleral depression may be

useful for peripheral treatment.

Internal tamponade: Various gases and liquids

are used as instruments for internal tamponade of

the retina. Perfluorocarbon liquid (perfluoro-n-

octane) not only is used most commonly as a

short-term intraoperative tamponade to reattach

the retina but may also be used to separate lens

fragments from the retina, to protect the retina

against ultrasonic damage from the phacofragmen-

tor, and to aid in membranes dissection.433 437

Gases and silicone oils are frequently used for

more prolonged retinal tamponade in cases of ret-

inal detachment. Gases possess superior surface

tension and dissolve during the postoperative

course. Silicone oils remain in place as needed

until surgical removal. The choice of gas vs. silicone

depends on many factors including the location of

retinal break(s), the presence of persistent tractional

tissue, the presence of a crystalline lens, the need for

air travel, and the patient’s ability to position prop-

erly after surgery. Depending on the pathology, if

very short-term tamponade is required, filtered air

is used as it lasts for a few days at most. Longer

tamponade is possible with SF6 (approximately

2 weeks) and C3F8 (approximately 6 weeks). How-

ever, the gas progressive dissolves in the vitreous

fluids providing less tamponade as it disappears.

Thus, gases work especially well for superior per-

ipheral and posterior pathology and may be consid-

ered for inferior pathology if exceptional position-

ing is possible.438

Silicone oil is the agent of choice in severe cases if

extended tamponade is required, if air travel is

necessary, or if postoperative positioning is not

possible.439 In the United States 1,000 and 5,000 cs

silicone oils are available, though elsewhere heavy

silicone oil is used.440,441 Silicone oil may be helpful
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to sequester neovascular growth factors in severe

PDR with rubeosis and reduce the risk of hypot-

ony/phthisis in eyes with complicated retinal

detachment.442,443

Endoscopic surgery: When there is a need for excel-

lent visualization of the ciliary body as in severe ante-

rior hyaloidal fibrovascular proliferation, endoscopy

provides a unique approach. Other indications

include circumstances that may obscure the surgeon’s

view for standard pars plana vitrectomy including

corneal opacity, hyphema, posterior capsular fibrosis,

and profound miosis.444 The endoscope is inserted

through the pars plana providing direct, non-stereo-

scopic visualization of the vitreoretinal anatomy.

9.4.4 Techniques

A great variety of surgical techniques are available

for the many challenges that face the vitreoretinal

surgeon. The specific approach chosen for a given

case is based on the ocular pathology as well as the

surgeon’s preference. Presented herein are selected

techniques, which may be included in the armamen-

tarium. However, successful surgery is dependent

on an excellent understanding of the complex and

variable relationships between the retina and the

vitreous in diabetic retinopathy.20,21,402

Maintaining visibility: Excellent visibility is essential

for the successful execution of delicate vitreoretinal

surgical techniques. The tear film must be maintained

to protect the corneal epithelium. The adjunctive use

of carboxymethylcellulose (Genteal1) gel at surgery

appears to promote corneal clarity superior to the use

of hydoxypropylmethlycellulose (Goniosol1).445 Cor-

neal epithelial edema may obscure the surgeon’s view

and may be prevented by using non-contact lens sys-

tems and by avoiding prolonged elevation of intrao-

cular pressure.411,445 If epithelial edema does occur,

corneal clarity may be recovered by carefully rolling

a moist cotton-tipped applicator over the corneal sur-

face to detergence the epithelium. In some cases, gentle

debridement of the edematous epithelium may be

necessary to operate safely.

Intraoperative pupillary mydriasis is essential.

Instillation of preoperative mydriatic ophthalmic

solutions may include combinations of phenylephr-

ine 2.5%, tropicamide 1.0%, cyclopentolate

0.5–2.0%, scopolamine 0.25%, and atropine 1.0%.

The addition of topical nonsteroidal anti-inflamma-

tory eye drops promotes improved mydriasis for

vitrectomy as in cataract surgery.446,447 Epinephrine

is frequently added to the infusion fluid to augment

the effects of the preoperative regime.448 Wide-

angle viewing systems may provide satisfactory

visualization in cases of pupillary miosis or mild-

to-moderate cataract. Mechanical pupil expanders

provide improved view when pharmacological

agents fail to dilate the pupil adequately.449,450 Pos-

terior synechiae may require mechanical lysis, in

which case the procoagulant effects of sodium hya-

luronate may be helpful.451 The management of

cataract is discussed later in this chapter.

The vitrectomy infusion fluid:A variety of infusion solutions and additives are available for vitrectomy.

BSS Plus1 is a modified glutathione-bicarbonate-Ringer’s solution aimed to provide the appropriate

ions, buffers, and substrates for cellular metabolism, function, and structure.452 In a randomized

controlled trial, BSS Plus1 produced less corneal edema on the first postoperative day following

pars plana vitrectomy compared with lactated Ringer’s solution.453 One prospective study demon-

strated a significant decrease in corneal endothelial cell loss following aphakic vitrectomy with BSS

Plus1 compared with lactated Ringer’s solution.454 Another prospective, randomized, masked clinical

study comparingBSSPlus1withBSS showed no significant difference in endothelial cell loss following

vitrectomy.455 BSS Plus1 produces less of a decrease in B-wave amplitude compared to normal saline

or balanced salt solution.456 In laboratory studies, BSS Plus1 caused less retinal edema and less

dysfunction of the retina pigment epithelium compared to normal saline and lactated Ringer’s solu-

tion.457,458 To promote mydriasis during vitrectomy, 0.3 cc epinephrine 1:1,000 may be added to the

BSS Plus1 infusion bottle. In diabetic vitrectomy, intraoperative opacification of the crystalline lens

may be minimized by the addition of 3 cc D50W to the infusion bottle.459
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The view of the retina may be obscured by con-

densation of water vapor on the posterior surface of

a silicone intraocular lens implant. This occurs when

the posterior capsule is open during intravitreal gas

infusion. In some cases a viscoelastic liquid may be

injected onto the back surface of the IOL. However,

simple means for resolving the condensation involve

warming the anterior segment. Methods include the

application of a warming pad to the closed eye or

using warm contact lens irrigating fluid.460,461

Occasionally, the surgical view is hindered by

hemorrhage in the anterior vitreous adherent to

the posterior capsule of the crystalline lens.

Attempts to remove the blood by vitrectomy are

fraught with risk of damage to the lens. An alter-

native technique involves the injection of balanced

salt solution into the anterior chamber to hydrodis-

sect the anterior hyaloid face from the posterior

capsule allowing for safer removal of the hemor-

rhage by vitrectomy (Fig. 9.21). This technique is

most effective in eyes of older patients and eyes with

widely dilated pupils. A slow rate of injection may

decrease the risk of posterior displacement of the

lens–iris diaphragm, which may weaken the

zonules.462

Retrohyaloid hemorrhage may hamper the view

during vitrectomy. The blood in the subhyaloid

space is often diffused with free-floating red blood

cells, which may be liberated into the vitreous cavity

as a ‘‘storm’’ when a large opening is made in the

posterior hyaloid. To avoid this obstacle, a small

opening in the posterior hyaloid is made through

which retrohyaloid hemorrhage is removed.463

Layered preretinal blood may obscure the view of

membranes and can usually be removed with a

soft-tipped cannula.464 Drug-assisted techniques

for removal of clotted preretinal blood are not in

widespread use as they offer limited benefit and are

associated with complications.465 467

Several techniques are available to stop active

bleeding from the surface of the retina.468 Brief ele-

vation of intraocular pressure stops acute bleeding,

but prolonged elevation may cause corneal edema

and may threaten vascular compromise of ischemic

neuroretinal tissues. Gentle pressure may be directly

applied to the bleeding site with a soft-tipped can-

nula. Mild bipolar diathermy or laser may be used

with care not to coagulate the retina or occlude a

major vessel.463 The use of bipolar cautery of vascu-

lar tissue before delamination is an effective prophy-

laxis.469 Perfluorocarbon liquids provide local hemo-

static tamponade to allow for application of laser or

diathermy for hemostasis, and silicone oil or gas–

fluid exchange may be used from prolonged

effect.434,468,470 Intravitreal thrombin significantly

decreases bleeding time, but is associated with

increased postoperative inflammation.467

Removal of fibrovascular membranes: The great

number of techniques described to remove fibrovas-

cular membranes from the surface of the retina is

indicative of the difficulty in their management.

Key to the successful removal of membranes is a

complete understanding of vitreoretinal relation-

ships.402 Preoperative assessment with biomicro-

scopy, B-scan echography, and optical coherence

tomography helps identify the degree of vitreous

separation of the vitreous, areas of traction, and

vitreoschisis.402 404,471 473 Intraoperative reassess-

ment is performed after core vitrectomy. If limited,

focal, cortical vitreous attachments are encountered,

Fig. 9.21 The injection of infusion fluid into the anterior chamber (A) hydrodissects the anterior hyaloid from the posterior
lens capsule (B) to facilitate removal of retrolenticular hemorrhage
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minimally adherent membranes may be peeled from

the surface of the retina. Care is taken to avoid

tearing the retina and peeling is abandoned in favor

of segmentation and delamination when resistance is

met. More extensive proliferation of fibrovascular

membranes occurs commonly with type 1 diabetes,

in which the posterior cortical vitreous has not sig-

nificantly separated from the retina.69

Essential to the successful removal of fibrovas-

cular membranes is the accurate assessment of the

posterior cortical vitreous. The detection of residual

cortical vitreous may be facilitated by passing a

soft-tipped cannula with gentle suction over the sur-

face of the retina. The cannula will bend when it

encounters cortical vitreous (Fig. 9.22 illustrates the

‘‘fish-strike’’ sign).474 Triamcinolone acetonide

(TA) or autologous blood injected onto the retina

or oral fluorescein may be used to identify residual

vitreous cortex as well.475 477 TAmay offer addition

benefit in decreasing postoperative inflammation,

decrease reproliferation of membranes, and reduce

the rate of reoperation.229

The posterior cortical vitreous must be separated

from the retina to facilitate dissection of fibrovas-

cular plaques. Existing areas of focal posterior vitr-

eous separation may occur at the edge of the disk, at

the edge of elevated fibrovascular membranes, and

overlying clotted blood adherent to the surface of

the retina.402,478 When there is minimal elevation

of taut posterior hyaloid over the retina, an MVR

blade may be used to incise the membrane. When

there is no pre-existing separation of the posterior

cortical vitreous from the retina, the use of a barbed

MVR blade, pick, horizontal scissors, or vacuum-

enabled instrument may achieve this goal

(Fig. 9.23).463 The separation of the cortical vitreous

is extended from the fibrovascular plaque toward

the periphery in an attempt to create a more favor-

able scenario.479 This method is also effective when

initiated in the midperipheral retina, preferably in

an area of the retina previously treated with scatter

laser, and away from fibrovascular proliferation to

reduce the chance of bleeding or retinal tear.463 The

peripapillary area is another site in which to initiate

dissection in an eye without pre-existing posterior

vitreous separation and may be a preferred site in

eyes with combined rhegmatogenous–traction ret-

inal detachment.120,402,478 Prepapillary tissue may

be gently removed with forceps or left in place if

tightly adherent. Nerve fiber axons have been iden-

tified in removed optic disk stalks, although no

associated adverse visual outcome was noted.395

An alternative method to separate cortical vitreous

from the retina is by hydro-separation. In this tech-

nique, balanced salt solution is slowly injected

through a small-gauge cannula (e.g., 38 gauge),

Fig. 9.22 (A) The ‘‘fish
strike’’ sign. A soft tipped
cannula is passed over the
surface of the retina under
gentle aspiration. (B) When
the silicone tip encounters
residual outer cortical
vitreous adherent to the
retina, the tip suddenly
bends similar to a fishing
pole bending after a fish
strike
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which is introduced into the subhyaloid space to

elevate the cortical vitreous and minimize retinal

traction (Fig. 9.24).480

Vitreoschisis is a splitting of the posterior cor-

tical vitreous that may simulate focal posterior

vitreous detachment. In this scenario a cavity

may form within the cortical vitreous, possibly

as a result of previous vitreous hemorrhage

(Fig. 9.25).471 Such bleeding within the cortical

vitreous may arise from neovascularization,

which is know to grow into the collagenous lamel-

lae of the vitreous cortex.23,471 The inner wall of

the schisis cavity may condense to form a mem-

brane between a fibrovascular plaque and the per-

ipheral retina. Contraction of this membrane

results in a traction retinal detachment.471,473 If

this membrane is falsely identified as the posterior

hyaloid face, a difficult and incomplete dissection

will result.402,473 A barbed MVR blade may be

used to elevate the outer wall of the schisis cavity

to strip the cortical vitreous from the retina.402,473

Horizontal scissors may also be used to identify

and separate cortical vitreous by advancing the

scissors along the edge of the fibrovascular mem-

brane or along the slope of traction retinal detach-

ment (Fig. 9.26).481

Fig. 9.23 A bent needle or barbed MVR blade may be used
to engage the posterior cortical vitreous to induce separation
of the vitreous from the retina

Fig. 9.24 Hydro separation of cortical vitreous from the
retina. A 38 gauge needle is inserted beneath the cortical
vitreous and balanced salt solution is injected

Fig. 9.25 Proposed evolution of vitreoschisis.471 (a) Neovas
cularization develops from neuroretinal surface and grows
into the posterior cortical vitreous. (b) Hemorrhage from
neovascularization spreads into subhyaloid space and vitr
eous body and dissects between cortical vitreous lamellae
creating hemorrhagic schisis cavity. (c) Contraction of the
fibrovascular membrane and vitreous creates a traction ret
inal detachment with incomplete posterior vitreous detach
ment (left of disk) and with vitreoschisis (right of disk)

262 S.E. Pautler



After the posterior vitreous cortex has been iden-

tified and removed from the surface of the retina,

remaining islands of fibrovascular membranes may

be segmented and/or delaminated. Segmentation is

a technique for relieving axial and tangential trac-

tion from islands of isolated, strongly adherent

membranes through the use of the vitreous cutter

and/or vertical-cutting scissors (Fig. 9.27).316,482 485

The goal of segmentation is to remove all vitreous

attachments to the fibrovascular membranes,

including the bridging posterior cortical membra-

nous attachments present between islands of fibro-

vascular tissue. The resultant isolated islands of

fibrovascular tissue may not require further dissec-

tion, especially if they are small in area and do not

cause macular traction.

Delamination is a technique in which the poster-

ior hyaloid is sharply dissected from the internal

limiting membrane of the retina in areas of fibro-

vascular proliferation.486 This may be accomplished

uni-manually with the vitrectomy cutter or scis-

sors.274,482 Alternatively, in the ‘‘en bloc’’ technique,

residual axial vitreous traction is used to elevate the

fibrovascular membrane in order to facilitate sharp

dissection with horizontal scissors (Fig. 9.28).481

Additional elevation of the membranes may be

achieved with the use of an accessory instrument

such as an illuminated pick.319

In bimanual delamination of extensive fibrovas-

cular plaques, an illuminated instrument is used in

the nondominant hand to elevate the edge of the

plaque while horizontal or vertical scissors sever the

connections to the retina. Excellent visibility is

essential by means of a bright light source along

with various options of illuminated instruments

and chandeliers. A forcep or tissue manipulator is

used in the nondominant hand to stabilize and

gently elevate the membrane, while horizontal- or

vertical-cutting scissors perform delamination with

the dominant hand (Fig. 9.29). The fibrovascular

membrane/traction retinal detachment may be

approached from the peripheral edge on the side

of the surgeon’s dominant hand or from the poster-

ior edge by starting over the macula.402,463 In diffi-

cult cases the membrane may be approached from

both sides in an alternating fashion. Small cuts

across focal areas of adherence allow for controlled

Fig. 9.26 Horizontal scissors lift the outer layer of vitreous
cortex from the retina along the slope of a traction retinal
detachment

Fig. 9.27 Segmentation technique using the vitreous cutter
to remove cortical vitreous traction between islands of fibro
vascular proliferation
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dissection and minimize the chance of creating retinal

breaks. If breaks do occur, continued dissection is

important to relieve all traction.402,463 Perfluorocar-

bon liquid (perfluoro-n-octane)may be used to flatten

the retina while the dissection continues.319 At the

conclusion of the case, retinal breaks are supported

with internal tamponade with gas or silicone oil.

Broad fibrovascular plaques may be removed by

a combination of delamination and segmentation.

Careful dissection of themultiple peg-like adhesions

gradually releases the plaque from the retina. This

free edge may then be trimmed by vitrectomy to

gain visualization for continued delamination. Dur-

ing dissection, new areas of separation are identi-

fied, which allow for segmentation of the plaque

into smaller segments.402,463 With care and persis-

tence, the plaque can usually be removed (Fig. 9.30).

Fig. 9.28 ‘‘En bloc’’ delamination of fibrovascular mem
brane. Elevation of the membrane is provided by residual
vitreous traction while horizontal scissors delaminate the
fibrovascular plaque from the surface of the retina

a b

Fig. 9.30 (a) Fundus photograph of diabetic traction macu
lar detachment with mild vitreous hemorrhage. (b) Post
operative fundus photograph showing attached macula.

The residual islands of fibrous tissue were free of tangential
and axial traction and, therefore, remained asymptomatic
without contraction or hemorrhage

Fig. 9.29 Bimanual delamination of fibrovascular mem
brane. The tissue manipulator elevates the membrane from
the retinal surface exposing focal peg like adhesions that are
cut with scissors
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The Dissection of Fibrovascular Membranes: Persist or Capitulate?

There is limited information available in the literature to helpmake the determination when to stop the

dissection of fibrovascular membranes. Ideally, the goal of vitrectomy is to remove all membranes in

order to eliminate traction and reduce the rate of reproliferation and bleeding.481 Certainly, there is a

priority for the removal of fibrovascular membranes causing macular folds, traction, and detachment.

Following the surgical dictum, ‘‘the greatest enemy of ‘good’ is ‘better,’’’ some surgeons recommend

limiting membrane removal to within four disk diameters from the center of the macula.319 Extended

dissection of chronic, extramacular, traction detachments may be more difficult due to strongly

adherent membranes, may be more prone to iatrogenic retinal breaks, and may be less likely to

improve visual function.69,71,481,484 It may be preferable to approach some cases of chronic, extra-

macular, fibrovascular plaques with limited surgery aimed at removing axial and tangential vitreous

traction and avoiding attempts at separating the tightly adherent membrane from the atrophic

retina.319 Past concerns331 that residual islands of fibrovascular proliferation may cause future repro-

liferation and hemorrhage may be mitigated by improved contemporary management of the vitreor-

etinal interface (e.g., vitreoschisis)471 473 and the improved availability and application of panretinal

photocoagulation.69 Ultimately, the extent of the fibrovascular dissection in a given case is determined

by the relative ease of dissection of the fibrovascular membranes and potential benefits to be achieved.

Perfluorocarbon liquids may be used to assist

membrane peeling or to flatten the retina for laser

treatment.434,487 Both perfluorocarbon liquids and

sodium hyaluronate may be useful for separating

the membranes from the retina. In a technique

termed viscodissection, these liquids are injected

with a cannula between the membrane and the retina

to create further separation. Residual areas of retinal

adhesion may then be more easily delaminated with

scissors.433,488,489 Furthermore, the procoagulant

effects of sodium hyaluronate and other properties

of perfluoro-n-octane may decrease bleeding.451,470

Fibrovascular proliferation located at the equa-

tor poses unique challenges. Due to the peripheral

location, lensectomy may be required to improve

access for bimanual dissection. When traction can-

not be relieved by segmentation and delamination,

additional techniques include scleral buckling with

or without retinectomy.169

Anterior hyaloidal fibrovascular proliferation

may require surgical dissection in advanced stages

in which the addition of peripheral retinopexy is

insufficient. Visualization is improved with scleral

depression and placement of the fiberoptic light

source externally on the sclera overlying the area

of interest.490,491 Severe peripheral fibrovascular

proliferation may necessitate the use of relaxing

retinotomy and silicone oil injection.442,492 Endo-

scopic dissection has been described, but is not in

widespread use.444 Despite surgical intervention,

prognosis is poor.285

Peeling internal limiting membrane: When deemed

important to remove the internal limiting membrane

(ILM) in diabetic vitrectomy, the techniques are

identical to those used in non-diabetic eyes. Unaided

peeling with picks and forceps is effective, but limited

by poor visualization of the ILM.493 Therefore, a

number of agentsmay be used adjunctively including

indocyanine green, trypan blue, triamcinolone acet-

onide, and perfluorocarbon liquids.494 497 Whereas

indocyanine green selectively stains the ILM, trypan

blue stains both the ILM and preretinal mem-

branes.495,498 There are concerns regarding potential

toxicity of vital stains.499,500

Intraoperative laser photocoagulation and cryore-

tinopexy: Not available in the operating room until

1983, laser photocoagulation plays a central role in

diabetic vitrectomy to reduce the risk of neovascu-

lar complications and to prevent retinal detach-

ment.69,501 The effective use of laser requires that

the retina be apposed to the retinal pigment epithe-

lium. Internal tamponade may be required to

achieve this goal.434 The power of the laser is

adjusted throughout the procedure depending on
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the distance of the endolaser probe to the retina and

the clarity of the media. Although retinal whitening

is the goal, hyperintense photocoagulation should

be avoided.130 Cryopexy causes more inflammation

than laser, but is useful in treating peripheral retina

(e.g., tears or ischemia) when laser treatment is not

possible due to limited view (e.g., hemorrhage at

vitreous base). The cryoprobe is placed on scleral

surface while internal visualization by indirect

ophthalmoscopy confirms the corresponding loca-

tion of the anticipated cryopexy. Soon after retinal

freezing is seen, the cryoprobe pedal is released to

avoid excessive postoperative inflammation. The

probe is held steady during the thawing process to

avoid choroidal hemorrhage.502 In a gas-filled eye,

although the freezing effect may be faster in onset,

the slow thaw may require the probe be held steady

for a longer period of time. When the view of an

area of retinal pathology is obscured (e.g., the infer-

ior vitreous base in a phakic eye), a visible area of

the retina is treated first and the time-to-freeze is

noted. Then cryopexy may be applied to the

obscured areas using the established time to freeze.

If extensive areas are obscured from view, a pattern

of cryopexy may be applied without the use of the

binocular indirect ophthalmoscope. Instead, the

cryoprobe is placed on the sclera under direct visua-

lization to place an orderly grid pattern.

Retinal tamponade: Internal tamponade of the

retina may be indicated for closing a retinal break or

to control bleeding. Themost common agents include

air, SF6, C3F8, and silicone oil. Relative advantages

and disadvantages of various agents are reviewed

under the instruments section in this chapter. In

most cases an air–fluid exchange is the first step in

reattaching the retina after all membranes have been

removed and hemostasis has been achieved. Dia-

thermy is used to label all breaks to improve visuali-

zation after air–fluid exchange. A soft-tipped extru-

sion needle is passed through a break/retinotomy in

the retina and as the subretinal fluid is drained either

passively or actively, air infusion is started.474 In a

phakic eye, visualization is improved with the use of a

biconcave contact lens or by shortening the distance

between the two lenses in the non-contact system and

lowering magnification.463 The use of humidified air

may avoid phakic lens opacity due to air infusion.503

When the retina is flat, the cannula is held outside the

break until the vitreous cavity is air filled. The break is

then flattened by draining the remaining subretinal

fluid. Additional membrane removal is needed if the

retina does not flatten completely under air. Laser can

then be applied as needed to surround the breaks and

to treat PDR. If very short-term tamponade is

needed, air may be sufficient. A rare problem encoun-

tered in an aphakic eye is collapse of the anterior

chamber during air–fluid exchange. In some cases

the anterior chamber spontaneously forms with face-

down positioning during the postoperative course.

However, at the time of surgery the anterior chamber

may be reformed with a viscoelastic liquid, such as

sodium hyaluronate. Postoperative face-down posi-

tioning may still be helpful and IOP is monitored.

If longer tamponade is desired, a non-expansile

gas mixture with filtered air is prepared resulting in

18–20% SF6 or 12–15%C3F8 in a 60 cc syringe. One

method to perform air–gas exchange is to suture the

supranasal sclerotomy and plug the remaining scler-

otomy. The infusion tubing is clamped shut and the

syringe with gas is attached so that gas infusion may

be started when the infusion line is unclamped. A

controlled, slow injection of gas is begun when the

scleral plug is removed. Rapid injection may be asso-

ciated with increased risk of visual field defects pre-

sumably due to retinal dessication.504 After approxi-

mately 40 cc’s of gas has slowly flushed out the air in

the eye, the supratemporal sclerotomy is sutured

while the assistant keeps the eye formed with gentle

pressure on the plunger of the syringe. The final

sclerotomy closure is most efficiently accomplished

by using the same suture used to secure the infusion

cannula. If self-sealed incisions are used, cannulas at

each sclerotomy site are simply removed and a cot-

ton-tipped applicator is applied for a few seconds to

ensure closure. At the conclusion of the case, the

intraocular pressure is measured and an adjustment

in the amount of gas in the eye can be made using a

30-gauge needle through the pars plana. When

intraocular gas is used, the anesthesiologist is asked

to avoid using nitrous oxide as it may cause elevated

intraocular pressure.505

If long-term complete internal tamponade is

needed, silicone oil is injected into the eye after the

air–fluid exchange. The supranasal sclerotomy is

closed and a suture is placed, but not tied, at the

supratemporal sclerotomy site. A high-pressure syr-

inge filled with silicone oil is used with a short 18–20

gauge cannula inserted into the supratemporal
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sclerotomy. Silicone oil completely fills the eye and

when it starts to back up into the infusion line, the air

infusion pressure is dropped to 0 mmHg to facilitate

the entry of silicone into infusion tubing. Enough

silicone is allowed to enter the air infusion line to

permit reflux back into the eye once the supratem-

poral sclerotomy is sutured and the air infusion pres-

sure is set to 20 mmHg to normalize the intraocular

pressure. When silicone ceases to move within the air

infusion line, the infusion cannula is removed and

immediately closed with the preplaced suture. When

planning for the use of silicone oil in an eye with a

silicone IOL, an effort is made to keep the posterior

capsule intact to avoid contact between the two sili-

cone products. In an aphakic eye an inferior iridect-

omy is necessary to prevent pupillary block glau-

coma. A basal iridectomy is best performed prior to

gas–fluid exchange and silicone injection. The tip of

the vitrectomy probe is placed cutter-side up at the

pupil. Remaining close to the posterior surface of the

iris, the vitrectomy probe is gently directed toward

the 6 o’clock position until it comes to rest in the

ciliary sulcus. Very slight anterior movement of the

instrument tip moves the iris forward and assures

proper positioning. The vitrectomy cutter is acti-

vated on low suction and a basal iridectomy is cre-

ated. Bleeding is a rare problem that can be managed

by elevating IOP or by placing sodium hyaluronate

into the anterior chamber.

Surgical management of neovascular glaucoma:

The reader is referred to Chapter 11 for discussion.

Scleral buckle procedures: The reader is referred

elsewhere on the techniques of scleral buckle place-

ment.506 In the absence of persistent peripheral ret-

inal traction or peripheral retinal break, a scleral

buckle is usually not necessary in diabetic vitrect-

omy.402 Furthermore, the possibility of anterior

segment ischemia from scleral buckling is best

avoided in the diabetic eye.507

9.4.5 Postoperative Management

A number of postoperative concerns guide the care

of the diabetic patient after vitrectomy surgery.

Communication and coordination with the internist

is important for optimal patient care.508 Topical

antibiotics and steroids are commonly prescribed

to prevent infection and minimize inflammation.

Pain control may not be an issue in straightforward

cases with the use of smaller gauge instruments

which do not require sutures or when conjunctival

sutures knots are buried. Pain from corneal epithe-

lial defects may be mild due to diabetic neuropathy.

There in good evidence for the effectiveness of topi-

cal nonsteroidal anti-infammatory for controlling

pain from traumatic corneal abrasions.509 Patching

does not appear to be helpful for control of pain.510

The use of a therapeutic contact lens may improve

comfort, but is not commonly employed.511 With

extensive surgery pain control may warrant narcotic

analgesics. Anterior segment inflammation is mild

when surgery is limited to the vitreous and retina,

but is treated aggressively with steroids and cyclo-

plegics to control pain and prevent complications.

Unexpected inflammation prompts concern of

endophthalmitis and may require vitreous culture

and antibiotic injection. Intraocular pressure is

monitored and normalized to prevent pain and

visual field loss. The posterior segment is evaluated

on routine examinations to give assurance of proper

healing and to identify complications. Preoperative

traction retinal detachment may take months to

resolve following successful surgery and may be

monitored with ocular coherence tomography.512

Patient compliance is facilitated by the use of writ-

ten instructions.513

Intravitreal gas: The need for postoperative posi-

tioning with intravitreal gas depends on the location

of retinal breaks and may be facilitated with posi-

tioning pillows and tables. A sitting (head-up) posi-

tion is needed to support the superior retina and

face-down positioning is necessary to maximally

support the posterior pole. Rarely, a patient may

properly position the head to support the inferior

retina.438 Adhesion of the retina to the RPE occurs

in 1–4 days after laser retinopexy.514 516 Feathering

of the crystalline lens may be minimized by face-

down positioning to improve visualization of the

retina in the postoperative course. Furthermore,

an attempt is made to avoid prolonged face-up

positioning as contact of gas with the crystalline

lens promotes cataract formation. In a pseudo-

phakic eye face-up positioning may cause iris cap-

ture, iridocorneal adhesion, or anterior synechiae.

In an aphakic eye the anterior chamber may com-

pletely flatten.517 AMedic Alert Bracelet is worn by
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the patient who is advised to avoid nitrous oxide

and air travel until released by the retinal

surgeon.518,519

If laser treatment is needed while a gas bubble is

present, precautions may be required to avoid inad-

vertent retinal damage from the reflection of laser

by the gas/fluid interface. Proposed methods of

prevention include avoiding argon blue-green laser

and efforts to minimize the angle of incidence of the

laser beam with the gas–fluid interface.520

When using intravitreal gases, there is a potential

for elevation of intraocular pressure. Topical anti-

glaucoma drops instilled at the conclusion of

surgery may reduce the incidence of damaging

elevation of IOP.521,522 Topical and oral pressure

lowering medication may be continued during the

postoperative period as needed. If unacceptable

IOP elevation occurs in the presence of a complete

gas fill, a par plana tap may be necessary to remove

gas and normalize the IOP.

Silicone oil: Postoperative positioning is less cri-

tical with a complete silicone oil fill and there are no

restrictions to air travel or anesthesia. Intravitreal

silicone interferes with diagnostic ultrasonography

and axial length measurements for IOL calcula-

tions.523,524 Early postoperative anterior chamber

migration of silicone oil may be indicative of chor-

oidal effusion or hemorrhage and is more common

in the aphakic eye than in the phakic or pseudo-

phakic eye with intact zonules. Delayed postopera-

tive anterior migration of silicone oil may be

indicative of proliferative vitreoretinopathy or clo-

sure of the inferior iridectomy.525 Apart from the

occasional need for early removal of silicone oil in

response to complications, silicone oil is routinely

removed for optimal return of vision and to prevent

complications associated with extended retention of

oil. Extraction of silicone is performed at the sur-

geon’s discretion, usually in 3–6 months. Recurrent

retinal detachment occurs in a minority of cases and

appears independent of duration of silicone oil tam-

ponade.526,527 After removal of silicone oil, the inci-

dence of entopically detected residual droplets of

silicone oil does not appear to be influenced by air

infusion at the time of silicone removal.528 Removal

of silicone is usually performed through a sclerot-

omy either actively or passively, but it may be

removed through the anterior chamber combined

with cataract surgery.528,529 Silicone is typically

removed as soon as the retina appears stable in

order to prevent complications, but may be used

for long-term tamponade in severe cases to prevent

phthisis.120,330,530,531

9.4.6 Complications

Important complications of vitrectomy surgery

include those associated with systemic disease and

anesthesia. Untoward effects may be ocular or sys-

temic in nature. The following is a review of ocular

complications from the vitrectomy surgical proce-

dure itself.

Conjunctival complications: Aside from the com-

mon findings of hemorrhage, edema, and inflam-

mation from surgery, stitch abscess can progress to

scleritis or endophthalmitis and may warrant con-

tinuing topical antibiotics until surface sutures

have dissolved.532 Burying suture knots may

decrease suture exposure and improve comfort.

Careful conjunctival closure helps prevent reces-

sion and exposure of glaucoma setons and scleral

exoplants. Subconjunctival granuloma from sili-

cone oil is prevented by complete closure of

sclerotomies.533

Corneal complications: Corneal complications of

vitreoretinal surgery may interfere with postopera-

tive healing and compromise final visual return.

Corneal epithelial defects are common during and

after vitrectomy surgery in diabetics. Poor adhesion

of the epithelium to the basement membrane and

corneal neuropathy increases the susceptibility to

damage.142,534 Risk factors include duration of

surgery and the use of an irrigating surgical

contact lens.534 The need for intentional surgical

debridement of the epithelium may be minimized

by avoiding prolonged elevation of intraocular

pressure during surgery. The tendency for delayed

re-epithelialization and potential for infection com-

plicates the postoperative recovery. The prompt

identification and management of dellen formation

due to elevation/edema of limbal conjunctiva may

prevent serious complications.535 Treatment with

lubricants improves comfort and antibiotic prophy-

laxis may prevent ulcerative keratitis. Particular

care must be taken to preserve corneal epithelial

integrity in post-LASIK eyes to prevent flap
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displacement.536 Corneal endothelial trauma may

manifest with chronic long-term complications fol-

lowing vitrectomy. Causes of damage to the

endothelium include contact with irrigating fluids,

gas, silicone oil, and other vitreous substitutes and

agents used for tamponade.534 Therefore, preven-

tive efforts are aimed at preserving a barrier

between the vitreous and the anterior chamber (the

crystalline lens, lens implant, or lens capsule).

Removal of silicone and perfluorocarbon liquids

from the anterior chamber reduces the risk of cor-

neal decompensation.534 Corneal astigmatism from

sclerotomy incisions is usually transient and may be

minimized by avoiding an excessively tight sclerot-

omy closure or with self-sealed, small-gauge inci-

sions.537 The reader is referred to Chapter 12 for

further discussion.

Scleral complications: Proper management of the

sclerotomy site is important in preventing scleral

complications. Postoperative wound leaks due to

incomplete closure of a sclerotomy incision may be

transient and inconsequential. However, complica-

tions include conjunctival bleb, choroidal effusion,

and endophthalmitis.420,538,539 Infectious scleritis is

a rare, but serious complication.540 Fibroplasia at

the scleral incision site may lead to fibrous ingrowth

and contribute to the development of anterior hya-

loidal fibrovascular proliferation.541 Unknown is

the significance of wound closure, but persistent

VEGF production from ischemic retina appears

critical.542 Additional internal complications

related to the sclerotomy include vitreous traction

causing retinal tears, retinal detachment, and vitr-

eous hemorrhage.541 With repeated vitrectomy pro-

cedures, scleral thinning at a previous sclerotomy

site may necessitate the use of new sites for sclerot-

omy to avoid difficulty with closure. Severe scleral

thinning that requires a tectonic graft is rare.543

Iritis and hyphema: Postoperative iritis is usually

mild following vitreoretinal surgery. Significant pain

and marked cellular and fibrin response is unusual

and prompts consideration of infectious endophthal-

mitis. Pseudo-endophthalmitis may present when

triamcinolone is used at surgery regardless of the

phakic status of the eye. The triamcinolone crystals

may form a pseudohypopyon, which is not usually

associated with pain or significant fibrin. The chalk-

white appearance of the particles of varying size

points toward the correct diagnosis.544

Intraoperative hyphema may occur especially

with rubeosis and is controlled by elevating the

IOP or with sodium hyaluronate.451 The preopera-

tive discontinuation of anticoagulants may reduce

the incidence of hyphema in high-risk cases. Post-

operative hyphema is rare and may require testing

for sickle hemoglobinopathy and requires strict

attention to IOP control.545

Fibrinoid syndrome associated with postvitrect-

omy retinal detachment: The deposition of fibrin

strands in the anterior chamber and vitreous may

occur following vitrectomy for severe PDR. Fibrin

strands may be seen initially on the surface of the

retina and in the anterior chamber, potentially caus-

ing pupillary block glaucoma.339 A gelatinous mass

forms in the vitreous cavity and subsequent contrac-

tion results in traction retinal detachment, rubeosis,

and neovascular glaucoma.341 Fibrinoid syndrome

causing retinal detachment is reported following

approximately 5% of diabetic vitrectomy proce-

dures with mixed indications.341,341 Milder forms

of postoperative fibrin deposition are more com-

mon. Postoperative fibrin in the anterior chamber

without retinal detachment is reported in 10–22%

of combined vitrectomy–phacoemulsification–IOL

(VPI).546,547 Fibrinous inflammatory reaction is a

proposed cause of an increased incidence of poster-

ior capsular fibrosis in this cohort.548 Postoperative

fibrin is seen significantly more frequently after

combined VPI when the indication for vitrectomy

is diabetic retinopathy compared to non-diabetic

VPI in some retrospective series549 and not in

others.550 In these combined procedures, the method

of cataract extraction appears to influence the inci-

dence of fibrin formation. The rate is higher with

extracapsular extraction (80%)551 and lower with

pars plana lensectomy.552 Risk factors of fibrinoid

syndrome with retinal detachment include poorly

controlled type 1 diabetes; previous surgery for dia-

betic retinal detachment; and surgical risk factors of

extensive surgery including scleral buckling, mem-

brane dissection, extensive PRP/cryopexy, and len-

sectomy.285,341,547 Approximately one-third of

affected eyes respond to high-dose systemic and topi-

cal steroids.341 Prompt resolution of fibrin is

reported with intracameral injection of tissue plasmi-

nogen activator (tPA).339,340,553 However, postinjec-

tion intraocular bleeding is common as in subsequent

recurrence of the fibrinoid syndrome.553 Therefore,
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repeat injections of tPAmay be needed.554 Prognosis

is poor in severe cases in which vitrectomy surgery

has been attempted.284,285 Prevention of fibrin for-

mation with intravitreal steroids performed at the

time of the initial surgery may be considered in

high-risk cases.555

Iris/trabecular complications: Intraoperative iris

manipulation is avoided to minimize postoperative

iritis. However, inferior iridotomy is required in

some cases (refer to section on silicone oil complica-

tions). Postoperative ocular hypertension may

result from a number of causes including corticos-

teroid use, hyphema or diffuse blood, ghost cells,

neovascularization, expansile gas, silicone oil, or

suprachoroidal hemorrhage. In addition, pupillary

block glaucoma may be precipitated by ciliary body

edema/anterior choroidal effusion from laser/

inflammation from surgery.197 Treatment is direc-

ted at the underlying cause.

Rubeosis and neovascular glaucoma (NVG) por-

tend very poor prognosis. In the ETDRS 74% of

such eyes lost light perception.69 The incidence of

new-onset NVG has been reported to be approxi-

mately 0.9–14% after vitrectomy/laser surgery with

best results reported with the use of intraoperative

augmentation of anterior peripheral scatter

laser.40,69,314,334,556 Factors that may be related to

reduced risk of NVG include retention of the crystal-

line lens, scatter laser photocoagulation (PRP), and

postoperative retinal attachment. However, the sig-

nificance of lens removal as a risk factor appears to

be decreased with the use of PRP.40,47,49,69,314,557,558

The new onset of rubeosis following vitrectomy

raises the suspicion of anterior hyaloidal fibrovascu-

lar proliferation or retinal detachment.342,559

Anterior hyaloidal fibrovascular proliferation

(AHFVP): The spectrum of presentation of

AHFVP includes the growth of neovascular tissue

from the retina or sclerotomy sites onto the vitreous

base, anterior retina, ciliary body, lens capsule, and/

or iris following vitrectomy for severe PDR.342

Patients may present with vitreous hemorrhage,

rubeosis, peripheral retinal tractional detachment,

and/or hypotony.342 Diagnosis may be confirmed

with high-resolution ultrasound biomicroscopy of

the peripheral retina and ciliary body (Fig. 9.31).560,561

Risk factors for AHFVP appear to include male

gender, type 1 diabetes, severe retinal ischemia/neo-

vascularization, and previous vitreous surgery with

placement of a scleral buckle.342 Inadequate PRP

may allow for the postoperative progression of neo-

vascularization, especially anteriorly in the vitreous

base. The origin of the anterior neovascularization

may be the retina or the sclerotomy sites.407,562,563

Dilated external scleral vessels at the sclerotomy site

suggest fibrovascular ingrowth.166,407,561 However,

fibrovascular ingrowth may be present in the

absence of dilated external vessels.541 Peripheral

retinal photocoagulation or cryopexy with or with-

out treatment of sclerotomy sites may be useful with

consideration of anterior dissection in very severe

cases in which fibrovascular membranes are asso-

ciated with traction detachment.166,167,407 Dissec-

tion of membranes, lensectomy, retinectomy, scleral

buckling, confluent laser/cryopexy, and silicone oil

may be required.342 As the membranes are highly

vascularized, preoperative intravitreal bevacizumab

may be useful for short-term regression.240 As treat-

ment is often difficult and unsuccessful, efforts

toward prevention and early detection are impor-

tant.285 In eyes at risk for AHFVP, consideration

may be given to the application of extensive PRP

with anterior extension to the ora serrata.

Lens complications: Cataract is a well-recognized

complication of vitrectomy.564,565 However,

visually significant cataracts may be less common

following diabetic vitrectomy, compared with

vitrectomy for macular pucker and macular hole.

In eyes with clear lenses preoperatively, the 2-year

Fig. 9.31 Ultrasound biomicroscopic image of fibrovascular
ingrowth. Soft tissue lesion with hyporeflective vascular core
adherent to vitreous (reproduced with permission from
Ophthalmology.561 Copyright # 2004 American Academy
of Ophthalmology. All rights reserved)
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cumulative rate of cataract extraction is 15, 53, and

66% for diabetic retinopathy, macular pucker, and

macular hole, respectively.564 Many factors may

play a causative role including light exposure from

the operating room equipment, direct trauma from

vitrectomy instruments, loss of antioxidant proper-

ties of formed vitreous, the irrigation fluid, and

retinal tamponade.564 566 Efforts at prevention

include minimizing microscope light exposure and

duration of surgery, avoiding direct instrument con-

tact with the lens, and the use of supplemental 50%

dextrose in the infusion fluid.459 Cataract surgery

may be performed before, during, or after vitrect-

omy depending on the severity of the cataract and

the status of the retina. If the cataract is mild, it is

usually retained unless severe PDR requires exten-

sive anterior dissection.407 Refer to Chapter 10 and

the Section 9.6.1 later in this chapter for further

discussion.

Endophthalmitis: The incidence of endophthal-

mitis following vitrectomy is low, but remains

potentially devastating.544 Recent data suggest

that there is no significant difference in the occur-

rence of endophthalmitis (0.03–0.23%) between

20- and 25-gauge instruments.567,568 Others have

previously reported a higher incidence in smaller

gauge (25 and 23 gauge) vitrectomy presumably

due to inadequate closure of self-sealed sclerotomy

incisions.569,570 Aside from being a common indica-

tion for vitrectomy, poorly controlled diabetes may

be an independent risk factor for endophthalmitis

and poor outcome.397,571,572 Preoperative antibiotic

prophylaxis, lid hygiene, improvement of blood glu-

cose levels, and sterile technique are common pre-

vention tactics.573 A high index of suspicion and low

threshold to culture the intraocular fluids leads to

early diagnosis and treatment with intravitreal anti-

biotics such as vancomycin and ceftazidime.570 Out-

come is dependent on the infecting organism and

early diagnosis/treatment.574

Phototoxicity: Light from the microscope or the

internal light source must be kept to aminimum and

directed away from the macula whenever possible.

Phototoxicity appears related to light intensity and

duration of exposure.575 Halothane anesthesia may

offer protection against retinal phototoxicity.576

There appears to be no increased risk with multi-

ple-illumination systems compared with singular

endoillumination.577

Postoperative vitreous hemorrhage: Vitreous

hemorrhage may be present immediately following

vitrectomy surgery or may occur postoperatively.

The incidence of vitreous hemorrhage following

vitrectomy for proliferative diabetic retinopathy

covers a wide range (12–79%), likely reflecting the

varied indications for surgery.578,579 Persistent

hemorrhage immediately following vitrectomy

may be due to the release of blood from the periph-

eral vitreous skirt, especially in phakic eyes in which

anterior vitrectomy is limited.579 Bleeding may also

occur from vascular membranes transected at sur-

gery, persistent vitreoretinal traction, or active neo-

vascularization.342,579 Residual traction posteriorly

has been described with vitreoschisis, whereby the

vitreous falsely appears to be separated from the

retina at the time of vitrectomy surgery.471 473 If

all cortical vitreous is not removed from the retina

during vitrectomy, postoperative vitreous hemor-

rhage may occur from tangential traction.580 Ante-

rior hyaloidal fibrovascular proliferation is a

well-recognized cause of recurrent postoperative

vitreous hemorrhage and is discussed above. All-

cause incidence of postoperative hemorrhage

appears to be reduced by intraoperative PRP,

regardless of the amount of preoperative PRP

laser present.406 The use of intravitreal gas at the

conclusion of vitrectomy is of undetermined value

in decreasing the incidence of postoperative vitreous

hemorrhage.579,581 The combined use of preopera-

tive bevacizumab with postoperative gas tampo-

nade may yield better results.582

Management of postoperative vitreous hemor-

rhage involves an initial period of observation. Echo-

graphy is employed to monitor the retina for detach-

ment. Elevation of IOP may complicate vitreous

hemorrhage and may hasten intervention in medi-

cally uncontrollable cases.292,296 Gas–fluid exchange

or fluid–fluid exchange with or without tissue plas-

minogen activator may clear the hemorrhage to

restore vision and to allow for further evaluation of

the underlying cause of bleeding and for the addition

of laser/cryopexy, if indicated.578,583,584 However,

repeat vitrectomy is often employed for the treat-

ment of persistent traction or anterior hyaloidal

fibrovascular proliferation.342,578,579

Retinal detachment: The incidence of retinal

detachment (RD) after vitrectomy largely depends

on the severity of preoperative PDR. It was
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reported in 4.3% of eyes operated primarily for

vitreous hemorrhage and 4–8% of eyes with mixed

complications of PDR.291,314,334,585 The DRVS stu-

died 616 eyes and 12.3% in the early vitrectomy

group developed RD compared to 18.8% in the

deferral group.71 In eyes with extensive PRP, obser-

vation of asymptomatic peripheral retinal detach-

ment may be an option.119 However, when postvi-

trectomy rhegmatogenous retinal detachment

(RRD) requires additional surgery for repair,

outcome may be poor. In a large retrospective

review (n ¼ 484) of consecutive vitrectomy cases

for complications of PDR, 18 eyes developed

RRD and 10 (56% of the 18 eyes) progressed to

NLP vision despite additional surgery.291

Gas-related complications: Intravitreal gas

increases the risk of cataract formation and eleva-

tion of IOP.295,586,587 Gas–lens contact may inter-

fere with lens metabolism.588,589 Diabetic eyes may

be at increased risk of developing gas-related catar-

acts.590 Therefore, appropriate posturing may be

helpful in minimizing the risk of cataract formation.

Intraocular pressure (IOP) elevation may be due to

expansion of gas and/or shallowing of anterior

chamber angle.295,591 Factors that promote gas

expansion include C3F8 mixtures exceeding

12–14%, SF6 mixtures exceeding 20%, postopera-

tive air travel, mountain travel, and nitrous oxide

anesthesia.402,519,592 594 Elevated IOP due to

expanding gas often requires vitreous tap. Forward

movement of the iris with shallowing or flattening

of the anterior chamber may be caused by intravi-

treal gas.590,591 It may result in pupillary capture of

an intraocular lens.595 If the vitreous cavity is less

than 100% gas filled, the anterior chamber may

deepen with face-down positioning alone, obviating

the need for gas removal. However, reformation of

the anterior chamber with gas or sodium hyaluro-

nate may be needed if face-down positioning fails to

deepen the chamber and early synechiae are sus-

pected.595 Anterior chamber migration of gas may

result in corneal decompensation due to endothelial

cell damage.590,596 This problem is most common in

an aphakic eye and may be prevented by retaining

the lens, the lens implant, or the posterior capsule.

Silicone-related complications: An extensive list

of complications have been reported in association

with silicone oil, including cataract, glaucoma, and

keratopathy.597 Cataract is common following

vitrectomy with silicone oil and was reported to

occur in 64% of 265 eyes by 6 months. The inci-

dence of cataract is expected to increase with time

following surgery.440 The reader is referred to the

section later in this chapter on management of cat-

aract and PDR as well as Chapter 10.

The most common cause of corneal complica-

tions from silicone oil involves anterior chamber

migration of oil, which is usually prevented by an

intact lens, a posterior chamber lens implant, or

inferior peripheral iridectomy. Extensive contact

of silicone oil with the corneal endothelium over

time results in corneal edema and band keratopathy

and is best avoided by removal of silicone oil as

soon as the retina is stable.598

Glaucomamay develop via open-angle or closed-

angle mechanisms. Intraocular pressure elevation

was reported in 3% of 1196 eyes with silicone oil

studied prospectively.440 The most common

mechanism of glaucoma is blockage of the trabecu-

lar meshwork due to emulsification of silicone

oil.599 The incidence of emulsification increases

with duration of intraocular silicone oil reten-

tion.530 In addition, mechanical energy from pha-

coemulsification, phacofragmentation, and high-

speed vitrectomy probes appears to cause emulsifi-

cation.600 Prevention of glaucoma by early removal

of silicone oil is ideal. Once open-angle glaucoma

develops, the IOP is normalized with topical or

surgical therapy and stabilization may occur with

removal of intravitreal silicone oil and anterior

chamber lavage to remove emulsified silicone oil

droplets.

Pupillary block glaucoma from silicone oil is

avoided with inferior peripheral iridotomy in the

aphakic eye. However, continued postoperative

patency may be problematic and require the use of

steroids and Nd:YAG iridotomy.525,601 Iridotomy

is usually not needed in phakic eyes or in eyes with

posterior chamber lens implants, but may be per-

formed byNd:YAG laser postoperatively as needed

for pupillary seclusion from synechiae or functional

pupillary block.602

Silicone oil may interact adversely with lens

implants. Adherence of silicone oil to a silicone

intraocular lens may affect the visual outcome by

altering the posterior refractive surface. An intact

posterior capsule helps separate the two silicone

products. If contact is unavoidable, the silicone

272 S.E. Pautler



may be mechanically removed in some cases.603

More frequently, an IOL exchange restores vision

in symptomatic patients who have the potential for

improvement.

Silicone may migrate from the vitreal cavity to

extraocular sites. Subconjunctival and orbital

migration of silicone oil may occur through glau-

coma drainage devices.604,605 Placement of the tube

inferiorly in the anterior chamber and avoiding

anterior migration of silicone may prevent this com-

plication. A rare, but serious complication of sili-

cone oil seen in ocular hypertensive eyes is dissec-

tion of silicone oil from the eye into the brain.606,607

Glaucomatous optic neuropathy may be requi-

site.608 Therefore, removal of silicone oil or evis-

ceration/enucleation should be considered in a

sightless, silicone-filled eye with elevated IOP even

in the absence of pain.

Hypotony/phthisis: The DRVS reported the inci-

dence of enucleation/phthisis/retrobulbar alcohol

injection to be 12.3% in the early vitrectomy group

compared with 9.1% in the deferral group.71 The

most common causes of hypotony/phthisis include

late effects of persistent retinal detachment, anterior

hyaloidal fibrovascular proliferation, and end-stage

neovascular glaucoma.321,342,559 Management is

directed at cosmesis and pain control and may

require topical medication, alcohol block, enuclea-

tion/evisceration, or scleral shell.609

Sympathetic ophthalmia: The potentially blind-

ing complication of sympathetic ophthalmia is a

rare complication of vitreoretinal surgery.610 Pre-

sent findings include anterior chamber and vitreal

inflammatory cells with variable posterior segment

changes.611 The DRVS reported sympathetic

ophthalmia in 1% of early vitrectomy group as

opposed to 0.3% in the deferral group.71 These

rates are higher than the expected incidence of

0.01–0.06% following vitrectomy surgery.612 The

potential of blindness from sympathetic ophthalmia

underscores the importance of avoiding multiple

surgeries in eyes with very poor prognosis.612,613

For those patients who do undergo vitrectomy,

careful postoperative evaluation of the fellow eye

is critical to diagnose sympathetic ophthalmia.With

early detection and appropriate treatment, a good

prognosis may be expected.614

Macular hole: Vitrectomy has rarely been asso-

ciated with macular hole, both with and without

ILM peeling.358,360,362 This finding is not surprising

given the strong vitreoretinal adherence in diabetic

retinopathy.18 The presence of diabetic macular

edema may be a risk factor for the development of

macular hole.358,360 Management is discussed under

the heading of vitrectomy indications.

9.4.7 General Outcome

Vitrectomy surgery generally improves the quality

of life in diabetic patients, though the results are

largely dependent on the underlying retinal pathol-

ogy.615,616 Improved vision-related quality of life

and visual function after vitrectomy depends on

improvement in visual acuity and contrast sensitiv-

ity in both the better-seeing eye and the worse-see-

ing eye.616 Visual acuity outcomes with vitrectomy

have been reported earlier in this chapter as they

relate to specific indications for surgery. There is an

overall 67–86% rate of visual improvement after

vitrectomy for various complications of diabetic

retinopathy.285,326 The overall 2-year visual acuity

results reported by the ETDRS (early vitrectomy

group) and the DRVS are comparable: 24.5–28%

were 20/40 or better, 17.1–20% were <20/40 to 20/

100, 18.9–19.3% were<20/100 to 20/400, 3.6–8.0%

were <20/400 to 5/200, and 24.7–36% were <5/

200.69,71 Over the 9-year study period of the

ETDRS, 2% of 7411 eyes suffered severe visual

loss (<5/200). These eyes were enrolled with mild-

to-severe NPDR and early PDR. The low rate of

severe visual loss was attributed to close follow-up

and timely laser/vitrectomy intervention. Risk fac-

tors for severe visual loss were high mean hemoglo-

bin A1c and elevated cholesterol.615

A more recent, retrospective review of 340 eyes

operated for a variety of complications of diabetic

retinopathy showed an 86% incidence of improve-

ment in vision. A final postoperative visual acuity of

20/40 or better was achieved in 60% of eyes.326

Other studies correlated postoperative vision

inversely with severity of PDR. For example, better

final vision was present in eyes with vitreous hemor-

rhage or good preoperative vision and worse

outcome in eyes with retinal detachment.290 Preo-

perative risk factors for severe visual loss included

pre-op vision <5/200, cataract, NVI/NVG, and
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retinal detachment.285,617 Intraoperative risk fac-

tors included the use of gas for internal tamponade

and creation of iatrogenic retinal break.617 The

long-term outcome after vitrectomy is good for up

to 10 years in eyes with good vision and attached

retina at the 6-month visit.69,618 620

9.5 Follow-Up Considerations in PDR

Evaluation and management of proliferative dia-

betic retinopathy over the course of time requires

extensive consideration of systemic and ocular fac-

tors and the appropriate use of diagnostic testing.

Systemic factors include assessment of blood glu-

cose and blood pressure status, extraocular diabetic

complications, cardiovascular health, renal func-

tion, serum lipid levels, fluid retention, psychologi-

cal status, pregnancy, medications, and visual

needs. Complete routine ocular examination is of

paramount importance.

Follow-up interval: The interval between office

visits will be determined by the aforementioned fac-

tors. Daily to weekly visits are warranted in severe

PDR with active neovascularization, e.g., neovas-

cular glaucoma. Monthly to quarterly visits are

reasonable as PDR stabilizes. After PRP is com-

plete and NV has regressed, annual visits may be

considered for metabolically stable patients.

Pregnancy is associated with progression of

PDR. Follow-up examination each trimester or

more often is recommended to detect and treat

PDR. Diabetic retinopathy tends to stabilize

after pregnancy and no long-term severe adverse

effects are reported in patients who become

pregnant compared to those who do not. Fac-

tors for increased risk of progression during

pregnancy include duration of diabetes, degree

of metabolic control, extraocular complications

of pregnancy, and severity of retinopathy at

conception.104,621,622

Ocular factors that may increase the rate of pro-

gression and need for close follow-up include intrao-

cular inflammation and cataract surgery.623 627

Refer to the Section 9.6.6 on conditions affecting

the presentation of PDR.

Ancillary testing: Complete slitlamp examination

with fundoscopy is the primary method of

evaluation; however, ancillary testing may be useful

in selected circumstances. Especially in patients

who have difficulty in maintaining visual fixation,

serial photography helps identify progression of

diabetic retinopathy.628 Fluorescein angiography is

not required to initiate treatment of PDR, but

may be helpful in difficult cases. For example, fluor-

escein angiography may confirm the presence of sus-

pected new-onset neovascularization presenting

with vitreous hemorrhage.629,630 Fluorescein angio-

graphy may also help determine the cause of

decreased vision by demonstrating macular capillary

dropout.629,631

Optical coherence tomography (OCT) provides

useful information in the management of diabetic

retinopathy. OCT demonstrates retinal thinning in

macular ischemia/atrophy, cystic spaces in macular

edema, retinal thickening and surface irregularity

with preretinal membrane, and retinal elevation in

cases of vitreoretinal traction.371,390,632 635 Diffi-

culty remains in determining the relative signifi-

cance of these changes as they relate to visual func-

tion, especially in eyes with multiple pathological

changes.

Visual field examination by perimetry may be

considered in evaluating for driver safety. Although

visual acuity may be acceptable, visual field may be

compromised to an unsafe degree for driving in

patients with advanced PDR.636

9.6 Case Management: Decision-Making
in Complicated Cases

9.6.1 Cataract and PDR

The coexistence of cataract and PDR is common

and requires special consideration.637 Chapter 10

reviews this issue for diabetic retinopathy in gen-

eral. This section identifies specific issues as they

relate to proliferative disease. Although cataract

may interfere with visual function and evaluation

of the retina, only rarely does cataract interfere with

laser placement, especially with the availability of

long wavelength (red) laser.146,147 When cataract

extraction is indicated, the timing of surgery

depends on the activity of the PDR.
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Optional strategies depend on the relative severity

of the cataract and PDR, as well as the presence of

macular edema. The visual prognosis is guarded in

this group of eyes.624,638 In general, PDR is treated

with PRP before cataract surgery, but laser may be

given by indirect ophthalmoscopic delivery at the

time of cataract surgery or at the slitlamp promptly

after surgery.639 There is limited information on the

optimal sequence of PRP and cataract extraction

with regard to the risk of loss of acuity and macular

edema.640 Results of cataract surgery with untreated

PDR are poor and fraught with progression of PDR

and early post-cataract laser may be difficult due to

pain, inflammation, corneal edema, and wound con-

cerns.641 643 However, in a small randomized trial,

PRP after cataract extraction was associated with

reduced loss of acuity (P ¼ 0.012) and less macular

edema (P ¼ 0.033) 12 months after surgery com-

pared with the fellow eye that underwent PRP before

cataract extraction.640 If PRP is indicated, but not

possible due to poor view through cataract, triamci-

nolone acetonide or anti-VEGF agents may be

injected for short-term stabilization for cataract sur-

gery until laser can be applied postopera-

tively.218,260,261 These same agents may be helpful in

the short-term management of macular edema exa-

cerbated by cataract surgery.219,644 Intraocular

VEGF and other cytokine levels are elevated follow-

ing diabetic cataract surgery.645 Poor metabolic con-

trol is associated with an increased risk of progres-

sion of diabetic retinopathy after cataract surgery.646

However, efforts to improve short-termworsening of

diabetic retinopathy and maculopathy by rapid

improvement in glycolic control prior to cataract

extraction appear to be ineffective, if not harmful.647

If vitrectomy surgery is indicated, cataract sur-

gery before or during vitrectomy lowers the rate of

repeat vitrectomy compared to phakic vitrectomy,

possibly due to improved access to the peripheral

retina in the non-phakic eye.314,330,648,649 Sequential

cataract surgery followed by vitrectomy has the

disadvantage of two separate visits to the operating

suite, but may diminish the inflammation and com-

plications seen with combined surgery.650 Sequen-

tial surgeries may be facilitated by the use of triam-

cinolone acetonide and anti-VEGF injection as

noted above.

Cataract extraction at the time of vitrectomy

may speed the recovery of vision in selected

cases.314,651 Extracapsular cataract extraction or

phacoemulsification with posterior chamber lens

implantationmay be combined with vitrectomy sur-

gery.652 However, there appears to be an increased

rate of intraoperative lens capsular tears and zonu-

lysis as well as postoperative inflammation, poster-

ior synechiae formation, and posterior capsular

fibrosis.314,548,650,653 A poor red reflex in eyes with

vitreous hemorrhage makes cataract surgery more

challenging.314 Combined procedures with extra-

capsular cataract extraction appear to create more

inflammation than with phacoemulsification.551

Aggressive management of inflammation is needed

with consideration for the use of triamcinolone

injection, which may also help control the increased

incidence of macular edema.654 656 Combined pha-

coemulsification/vitrectomy may be especially sui-

table in a patient presenting with cataract and indi-

cations for diabetic vitrectomy in the presence of

poor vision in the fellow eye.314

Combined vitrectomy with pars plana lensect-

omy is another alternative. This approach involves

less anterior segment manipulation and, therefore,

may cause less anterior chamber inflammation. The

anterior capsule may be retained for the placement

of a ciliary sulcus lens implant at the time of vitrect-

omy or subsequently.657 660 This approach has been

reported to be successful in highly complicated

cases with combined traction–rhegmatogenous ret-

inal detachment requiring silicone oil injection.330

Limited data show no definitive advantage of pars

plana lensectomy compared with trans-corneal pha-

coemulsification.661,662 However, there may be less

anterior chamber inflammation and fibrin deposi-

tion associated with pars plana lensectomy.552

Cataract surgery performed on an elective basis

after vitrectomy generally produces improved

vision. However, capsular tears and zonulysis com-

plicate surgery in approximately 10% of cases,

increasing the risk of posterior dislocation of lens

fragments or lens implant.650,663

Regardless of the relative timing of cataract and

vitrectomy surgery, complications may occur. Post-

operative anterior capsular contraction occursmore

often in eyes with diabetic retinopathy and may

result in traction on the ciliary body with hypotony

and ciliary effusion.664,665 With appropriate use of

PRP, the risk of rubeosis and neovascular glaucoma

is minimized. The ETDRS reported NVI/NVG in
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6% of eyes after cataract extraction.69,666 Small

retrospective studies report similar low incidence

of NVI/NVG, the risk of which correlates directly

with the severity of PDR and indirectly with the

amount of PRP.69,667,668 With meticulous attention

to completing PRP including the anterior periphery,

the incidence of NVI/NVGmay be decreased to less

than 1%.314 Finally, the risk of retinal detachment

of approximately 5% following diabetic vitrectomy

appears to be unaffected by the addition of cataract

extraction.314,585

In the ETDRS, the visual outcome is related

directly to the severity of diabetic retinopathy. Two

hundred and seventy eyeswere studied prospectively.

One-year after cataract surgery, 55% of eyes with

advanced diabetic retinopathy (severe NPDR or

worse) experienced improved vision. The distribu-

tion of visual acuities in this group was as follows:

25% >20/40, 42% >20/100, and 22% 5/200 or

worse.666 Others estimate that patients with PDR

are 30 times less likely to achieve 20/40 or better

vision compared with diabetic patients without reti-

nopathy. Compounding the problem is evidence that

some patients with advanced PDR who undergo

phacoemulsification may not experience improved

visual function despite improvement in measured

visual acuity.669

The effect of cataract surgery on progression of

diabetic retinopathy is uncertain. The ETDRS

showed a trend of borderline significance toward

short-term worsening of diabetic retinopathy. The

study showed no long-term increased prevalence of

diabetic macular edema, but the study was not

designed to detect an early increase in macular

edema or an increase in severity of edema in the

long term.666 Others have provided conflicting evi-

dence of progression of diabetic retinopathy after

cataract surgery (for further discussion the reader is

referred to Chapter 10).

9.6.2 Dense Vitreous Hemorrhage
and Untreated PDR

The presence of dense vitreous hemorrhage in an

eye with untreated PDR not only causes acute

severe loss of vision but also places the eye in a

category at high risk for potential persistent visual

loss.65,66,102 There are several options to reach the

goal of clearing the vitreous hemorrhage and apply-

ing PRP. Elevation of the head at night or patching

with strict bed rest may help clear the hemorrhage

for office-based PRP.287 Anti-VEGF agents may be

injected to cause short-term involution of neovas-

cularization while waiting for hemorrhage to

clear.210,263 Purified ovine hyaluronidase has been

shown to speed the resolution of vitreous hemor-

rhage.277 279 The status of the vitreous may play a

role in the decision to intervene with vitrectomy. If a

complete PVD is present, observation may be pre-

ferable to vitrectomy, especially if the fellow eye has

good vision.38,74 If severe PDR is suspected based on

the history of type 1 diabetes, iris neovascularization,

or extensive vitreoretinal traction seen on B-scan,

early vitrectomy is indicated.69,74 Previtrectomy

intravitreal injection of bevacizumab may be consid-

ered prior to surgery in these high-risk cases.248 On

the other hand, the echographic finding of tractional

retinal detachment may argue against anti-VEGF

therapy.273 If vitrectomy is necessary, even partial

preoperative PRP may improve outcome.184

9.6.3 Untreated PDR with Diabetic
Macular Edema

The presence of diabetic macular edema in eyes with

PDR is indicative of increased severity of retinopa-

thy with increased risk of retinopathy progression

and severe visual loss compared to eyes with the

same stage of retinopathy without edema. Panret-

inal photocoagulation (PRP) is useful to prevent

profound loss of vision in PDR, but may increase

macular edema and decrease visual acuity in a dose-

related fashion.67 For eyes with high-risk PDR, the

ETDRS recommended macular focal/grid laser for

clinically significant macular edema (CSME) at the

initial session with the option of starting PRP for

PDR in the nasal quadrants during the same ses-

sion. PRP in the temporal quadrants was deferred

for at least 2 weeks.68 The ETDRS cautioned

against delaying PRP for high-risk PDR with

CSME. For eyes approaching, but not reaching

high-risk PDR, the peripheral scatter treatment

was not started until the edema had resolved after
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which ‘‘mild scatter’’ (lower density, fewer burns)

treatment was applied. Retreatment in these eyes

was only given if progression in retinopathy was

documented. This treatment plan was shown to

reduce the rate of severe visual loss compared to

deferral of treatment.67

Small studies show that intravitreal triamcino-

lone decreases macular thickening and prevents

worsening of vision after PRP.221,670 674 A small,

randomized, controlled, clinical trial demonstrated

a significant benefit of triamcinolone acetonide in

preventing decreased vision and increased macular

edema following PRP and focal laser for eyes with

PDR and CSME.221 The benefits of this treatment

must be balanced by the risks including cataract,

glaucoma, and endophthalmitis.211 An alternative

to prophylactic treatment is rescue treatment with

triamcinolone acetonide after PRP treatment if

macular edema worsens with decreased vision.

However, triamcinolone acetonide may be consid-

ered primarily as an adjunct to macular focal laser

in the treatment of diabetic macular edema.233 Anti-

VEGF agents may be considered for a similar

adjunctive role in the management of these difficult

cases.241 This topic is also discussed in Chapter 7.

9.6.4 PDR with Severe Fibrovascular
Proliferation/Traction Retinal
Detachment

There is an established role for early vitrectomy in the

management of severe fibrovascular proliferation

(FVP) and traction retinal detachment (TRD).72 Pan-

retinal photocoagulation improves outcome despite

potential short-term risks. 17,49,69,176,183,184,406,407

Open to question is the role of anti-VEGF therapy.

Although some have reported beneficial results with

bevacizumab in these cases, there is anecdotal evi-

dence of progression of TRD with anti-VEGF injec-

tion.243,272,273 Until further research allows for risk

stratification, bevacizumab should be used with cau-

tion. In cases of severe traction detachment with or

without rubeosis, silicone oil tamponade may be use-

ful for prolonged tamponade and for sequestration of

fibrovascular growth factors until laser treatment has

taken effect.442

9.6.5 PDR with Neovascular Glaucoma

Panretinal photocoagulation and peripheral retinal

cryopexy play a key role in the management of active

new vessel growth in neovascular glaucoma

(NVG).285,675 Extensive PRP is needed to treat the

widespread areas of capillary dropout in these cases.17

Indeed, prevention of NVG with appropriate timing

and extent of PRP is preferable to treating established

NVG.69 New to the armamentarium are the anti-

VEGF agents, which cause dramatic short-term reso-

lution of neovascularization.248 250,267,269,270 Their

role may be best suited to minimize progression of

angle neovascularization and secondary synechiae

formation while peripheral laser/cryopexy takes

effect.210Retinal detachment is associatedwith rubeo-

sis and repair of the detachment may induce regres-

sion of the rubeosis.676 Retinal tamponade with sili-

cone oil is useful in these cases.442

When significant anterior synechiae block the tra-

becular meshwork, intervention is directed at

destruction of the ciliary body to decrease aqueous

production or at providing alternative routes for

aqueous drainage. Surgery may lower IOP, but

visual prognosis is grim.69 Many surgical procedures

are available to lower IOP, some of which are

employed by the vitreoretinal surgeon. The reader

is referred to Chapter 11 for further discussion.

9.6.6 Conditions Altering the Clinical
Course of PDR

‘‘Early worsening’’ with improved metabolic con-

trol: The primary issue in managing rapid worsen-

ing of diabetic retinopathy is identifying conditions

in which rapid worsening might occur and initiating

prompt treatment with PRP. Although improved

metabolic control is associated with improved

long-term outcome, ‘‘early worsening’’ was

described in patients assigned to tight control in

the Diabetes Control and Complications Trial.8

The effect of early worsening of diabetic retinopa-

thy was reversed by 18 months and did not result in

serious visual loss.6 Successful pancreas transplant

surgery leads to improved control with the potential

for short-term worsening of retinopathy.677 681
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Pregnancy: There is an increased short-term

risk of progression of diabetic retinopathy with

pregnancy. The increased risk may continue for

up to 1 year, but no long-term adverse effects of

pregnancy were reported by the Diabetes Control

and Complications Trial.106 Additional factors

that may increase the risk of progression in preg-

nancy include duration of diabetes (>10–15

years), poor glycemic control, hypertension, and

the presence of moderate–to-severe NPDR at

baseline.105,682 Therefore, prompt PRP is indi-

cated in pregnant patients with severe NPDR or

early PDR.69

Carotid atherosclerosis: Atherosclerosis of the

carotid artery may affect retinal vascular per-

fusion by embolization or stenosis.683 Emboli

may be liberated from an atherosclerotic plaque

and occlude the central retinal artery or a

branch retinal arteriole. In the presence of diabetic

retinopathy, this added ischemic insult may

precipitate neovascularization (Fig. 9.32).50,684 687

Alternatively, if profound neurosensory apoptosis

results from central retinal artery occlusion prior to

the onset of diabetic retinopathy, there may be a

protective effect against progression of diabetic reti-

nopathy (Fig. 9.33).

There are conflicting reports regarding the effect

of carotid stenosis on diabetic retinopathy. Most

recent reports indicate carotid stenosis is associated

with ipsilateral worsening of diabetic retinopa-

thy.173,688 691 However, relative ipsilateral sparing

from diabetic retinopathy has also been

described.692 696 A possible explanation for these

conflicting reports is presented in the Box. Systemic

evaluation of patients presenting with asymmetric

diabetic retinopathy may include non-invasive car-

otid Doppler ultrasonography. However, only a

minority of patients with asymmetric diabetic reti-

nopathy test positive for significant carotid occlu-

sive disease.690

a b

c d

Fig. 9.32 Apparent asymmetric diabetic retinopathy.
Ischemic retinal whitening superior to left disk (a) due to
branch retinal artery occlusion with symptomatic inferior
visual field loss. Mild NPDR is seen on fluorescein angio
gram (b) along with delayed circulation time in superior

hemispheric retinal vasculature. Several months later, the
patient returned with further loss of vision OS due to vitreous
hemorrhage from disk neovascularization (d). The right eye
had mild NPDR (c). Note: photographic artifacts are seen
centrally in macula OS and near disk OD
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Why are there conflicting reports regarding the effect of carotid stenosis on the severity of diabetic

retinopathy? One explanation for this discrepancy may involve differences in time of onset and

relative severity of the two pathologies. For example, if moderate carotid stenosis occurs before

the onset of diabetic retinopathy, an ipsilateral decrease in the severity of diabetic retinopathymay be

expected on the basis of protection against the known adverse effects of hypertension on diabetic

retinopathy.56,697,698 Conceivably, the degree of carotid stenosis may not be severe enough to cause

venous stasis retinopathy. Conversely, if significant diabetic retinopathy is present prior to severe

carotid occlusion, the added ischemic insult might precipitate a progression of the retinopathy

ipsilateral to the carotid stenosis. Additional confusion may result from the similarity of venous

stasis retinopathy to diabetic retinopathy. Venous stasis retinopathy, an uncommon manifestation

of severe carotid stenosis, may cause blot hemorrhages andmicroaneurysms, but the findings tend to

be ipsilateral to the stenotic artery and show midperipheral predominance.699

Neovascular glaucoma in diabetes may be caused

by PDR or ocular ischemic syndrome (OIS). Find-

ings suggestive of OIS as the primary cause include

an unexpected low intraocular pressure and ipsilat-

eral bright-light amaurosis, both likely due to poor

ocular perfusion.700 703 Revascularization of the

occluded carotid artery may result in improved

vision. However, complications may be encountered

with improvement in perfusion. For example, an

abrupt increase in intraocular pressure may occur

following carotid surgery if extensive posterior syne-

chiae are present.691,701,704 Rarely, diabetic macular

edema becomes manifest after endarterectomy.705

Miscellaneous ocular and systemic conditions: A

variety of ocular conditions may affect PDR.

Conditions associated with extensive destruction or

thinning of the retina provide protection against the

development of PDR. They include high myopia,

previous central retinal artery occlusion (Fig. 9.33),

advanced glaucoma (Fig. 9.34), optic atrophy, rod–

cone degeneration, and extensive chorioretinal scar-

ring from trauma or past inflammation.13,172,173,706

Asteroid hyalosis may increase the risk of developing

PDR, probably due to the associated lower preva-

lence of posterior vitreous detachment.38,173

Ocular inflammation generally appears to acceler-

ate diabetic retinopathy in conditions such as anterior

uveitis, posterior uveitis, surgery, and endophthalmi-

tis.623,625 627,643,707 A possible link is the common

elevation of cellular fibronectin and adrenomedullin

a b

Fig. 9.33 Asymmetric diabetic retinopathy. Right eye (a)
suffered from profound loss of vision many years ago due
to central retinal artery occlusion with resultant pale disk and
attenuated arterioles. Subsequently, less severe retinopathy

developed in the right eye compared with the left eye (b),
which had progressed to high risk PDR requiring panretinal
photocoagulation
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in both uveitis and diabetic retinopathy.708,709 There

are exceptions to the notion of acceleration of diabetic

retinopathy with uveitis that may be explained on the

basis of severe retinal damage precluding the devel-

opment of diabetic retinopathy.710 In other cases

there is no clear explanation for an apparent protec-

tive effect of uveitis on diabetic retinopathy.627,711 The

possible additive effect of vascular occlusions

reported in HIV and autoimmune-mediated disease

is unknown and requires further study.712 715

The coexistence of hemoglobinopathy and dia-

betes may affect the retinal presentation. Sickle reti-

nopathy is uncommon in sickle trait unless diabetic

retinopathy is present; conversely, the presence of

sickle trait does not appear to affect the severity of

diabetic retinopathy.716,717 Hemoglobin SC disease

appears to have no additive effect on diabetic reti-

nopathy.718 Thalassemia may delay the onset and

decrease the severity of diabetic retinopathy.719

Medications: Medications may adversely affect

diabetic retinopathy. Erythropoietin, used to treat

anemia in end-stage renal disease, is a potent ische-

mia-induced angiogenic factor andmay cause accel-

eration of PDR independent of VEGF.720 723 How-

ever, benefit from erythropoietin has also been

reported presumably due to decreased tissue

hypoxia with improved hemoglobin level.724,725

Uncertain are the effects of statins, which may be

associated with elevated VEGF levels.726

9.7 Summary of Key Points

� Panretinal photocoagulation (PRP) is indicated

for the treatment of high-risk proliferative

diabetic retinopathy (HR-PDR) and eyes

approaching HR-PDR (severe nonproliferative

diabetic retinopathy and early proliferative dia-

betic retinopathy) that are at high risk for pro-

gression or for poor outcome.
� Trends in the modification of PRP as described by

the ETDRS include aiming for amild-to-moderate

white burn, using shorter burn duration (0.03–0.05

s) for improved comfort, using 200 mm spot size

with a wide-angle laser lens (such as the Volk H-R

Wide Field, Volk SuperQuad 160, or the Ocular

Instruments Mainster PRP 165), and anticipating

the application of 3,000 total burns for retinal

coverage equivalent to panretinal photocoagula-

tion as described by the ETDRS.
� In severe PDR (commonly seen in type 1 diabetes

mellitus, especially if poorly controlled), ade-

quate PRP both anterior and posterior to the

equator is important to improve the response to

vitrectomy and reduce the risk of anterior neo-

vascular complications/severe visual loss.
� Intravitreal injection of triamcinolone acetonide

and bevacizumab offers valuable short-term ben-

efits in the management of proliferative diabetic

retinopathy, especially in complicated cases with

combined HR-PDR/macular edema and neovas-

cular glaucoma.
� Indications for vitrectomy include vitreous

hemorrhage (final visual result is dependent on

the status of the macula), traction retinal detach-

ment (best results if vitrectomy is performed

soon after macular involvement or when macula

is threatened), combined traction–rhegmatogen-

ous retinal detachment (vitrectomy with silicone

oil tamponade yields fairly good results), severe

fibrovascular proliferation (important to apply

Fig. 9.34 Asymmetric
diabetic retinopathy due to
glaucoma with milder
retinopathy in the eye with
more advanced optic
neuropathy/ganglion cell
loss
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extensive PRP prior to vitrectomy, if possible),

postvitrectomy fibrinoid syndrome (best mana-

ged with adjunctive medication), anterior hyaloi-

dal fibrovascular proliferation (poor prognosis,

therefore best prevented with appropriate ante-

rior retinopexy in high-risk eyes), and various

presentations of vitreomacular interface pathol-

ogy (preretinal membrane, vitreomacular trac-

tion syndrome, and macular hole).
� Vitrectomy techniques have evolved with

improved instrumentation and understanding

of vitreoretinal pathology in PDR. The recogni-

tion of vitreoschisis is of paramount importance

in approaching complicated cases of fibrovascu-

lar proliferation with bimanual delamination.
� Complications of treatment of PDR can be mini-

mized by recognition of important risk factors

and by making appropriate modifications in the

treatment plan.

9.8 Future Directions

There are a multitude of future directions to explore

for improved management of proliferative diabetic

retinopathy. Improved patient education and the

management of the obstacles to care are of para-

mount importance.727,728 Aside from managing

blood glucose and blood pressure, studies to find

other treatable coexisting abnormalities that

exacerbate diabetic retinopathy may include serum

lipids and anemia.102,729

Future therapy may include blocking metabolic

pathways that translate hyperglycemia into physio-

logical and structural abnormalities. Further

research to block the polyol pathway may include

improved aldose reductase inhibitors.730 Promising

reports offer hope for the benefit of blocking protein

kinase-C with ruboxistaurin or other agents.731,732

Renewed attempts to block the formation of

advanced glycation end-products (AGE) or the

receptors of AGE (RAGE) are warranted.733 735

The renin–angiotensin system through its effector

molecule, angiotensin II, plays a role in the genera-

tion of reactive oxygen species, inflammation,

thrombosis, and angiogenesis.12,736 739 Given the

positive reports from the Diabetic Retinopathy Can-

desartan Trial, further research is in order.740,741

Other agents under study include somatostatin

analogues (e.g., octreotide), which inhibit growth

hormone secretion with subsequent suppression of

insulin-like growth factor-1 and have direct antipro-

liferative and apoptotic effects on neovascular

endothelial cells.742,743 Rosiglitazone and related

drugs may delay the onset of PDR.744 Atorvastatin

improves vascular resistance, reduces serum AGE

levels, and inhibits AGE signaling to inflammation

in diabetes.12,745 Animal models suggest a role of

cyclooxygenase-2 inhibitors to minimize inflamma-

tion in diabetic retinopathy.746

An extensive list of angiogenic factors, anti-

angiogenic factors, cytokines, and other molecules

likely play a role in various stages of diabetic retino-

pathy and are incompletely understood. For exam-

ple, growth factors suspected to play a role include

vascular endothelial growth factor76 (VEGF),

angiopoietin,80,81 cortistatin,82 insulin-like growth

factor-1,83 basic fibroblast growth factor,4 platelet-

derived growth factor,4 endothelin-1,84 transform-

ing growth factor beta-1,85 connective tissue growth

factor,86 and growth hormone.87 Inhibitors under

evaluation include pigment epithelium-derived fac-

tor,88 90 soluble vascular endothelial growth factor

receptor-1,91 somatostatin,4 endostatin,92,92 angios-

tatin,79 and thrombospondin.4 Many more factors

have been described and countless others are yet to

be discovered. There is a complex balance of these

factors that is not well understood making the suc-

cessful micromanipulation of this environment a

daunting prospect.4,93

Gene therapy for the treatment of diabetic retino-

pathy is in its infancy.747 The identification of gene

polymorphisms associated with retinopathy may

provide the possibility for individualized drug ther-

apy or future gene therapy.748,749 Lentivirus-

mediated expression of angiostatin has been used in

a murine model to inhibit neovascularization in pro-

liferative retinopathy.750 Enthusiasm is restrained

pending further research and evaluation of potential

adverse effects.

Improvements in the application of laser photo-

coagulation may improve benefits and limit adverse

effects. Shorter duration laser burns provide

improved comfort and do not affect the inner retinal

layers to the extent of conventional lasers.155,751,752

However, the relative efficacy of less extensive photo-

coagulation is unknown. Randomized, controlled
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trials are needed for accurate comparison to the

results obtained with ETDRS-style treatment.

As the benefits of vitrectomy include the removal

of the cortical vitreous scaffold on which fibrovas-

cular tissue proliferates, less invasive procedures are

under development to achieve this goal. Therapeu-

tic intravitreal injections may create a posterior vitr-

eous detachment (PVD), which is associated with a

more benign clinical course in diabetic retinopa-

thy.38,280 Various agents used to create PVD include

hyaluronidase, urokinase, urea, plasminogen, auto-

logous plasmin enzyme, microplasmin, and SF6

gas.283 These agents may be helpful to facilitate

the removal of fibrovascular membranes in surgery

in some cases and obviate the need for vitrectomy in

others. This approach alone does not address the

underlying hypoxic stimulus for neovasculariza-

tion. Thus, the need for photocoagulation would

be expected to prevent anterior segment complica-

tions of PDR.

Techniques and technology continues to push the

limits of vitrectomy surgery. Membrane removal

remains the most technically challenging part of sur-

gery and pharmacological vitreolysis may be used

adjunctively with surgery as noted above.281,282

Alternatively, precise tractionless cutting of mem-

branes with or without cautery appears possible

with the pulsed electron avalanche knife.753,754

Improvements in instrument stiffness and function-

ality will undoubtedly promote the popularity of

small-gauge vitrectomy and level-1 evidence-based

research is needed for comparison with conventional

20-gauge vitrectomy.210,423

In the effort to prevent blindness from prolif-

erative diabetic retinopathy, prevention is superior

to treatment. Currently, the most accessible

method of future prevention of PDR is the early

detection and treatment of severe and very severe

nonproliferative diabetic retinopathy.630 Routine

screening examinations leading to appropriate

treatment have been shown to improve visual out-

come.755,756 Efforts aimed toward the prevention

and treatment of obesity reduce the incidence of

type 2 diabetes mellitus. Improved understanding

of the autoimmune nature of type 1 diabetes may

lead to a potential cure.757 Continued progress

toward improving metabolic control in diabetes

of all types further will reduce the incidence of

microvascular complications.758,759
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Chapter 10

Cataract Surgery and Diabetic Retinopathy

David J. Browning

10.1 Scope of the Problem of Diabetic
Retinopathy Concomitant with
Surgical Cataract

Diabetes mellitus is increasing around the world

with 171 million affected persons in 2000 and pro-

jected prevalences of 221 and 366 million affected

patients by 2010 and 2030, respectively.1,2 In the

United States, an estimated 7.8% of the population

has diabetes.3 Diabetic patients have an increased

risk of developing cataract and develop cataract at

an earlier age than patients without diabetes.1,4 8 In

developed nations, 11–25% of all cataract surgery is

performed in patients with diabetes and 1.2–5.0%

of these patients will have concomitant diabetic

retinopathy.7,9 13 Thus, cataract surgery in patients

with diabetes and with diabetic retinopathy is com-

mon, yet the interactions of cataract surgery and the

diabetic eye are incompletely understood and a sub-

ject of controversy.

10.2 Visual Outcomes After Cataract
Surgery in Patients with Diabetic
Retinopathy

The rate of visual outcome �20/40 in patients with-

out diabetes who undergo cataract surgery is �
85%, and similar rates apply to patients with

diabetes but no retinopathy.14 19 Visual acuity

outcomes of cataract surgery are worse in patients

with diabetic retinopathy than in patients without

diabetic retinopathy. In patients with nonprolifera-

tive diabetic retinopathy (NPDR), rates of visual

acuity �20/40 have been reported from 52 to 70%

and are worse the more severe the retinopathy,

because increasing severity of retinopathy is asso-

ciated with increasing prevalence of diabetic macu-

lar edema (DME).16,19 25 In patients with treated

proliferative diabetic retinopathy (PDR), rates of

postoperative visual acuity � 20/40 have been

reported from 26 to 53%.19,23,26 Visual acuity

outcomes after cataract surgery are worse in

patients with preoperative DME because of

postoperative exacerbation of the edema and

are worse in older patients because of higher

rates of development of postoperative macular

edema (Table 10.1).16,20,24,25,27

10.3 Postoperative Course and Special
Considerations After Cataract
Surgery in Patients with Diabetic
Retinopathy

Uneventful cataract surgery in patients with dia-

betes has been inconsistently associated with higher

rates of posterior capsular opacification and lower

postoperative endothelial cell counts than in

patients without diabetes.28 32 Patients with dia-

betes have more anterior chamber inflammation

after cataract surgery and a greater tendency to

develop iris synechia and capsulorhexis contraction
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than patients without diabetes.16,32 34 These differ-

ences seem more pronounced with extracapsular

and intracapsular cataract extractions and have

not been as apparent with phacoemulsification

and small incisions, the contemporary preferred

technique.30,35 37More postoperative inflammation

is noted in eyes with more advanced retinopathy,

especially in eyes with active proliferative retinopa-

thy. This may be related to the increasing break-

down of the blood–aqueous barrier that parallels

increasing retinopathy severity.25,38 The creation of

a larger anterior capsulorhexis and the use of amore

intense postoperative anti-inflammatory drop regi-

men than in nondiabetics have been recommended

to aid in visualizing the peripheral fundus and to

prevent synechiae, respectively.39,40 Intraocular

lenses with larger optics and no positioning holes

are recommended to allow easier panretinal laser

treatment, based on less peripheral capsular opaci-

fication and a greater optical area for viewing the

fundus, should it be needed.36,39 41 Anterior cham-

ber lenses are not advised because of the increase in

anterior chamber inflammation associated with

haptic chafing. Silicone intraocular lenses should

be avoided because they develop more inflamma-

tory cellular precipitates than acrylic and poly-

methylmethacrylate lenses, suffer worse condensa-

tion on the posterior lens surface in the presence

of an open posterior capsule during air–fluid

exchange in vitrectomy surgery, and adhere to

silicone oil after YAG capsulotomy, should the

use of oil be needed later.42,43 Larger YAG laser

capsulotomies are recommended to facilitate pos-

sible later panretinal laser treatment.16

Patients with diabetic retinopathy can develop

iris neovascularization (NVI) after cataract sur-

gery.16,44 48 The risk of this complication is

increased if the posterior capsule is opened, but it

occasionally develops with uncomplicated surgery

and an intact capsule.20,43,45,49 It was much more

common in the era of intracapsular surgery, with

a reported incidence of 7.8–8.9% in series with

no selection for degree of preoperative retinopa-

thy severity.44,49 In the era before endolaser

photocoagulation, eyes undergoing lensectomy

in addition to vitrectomy for proliferative dia-

betic retinopathy had a threefold increased risk

of developing postoperative NVI.50 Careful

inspection for any retinal neovascularization

before cataract surgery or YAG capsulotomy is

important, and panretinal laser photocoagulation

should be applied before either procedure if new

vessels are discovered.36,43

Rarely, cataract surgery must be performed in an

eye with active NVI, because no view to the fundus

is possible. Preoperative intravitreal injection of

anti-vascular endothelial growth factor (VEGF)

drugs such as bevacizumab causes rapid involution

of the new vessels, reduces intraoperative bleeding,

and allows intraoperative photocoagulation to be

applied to enable more sustained regression of the

new vessels.51,52 At the end of surgery, a repeat

injection of bevacizumab may be advisable because

the effect of scatter photocoagulation is not

immediate.

Some patients with advanced diabetic retino-

pathy require pars plana vitrectomy. Vitrectomy

surgery can accelerate progression of cataract and

lead to a subsequent need for cataract sur-

gery.53,54 The visual prognosis in such cases is

guarded because of the limitations imposed by

the underlying retinopathy, but 90% of eyes can

expect improved visual acuity after cataract sur-

gery and 45–50% can expect an outcome � 20/

40.26,54,55 In addition, the technical aspects of the

surgery can be different, including significant

intraoperative fluctuations in anterior chamber

depth, unexpected zonular dehiscence, and higher

rates of a dropped nucleus.36,54,55 In some

patients, combined cataract surgery and vitrect-

omy may be needed because of concomitant cat-

aract and active proliferative retinopathy with

vitreous hemorrhage. As in the case of NVI,

Table 10.1 Rate of visual acuity � 20/40 by retinopathy
severity

Retinopathy status % �20/40
No diabetic retinopathy 87%

Nonproliferative, no DME 80%

Quiescent PDR, no DME 57%

Nonproliferative, +DME 41%

Quiescent PDR, +DME 11%

Active proliferative 0%

DME diabetic macular edema. PDR proliferative dia
betic retinopathy.
Reproduced with permission from Dowler.27 Table summar
izing visual outcomes of cataract surgery in patients with
diabetes by retinopathy severity and presence or absence of
preoperative macular edema.
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preoperative use of anti-VEGF drugs can reduce

the risk of intraoperative bleeding, but anecdotal

evidence suggests that any pre-existing retinal

traction may be worsened with these agents.56,57

10.4 The Influence of Cataract Surgery
on Diabetic Retinopathy

It has been long suspected that intracapsular and

extracapsular cataract surgeries can exacerbate

diabetic retinopathy, but relevant evidence has

been inconsistent.9,21,23,24,34,48,58 67 The more

recent literature, applicable to phacoemulsifica-

tion, supports the view that, on average, uncom-

plicated surgery does not cause clinically impor-

tant retinopathy progression when the

preoperative retinopathy is less advanced than

severe nonproliferative.1,9,10,30,37,58,60,62,64,68 73

There are, however, exceptional case reports in

which exacerbation of retinopathy has occurred

with contemporary, uncomplicated phacoemulsifi-

cation technique.74 Preoperative presence of dia-

betic retinopathy, duration of diabetes, worse gly-

cemic control, surgery by residents, and use of

insulin have been reported as risk factors for pro-

gression of retinopathy after cataract sur-

gery.23,30,34,73 There is little evidence regarding the

effect of uncomplicated phacoemulsification surgery

on retinopathy progression in eyes with untreated

severe NPDR or PDR because of clear evidence of

retinopathy progression from the era of intracapsu-

lar or extracapsular surgery and therefore intentional

avoidance of this situation.20,44,48,75 In a series of eyes

undergoing intracapsular cataract extraction in the

presence of active PDR, 20% developed vitreous

hemorrhage within 6 weeks of surgery.44 This has

been extrapolated to the phacoemulsification era,

and such eyes are typically treated with panretinal

photocoagulation (PRP) first to reduce the levels

of intraocular angiogenic growth factors before

cataract surgery.20 There is evidence, however,

that uncomplicated phacoemulsification cataract

surgery can be associated with the induction or

exacerbation of DME.62,63,68 70,76 78 Little evi-

dence exists associating uncomplicated phacoe-

mulsification cataract surgery and exacerbation

of macular ischemia in patients with diabetic reti-

nopathy, although reports existed of this associa-

tion after extracapsular surgery.20,64,66,79 Before

the phacoemulsification era, anterior segment neo-

vascularization was reported to follow cataract

surgery in 6–8% of cases with most of the evidence

implicating primary capsulotomy as increasing the

incidence of this complication.20,44,49 The rate has

been less since the widespread adoption of

phacoemulsification.

The association between cataract surgery and

development or exacerbation of macular edema

in diabetics is complicated to unravel because

there are two types of macular edema in these

situations – pseudophakic cystoid macular edema

(PCME) and DME. In patients without diabetic

retinopathy undergoing uncomplicated cataract

surgery, the rate of clinically recognized macular

thickening due to perioperative inflammation,

PCME, has been reported to be 1–5%.34,80 82

PCME usually spontaneously resolves within 6

months.83,84 Uneventful cataract surgery in non-

diabetics who do not develop PCME is generally

associated with a mild, clinically unimportant, and

transitory increase in macular thickness less than 10

mm.80,81,84 87 Patients with diabetes have higher rates

of PCME ranging from 13 to 24% in different series,

and more severe retinopathy at baseline has been

associated with higher postoperative rates of

PCME.34,59,73,81,82,88 90 Rates of fluorangiographic

but not clinical PCME are also higher in eyes of

diabetics undergoing cataract surgery than in eyes

of nondiabetics and higher than rates of clinical

PCME. In eyes of patients with diabetes but no

retinopathy, rates of fluoroangiographic PCME at

1 month and 1 year were 69% and 24% for dia-

betics without retinopathy compared to 63% and

0% for nondiabetic eyes, respectively.90 Patients

with pre-existing diabetic retinopathy who develop

PCME are more recalcitrant to treatment than

those who do not have pre-existing diabetic

retinopathy.91

DME considered as distinct from PCME can be

induced or exacerbated by cataract surgery, with

reported rates that vary according to many vari-

ables.21,27,59,63,64,71,77 Diabetes causes a breakdown

of the blood–ocular barrier before overt retinopa-

thy is seen.31,37,92 Vascular permeability increases

with increasing retinopathy severity. Increased
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intraocular concentrations of inflammatory cyto-

kines associated with cataract surgery added to

the diathesis of increased permeability in diabetes

translate into an increased incidence of postcatar-

act surgery macular thickening.64 66,70,77,93 Patel

and colleagues prospectively assessed aqueous

humor concentrations of growth factors after

uncomplicated cataract surgery in seven eyes of

six patients with diabetic retinopathy. Pro-angio-

genic growth factors (VEGF, hepatocyte growth

factor (HGF), and interleukin 1b (IL-1b)) and

anti-angiogenic growth factors (pigment epithe-

lial-derived growth factor (PEDF)) were assayed.

VEGF, IL-1b, and PEDF rose at 1 day after sur-

gery and declined by 1 month. HGF increased

progressively over the first month after surgery.

One patient developed DME. Although the num-

ber of eyes studied was small, the evidence suggests

a possible mechanism for the development or

exacerbation of DME after cataract surgery.

Others have reported elevated intraocular levels

of leukotrienes and endothelin after cataract sur-

gery, which could enhance breakdown of the

blood–retina barrier.66 Surgically induced inflam-

mation is less with small incision phacoemulsifica-

tion than large incision extracapsular or intracap-

sular technique, which may explain the clinical

impression that exacerbations of DME by cataract

surgery are less common in the phacoemulsifica-

tion era.94 Rapid control of diabetes shortly before

performing cataract surgery has been associated

with an increased risk of new DME or exacerba-

tion of pre-existing DME in the 12 months follow-

ing uncomplicated cataract surgery and should be

avoided.78

It can be difficult to define postsurgical

increases in macular thickness as purely PCME or

as purely DME.20,66,95 Presence of disk hyperfluor-

escence on fluorescein angiography has in the past

been said to be helpful in distinguishingDME from

PCME, but the observation in prospective studies

that the optic disk becomes more hyperfluorescent

after cataract surgery in diabetic eyes that do not

develop clinical macular edema undermines the

usefulness of this suggested pearl.70,96 Dowler and

colleagues did not find that disk hyperfluorescence

allowed discrimination of PCME from DME.68

Presence of associated hemorrhage and lipid, a

multifocal rather than a foveocentric pattern of

edema, and petalloid late macular staining may

help to distinguish DME from PCME, but again

are subjective signs of questionable reliability

(Fig. 10.1).9,36,64,96 Thus, the relative contributions

of DME versus PCME in postsurgical macular

thickening can be difficult to assess in mixed clin-

ical pictures.9,96 In the past, when it was thought

that the treatments differed for the two conditions,

discriminating the components had greater impor-

tance. With the discovery that anti-inflammatory

drugs can improve DME and that anti-VEGF

drugs can improve PCME, the importance of the

distinction has diminished.82,97 101

Eyes of diabetics with a range of retinopathy

severities and no clinical DME preoperatively

develop postoperative macular thickening that

is greater than that of nondiabetics undergoing

uncomplicated cataract surgery. Table 10.2

shows the results of four prospective studies

involving a total of 160 eyes with average

grades of retinopathy severity ranging from

no-DR to mild NPDR before surgery. At 1–3

months after surgery, the macular thickness

increase ranged from 10 to 69 mm and more

severe retinopathy was associated with a larger

increase in macular thickness.70,77,93,102 Thus,

even in diabetic eyes without clinical macular

edema after cataract surgery, subclinical edema

predictably develops. None of these studies

makes an attempt to distinguish the macular

thickening associated with the cataract surgery

as PCME or DME.

Prospectively acquired data on the effect of

cataract surgery on DME are available from the

Early Treatment Diabetic Retinopathy Study

(ETDRS) in which 81% of 270 eyes of 205 patients

had laser photocoagulation for DME or PDR

before cataract surgery.58 In this series, there was

no adverse effect of cataract surgery on the pre-

valence of DME. The proportions of eyes with

photographically documented clinically signifi-

cant diabetic macular edema (CSME) at the near-

est annual visit were 29% before cataract surgery

and 31% after cataract surgery.58 The authors

attributed this lack of effect of cataract surgery

on rates of CSME to the high rate of preoperative

macular laser treatment.58 This publication has

been the basis for the widely accepted principle

that in a patient with concomitant surgical
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Fig. 10.1 A 67 year oldmanwithmildNPDRandnomacular
edemahad20/50bestcorrectedvisualacuityof theright eyeanda
visually significant cataract. A preoperative OCT on April 25,
2007,showednomacularedema(Panelsaandb).Uncomplicated
phacoemulsification cataract extraction with posterior chamber
intraocular lens implantonMay30, 2007,was followedbymacu
lar edema thatwas considered tobepurelypostoperativePCME.
The disk was hyperfluorescent and the pattern of late macular

hyperfluorescence was petalloid (Panel c). It did not respond to
topical prednisolone acetate and ketorolac therapy, but did
respond to intravitreal triamcinolone injection, 4 mg. It reoc
curred and responded to posterior subtenon’s triamcinolone
injection, 40 mg. The macular edema reoccurred 6months later,
andconsiderationwasgivento thepossibility that thiswasat least
in part DMEand not PCME. Focal laser photocoagulation was
given to the leakymicroaneurysms on September 9, 2009
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cataract and CSME, the DME should be treated

with focal/grid laser until it resolves or until max-

imal treatment has been applied before cataract

surgery is performed. If this management pathway

has been followed, on average one can expect that

the cataract surgery will not adversely affect the

prevalence of macular edema. An example of this

common situation is illustrated in Fig. 10.2 in

which an eye has been treated with maximal

laser, continues to have DME, and yet does not

have the feared exacerbation of edema by cataract

surgery. There are, however, particular patients in

which worsening will occur and adjunctive phar-

macologic treatments may have a role in these

cases.

One prospective study has suggested a difference

in course for DME existing before cataract surgery

and that developing de novo after surgery.68 The

edema occurring de novo after surgery has been

hypothesized to be PCME, which is known to spon-

taneously remit in a high percentage of cases.83 De

novo CSME developed in the first year after cataract

surgery in 13 of 27 (48%) eyes.68 In 9 of these 13 eyes

(69%), thisCSME resolved spontaneouslywithin the

first postoperative year.68 None of five eyes with

preoperative CSME showed spontaneous resolu-

tion.68 Some have suggested that macular edema in

eyes with diabetic retinopathy after cataract surgery

be treated as PCME for 3–6 months, and then trea-

ted as DME if it persists beyond 6 months.9,41,103

Fig. 10.2 In this figure, theY axis represents central subfield
mean thickness in microns (CSMT). The X axis represents
time of follow up (months), and illustrative OCT studies over
the 4 year span illustrated are shown below at the times
corresponding to the graphed CSMTs. Associated best cor
rected visual acuities are shown beneath the false color maps.
This 66 year old woman developedDME in 2004 and despite
multiple focal laser treatments, some with adjunctive intravi
treal bevacizumab (Avastin) and triamcinolone, continued to
have refractory DME. Cataract developed, accelerated by
the triamcinolone, and she underwent uneventful phacoe
mulsification with posterior chamber intraocular lens
implantation 4 years later. Because her DME had been
refractory to previous intravitreal triamcinolone injection,

no repeat injection was given immediately preceding her
surgery, and no worsening of the DME was noted after
cataract surgery. Refractory, persistent DME remains, but
the patient is content with her improved visual acuity follow
ing surgery and prefers no further intravitreal injection ther
apy although the option was presented. Vitrectomy surgery
was also presented as a possible option should the DME
worsen and vision decline, but was not recommended in this
eye with visual acuity of 20/32. F=focal laser photocoagula
tion; BF=intravitreal bevacizumab injection followed by
focal laser treatment 1 week later; TF= intravitreal triamci
nolone injection followed by focal laser treatment 1 week
later; C=cataract surgery
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In an Eye with Diabetic Retinopathy but No PreoperativeMacular Edema, Should OneWait 6Months

Before Considering PostCataract Surgery Macular Thickening to Be De Novo DME and Employing

Focal/Grid Laser?

Because management recommendations to wait for 6 months before proceeding to laser treatment were

made in a time when treatments for PCME and DME were considered to be different, their underlying

rationalesmay be outdated.37,41An alternatemanagement plan to considermight be to treat all edema in

eyes with diabetic retinopathy after cataract surgery as some combination of PCME and DME. There

seems little reason to omit focal/grid laser treatment within the first 6 months after surgery if there are

clearly treatable lesions such as microaneurysms centered in areas of macular thickening. Omitting laser

has a stronger rationale the less severe the degree of diabetic retinopathy and may safeguard against the

opposite pitfall of unnecessary focal/grid laser in eyes destined to spontaneously resolve their macular

edema if given adequate time.9 Prospective clinical trials are needed to place management guidelines on

firmer evidential footing. Consider the case illustrated in Fig. 10.3. This 68-year old man with type 2

diabetes for 20 years developed a cataract reducing best corrected visual acuity in the right eye to 20/40

and significantly interfering with his reading ability and driving at night. Preoperatively, a macular

examination by a retina specialist revealed noDME, and there was mild NPDRwith a fewmicroaneur-

ysms clustered temporal to the macula. The first day after surgery his visual acuity was 20/20. Two

months later he noted blurring. Visual acuity had dropped to 20/30, and de novo DME was present

(Figs. 10.3A–D). According to Dowler and colleagues, this patient might be treated as PCME for 6

months before considering focal/grid laser. Instead, the patient was treated with focal photocoagulation

and subsequent combined peribulbar triamcinolone injection plus focal photocoagulation. Visual acuity

9 months later had returned to 20/20 (Fig. 10.3E).

a

ed

b c

Fig. 10.3 Example of a patient in whom de novo macular
thickening following cataract surgery was unlikely to be
PCME and in which a favorable outcome followed

treatment of leaking microaneurysms under the alternate
assumption that the situation represented DME instead
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Table 10.2 Preoperative and postoperative macular thickness in eyes of diabetics undergoing uncomplicated cataract surgery

Study
Mean DR
severity

N
(eyes)

Mean preop macular thickness –
SD (mm)

Mean 1 2 months postop macular
thickness – SD (mm)

Kim77 1.3 46 205 – 39 274 – 91

Kim93 1.0 50 275* 322*

Escaravage70 1.0 30 221 – 50 260 – 68

Hayashi102 0 34 170 – 29** 180 – 36

DR=diabetic retinopathy; Preop=preoperative; Postop=postoperative; *= the SDwas not stated.**= the value was the
foveal thickness rather than the central subfield mean thickness. Retinopathy severity is defined as follows: 0 = no
retinopathy; 1 = mild to moderate NPRD; 2 = severe NPRD. Fractional gradings between these integer values arise from
calculating the mean severity for the sample of eyes in the respective studies.

From these studies, onemight hazard the following

synthesis of the relationship of cataract surgery and

DME. Eyes of diabetic patients have a predisposition

to breakdown of the blood–retina barrier. Pre- and

postoperative treatment with nonsteroidal anti-

inflammatory drops and postoperative treatment

with steroid drops are rational, but unproven to

reduce rates of postoperative macular edema and

improve visual outcomes. Eyes with treated and

resolved DME are unlikely to undergo re-exacerba-

tionwith uncomplicated phacoemulsification cataract

extraction and posterior chamber intraocular lens

implantation.58 Macular thickening arising de novo

after uncomplicated cataract surgery often sponta-

neously resolves and therefore need not be immedi-

ately treated if minimal retinopathy is present,

although treatment as PCME is rational.68 DME

present at the time of contemplated cataract surgery

is unlikely to spontaneously resolve, may get worse

after surgery, and therefore should be treated before

the cataract surgery68,93 PCME occurs more com-

monly in eyes with more advanced degrees of retino-

pathy and therefore anti-inflammatory treatment

approaches such as peribulbar or intravitreal triamci-

nolone have a rationale in such eyes, even if focal/grid

laser is the foundation of treatment for DME.17

10.5 The Role of Ancillary Testing in
Managing Cataract Surgery in Eyes
with Diabetic Retinopathy

TheclinicalassessmentofmildDMEineyeswithclear

media is problematic, and retina specialists increas-

ingly rely on optical coherence tomography (OCT) to

detect mildDME.104,105 In the presence of a cataract,

the clinical examination becomes even less reliable in

thedetectionofmildmacular thickening,buttheOCT

remains reliable until the signal strength drops

(the threshold level depends on the OCT machine,

but for the Stratus OCT, this might be below a signal

strength of 4). Others have advocated using OCT

rather thanclinicalcriteria indecisions regardingperi-

operativemanagement ofDME.106 In the presence of

cataract and diabetic retinopathy, it is the author’s

opinion that OCT should be routinely obtained pre-

operatively to prevent the occurrence of a postopera-

tive surprise of DME that was present but unsus-

pected in the preoperative state. The use of

fluorescein angiography has been advocated as a

way to distinguish PCME from DME.9 Because the

evidence is weak that the findings of disk hyperfluor-

escence or petalloid macular staining discriminate

PCME fromDMEwith reproducible specificity, this

recommendation seems costly and imprudent.68,70

In eyes with dense cataracts preventing a view of

the fundus, a useful ancillary study is iris fluorescein

angiography.107 Any presence of NVI should alert

the surgeon to the certain presence of severe NPDR

or PDR.107 Consideration can be given to periopera-

tive intravitreal bevacizumab injection and prompt

PRP in such a case. Absence of NVI, however, is still

compatible with the presence of advanced diabetic

retinopathy, and a careful fundus evaluation in the

early postoperative period is necessary.

10.6 Candidate Risk and Protective
Factors for Diabetic Macular Edema
Induction or Exacerbation
Following Cataract Surgery and
Suggested Management Actions

Review of retrospective series leads to a list of factors

which have been associated with greater risk of

macular edema induction or worsening in diabetic

patients after cataract surgery. These include female
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sex76 (and counterevidence59), obesity,76 control of

diabetes with oral agents76 (and counterevidence59),

control of diabetes with insulin,59 age � 64,20 longer

duration of diabetes,59 more severe retinopathy,25

poor control of diabetes,73 anymacular edema before

cataract surgery,20 complicated cataract surgery,72

and rapid control of poorly controlled blood glucose

before surgery.78 Several factors have been cited as

possibly protective against postoperative DME,

including previous vitrectomy,54 posterior chamber

intraocular lens implantation placement in the cap-

sular bag rather than the sulcus,108 and previous

macular photocoagulation.58,109 Prospective studies

are needed to more definitively address which of

these factors have the greatest predictive importance.

Based on these factors, specific suggestions for

preventing DME following cataract surgery have

been published. These include intensive preoperative

topical steroids or nonsteroidal anti-inflammatory

drugs,24,48,80,95,110 delaying cataract surgery in

patients with diabetes until a more advanced visual

handicap relative to nondiabetic patients,64,76 the

opposite approach of operating on patients with dia-

betes and cataract earlier rather than later to capita-

lize on the evidence of lack of harm when diabetic

retinopathy is absent or minimal,1,9,37,68 avoidance of

anterior chamber intraocular lenses,72 recusal of sur-

geons who have relatively high rates of posterior

capsule rupture,72 avoidance of cataract surgery in

patients with diabetic retinopathy by beginning-level

residents,23 and scrupulous examination for DME in

the preoperative examination and treatment with

laser photocoagulation before proceeding to sur-

gery.58,76 These all seem to be reasonable suggestions,

subject to rigorous testing in better designed prospec-

tive studies, but the conflicting recommendations

regarding when to operate cannot be wise. In the

absence of a study addressing the issue, the author

suggests that the threshold for cataract surgery be the

same as for eyes of patients without diabetes – when

the cataract is judged sufficiently advanced to inter-

fere with the patient’s visual quality of life.

Suggestions for mitigating the possible effects of

cataract surgery on retinopathy progression and

DME include weekly or biweekly retinopathy checks

for 3 months following cataract surgery,64 fluores-

cein angiography at 1, 3, and 6 months postcataract

surgery in patients with diabetic retinopathy,64

aggressive laser photocoagulation for any

deterioration in retinopathy following cataract sur-

gery, and an intravitreal injection of bevacizumab at

the time of cataract surgery.64,75 Some of these sug-

gested measures, such as biweekly checks and fre-

quent fluorescein angiography, arose in a time of

extracapsular and intracapsular surgeries, and seem

excessive now, when phacoemulsification is the tech-

nique universally used. Modifications of these ideas

may be worth considering for cases at particularly

high risk rather than in routine uncomplicated catar-

act surgery in patients with diabetes. The widespread

availability of OCT and its sensitivity for macular

thickening make it the most important modality in

analyzing diabetic eyes after cataract surgery.

10.7 The Problem of Adherence to
Preferred Practice Guidelines

In addition to the problemof accurately assessing the

extent of cataract surgery induced or exacerbated

DME and PCME, there is the practical problem of

how frequently clinicians depart from delivering evi-

dence-based care. There is consensus that cataract

surgery should not be performed in patients with

untreated DME if it can be avoided, because visual

acuity outcomes are worse.41,73 Nevertheless, many

ophthalmologists do not follow this recommenda-

tion (Fig. 10.4). McCarty et al. found that 10–16%

of surveyed Australian ophthalmologists would

remove the cataract of a patient with combined cat-

aract and DME first and then address the DME.111

Indeed, it has been stated that problem of DME

induced or exacerbated by cataract surgery is more

accurately characterized as a problem of insufficient

diagnostic accuracy by cataract surgeons in recogniz-

ing presence of DME or ignorance or disagreement

with clinical practice guidelines.1,9,64

10.8 Management of the Diabetic Eye
Without Macular Edema About to
Undergo Cataract Surgery

In contemporary ophthalmic practice, there is no

agreement that any measures beyond usual peri-

operative cataract care should be used in eyes

with diabetic retinopathy and no preoperative
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Fig. 10.4 Exemplary case demonstrating lack of awareness of
guidelines regardingmanagement ofDMEand cataract. A 65
year old man with type 2 diabetes for 12 years and hyperten
sion for 10 years saw his ophthalmologist with complaints of
gradual blurring of the left eye for a year. The best corrected
visual acuities were 20/30 and 20/200 of the right and left eyes,
respectively. The ophthalmologist noted a cataract on the left
but had a clear view of the macula and noted that diabetic
macular edema was present. Left eye cataract surgery was
done 2 days later without complication, but the visual acuity

was unchanged at the first postoperative examination. The
fundus examination at this visit was identical to that of the
preoperative examination. The patient was referred to the
author to manage the diabetic retinopathy. Marked macular
edema with lipid exudates and severe diabetic retinopathy
were present of the left eye on clinical examination (a).Marked
macular thickeningwas shown onOCT (b). Fluorescein angio
graphy showed marked fluorescein leakage (c and d). The
patient was treated with intravitreal triamcinolone injection
and focal/grid photocoagulation

macular edema. Nevertheless, the evidence that

subclinical macular thickening occurs after cat-

aract surgery more often and more severely in

such eyes than in the eyes of nondiabetics has

led to studies of alternative approaches to peri-

operative management. Kim and colleagues have

shown that a single posterior subtenon injection

of triamcinolone is associated with a statistically

significant decrease in OCT-measured macular

thickening and best corrected visual acuity at 1

month but not 6 months.77

10.9 Treatment of Diabetic Macular
Edema Detected Before Cataract
Surgery When the Macular View
Is Clear

The most effective treatment for DME in general is

focal/grid laser photocoagulation.98,112 In refractory

cases, adjunctive modalities such as peribulbar triamci-

nolone injection, intravitreal triamcinolone injection,

intravitreal injection of anti-VEGF drugs, and
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sometimes vitrectomy surgery can be employed.113 115

The best order of intervention is an active area of

research and remains unclear.116 Sometimes the cat-

aract obscures the view for delivery of laser photo-

coagulation. In such cases, pharmacologic therapy

can be used to reducemacular edema preoperatively,

and prompt focal/grid laser treatment can be pro-

vided in the early postoperative period. If a taut

hyaloid is present and is considered to be etiologic,

a combined cataract operation with pars plana

vitrectomy may be a reasonable option.

10.10 Management When Cataract
Sufficient to Obscure the Macular
View and DME Coexist or When
Refractory DME and Cataract
Coexist

There is no debate regarding the management of

eyes with concomitant cataract and DME when an

excellent view to themacula is present. In these eyes,

it should be treated and the edema should have

resolved before proceeding with the cataract sur-

gery.96 However, there are cases in which DME is

present but the cataract precludes an adequate view

to the macula to allow treatment of the DME or in

which DME refractory to maximal focal/grid laser

treatment exists. In these cases, there are several

management options; the option associated with

the best visual outcome is unknown. If submaximal

focal/grid photocoagulation has been applied, the

possible options include preoperative injection of

peribulbar or intravitreal triamcinolone or bevaci-

zumab followed by focal/grid laser photocoagula-

tion in the early postoperative period, cataract sur-

gery with intraoperative peribulbar or intravitreal

triamcinolone injection followed by focal/grid

photocoagulation in the early perioperative period,

or cataract surgery without preoperative pharma-

cologic treatment with focal/grid photocoagula-

tion.68,75,96 If maximal focal/grid laser has already

been applied and refractory DME exists, the

options include serial preoperative and postopera-

tive injections of peribulbar or intravitreal triamci-

nolone, serial preoperative and postoperative injec-

tions of intravitreal anti-VEGF drugs, or combined

cataract and vitrectomy surgery, the latter of which

may include an array of possible steps including

internal limiting membrane peeling, panretinal

laser photocoagulation, and intravitreal injection

with triamcinolone or anti-VEGF drugs. An exam-

ple of the clinical management of refractory DME

and cataract was shown in Fig. 10.2.

When DME exists and a taut posterior vitreous

hyaloid is also determined to be present, considera-

tion may be given to a combined procedure invol-

ving both phacoemulsification cataract surgery and

vitrectomy with separation of the tautly adherent

posterior hyaloid. The indications for this proce-

dure are controversial even when the complicating

factor of a visually significant cataract is not pre-

sent. The reader is referred to Chapter 7 for per-

spective on this controversy. Here, we will empha-

size the variables associated with combining

vitrectomy and cataract surgery. Combined pha-

coemulsification cataract extraction and pars

plana vitrectomy is a widely practiced techni-

que.117 119 All variations of the technique employ

removal of posterior hyaloid. Variations include

removal of the internal limiting membrane, either

aided by staining with indocyanine green or marked

by triamcinolone, with or without panretinal laser

treatment and with or without adjunctive intravi-

treal triamcinolone or anti-VEGF drugs. The dis-

advantages of combined surgery include increased

operative time, possible need for two surgeons, and

potential for increased fibrin response in the post-

operative period.118 Prospective studies are needed

to determine the management choices associated

with the best outcomes.

10.11 Patients with Simultaneous
Indications for Panretinal
Photocoagulation and Cataract
Surgery

Traditionally, it has been taught that eyes with

severe NPDR and PDR concomitant with cataract

be treated with PRP first, and that cataract surgery

be deferred until angiogenically active retinopathy

has been rendered quiescent.13,20 The greatest fear

in these earlier studies was NVI and neovascular
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glaucoma.13,20 Before anti-VEGF drugs were avail-

able, preoperative scatter laser with the laser indir-

ect ophthalmoscope was recommended to avoid the

inability to apply laser due to the heavy fibrinous

iritis that sometimes occurs in such eyes after catar-

act surgery.13 Currently, an intravitreal injection of

bevacizumab can be given shortly before antici-

pated cataract surgery and PRP laser applied

shortly after surgery as an office procedure.

More recently, worry has shifted from NVI to

induced DME. Suto and colleagues reported that

patients with simultaneous severe NPDR or early

PDR and visually significant cataracts had a statisti-

cally significant higher rate of attaining� 20/40 vision

and lower rate ofDMEprogression postoperatively if

the order of interventions was cataract surgery first

followedby PRP3months postoperatively compared

to the alternative order of PRP first followed by

cataract surgery 1–3 months later.10 Rates of applica-

tion of focal/grid laser for DME were lower in the

surgery first group. Eyes in the study weremixedwith

regard to presence or absence of DME, and if DME

was present, focal laser was used before PRP was

performed in the PRP group and shortly after cat-

aract surgery in the cataract surgery first group.

Breakdown of the blood–aqueous barrier was

higher in the PRP first group based on aqueous

flare intensity measurement.10 As this study did

not use OCT, it is possible that CSME existed

simultaneously with the cataract in a significant

proportion of eyes, and that the PRP exacerbated

this DME more than cataract surgery did.

10.12 Management of Cataract
in Patients with Diabetic
Retinopathy Undergoing
Vitrectomy

Some patients undergoing vitrectomy surgery for

various indications have concomitant cataract that

interferes with the ability to achieve the goals of the

vitrectomy surgery.120,121 In such cases, possible

management options include standard phacoemul-

sification cataract extraction with intraocular lens

implantation followed by a second vitrectomy pro-

cedure at a later time or combined operations in

which both the cataract surgery and the vitrectomy

are completed with a single anesthesia. There are

many variations on the theme of combined sur-

gery. For example, the cataract extraction may be

done first without insertion of the intraocular lens,

followed by the vitrectomy, and lastly insertion of

the implant. Alternatively, a complete cataract

procedure with implant insertion may be done

first followed by the vitrectomy.39,120 One or two

surgeons may be involved, usually based on cul-

tural differences. In the United States, retinologists

rarely perform cataract surgery and sequential or

two-surgeon single combined procedures are more

common.120 Outside the United States, it is com-

mon for retinologists to perform cataract surgery

and retina surgery, and single-surgeon combined

procedures are more common. Visual acuity

results depend on the underlying severity of the

retinal disease. Rates of visual acuity � 20/40

have been reported from 7 to 29%.120,121 In the

era before endophotocoagulation, vitrectomy

surgery for complications of PDR was associated

with postoperative NVI in 20–30% of cases, and

simultaneous cataract extraction (lensectomy)

increased the rate two to three times compared to

vitrectomy without simultaneous cataract extrac-

tion.50 Application of complete panretinal endo-

photocoagulation at the time of vitrectomy and use

of intraocular anti-VEGF drugs as surgical

adjuncts have reduced this effect of concomitant

cataract extraction dramatically.122 There is evi-

dence from one case series that in the contempor-

ary era of vitreoretinal surgery with endophoto-

coagulation capability reoperation rates are

decreased when the crystalline lens has been

removed before or during the vitrectomy proce-

dure. The hypothesis advanced for this result is

that more complete epiretinal proliferation resec-

tion and endophotocoagulation are possible in an

eye without the crystalline lens.122

10.13 Influence of Vitrectomy Surgery
on Cataract Formation

The traditional teaching has been that vitrectomy

surgery for any indication increases the rate of devel-

opment of cataract. In a recent series of cases
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undergoing vitrectomy for complications of diabetic

retinopathy, 49.1% of 72 phakic eyes developed sig-

nificant cataract within 6 months of vitrectomy and

23.7% of phakic eyes underwent cataract extraction

with intraocular lens implantation over a mean fol-

low-up of 9.6 months, which would tend to support

traditional teaching.122 Hutton and colleagues ana-

lyzed a retrospective series of 289 phakic eyes that

had been subjected to diabetic vitrectomy. Moderate

to severe cataract developed in 37% of eyes at an

average of 1.1 years after surgery.54 On the other

hand, Smiddy and Feuer reported a 15% incidence

of cataract extraction 2 years after diabetic vitrect-

omy compared to 53–66% rates for comparative

cohorts of eyes undergoing vitrectomy for macular

pucker and macular hole, respectively, and the

rates in diabetic eyes remained significantly lower

after statistically adjusting for the effect of age.123

The issue remains controversial and unresolved.

10.14 Summary Flow Chart
of Management Principles and
Estimated Outcomes for Diabetic
Eyes Facing Cataract Surgery

A summary of management principles and average

outcomes when cataract surgery is contemplated in

a patient with diabetes is illustrated in the flow

charts in Figs. 10.5 and 10.6.

Fig. 10.5 Flow chart with
suggested management of an
eye with cataract in a patient
with diabetes and less than
proliferative retinopathy.
Average outcomes by
retinopathy classification
group are indicated.
Reproduced with permission
from Fineman and Benson36
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10.15 Postoperative Endophthalmitis
in Patients with Diabetic
Retinopathy

There is some controversy regarding whether patients

with diabetes undergoing cataract surgery develop

endophthalmitis at a higher rate than nondia-

betics.36,124,125 The severity of diabetic retinopathy

and diabetic macular edema are exacerbated by

endophthalmitis, however, and it is generally agreed

that visual results after endophthalmitis in diabetic

eyes are worse than in nondiabetic eyes.61,126 The rates

ofachieving�20/40visualacuityafterendophthalmitis

are 39% and 55% for diabetic and nondiabetic eyes,

respectively, and similar worse outcomes for diabetic

eyes were found at every level of visual acuity.126 Dia-

beticeyessufferingendophthalmitishavehigherratesof

culturepositivity, havehigher ratesofgrowthof coagu-

lase negative staphylococci, and respond less well to

therapy, requiring more frequent additional injections

and other procedures to manage the endophthalmi-

tis.126 There is a suggestion that visual acuity outcomes

are improved in eyes of diabetics suffering endophthal-

mitis and having visual acuity better than light percep-

tion if vitrectomywith intravitreal antibiotic injection is

used rather thanavitreous tapwithantibiotic injection,

a result not found in nondiabetic eyes.126 Not enough

eyeswerestudiedtoallowamoredefinitivestatementto

bemade. 126

10.16 Summary of Key Points

� Eyes of patients with diabetes have a pre-existing

tendency toward vascular endothelial hyperper-

meability. The effects of normal postsurgical

inflammation are therefore superimposed on a

diathesis for macular edema. Moreover, eyes of

patients with diabetes have higher levels of

Fig. 10.6 Flow chart with suggested management of an eye
with cataract in a patient with diabetes and proliferative
retinopathy that is active or regressed. Average outcomes
by retinopathy classification group are indicated.

Reproduced with permission from Fineman and Benson36.
CE cataract extraction, IOL intraocular lens, implanta
tion, VTX vitrectomy, Intraop intraoperative.
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postsurgical inflammation even after technically

perfect surgery. The net effect is a higher rate of

postoperative clinical and subclinical macular

edema in diabetic eyes.
� It is difficult to distinguish a PCME compo-

nent from a DME component of macular

thickening after cataract surgery in eyes of

diabetics. Disk hyperfluorescence and a petal-

loid pattern of fluorescein leakage are not spe-

cific for PCME.
� The practical consequence of the above consid-

erations is that all eyes of diabetic patients

about to undergo cataract surgery need to

have a painstaking examination of the macula

both clinically and by OCT. If any macular

thickening is detected, every effort should be

made to eliminate it before cataract surgery.

This may involve focal/grid laser and use of

peribulbar and intraocular steroids or intrao-

cular anti-VEGF drugs.
� Careful examination of the macula after cataract

surgery is also important, and treatment should

be applied promptly for macular thickening that

might have been precluded by a suboptimal view

through the cataract.
� Complicated cataract surgery is a particularly

negative influence relative to both DME and

PCME; thus, cataract surgery in patients with

diabetes is best performed by surgeons with low

complication rates and specifically not by begin-

ning residents.
� If cataract surgery in a patient with diabetes is

complicated, the early involvement of a retina

specialist is worthwhile to facilitate detection of

retinopathy progression and induction or wor-

sening of DME.
� Preoperative discussions of prognosis before cat-

aract surgery are more complex in patients with

diabetic retinopathy and expectations of patients

need to be appropriately modulated based on the

pertinent risk factors.
� Active PDR at the time of cataract surgery is

particularly dangerous, as it can be associated

with heavy fibrinous iritis and pupillary mem-

brane formation after surgery. Early postopera-

tive scatter laser should be considered in such

cases when preoperative treatment is not possi-

ble, and preoperative intravitreal injection of

anti-VEGF drugs is prudent.

10.17 Future Directions

Further investigations are needed to resolve several

questions.

1. How often do cataract surgeons misassess the

presence or absence of DME in their patients

being considered for cataract surgery? Should

preoperative assessment for DME by a retina

specialist become a standard in patients with

diabetic retinopathy?

2. What is the rate of development ofDME inpatients

without DME who undergo cataract surgery?

3. What is the rate of development of worsened

DME in patients with mild DME who undergo

cataract surgery?

4. Do pharmacologic or combined pharmacologic

and laser treatments reduce the rate of DME

worsening in patients with refractory DME

undergoing cataract surgery?

5. In patients with DME and a poor macular view,

what management plan produces the best visual

acuity outcomes?

6. In patients with DME associated with a taut

posterior hyaloid, which management plan pro-

duces the best visual acuity outcomes?

7. Does vitrectomy surgery in a diabetic patient

accelerate cataract formation as it does in a non-

diabetic patient?
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Chapter 11

The Relationship of Diabetic Retinopathy and Glaucoma

David J. Browning and Michael H. Rotberg

11.1 Interaction of Diabetes
and Glaucoma

Diabetes, diabetic retinopathy, and their various

treatments can each influence a patient’s risk of

developing not only neovascular glaucoma, but

open angle, narrow angle, and secondary glaucoma

as well. After reviewing the connections between

these types of glaucoma and diabetes, the pathogen-

esis and management of neovascular glaucoma will

be discussed in detail.

Quigley et al. estimated that there are more than

60 million people with glaucoma worldwide.1 While

171million people had diabetes in 2004, by 2030 this

number is expected to more than double.2 How

many of these diabetics also have glaucoma, and

whether having diabetes increases the risk of devel-

oping glaucoma, remains unresolved. Bonovas per-

formed a meta-analysis of studies that attempted to

determine whether diabetes is a risk factor for open

angle glaucoma and found that patients with dia-

betes were at increased risk of developing glau-

coma.3 Other studies have determined that the pre-

sence of type 2 diabetes and the duration of disease

were each independently associated with a higher

risk of having open angle glaucoma.4 And in

another recent study higher hemoglobin A1c levels

were correlated with higher intraocular pressures.5

The mechanism by which diabetes may increase

the risk of glaucoma remains speculative. Nakamura

postulated that diabetes may not only increase the

incidence of elevated intraocular pressure and the risk

of vascular compromise but also impair neuronal and

glial metabolism and promote apoptosis.6 Corneal

elasticity may also be abnormal in diabetics, causing

falsely elevated intraocular pressure measurements.7

But while many studies have found an association

between diabetes and open angle glaucoma5,8 21

others do not confirm this finding.22 29 Pache and

Flammer30 reviewed the literature and concluded

that evidence does not yet exist to be able to claim

conclusively that diabetes is a risk factor for the

development of open angle glaucoma. In fact, the

Ocular Hypertension Treatment Study31 actually

found diabetes to be protective and to reduce the

likelihood of having glaucoma. Quigley has hypothe-

sized that locally elevated VEGF concentrations in

diabetic retinasmay provide a neuroprotective envir-

onment for retinal ganglion cells, possibly explaining

the paradoxical results. But since this is still the only

study to have found diabetes to be advantageous in

this way, the authors postulated that they may have

been misled by having enrolled an unrepresentative

group of diabetic patients, since only those without

diabetic retinopathy were included.

Diabetes may also be directly implicated in the

pathogenesis of some cases of narrow angle glau-

coma. Rapid correction of hyperglycemia has been

associated with the onset of acute angle closure

glaucoma.32 34 In Singapore, diabetes was found

to be associated with the risk of developing narrow

angle glaucoma, which is the variety most com-

monly found in this predominantly Asian popula-

tion.35 In this population of Singapore residents of

Chinese ancestry, diabetics had shallower anterior
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chambers and thicker lenses than an age- and

gender-matched group of nondiabetics, even

though axial length, refractive error, and vitreous

chamber depth did not differ.36 Wiemer et al.37,38

also found increased lens thickness in a northern

European population, but only in patients with

type 1 diabetes, and the amount of thickening was

also correlated with the duration of disease.

In addition, certain treatments of diabetic reti-

nopathy and its complications may predispose to

narrowing of the anterior chamber angles in ways

unrelated to the specifics of the underlying dis-

ease. Panretinal photocoagulation and scleral

buckling can both lead to transient choroidal

thickening and forward rotation of the ciliary

body with secondary narrowing of the anterior

chamber angle. Silicone oil and intraocular gas

can also push the iris forward and obstruct aqu-

eous outflow.

Most well known, however, is the ability of ster-

oids, by any route, to provoke elevated intraocular

pressure. In general, diabetics are at higher risk than

nondiabetics to develop a steroid response.39 Intra-

vitreal injection of triamcinolone, which places a

long-term depot of the drug into the eye, has

recently become a frequent cause of elevated intrao-

cular pressure. The incidence of intraocular pres-

sure rise after intravitreal triamcinolone (IVT)

injection ranges from 30 to 68%,40 44 with the ele-

vation beginning between 7 and 60 days after injec-

tion. The risk is higher in younger patients, in males,

and in those with a fluocinolone implant.45 47 Most

of these pressure spikes are clinically insignificant

and self-limited, but in some cases glaucoma medi-

cations need to be started, and in others glaucoma

filtration surgery or other interventions may be

indicated.

When glaucoma medicine fails to control the

intraocular pressure spike following IVT both

argon laser trabeculoplasty48,49 and selective laser

trabeculoplasty can be effective.50,51 Another novel

approach is the anterior subtenons injection of

anecortave acetate. Robin reported that four eyes

of three patients with elevated IOP due to IVT

responded to a single injection of anecortave acet-

ate, with IOP falling within a month by an average

of 48%, the effect lasting 6 months.52 Further inves-

tigations of this approach to nonsteroid-related

open angle glaucoma are also ongoing.53,54

Not only does diabetes influence the develop-

ment of glaucoma, but intraocular pressure has a

relationship to the development of diabetic retino-

pathy. Eyes with proliferative retinopathy on aver-

age have lower intraocular pressures than eyes with

nonproliferative retinopathy.55 High intraocular

pressures can be protective with respect to the devel-

opment of diabetic retinopathy, and many years

ago the purposeful induction of a steroid response

was seriously discussed as a possible treatment

approach for diabetic retinopathy.56 Conversely,

low intraocular pressures are associated with

worse diabetic macular edema as a logical conse-

quence of Starling’s law (see Chapter 7).57 For

unknown reason, diabetic patients who are steroid

responders have slower rates of progression of

diabetic retinopathy despite absence of differences

in baseline intraocular pressures. That is, factors

associated with the steroid response other than

increased intraocular pressure may confer this

relative resistance to diabetic retinopathy

progression.58

11.2 Iris and Angle Neovascularization
Pathoanatomy and Pathophysiology

Themost clinically significant and vision-threatening

link between diabetes and glaucoma is the propensity

of diabetes to lead to neovascular glaucoma. The

remainder of this chapter will review the anatomy,

pathogenesis, and management of this challenging

disorder.

The normal iris and angle structures are shown in

Fig. 11.1. The iris has zones denoted as the pupillary

margin, the collarette, the ciliary zone, and the iris

root. The iris vascular endothelium is nonfene-

strated with tight junctions, which comprise part

of the blood–aqueous barrier. Fluorescein does

not typically leak across the endothelium of iris

vessels, but often does in the elderly, in pseudoexfo-

liation, and in inflamed eyes.59,60

The innermost angle structure is the trabecular

meshwork, which bridges between the peripheral

cornea (Schwalbe’s line) and the scleral spur. Aqu-

eous percolates through the meshwork as it leaves

the anterior chamber, and then reaches Schlemm’s

canal, a circumferential channel that rests against
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the sclera. Aqueous leaves this canal through col-

lector channels that carry it back into the blood-

stream via aqueous veins, with a smaller amount

leaving by a transconjunctival route. Aqueous also

leaves the eye by a nontrabecular outflow pathway,

primarily through the iris and the portion of the

ciliary body that faces the anterior chamber.

Neovascularization occurring anterior to the

retina in diabetic retinopathy arises secondary to

retinal ischemia, which preferentially involves the

midperipheral and peripheral retina in diabetic reti-

nopathy.61 63 Several varieties of the condition exist

including entry site neovascularization after pars

plana vitrectomy, anterior hyaloidal fibrovascular

proliferation, cyclitic membrane formation, iris

neovascularization (NVI), and anterior chamber

angle neovascularization (NVA).64 Retinal ische-

mia induces production of vascular endothelial

growth factor (VEGF) in the retina and ciliary

body, which diffuses into the vitreous gel and ulti-

mately into the aqueous humor.65 Other growth

factors may also be involved.66 Bathing the anterior

and posterior surfaces of the iris and the anterior

chamber angle, VEGF induces neovascularization

in all these tissues with secondary scarring, syne-

chiae formation, hemorrhage, obstruction of aqu-

eous outflow, elevated intraocular pressure, and

eventually ciliary body detachment and hypotony

with phthisis bulbi.67 69 Antibodies to VEGF can

block this cascade of events in animal models and in

clinical reports.70 72

The single most important factor in anterior seg-

ment neovascularization in association with dia-

betic retinopathy is the concentration of vascular

endothelial growth factor (VEGF) in the aqueous

humor.73 Vitreous levels of VEGF are significantly

Fig. 11.1 Anatomy of the iris and anterior chamber angle showing the vascular supply and the structures through which
aqueous humor passes in its route through the eye
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correlated with the severity of diabetic retinopathy,

and it is thought that the aqueous humor VEGF

originates from the retina and the ciliary body,

diffuses into the vitreous, and thence into the aqu-

eous humor.63 67

Eyes with NVI are frequently observed to have

dilated retinal vessels traversing zones of nonper-

fused retina ending in broom-like expanses of new

vessels feeding a ridge of neovascularization just

posterior to the ora serrata.63 These findings have

been described best by intraoperative fluorescein

angiography employing an ophthalmic endoscope,

and the descriptions and photographs resemble

findings in retinopathy of prematurity.63

Neovascularization of the iris is associated

with a myofibroblastic membrane on the iris sur-

face that effaces iris surface crypts and contrac-

tion furrows and produces the tractional forces

leading to ectropion uvea and angle synechia.74

The new vessels lie beneath this myofibroblastic

membrane (Figs. 11.2 and 11.3).67 Although the

new vessels predominantly grow on the anterior

iris surface, cases have been reported in which

they grow on the posterior surface and on the

surface of the ciliary body.75,76 They also can

grow over the pupil and adhere to the lens (seclu-

sio pupillae).74 Untreated cases of NVI often pro-

gress to hyphema.74

The pathophysiology of anterior segment neo-

vascularization explains how treatment has benefi-

cial effects. The photoreceptor–retinal pigment

epithelial complex consumes two-thirds of the oxy-

gen used by the retina. Laser photocoagulation

selectively destroys the retinal pigment epithelium

and photoreceptor layers, thus decreasing oxygen

consumption of the outer retina and allowing more

choroidal oxygen to diffuse to the remaining, viable

inner retina.77 This downregulates the production

of VEGF and leads to regression of anterior seg-

ment neovascularization.78

11.3 Epidemiology

Presence of NVI and NVA in a diabetic patient is a

sign of advanced diabetic retinopathy, and often is

also a sign that diabetes treatment has not been

adequate. Using the slit lamp examination for

diagnosis, Ohrt79 found no case of NVI without

diabetic retinopathy, and 64% of cases of PDR

had NVI. Using fluorescein gonioangiography,

Ohnishi et al.80 found NVA in 24% of eyes with

NPDR and 73% of eyes with PDR. Consecutive

series of eyes undergoing vitrectomy surgery for

complications of diabetic retinopathy report pre-

operative NVI in 4–27% of eyes.81,82 In a clinical

series of eyes examined with iris fluorangiography

and having varying degrees of retinopathy, the

prevalence of NVI when severe NPDR and PDR

were present was 44 and 66%, respectively.83 No

patients with less advanced retinopathy than

severe NPDR had NVI.83 In an unselected series

of patients with untreated diabetic retinopathy

from the 1950s, NVI was present in 6.8% of

patients.79 A similar series from 1980 was a lower

Fig. 11.2 A myofibroblastic membrane (black arrow) is pre
sent on the iris surface with subjacent iris new vessels. Ectro
pion uvea is indicated by the open arrow. Reprinted with
permission from Roth and Brown172

Fig. 11.3 Anterior synechia secondary to neovasculariza
tion of the iris causing effacement of the anterior chamber
angle. Reprinted with permission from Roth and Brown172
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prevalence of 3.8%.84 This percentage is probably

still higher than the true value as it derived from a

tertiary referral clinic and was not population

based.84 In the DRS, 2.3% of eyes with PDR had

NVI by clinical examination.85 A higher percen-

tage of cases of NVI are bilateral in association

with diabetic retinopathy than other causes of

NVI, reflecting the generally symmetric nature of

diabetic retinopathy.79 Bilateral involvement of

NVI in association with diabetic retinopathy has

been reported in 5–76%.74 NVI occasionally spon-

taneously resolves clinically, although histological

evidence of the vessels may be detected.74,86,87

11.4 Clinical Detection

Iris neovascularization usually follows the develop-

ment of proliferative diabetic retinopathy, but cases

have been described in which NVI was seen in the

absence of PDR.83,88,89 In these cases, however,

severe nonproliferative retinopathy was present or

intracapsular cataract extraction had been per-

formed.83,89 Studies have reported widespread

areas of peripheral retinal capillary nonperfusion

in eyes with PDR and in eyes with NVI.62,63 There

is a controversy regarding the sequence of anterior

segment neovascularization.

Why the Difference in Sequence of Ocular Neovascularization in Different Diseases?

We have noted that in diabetic retinopathy, retinal neovascularization typically precedes iris and

angle neovascularization and that typically pupillary margin neovascularization precedes angle

neovascularization.90 Why, then, in ischemic central retinal vein occlusion, is retinal neovasculariza-

tion rare, but anterior segment neovascularization common, and why is it much more common in

central retinal vein occlusion to find NVA before pupillary margin NVI?91 And why, in retinoblas-

toma, is NVI present in 44–80% of cases, yet retinal neovascularization absent?92,93 Henkind93

hypothesized that the iris vessels are more sensitive to a diffusible factor, not known at the time, but

now known to be VEGF. This seems too simple an explanation, as there is no evidence in the

experimental models that iris vessels have greater sensitivity than retinal vessels to neovasculariza-

tion to intravitreal injections of VEGF, and the gradient of VEGF is decreasing from vitreous to

aqueous. Although VEGF is upregulated in necrotic retinoblastoma cells and in outer nuclear layer

cells in adjacent areas of detached retina, it is possible that other molecules than VEGF contribute to

NVI in cases of retinoblastoma.92 Intraocular fluid samples have not been available to sample in this

condition. In central retinal vein occlusion, the ischemic retina may have insufficient viability to

respond to VEGF with neovascularization, in contrast to the iris vessels.

Most authors report that in diabetic patients

pupillary margin iris neovascularization consis-

tently precedes angle neovascularization, patholo-

gical evidence exists to support this sequence, and

some classification schemes are based on this pre-

sumption.59,75,79,83,87,90,74,94,80,95 In five clinical ser-

ies comprising 245 eyes, no case of NVA was seen

without concomitant NVI.59,83,86,96,80 Based on

Hanley’s rule of three, we can be 95% confident

that the probability of NVA without NVI is at

most 3/245 (1.2%).96,97 However, rare cases have

been reported in which angle new vessels were seen

in the absence of pupillary margin new vessels.63,98

The authors consider the general clinical rule to be

true, conceding that rare counterexamples may

exist, and we have illustrated our understanding of

the clinical sequence of anterior segment neovascu-

larization in association with diabetic retinopathy

based on this understanding (Fig. 11.4).

Unlike the situation with diabetic retinopathy,

NVA is often found before pupillary margin NVI

in central retinal vein occlusion, occurring in 12%

of cases developing anterior segment neovasculari-

zation.91 If it can occur in diabetic retinopathy, the

frequency of its occurrence is much less, and there

seems to be little reason to do undilated
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gonioscopy in search of NVA in diabetic eyes with

no pupillary margin NVI.99 NVI in association

with diabetic retinopathy behaves differently

from NVI in association with central retinal vein

occlusion. In the latter, the course of NVI is com-

pressed and neovascular glaucoma can occur

rapidly, whereas on an average the course is slower

in the case of diabetic retinopathy.88,100 This gen-

eral observation may reflect the generally lower

levels of intraocular VEGF seen in diabetic retino-

pathy compared with ischemic central retinal vein

occlusion.

Actual Practice Patterns for Undilated Slit Lamp Examination in Patients with Diabetic Retinopathy

Preferred practice patterns are published by the American Academy of Ophthalmology ‘‘to identify

characteristics and components of quality eye care.’’101 It is of interest, therefore, to know if the

intent of these patterns is being met in actual practice. An undilated slit lamp examination is

considered part of the preferred practice, in part to detect NVI in patients with diabetic retinopathy.

Regarding undilated slit lamp examination to check for NVI in diabetic patients, one of the authors

(DJB) performed a survey in North Carolina to estimate congruence between preferred and actual

practice patterns. Of 369 ophthalmologists polled, 335 (91%) responded. Forty-one percent of

ophthalmologists report omitting undilated slit lamp examination in at least 25% of patients. Of

the 138 ophthalmologists in this group, when asked if they modify their practice if they know the

patient has had diabetes for at least 10 years, 44 (32%) responded that they do not. A potential

Fig. 11.4 Diagram illustrating the natural history of unin
hibited anterior segment neovascularization associated with
diabetic retinopathy. A new vessels begin at the pupillary
margin. B next new vessels can appear in the angle.C next
the iris stroma is involved with new vessels and angle

synechiae develop. D pupillary margin posterior
synechia to the lens capsule develop and iris bombe may
occur. E hyphema may occur when iris neovascularization
bleeds. Adapted from and reproduced with permission from
Roth and Brown172
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problem exists in omitting undilated examination of the iris in patients with long duration of diabetes.

It is likely that detection of NVI is impaired by dilation. An example is shown in Figs. 11.5 and 11.6.

Clinical detection of NVI is clouded by the diffi-

culty of distinguishing dilated normal iris vessels

fromNVI. Eyes with inflammation can have dilated

iris vessels that may masquerade as NVI. Iris neo-

vascularization must also be distinguished from iris

vascular tufts, which are located along the pupillary

margin and do not occur on the surface of the iris

stroma or in the angle.90,102

Iris color influences the ease of detection of NVI.79

Clinical detection at the slit lamp is easier in a light-

colored iris.74 SubtleNVImaybe difficult to discern in

a dark-colored iris. Red-free lightmaymake detection

of the red NVI easier.103 In difficult cases, iris fluor-

escein angiography and gonioangiography can make

detection of NVI andNVA easier.62,80 Iris fluorescein

angiography ismore sensitive than slit lamp biomicro-

scopy in the detection of NVI and NVA, but is also

less specific.80,104,105 Dilated iris vessels in eyes with

iritis, normal iris vessels in older patients, and eyes of

diabetics with retinopathy but no NVI can leak fluor-

escein on angiography just as does NVI, thus iris

fluorescein angiography is not always a reliable

method for distinguishing the two conditions.59,106 108

Iris fluorangiography is an often forgotten method of

assessing the presence of diabetic retinopathy in eyes

with dense cataracts before proceeding to surgery.

Presence of NVI implies that severe NPDR or worse

is present and allows for preoperative planning such

as use of intravitreal bevacizumab or early postopera-

tive PRP.83 Indocyanine green iris angiography has

also been investigated in patients with diabetic retino-

pathy and is not as useful as iris fluorescein

angiograms.109

Figures 11.7, 11.8, and 11.9 show standards use-

ful in interpreting iris fluorescein angiograms.

Fig. 11.7 Example of a normal iris fluorescein angiogram.
No dye leakage is present, although in patients over the age of
50 years, a small amount of pupillary margin leakage of
fluorescein can be considered normal. Reprinted with per
mission from Bandello et al.83

Fig. 11.5 In the undilated state, NVI is shown (arrowhead) Fig. 11.6 In the dilated state, the NVI cannot be detected
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11.5 Classification

Several classification schemes for NVI and NVA

have been proposed and none is accepted by the

majority of clinicians.62,83,88,110 There are also dif-

ferent classification schemes for the clinical and

histopathological stages of NVA (Fig. 11.10).82,111,112

The purpose of these schemes is to attempt to

provide a prognosis for visual outcome and to

allow correlations to bemade with stages of diabetic

retinopathy.88,80 They differ not only in conception,

but in the method used for detecting NVI andNVA.

Although standardized classifications have attrac-

tion in common conditions such as diabetic retino-

pathy, the relative uncommonness of NVI makes

the ability to recall details of any system difficult for

the clinician, and we favor a method of straightfor-

ward description of pupillary margin and angle

involvement by neovascularization as being most

practical (Tables 11.1 and 11.2).

11.6 Risk Factors for Iris
Neovascularization

Several risk factors for NVI relate to characteristics of

diabetic retinopathy severity and fluorescein angio-

graphy. Hamanaka and colleagues performed nearly

simultaneous goniofluorescein angiography and

panoramic fundus fluorescein angiography in a series

of eyes with proliferative diabetic retinopathy.62 They

graded eyes as having any capillary nonperfusion in

the temporal raphe and radial peripapillary capillary

network regions and graded whether midperipheral

retinal capillary nonperfusion exceeded 50% or not.

Figure 11.11 illustrates these regions. Presence of disk

neovascularization (NVD) was also noted. They then

correlated the presence of NVA with the findings on

fundus fluorescein angiography and the status of

NVD. The strongest risk factor for the presence of

NVA was midperipheral capillary nonperfusion

greater than 50% by area with a relative risk of 16.7

compared to eyes without this characteristic (Table

11.3). The relative risk is much higher for this factor

because of the rarity of finding an eyewithNVAwhen

capillary nonperfusion of the midperiphery falls

below 50%. Only 1 out of 28 such eyes had NVA.

Risk factors for development of NVI in eyes with

diabetic retinopathy include previous vitrectomy

and previous cataract extraction, both of which

remove a diffusion barrier for VEGF access to the

aqueous humor.89,115 Attempts to predict post-

operative NVI after vitrectomy by using preopera-

tive iris fluorescein angiography have not been suc-

cessful. Aphakia has been reported to be a risk

factor for NVI in eyes with diabetic retinopathy in

Fig. 11.8 Example of nonproliferative diabetic iridopathy.
Dye leakage is prominent in the late phase but neovasculariza
tion is absent. Reprinted with permission fromBandello et al.83

Fig. 11.9 Example of iris neovascularization present around
the entire pupillary margin and at several places on the iris
stroma. Reprinted with permission from Bandello et al.83
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the past, but is rarely encountered in recent years

because almost all eyes receive intraocular lens

implants.89,115 Posterior pseudophakia is probably

not a risk factor for NVI, although anterior pseudo-

phakia may be.116 Silicone oil present in the vitreous

cavity can reduce the risk of NVI in such cases, but

not eliminate it.117 Rhegmatogenous or peripheral

tractional retinal detachment in an eye with diabetic

retinopathy increases the risk of NVI, and repair of

such detachments can lead to NVI regression.68,118

Neodymium-YAG capsulotomy after extracapsular

cataract extraction is a potential risk factor for ante-

rior segment neovascularization.119

In eyes with diabetic retinopathy undergoing

vitrectomy, the risk factors for postoperative

development of rubeosis are intraoperative len-

sectomy, increased preoperative retinopathy

severity, and absence of preoperative PRP asso-

ciated with relative risks of 3.3 (95% CI 2.0,

5.4), 2.1 (95% CI 1.3, 3.4), and 1.7 (95% CI

1.1, 2.6), respectively.68 If an eye undergoing

vitrectomy has preoperative NVI, the odds are

increased that it will have postoperative NVI.95

In these cases, presence of a postoperative retinal

detachment negatively affects regression of

NVI.95

Table 11.1 Iris neovascularization grading systems

Grades

Reference Detection method 0 1 2 3

Teich 88,
Weiss113

Slit lamp
biomicroscopy

Pupillary margin
NVI< 2
quadrants

Pupillary margin
NVI> 2
quadrants

Ciliary zone NVI or
ectropion uvea of
1 3 quadrants

Ciliary zone NVI or
ectropion uvea of
4 quadrants

Bandello83 Iris FA No fluorescein
leakage

Dilated iris
capillaries that
leak fluorescein

Pupillary margin or
stromal new
vessels that leak
fluorescein

New vessels in the
angle with
elevated IOP

Tauber
et al.110

Slit lamp
biomicroscopy
and
gonioscopy

1 quadrant involved;
pupillary margin,
iris stroma, and
angle
involvement
graded

2 quadrants
involved;
pupillary margin,
iris stroma, and
angle
involvement
graded

3 quadrants
involved;
pupillary margin,
iris stroma, and
angle
involvement
graded

4 quadrants
involved;
pupillary margin,
iris stroma, and
angle
involvement
graded

Not all the grading systems use the same numbering. Some start at zero and some start at 1. For comparison purposes, they
have all been converted into a scale starting at zero. Ciliary zone the outer zone of the iris separated from the pupillary zone
by the collarette.

Fig. 11.10 Classification of
NVA from Ohnishi et al.
using fluorescein
gonioangiography for
detection. In grade 1, dot
proliferations are seen at the
iris root. In grade 2, a linear
vessel arising from these dot
proliferations rises at a
perpendicular to the iris root
to connect to the trabecular
meshwork. In grade 3, an
arborization of the vessel
over the surface of the
trabecular meshwork is seen.
In grade 4, contracture of the
neofibromyovascularization
occurs with synechia.
Reprinted with permission
from Ohnishi et al.80
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Not only does lensectomy during vitrectomy

increase the odds of postoperative development of

NVI, if an eye has preoperative NVI and undergoes

vitrectomy, the odds of postoperative regression of

NVI decrease from 55 to 28% if an intraoperative

lensectomy is performed.95

11.7 Entry Site Neovascularization After
Pars Plana Vitrectomy

Entry site neovascularization after pars plana

vitrectomy for proliferative diabetic retinopathy

has been reported to occur in 18% of sclerotomies.

Three configurations of proliferations have been

Fig. 11.11 Three regions of the fundus are depicted. The black areas represent the temporal raphe region (a), the radial
peripapillary capillary network regions (b), and the midperipheral retina (c). Eyes were graded as to whether retinal capillary
nonperfusion exceeded 50% or not. Reprinted with permission from Hamanaka et al.62

Table 11.2 Angle neovascularization grading systems

Grades

Reference Detection method 0 1 2 3

Teich 88

Weiss113
Slit lamp

biomicroscopy
NV twigs cross the

scleral spur� 2
quadrants

NV twigs cross the scleral
spur> 2 quadrants

PAS of 1 3 quadrants PAS of 4
quadrants

Little
et al.114

Slit lamp
gonioscopy

Few or no PAS
without
glaucoma

Few or many PAS with
glaucoma

3608 closed angle

Ohnishi
et al.80

Fluorescein gonioangiography Hyperfluorescent dots in
the angle

Hyperfluorescent
line in the
angle
perpendicular
to the iris root

Hyperfluorescent
network
spreads over
the trabecular
meshwork

Peripheral anterior
synechia present

Not all the grading systems use the same numbering. Some start at zero and some start at 1. For comparison purposes, they
have all been converted into a scale starting at zero.

Table 11.3 Risk Factors for Angle Neovascularization

Fundus risk factor
Rate of occurrence of angle
neovascularization (%)

Relative
risk

Temporal raphe
nonperfusion
present

50 1.5

RPC area
nonperfusion
present

48 1.6

Midperipheral
capillary
nonperfusion
>50%

60 16.7

Neovascularization
of the disk

50 1.8

Data from Hamanaka et al.62 The relative risk means risk
when this factor is present compared to the case when it is not
present.
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described – spheroidal, tent shaped, and trapezoidal.

The trapezoidal configuration is associated with the

highest incidence of clinically important postvitrect-

omy vitreous hemorrhage requiring vitreous cavity

washout. Rates for requiring vitreous cavity washout

of postvitrectomy hemorrhage have ranged from 7.5

to 23.7% over �6 months of follow-up.64,96 These

rates are probably influenced by the casemixes of the

eyes in the series. Unlike the situation with iris neo-

vascularization, a possible confounding variable is

the presence of vitreous incarceration in the entry

site acting as a scaffold for proliferation. Surgeons

generally make special efforts to prevent this occur-

rence by using maneuvers such as scleral depres-

sion to better view and access the vitreous base

during surgery, and sometimes simultaneous cat-

aract surgery to allow better access to this location.

Other steps used to minimize the occurrence of

entry site neovascularization include near-conflu-

ent laser photocoagulation to the anterior retina or

peripheral retinal cryotherapy.64,120,121 Iris neo-

vascularization is sometimes associated with cases

of entry site neovascularization.122,120

11.8 Anterior Hyaloidal Fibrovascular
Proliferation

Anterior hyaloidal fibrovascular proliferation is the

most common severe postoperative complication

following vitrectomy for diabetic retinopathy

occurring in approximately 13% of eyes within the

first 12 months after vitrectomy. Neovasculariza-

tion originating from the anterior retina grows

into the anterior hyaloid and extends along the

posterior lens surface causing early recurrent vitr-

eous hemorrhage, cataract formation, peripheral ret-

inal traction detachment, ciliary body detachment

with hypotony, and often progressing to phthisis

bulbi.97,98 The typical patient developing this com-

plication is a young male with poorly controlled

diabetes mellitus, severe retinal ischemia, and fre-

quently traction retinal detachment. Placement of a

scleral buckle may increase the frequency of this

complication.97 Early recognition with lensectomy,

repeat vitrectomy with aggressive dissection of ante-

rior fibrovascular membranes, placement of conflu-

ent panretinal laser photocoagulation up to the ora

serrata, and sometimes instillation of silicone oil may

salvage such eyes.97

11.9 Treatments for Iris
Neovascularization

The foundation for treatment of iris neovasculari-

zation is panretinal photocoagulation, which

destroys ischemic retina and leads to reduced

intraocular production of VEGF.59,63,84,117,123

Although often effective, and differentially effective

in NVI associated with diabetic retinopathy as

opposed to central vein occlusion, PRP is not uni-

versally effective, and its effect is not immedi-

ate.84,124,125 The effect of PRP is dose depen-

dent.125,126 Full PRP is more effective than partial

PRP in causing regression of NVI.125,126 Occasion-

ally there is insufficient time for the effect of PRP to

develop before irreversible damage such as angle

synechia and optic atrophy from elevated pressure

supervenes.127 In these cases, a regression of neo-

vascularization within 24 h can be effected by intra-

vitreal or intracameral injection of bevacizumab or

another anti-VEGFagent (Figs. 11.12a and b).128 132

Bevacizumab is also helpful in cases in which PRP

fails to cause regression of NVI.128,129This regression

of NVI can boost the success rates of filtering sur-

geries, but the effects vanish as the drug leaves the

eye, usually within 6 weeks.128,133 Bevacizumab is

best viewed as a bridge to allow more complete and

sustainable reduction in intraocular VEGF concen-

trations through PRP or cryotherapy. Bevacizumab

alters wound healing, reduces postoperative bleed-

ing, and may augment the effectiveness of filtering

surgery through these mechanisms.128,133 Photody-

namic therapy of NVI with intravenous verteporfin

has also been used as a treatment to cause regression

of NVI and prevent angle closure while the effect of

PRP takes effect.127 In some cases with vitreous

hemorrhage precluding a view for office PRP, regres-

sion of NVI can be effected by vitrectomywith endo-

laser photocoagulation, or in eyes with poor visual

potential, transscleral cryotherapy, or transscleral

diode laser photocoagulation.124,134 136

The outcome of treatment of NVI and NVA is

related to the severity of the anterior segment signs

present before treatment. In general, the more
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extensive the PAS, the less likely that intraocular

pressure control can be achieved with retinal abla-

tion and medical therapy. For eyes with no PAS,

94% show regression of NVI with PRP and 12%

have persistent elevation of IOP. For eyes with

<270 degrees of angle closure, 25% have persistent

IOP elevation after peripheral retinal ablation. Of

eyes with >270 degrees of PAS, persistent IOP ele-

vation was present in 67% of eyes.88

A subset of eyes with NVI progress to neovas-

cular glaucoma. These eyes frequently require fil-

tering surgery or tube shunt surgery to control the

intraocular pressure. Adequate preoperative PRP

and induced regression of anterior segment neo-

vascularization are considered important to

increase the chance of success of these proce-

dures.137 Presence of active intraocular neovascu-

larization and presumptively elevated VEGF levels

are thought to produce an exaggerated wound-

healing response that mitigates the effectiveness

of glaucoma surgery.138

In experimental models of NVI, systemic a-inter-
feron injections and intravenous injections of squa-

lamine, an antiangiogenic aminosterol, led to

regression of NVI and prevention of NVI, respec-

tively.139,140 The side effects of interferon therapy in

humans for other indications have been significant,

and this experimental result has not translated into

a practical treatment in human disease. Intravenous

squalamine therapy has been tested in a phase 1

clinical trial for neovascular age-related macular

degeneration, but has not been used in NVI.

11.10 Modifiers of Behavior of Iris
Neovascularization

Removal of the lens in eyes with diabetic retinopa-

thy undergoing vitrectomy surgery has traditionally

been considered to raise the risk of subsequent

development of NVI, but more recent reports in

Fig. 11.12 Effect of
Intravitreal Bevacizumab on
Iris Neovascularization.
(A) Neovascularization of
the iris is shown at the white
arrows in the iris photograph
and iris fluorescein
angiogram. (B) After
intravitreal bevacizumab
injection the
neovascularization has
regressed. Reprinted with
permission from Grover130
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the era of endolaser photocoagulation suggest that

this traditional teaching is no longer true.119 In

modern series, rates of postoperative development

of NVI following vitrectomy surgery have been

<5% whether the eyes are phakic or pseudo-

phakic.119 The postoperative NVI in these cases

typically regresses with office PRP.119

Iris neovascularization secondary to diabetic reti-

nopathy progresses less rapidly and responds better

to PRP than that following retinal venous occlu-

sions.88 Because patients with diabetic retinopathy

can have concomitant retinal venous occlusive dis-

ease, awareness of this relationship is important, and

follow-up interval and heaviness of treatment

adjusted as needed in the presence of two conditions.

Carotid artery occlusive disease can exacerbate a

tendency for an eye with diabetic retinopathy to

develop NVI and, paradoxically, may ameliorate

the tendency in some cases.

11.11 Management of Neovascular
Glaucoma

It was only a few decades ago that a textbook could

say of neovascular glaucoma ‘‘the only practical

treatment, if a retrobulbar injection of alcohol or

cyclodiathermy fails to relieve the pain, is enuclea-

tion.’’133 Fortunately, the prognosis for patients

with NVG is much less grim today. The manage-

ment of neovascular glaucoma has evolved drama-

tically since then, especially over the past few years

as the emerging role of anti-VEGF medications has

come into better focus.

In evaluating a patient with neovascular glau-

coma it is first critical to determine the cause of

the new vessels, since definitive treatment of the

underlying disorder, whether it is diabetes, ocular

ischemia, uveitis, radiation, or some other condi-

tion, makes management of the glaucoma more

successful and preservation of vision more likely.134

A dilated fundus exam is mandatory, and other

studies including fluorescein angiography, noninva-

sive carotid ultrasound, or B-scan may provide

additional useful information about the etiology.

Once the causative condition has been identified

and addressed, the appropriate approach to a

patient with neovascular glaucoma depends upon

the stage at which the disease presents. The essential

diagnostic test in staging NVG is gonioscopy. In

Stage 1 NVG, there is rubeosis or angle neovascu-

larization but the angle remains open and the IOP is

still normal. Stage 2 NVG has iris or angle NV with

elevated IOP. Stage 3 NVG is characterized in addi-

tion by peripheral anterior synechiae, and some

degree of irreversible angle closure.137 However,

even before there are clinically visible peripheral

anterior synechiae neovascular tissue can insinuate

itself into intertrabecular spaces and disturb aqu-

eous outflow.115 All three stages of NVG may be

associated with anterior chamber flare, conjunctival

injection, hyphema, or photophobia, but ectropion

uveae, corneal edema, decreased vision, headache,

and eye pain more frequently appear in the

advanced stages.

In Stage 1 NVG, the priority is to induce the new

vessels to regress before they cause angle closure.

Until recently, this meant applying urgent panret-

inal photocoagulation, which can, within 3–6

weeks, lead to resolution of rubeosis.123 If the view

of the retina is inadequate, other options include

transscleral retina cryoablation or, more often,

pars plana vitrectomy with endophotocoagulation,

and possibly cataract extraction.

Now, however, the availability of medications to

counteract the effect of VEGF has altered the ther-

apeutic algorithm. An intravitreal or intracameral

injection of an anti-VEGF medication such as bev-

acizumab can cause very rapid and long-lasting

resolution of new vessels even before PRP can take

effect. A growing literature, still mostly case reports

and small series, attests to the utility of these med-

ications in arresting the neovascular process and in

causing rapid regression of the new vessels. The first

case report appeared as recently as 2006. Avery

reported regression of retinal and iris neovascular-

ization when intravitreal bevacizumab was given

after PRP. No side effects were noted.71 Since

then, many other reports have confirmed this

impression.72,136 143 Typical are the findings

reported by Wakabayashi et al., whose large series

of 41 eyes showed that intravitreal bevacizumab

often leads to complete regression of neovascular-

ization within a week.144 Although many eyes had

recurrent rubeosis within 6 months, beginning on

average after 2 months, repeat injections were

usually effective. In eyes with elevated IOP but
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open angles, the typical result of a single injection

was not only regression of rubeosis but also normal-

ization of IOP within a week as well. Eyes with

synechial angle closure due to NVG had resolution

of rubeosis but no improvement in IOP. Martinez-

Carpio surveyed the burgeoning literature in this

area.145 In the 26 articles he compiled, none of

which were randomized studies, the use of intravi-

treal bevacizumab injections for NVG was asso-

ciated with no systemic complications and less

than 1% ocular complications.

This medication may also be given as an intra-

cameral injection with similarly dramatic reduc-

tions in new vessels, IOP, and aqueous VEGF

levels.130 132 When cultured human corneal

endothelial cells were exposed to a normal thera-

peutic concentrations of bevacizumab, no toxic

effects were identified.146,147

It is uncertain whether such injections by either

route are better given before, after, or on the same

day as PRP, since publications report rapid regres-

sion of NV regardless of the sequence.71,140,141 In

some eyes PRP may be easier to perform after new

vessels have regressed, IOP has normalized, the

cornea has cleared, and hyphema has resolved. But

in general, when retinal ischemia is the cause of iris

neovascularization, the sooner the underlying dis-

order can be treated the better, and PRP should be

applied as soon as possible to begin to build a long-

term solution upon the acute improvement that

anti-VEGF medication can provide.

In Stage 2 NVG, which presents with rubeosis,

elevated IOP, and open angles, the IOP needs to be

controlled medically until the new vessels regress.

Once the neovascular process has been arrested and

reversed the IOP may return to normal, allowing

glaucoma medications to be tapered and discontin-

ued. As in Stage 1 NVG, the first priority is to treat

the underlying cause of the rubeosis, to do aggres-

sive PRP, and to consider injection of an anti-

VEGF medication either into the vitreous or into

the anterior chamber. At the same time medications

to lower the IOP and to control inflammation can

be started to prevent optic nerve damage and to

encourage corneal edema to clear, so the eye can

be more fully examined.

Aqueous suppressants, such as beta-blockers,

carbonic anhydrase inhibitors, and alpha-2

agonists, are all often effective. Prostaglandin ana-

logues may also be helpful, but can aggravate

inflammation in these eyes. Miotics (cholinergic

drops) should not be used. The pain that NVG

patients experience is just as often due to inflamma-

tion as to high IOP and may persist even after the

IOP is controlled. It is also important to begin

topical corticosteroid drops and cycloplegics to

reduce inflammation, relieve pain, and stabilize the

blood–aqueous barrier.

Patients presenting with synechial angle closure

(Stage 3 NVG) will almost always have persistent

elevated IOP even after their new vessels regress,

and most soon require some sort of glaucoma sur-

gery to lower IOP and preserve vision. In fact,

whichever Stage NVG the patient has at presenta-

tion, if IOP cannot be controlled medically glau-

coma surgery is indicated, but deciding upon the

appropriate procedure depends upon the eye’s

vision potential. Incisional surgery, such as trabe-

culectomy or a glaucoma drainage implant, is best

reserved for eyes in which vision can be preserved.

Nonpenetrating glaucoma procedures, such as vis-

cocanalostomy or canaloplasty, are unlikely to be

helpful in these cases, especially if the angle is

closed. If vision is expected to remain very poor

because of extensive retinal ischemia or advanced

optic nerve damage, the risks of incisional surgery

may not be acceptable, and a cyclodestructive pro-

cedure should be considered. Blind painful eyes

may be treated with retrobulbar injections or by

evisceration or enucleation.148 Each of these

approaches will be discussed.

Trabeculectomy surgery has historically had a

very poor success rate in neovascular glaucoma.

Full PRP improves the prognosis for trabeculect-

omy, but the vessels may take several weeks to

regress.149 Surgery in such eyes is complicated by

excessive risk of inflammation and hemorrhage.

Even with the help of 5-FU or mitomycin-C, the

chance of long-term filtration is minimal in an eye

with active rubeosis, since aqueous containing high

levels of VEGF will leave the eye through the scler-

ostomy and promote neovascularization that can

cause the bleb to scar. For this reason, many glau-

coma surgeons have preferred to perform trabecu-

lectomy with mitomycin for immediate IOP control

soon after PRP, while at the same time placing a
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glaucoma implant, expecting that the trabeculect-

omy would be scarring closed and beginning to fail

by the time the temporary ligature around the

implant tube opened after 1–2 months.

Recent reports of the adjunctive use of anti-

VEGFmedications suggest that they may improve

the outlook for filtration surgery in eyes with

NVG. Bevacizumab has been injected into the

vitreous,121,127,150,128,133 into the anterior cham-

ber,151 and subconjunctivally152 to good effect.

These medications also have an inhibitory effect

on fibroblasts153,154 and have been used post-

operatively to rescue failing filtering blebs, taking

advantage of this effect of the drugs.155,156 While

very promising, the appropriate role for anti-

VEGF medications to augment trabeculectomy is

being clarified.

Prior to the use of anti-VEGF drugs, most

patients needing filtering surgery for NVG had

glaucoma implant procedures, using the Ahmed,

Baerveldt, Molteno, or Krupin valves (Fig. 11.13).

Even so, long-term success rates were poor, with

reported 5-year control of IOP in only 25–30% of

patients with NVG.157,158 Progression of underlying

ischemia can lead to vision loss even when IOP is

well treated.159 Glaucoma implants can be placed

either after or at the same time as pars plana vitrect-

omy and endophotocoagulation, with or without

intravitreal bevacizumab. The tube can be placed

into the anterior chamber, or if the angle is closed

into the sulcus, or through the pars plana.160 162

Placement of a glaucoma implant may be

technically difficult in an eye that has an encircling

band. In these eyes, a drainage tube without a plate

can be threaded from the anterior chamber into the

capsule that encases the scleral buckle (anterior

chamber tube shunt to encircling band).163 165

As in trabeculectomy, there is an increased

chance of success if the neovascular stimulus can

be diminished before venting aqueous from the eye

through a tube. Bevacizumab has been reported to

be helpful in improving the outcome of glaucoma

implant surgery as well. Two investigators have

reported good results performing glaucoma implant

surgery after intravitreal injection of anti-VEGF

medication.166,167 Eid reported a series of 20 eyes

in which he gave intravitreal bevacizumab, followed

1–2 weeks later by Ahmed glaucoma implant sur-

gery. Successful IOP control was achieved in 85%of

those who were treated with PRP and bevacizumab

prior to glaucoma implant, compared to a 70%

success rate in those who were given PRP alone.

Again, more work remains to be done before the

role of bevacizumab in glaucoma implant surgery

for NVG.

In spite of the improving results being reported

with trabeculectomy and glaucoma implant for

NVG, in eyes that have a poor visual prognosis

the risk of incisional surgery may not be justified.

In such eyes, cyclophotocoagulation may be the

most appropriate procedure. The diode laser,

applied to the surface of the eye, can reduce IOP in

patients with NVG as effectively as can trabeculect-

omy (Fig. 11.14).168,169

a b

Fig. 11.13 (a) Diagram of an Ahmed glaucoma implant
with the drainage tube placed in the anterior chamber,
covered by a patch graft of sclera, and ending in a
reservoir sutured to the sclera allowing posterior

filtration. (b) Diagram of a Baerveldt glaucoma implant
with the drainage tube placed through the pars plana into
the vitreous cavity following vitrectomy and ending in a
reservoir sutured to the sclera
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How to Perform Transscleral Cyclophotocoagulation

A retrobulbar anesthetic injection using either Lidocaine 2% or Lidocaine combined with Bupiva-

caine 0.75% is given and allowed to take effect. The diode laser is portable and durable and allows

treatments to be done in the office or hospital. A fiber with a special handpiece is used; the handpiece

features a footplate specifically designed for this procedure. When this footplate is placed along the

limbus the fiberoptic tip sits on the surface of the eye directly over the ciliary body, the energy focused

more than a millimeter from the tip, concentrating laser energy in the target tissue. A lid speculum is

placed. With the laser set to deliver pulses lasting 2 s, with power settings of between 1,500 and 2,000

mW, a total of 20–30 applications of the laser are given to the full circumference of the limbus,

sparing only the horizontal meridians to avoid damaging the long posterior ciliary arteries. Sub-

conjunctival decadron as well as topical prednisolone and atropine are placed on the eye. All

glaucoma medications are continued. Postoperative pain is usually not severe. Intraocular pressure

typically falls for 6–8 weeks, and a single treatment gives adequate pressure reduction in about two of

three patients. The treatment may be repeated if the IOP remains too high a few months after the

initial treatment.170

Another way to ablate the ciliary body is

the older technique of cyclocryotherapy, which

tends to provoke more inflammation and pain

than does the diode laser. Also, diode laser

energy may be delivered directly to the ciliary

processes using the ocular endoscope. While

Fig. 11.14 Diagram
illustrating location and
spacing of transscleral
photocoagulation spots for
retinal and ciliary body
treatment in cases with iris
neovascularization with or
without neovascular
glaucoma
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endocyclophotocoagulation (ECP) has the advan-

tage of being able to place laser treatment precisely

where it is needed without damaging adjacent

structures, and may cause even less inflammation

than transscleral treatment, the cost of the equip-

ment and the fact that this is an intraocular pro-

cedure have limited its acceptance.171

When dealing with a blind and painful eye caused

by NVG, the goal of IOP reduction is simply to

improve patient comfort. There are reports that

cyclophotocoagulation may lead to sympathetic

ophthalmia, and therefore some physicians feel it

should not be used in blind eyes.170 Topical steroids

and cycloplegics can provide long-term pain control

in some patients. Retrobulbar alcohol or chlorpro-

mazine injection171 is another way to control pain

and avoid enucleation or evisceration, although in

some badly damaged eyes this is the definitive

approach.

11.12 Summary of Key Points

� Whether diabetes predisposes to primary open

angle glaucoma is an unresolved issue, a surpris-

ing change from a long-held notion linking the

two diseases.
� Intravitreal triamcinolone injection, commonly

used for complications of diabetic retinopathy,

is associated with secondary intraocular pressure

elevation in a large fraction of cases and must be

monitored. Most cases that develop can be suc-

cessfully treated with topical therapy.
� Neovascularization of the iris (NVI) arises in

response to retinal hypoxia. Vascular endothelial

growth factor (VEGF) produced in the retina

diffuses into the vitreous and thence to the aqu-

eous, which bathes the iris and angle. They in

turn respond with growth of new vessels.
� NVI is usually associated with proliferative dia-

betic retinopathy. Neovascularization of the

angle (NVA) rarely develops without preceding

NVI.
� NVI will be often missed if the eye is examined

after pupillary dilation. If no pupillary margin

NVI is present before dilation, it is unnecessary

to perform routine gonioscopy to search for

NVA.

� In a diabetic eye with a dense cataract, iris

angiography to look for NVI can allow the clin-

ician to infer the severity of the diabetic

retinopathy.
� No single classification system for NVI or NVA

has been widely adopted.
� Injection of anti-VEGF drugs into the eye can

cause rapid, temporary regression of NVI and

NVA. Panretinal ablation by laser or

cryotherapy is required to cause sustained

regression.
� If angle structures have been damaged by NVA,

various glaucoma treatments can be used to con-

trol the intraocular pressure, starting with topi-

cal therapy, progressing to surgical therapy, and

in eyes with little visual potential sometimes

involving ciliary body destruction.

11.13 Future Directions

The question of diabetes as a risk factor for primary

open angle glaucomawill be resolved by large popu-

lation-based studies that adequately control for

confounding variables. The use of anecortave acet-

ate as a therapy for steroid-induced glaucoma is a

promising development in need of further study.

Longer duration anti-VEGF drugs and sustained

delivery devices may be developed that overcome

the short-term effect of intraocular injections of

bevacizumab and ranibizumab. Surgical therapy

for neovascular glaucoma will continue to be

refined.
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Chapter 12

The Cornea in Diabetes Mellitus

S. Akbar Hasan

12.1 Introduction

Although the cornea may appear disease free in the

diabetic, marked biochemical and ultrastructural

abnormalities are present altering form and func-

tion. Awareness of these manifestations of corneal

disease in diabetes can lead to steps that prevent

more overt complications.

Corneal manifestations of diabetes mellitus have

been studied less extensively than diabetic retinopa-

thy. Early clinical observations of the diabetic cornea

included endothelial changes such as Descemet’s

folds and pigment deposition on the endothelium.1

In addition, diabetics were noted to have impaired

corneal sensitivity resulting in a neurotrophic kerati-

tis with corneal ulceration.2,3 Over the last few

decades, amore detailed knowledge of the pathophy-

siological changes to the cornea has been gained.

12.2 Pathophysiology

Early studies examined the polyol pathway and its

effects in diabetic corneal disease.4 6 In the polyol

pathway, aldose reductase is the rate-limiting

enzyme in which glucose is converted into sorbitol.

Elevated glucose levels spur an increase in aldose

reductase activity resulting in sorbitol accumula-

tion. These products have been identified in corneal

epithelial and endothelial cells in animal models of

diabetes.7 9 Furthermore, studies have revealed

faster re-epithelialization rates after abrasion as

well as improved epithelial morphological changes

in animals treated with aldose reductase inhibitors,

confirming the enzyme’s role in diabetic corneal

disease.10,11 Evidence suggests that the inhibition

of aldose reductase reduces dysmorphological

changes in the corneal endothelium as well.12,13

Nonetheless, the mechanism linking the accumula-

tion of by-products of the polyol pathway to ultra-

structural corneal changes has not been elucidated.

Other studies have identified the role of matrix

metalloproteinases (MMP) in corneal disease.14

These zinc enzymes are responsible for the degrada-

tion of the extracellular matrix components and play

an essential role in corneal wound healing.15

Increased expression of MMPs has been demon-

strated in hyperglycemia.16 Enhanced production

and activity ofMMPs likely damages basementmem-

brane, including type IV collagen and limits epithelial

cell migration resulting in poor epithelial healing.

Advanced glycation end products (AGEs) may

also have a role in diabetic corneal disease, just as

they have been linked to diabetic retinopathy and

cataract.17 19 Chronic hyperglycemia results in the

formation of AGEs on proteins, through a process

of nonenzymatic glycation. N-(carboxymethyl)

lysine (CML) has been identified as a dominant

AGE antigen in tissue proteins.20 CML immunor-

eactivity is increased in the epithelial basement

membrane of diabetic corneas, resulting from the

nonenzymatic glycation of laminin, the major

basement membrane component.21 The accumula-

tion of AGEs on the epithelial basement mem-

brane may therefore be involved in diabetic

corneal epitheliopathy.
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12.3 Anatomy and Morphological
Changes

Anatomically overlaying the cornea and safe-

guarding its health and stability, the tear film is

comprised of three layers: aqueous, mucin, and

lipid. The cornea consists of three cellular layers,

separated by two basement membranes. The cor-

neal epithelium is composed of a layer of stratified

squamous cells and has an underlying basement

membrane. The stroma consists of an extracellu-

lar matrix of collagen and glycoaminoglycans,

keratocytes, and nerve cells. Its anterior portion

is known as Bowman’s layer and consists of col-

lagen fibers and proteoglycans. Descemet’s mem-

brane is the basement membrane of the corneal

endothelium and consists primarily of type IV

collagen. Lastly, the corneal endothelium is com-

prised of a single layer of cells in a uniform mosaic

pattern.22 Diabetes alters the tear film as well as

producing ultrastructural changes throughout the

cornea.

Diabetics may suffer from tear film abnormal-

ities resulting in ocular discomfort, burning, and

foreign body sensation. All components of the tear

film in diabetes are altered resulting in abnormal

tear film breakup time (BUT), fluorescein staining,

Schirmer I testing and Rose Bengal or Lissamine

Green staining.22,25 The severity of the tear film

dysfunction correlates with the severity of the dia-

betic retinopathy, with proliferative diabetic

changes associated with a more diminished tear

film function. In addition, conjunctival impression

cytology demonstrates a higher grade of conjuncti-

val squamous metaplasia as well as a lower goblet

cell density in the diabetic patient.23 These changes

have been related to the status of metabolic control

and stage of diabetic retinopathy. The tear lipid

layer is also less uniform in the diabetic. Increasing

derangement of the tear lipid layer has been corre-

lated with the degree of diabetic keratoepitheliopa-

thy.24 Abnormalities in aqueous, mucin, and lipid

tear film layers contribute significantly to the poor

ocular surface seen in diabetics.

Corneal epithelial changes in the diabetic

include degeneration of basal epithelial cells result-

ing in a decrease in cell density.26,27 In addition,

abnormal glucose metabolism in the corneal

epithelium and its basement membrane results in

thickening of the epithelial basement membrane as

well as deterioration of basal cell adhesions.11 This

loss of cellular adhesion likely limits cellular

migration and can be partially explained by a

reduction in the area of the basal cell membrane

occupied by hemidesmosomes.28,29 In addition, in

the diabetic cornea, nonenzymatic glycation of

components in the epithelial basement membrane

involved in adhesion complexes, such as nidogen-

1/entactin, laminin-1, laminin-10, and of an epithe-

lial integrin [alpha]3[beta]1, has been demon-

strated. This accumulation of AGEs in the corneal

epithelial basement membrane may represent a

molecular mechanism leading to abnormalities in

epithelial cell adhesion.30 32

In the diabetic corneal stroma, keratocytes dis-

play degeneration of intracellular organelles and

cytoplasmic vacuoles of various sizes with deposi-

tion of an amorphous material. Furthermore, col-

lagen fibers demonstrate variable thickness.33 These

ultrastructural changes are also likely a result of

increased corneal AGEs, which leads to protein

cross-linking and causes the destruction of cellular

structures.34 Iclal et al. recently demonstrated the

use of aminoguanidine (AG), an AGE inhibitor,

prevented corneal stromal changes, confirming the

importance of AGEs in inducing stromal changes.

Within the stroma, abnormalities in the corneal

nerves are also evident. Studies have demonstrated

basal lamina thickening of Schwann cells and axo-

nal degeneration. Morphological damage of the

corneal subbasal nerve plexus in diabetic patients

has been confirmed with confocal microscopy.35,36

These ultrastructural changes may be involved in

corneal neuropathy.

Assessment of the posterior cornea in diabetes

may reveal faint vertical lines at the level of Desce-

met’s membrane, a change initially described by

Waite and Beetham.1,36 The etiology of Waite–Bee-

tham lines, whether metabolic or mechanical, has

yet to be elucidated. Corneal endothelial studies in

the diabetic demonstrate a decrease in endothelial

cell density and a greater coefficient of variation of

cell area with greater polymegathism and pleo-

morphism.12,13,37 40 In animal studies, the diabetic

endothelium has demonstrated significant reduc-

tion in Na+/K+ ATPase activity, the key transport

enzyme of the endothelial cell pump.41 In addition,
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studies of central corneal thickness in the diabetic,

although somewhat inconsistent, seem to suggest a

small increase in thickness as measured by pachy-

metry.39,40,42 48 However, no association between

corneal thickness and retinopathy or diabetic con-

trol has been reported. These findings indicate that

the corneal endothelium is probably more vulner-

able to stress and trauma in the diabetic.

12.4 Clinical Manifestations

The effects of diabetes on the tear film and cornea

produce many clinical manifestations. Numerous stu-

dies have demonstrated aqueous tear deficiency in

diabetes (Fig. 12.1).49 60 The primary cause of the

aqueous tear deficiency may be due to the diminished

sensitivity caused by neuropathy. This leads to a slow-

ing of the corneal reflex with a consecutive decrease in

blinking frequency and tear secretion.61 63 In addi-

tion, a worsening of keratoconjunctivitis sicca corre-

lates with the severity of diabetic retinopathy.64

Alterations in the tear lipid and mucin layer as mea-

sured by tear break up time and impression cytology

contribute to a poor quality tear film and abnormal

ocular surface manifested as fluctuation in vision and

ocular discomfort. Slit-lamp examination of the cor-

nea, with the assistance of vital staining, provides an

accurate assessment of the status of the tear film and

degree of superficial punctate keratopathy.

Diabetics are also prone to have epithelial healing

problems exhibiting a loose and fragile epithelium

(Fig. 12.2). Schultz et al. noted that about half of all

diabetic patients will experience problems and present

with diabetic epitheliopathy.64 Hyperglycemia-

induced epithelial basementmembrane abnormalities

result in poor epithelial adhesion. This can lead to

corneal abrasions, recurrent erosions, and persistent

epithelial defects.65 The extent of epithelial fragility

correlates with the degree of retinopathy. Patients

with proliferative diabetic retinopathy demonstrated

84% greater fragility than diabetics without retino-

pathy and patients with nonproliferative retinopathy

exhibited 41% greater corneal epithelial fragility.66

Diabetic corneal neuropathy, a manifestation of

diabetic polyneuropathy, also plays a significant

role in limiting epithelial wound healing. Diabetes-

induced alterations in corneal nerves decreases

corneal sensitivity, resulting in corneal hypothe-

sia.3,61 63,67,68 Corneal hypothesia disrupts epithelium

architecture and function, further delaying epithelia-

lization in the stressed cornea.61,69,70 In severe cases,

diabetics may suffer from atraumatic, sterile neuro-

trophic corneal ulcers.

Endothelial changes in the diabetic can alter

function. Abnormal corneal endothelial morphol-

ogy, polymegathism, and pleomorphism, coupled

with an increase in corneal thickness in the diabetic,

are indications of corneal endothelial dysfunction.

Alterations in endothelial pump function may place

the cornea at greater risk for decompensation fol-

lowing stress-related injury and surgical trauma.

Fig. 12.1 Marked staining with LissamineGreen confirming
severe aqueous tear deficiency in a poorly controlled diabetic
patients

Fig. 12.2 Loose epithelium resulting in a recurrent corneal
erosion in a long standing diabetic patient
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12.5 Ocular Surgery

Ocular surgery places the diabetic cornea at risk.

Recognition of the clinical manifestations of dia-

betes on the cornea is essential in developing a

strategy to minimize intraoperative and postopera-

tive complications. Anterior segment surgery, pri-

marily cataract surgery with phacoemulsification

and lens implantation, is associated with endothe-

lial cell loss.71 73 This mechanically induced cell loss

is greater in the diabetic cornea.74,75 As such,

greater effort and care should be utilized to mini-

mize surgical trauma, by avoiding phaco power

near the cornea and using viscoelastics generously

to cushion the endothelium. Attention to wound

construction and manipulation is also important

in an attempt to minimize epithelial injury as well.

Posterior segment surgery, pars plana vitrect-

omy, in the diabetic places much greater stress on

an already compromised corneal epithelium. The

need for vitrectomy often suggests the presence of

significant diabetic retinopathy, which is associated

with a marked increase in epithelial fragility as well

as an increase in corneal hypothesia.61,66 Vitrect-

omy also requires increased operative time, which

further traumatizes the epithelium. These factors

increase the rate and severity of intraoperative

epithelial defect formation. In complex cases, pars

plana vitrectomy in diabetics may require intrao-

perative corneal epithelial debridement to aid in

visualization of the posterior pole, often resulting

in a poorly healing abrasion and persistent epithe-

lial defect.76,77 Whether inadvertent or intentional,

an epithelial defect in this setting may result in

delayed visual recovery, predispose patients to

infection, and result in a persistent epithelial defect

with associated stromal scarring and thinning. In

early studies, diabetes accounted for 80–100% of all

postvitrectomy keratopathy and diabetic postvi-

trectomy keratopathy was identified in up to 65%

of patients.76 80 More recent studies, however,

reported 6–15% of diabetic eyes had postoperative

corneal complications suggesting that improved

preoperative surgical preparation and intraopera-

tive technique to minimize corneal trauma likely

accounts for the decrease.46,81 83

Improvements in viewing lens systems, surgical

technique, and recognition of avoiding corneal

epithelial trauma have reduced the rate of postvi-

trectomy keratopathy. Handheld infusion lenses

have been demonstrated to induce greater corneal

epithelial injury than sew-on lenses. Noncontact

lens systems do not physically touch the cornea

and have the lowest rate of epithelial injury.84 In

difficult cases, intraepithelial corneal edema may

obscure visualization of the retina and require

intraoperative debridement. Greater awareness in

protecting and preserving an intact corneal epithe-

lium will decrease the need for debridement and can

lead to better postvitrectomy outcomes. Garcia-

Valenzuela et al.85 report suggestions to minimize

epithelial debridement rates. The use of GenTeal gel

instead of Goniosol as a lubricant decreased the rate

of epithelial debridement from 54 to 14%. This

decrease is likely related to the preservatives found

in Goniosol, especially benzalkonium chloride,

which are toxic to the corneal epithelium.

The corneal endothelium can also be compro-

mised during pars plana vitrectomy in the diabetic.

Endothelial cell loss may lead to corneal decompen-

sation limiting visual acuity and possibly requiring

the need for endothelial transplantation. The causes

of postoperative endothelial cell dysfunction are

multifactorial and include intraocular irrigating solu-

tions, lens status, capsular integrity, and the use of

adjunctive intraocular gas.46,82,86 90 These factors,

coupled with the effects of diabetes on endothelium

cell function, place the diabetic at greater risk of

long-term corneal compromise with decompensation

and the development of bullous keratopathy.

Severe diabetic retinopathy can result in complex

tractional detachments requiring the use of silicone

oil. The effects of silicone oil on the cornea can

result in band keratopathy, epithelial irregularities,

corneal neovascularization, and persistent stromal

edema with endothelial cell damage.91,92 The risk of

endothelial dysfunction may be reduced by avoid-

ing silicone oil overfill and subsequent damage with

the corneal endothelium. In addition, to prevent

contact of oil with the cornea, supine positioning

of the patient with aphakia should be avoided.

Furthermore, an inferior iridectomy is important

to permit the flow of aqueous, avoiding pupillary

block. In the Silicone Study Report 7, preoperative

and postoperative risk factors for the development

of corneal complications associated with silicone

oil use included aphakia or pseudophakia, iris
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neovascularization, corneal touch with silicone oil,

absence of fluid–gas exchange, additional surgery,

and anterior chamber inflammation.92

Laser photocoagulation is commonly used to treat

proliferative diabetic retinopathy and has been asso-

ciatedwith corneal decompensation in some diabetics.

Argon laser photocoagulation can result in decreased

corneal sensitivity.61,93 This decreased sensitivity

coupled with fundus contact lens-induced hypoxia

can traumatize an already compromised cornea

resulting in worsening of keratopathy. Lastly, corneal

burns have been reported stemming from intraopera-

tive laser indirect ophthalmoscope treatment.94

The emergence of refractive surgery as a widely

accepted and popular procedure has raised ques-

tions regarding its use in the diabetic patient. Dia-

betes is a relative contraindication to refractive sur-

gery. Studies have demonstrated its safety and

efficacy in the well-controlled diabetic patient.95,96

Nevertheless, patients with diabetes who undergo

LASIK are at a significantly higher risk of develop-

ing postoperative epithelial complications and are

more likely to require additional laser treatment to

achieve emmetropia.96,97 In this setting, a surface

ablation, photorefractive keratectomy (PRK) may

be a safer alternative. The diabetic patient should be

carefully counseled and well informed regarding the

disease-specific risks of refractive surgery.

12.6 Treatment of Corneal Disease
in Diabetes Mellitus

Protecting and preserving the ocular surface limits

the impact of diabetic keratopathy in altering vision

and comfort. As diabetes affects all components of

the tear film, the role of artificial tears and lubricants

is valuable.50 57 Use of preservative-free lubricants is

particularly important in the postoperative period as

the cornea is a greater risk of epithelial break-

down.76 80 Recalcitrant keratopathy may require

the use of anti-inflammatory aswell. There is increas-

ing evidence that decreased tear secretion and epithe-

lial injury promote inflammation on the ocular sur-

face, resulting in an increase in cytokines and

proteases in the tear fluid.98 Moreover, T-cell infil-

tration of the conjunctiva has been observed. The use

of cyclosporine A, corticosteroids, and doxycycline

in keratopathy has been demonstrated to be effica-

cious in curbing inflammation and improving signs

and symptoms of ocular surface disease.99 101 Addi-

tional therapy for severe keratopathy such as ero-

sions and persistent epithelial defects with neuro-

trophic keratopathy includes bandage contact lens,

amniotic membrane grafts, and tarsorrhaphy.102 104

A stepwise approach to managing keratopathy with

timely referral to a cornea specialist can avoid cor-

neal stromal scarring and possible thinning with sub-

sequent compromise of vision. Early recognition and

prompt treatment of diabetic corneal disease is vital.

12.7 Conclusion

Diabetes has a significant impact on the cornea.

Recognizing the pathophysiological and morpholo-

gical changes in the diabetic cornea provides greater

insight into the clinical manifestations and implica-

tions of ocular surgery. An altered tear film and

greater epithelial fragility in conjunction with

decreased corneal sensitivity leave the diabetic cor-

nea more prone to trauma and injury that may result

in complications such as infectious keratitis, neuro-

trophic ulcers, and stromal scarring. Endothelial cell

dysfunction may place the cornea at risk for decom-

pensation following stress. This unique constellation

of properties of the diabetic cornea warrants careful

understanding as diabetic retinopathy is one of the

primary indications for pars plana vitrectomy and

surgery can further traumatize a compromised cor-

nea. Identifying the signs and symptoms of diabetic

keratopathy is essential in establishing the appropri-

ate treatment plan, thereby preventing further com-

plications and minimizing visual loss.

12.8 Summary of Key Points

� The diabetic cornea may appear normal, but it is

not. The abnormalities correlate with the severity

of diabetic retinopathy.
� Accumulation of advanced glycation end pro-

ducts in the corneal epithelial basement mem-

brane may be the basis of poor healing of dia-

betic corneal epithelial defects.
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� Corneal neuropathy leads to reduced blink fre-

quency, reduced tear secretion, and hypoesthesia.
� In pars plana vitrectomy for advanced diabetic

retinopathy, the use of noncontact lens systems

reduces the incidence of intraoperative and post-

operative problems with corneal epitheliopathy.
� If silicone oil is used in surgery for advanced

diabetic retinopathy, special care is warranted

to avoid contact between the corneal endothe-

lium and the silicone oil.
� A low threshold for consultation with a corneal

specialist is warranted for retinal specialists mana-

ging patients with advanced diabetic retinopathy

having concomitant diabetic keratopathy.
� Diabetes is a relative contraindication for refrac-

tive surgery. In the situation of a well-controlled

diabetic being considered for a refractive proce-

dure, photorefractive keratectomy may be the

preferred option.

12.9 Future Directions

Improved understanding of the molecular abnorm-

alities underlying diabetes mellitus should improve

our ability to treat diabetic keratopathy in concert

with other end-organ abnormalities. In particular,

improved treatment of tear insufficiency and cor-

neal neuropathy will be valuable in themselves, but

also as aids in the management of advanced diabetic

retinopathy in which corneal and retinal challenges

often intersect.
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Chapter 13

Optic Nerve Disease in Diabetes Mellitus

David J. Browning

13.1 Relevant Normal Optic Nerve
Anatomy and Physiology

The vascular supply of the optic nerve depends on

the stratum of the optic nerve head under considera-

tion. The optic nerve head is divided into four strata

– superficial nerve fiber layer, prelaminar layer, lami-

nar layer, and retrolaminar layer. Fine retinal arter-

ioles arising in the peripapillary retina and derived

from the central retinal artery supply the superficial

nerve fiber layer of the optic nerve; there is no poster-

ior ciliary contribution.1The prelaminar and laminar

optic nerve derive their blood supply primarily from

the paraoptic short posterior ciliary arteries and the

circumferential vessels of the circle of Zinn-Haller

(Fig. 13.1).2 5 The circle of Zinn-Haller, where it

exists, is an intermediary between the posterior

ciliary arteries and the anterior optic nerve small

vessels.1,6 There may be smaller and inconsistent

contributions from peripapillary choroidal

arteries.1,2,6,7 Although the circle of Zinn-Haller is

present in the peripapillary sclera in most eyes stu-

died by plastic cast studies in cadaver eyes, there is

some controversy about whether the circle is func-

tional and whether it serves as an intermediary

between the short posterior ciliary arteries and the

optic disk blood supply.1,8 In vivo, the perfusion of

the circle of Zinn-Haller can only be seen in highly

myopic eyes with peripapillary crescents by using

ICG angiography.9 In such eyes, the circle of Zinn-

Haller has been found to be incomplete, but one

cannot generalize to the case of normal eyes. The

mesh of capillaries in the anterior optic nerve has

spacing of 30–50 mm to 50–85 mm and connects with

the capillary mesh of the laminar portion of the optic

disk and the overlying superficial nerve fiber

layer.1,2,10 The capillaries themselves have a luminal

diameter of 7–10 mm.2 Electron microscopy shows

tight junctions between capillary endothelial cells of

the optic nerve, thus a blood–optic nerve barrier

exists in analogy to the blood–retina barrier.11,12

The retrolaminar optic nerve head is supplied both

by the short posterior ciliary arteries via branches to

the circle of Zinn-Haller and thence to pial arteries

and by branches of the central retinal artery.13

The intravascular pressure of the short posterior

ciliary artery branches to the anterior optic nerve has

been deduced to be somewhat lower than the intra-

vascular pressure of branches of the central retinal

artery based on fluorescein angiograms of primates

performed with elevated, controlled intraocular pres-

sure in an experimentalmodel suggesting vulnerability

of the optic nerve head should perfusion pressure fall.3

The optic nerve shares the property of autoregu-

lation with the retina.12,14 16 Systemic controls on

optic nerve blood flow are absent or minor, but

local factors mediated by nitric oxide, endothelin,

prostaglandins, and the renin–angiotensin system

are important.17 The ocular perfusion pressure

(OPP) is defined as follows:

OPP = mean rterial blood pressure – intraocular

pressure

= [diastolic blood pressure + 1/3 (systolic

blood pressure – diastolic blood pressure)]

– intraocular pressure 14,18
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In most, but not all, humans, the optic nerve vas-

cular response to an increase in perfusion pressure of

up to 45 mm Hg is vasoconstriction such that optic

nerve head blood flow tends to remain constant. Like-

wise, with a fall in perfusion pressure by raising

intraocular pressure, the optic disk arterioles tend to

dilate and protect optic disk oxygen tension.12 Some

persons seem to have a reduced optic nerve autoregu-

latory capacity and may be more susceptible to ische-

mia of the optic nerve. Although both arterial blood

pressure and intraocular pressure affect the ocular

perfusion pressure, it is not known if changes induced

by the two factors produce equivalent responses.14

13.2 The Effect of Diabetes on the Optic
Nerve

The retinal nerve fiber layer thickness is reduced in

diabetes mellitus compared to control eyes with

increasing atrophy as retinopathy severity

increases. Thus diabetes can be a source of over-

estimation of glaucomatous optic neuropathy when

scanning laser polarimetry is used to monitor pro-

gression of glaucomatous optic atrophy.19

The neuroretinal rim area of the optic nerve has

been studied longitudinally in a subset of photo-

graphs taken as part of the Wisconsin Study of

Diabetic Retinopathy.20 In younger onset and

older onset diabetics, the neuroretinal rim area

increased over a 4-year period. In addition, the

neuroretinal rim area was larger in eyes with more

severe retinopathy at baseline. It is possible that

diabetes is associated with subclinical optic disk

swelling in general.

Although rare, optociliary shunt vessels

can arise de novo in diabetic retinopathy, perhaps

signifying a relative venous obstruction at the

lamina cribrosa. The more common causes of

optociliary shunt vessels are spheno-orbital menin-

giomas, central retinal vein occlusions, primary

open angle glaucoma, papilledema, optic nerve

glioma, optic disk drusen, arachnoid cyst of the

Fig. 13.1 Schematic of the
vascular supply of the
anterior optic nerve.
Contributions from the
paraoptic short posterior
ciliary arteries (PCA) and the
choroid are important,
whereas contributions from
peripapillary retinal
arterioles (RETINA) and
perineural meningeal
arterioles (MENING) are
inconsistent or questionable
(signified by ?). CRV =
central retinal vein.
Reprinted with permission
from Henkind2
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optic nerve, phakomatoses, and rarely congenital

abnormality.21

13.3 Nonarteritic Anterior Ischemic
Optic Neuropathy and Diabetes

Nonarteritic anterior ischemic optic neuropathy

(NAION) is generally considered to occur as a

response to hypoperfusion of the branches of the

posterior ciliary arteries that supply the optic

disk.22 25 An alternative hypothesis – that the pri-

mary disorder is relative central venous occlusion –

has been advanced but not embraced.26 The annual

incidence of NAION is 2.3–10.3 per 100,000 per-

sons.24,25 Although more common in the elderly

with the median age of affected patients being 62

years, it can strike the young (range 12–92 years).27

Visual loss is most frequently noted upon awaken-

ing from sleep suggesting that nocturnal hypoten-

sion may have a role in the condition.28 Hypoxia

induces axoplasmic flow stasis, neural swelling, and

dilated capillaries on the surface of the disk with

peripapillary splinter hemorrhages more prominent

in patients with diabetes than in those without

(Fig. 13.2).29,30 Because the space through which

the optic nerve passes is typically restricted as

reflected in a small optic disk cup, the axonal swel-

ling is thought to compress the capillaries further, in

turn exacerbating ischemia and producing a vicious

spiral ending in tissue infarction.30 32 Diabetes

mellitus is a risk factor for NAION, and others

include hypertension, nocturnal or post-surgical

hypotension, older age, smoking, sleep apnea, and

anemia.23,33 42 Cataract surgery may be a minor

risk factor.43 The role of thrombophilic factors has

been inconsistent. Although thrombophilic risk fac-

tors have been absent in most studies, one study

reported elevated levels of lipoprotein (a), vonWill-

ebrand antigen, factor V Leiden, cholesterol, and

fibrinogen in patients with NAION.44 46

Central scotomata are present in 55.3% and

36.2% of eyes with the I-2e and V-4e targets,

respectively.47 Inferonasal sector loss is the most

common sectoral defect (22.4%).47 An inferior

altitudinal field defect is seen in 8.0% of eyes.47

Many other visual field defects can be seen and in

6.4% of eyes no field defect is present.47 The sector

of optic disk edema and the location of the visual

field defects correlate early in the condition.30 As

the edema resolves, however, the correlation

vanishes.25 At a later stage, the correlation of sec-

toral optic pallor and the observed visual field

defects is also poor.30 A relative afferent pupillary

defect is usually present.33

Before visual dysfunction occurs, there may be

asymptomatic optic disk edema, which has been

termed incipient nonarteritic anterior ischemic

optic neuropathy (Fig. 13.2).22,48,49 Twenty five to

31% of cases of incipient NAION resolve with the

rest progressing to NAION and some visual loss

involving acuity or field or both.22,50

Previous fellow eye involvement at baseline is seen

in 21.1% of patients and new fellow eye involvement

occurs in 14.7% of patients over 5 years of follow-up

with half the cases occurring in the first year after

first eye involvement.23 Presence of diabetes mellitus

increases the incidence of fellow eye involvement.23

Recurrences in the same eye are uncommon.51,52

NAION in patients with diabetes has some dif-

ferences compared to the condition in nondiabetics.

Diabetic patients with NAION have a higher pre-

valence of hypertension, ischemic heart disease,

transient ischemic attacks, and second eye involve-

ment than patients who have NAION without dia-

betes.23,53 Time to resolution of disk edema is longer

in patients with diabetes than in patients without

diabetes.30,53 Median time to second eye involve-

ment is shorter in patients with diabetes than in

patients without diabetes.53 In some respects, dia-

betic and nondiabetic patients are similar. The

fluorescein angiographic findings are the same.

The optic disk shows fluorescein leakage of swollen

sectors in both groups of patients.30,53 Both groups

of patients have small cup-to-disk ratios. At 6

months after diagnosis, the visual acuity and visual

field outcomes are similar in diabetic and nondia-

betic groups.53

Subsequent optic disk pallor after the acute

hyperemia of NAION occurs approximately 6–12

weeks later.30,33 Atrophic cupping of the optic nerve

after NAION is not seen, in contrast to arteritic

ION, where subsequent optic cupping can be part

of the clinical picture.33

Although controversial, some have linked the use

of phosphodiesterase-5 inhibitors for the treatment

of erectile dysfunction and the development of
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Fig. 13.2 Example of incipient nonarteritic ischemic optic
neuropathy. The patient was a 65 year old man with type 2,
insulin requiring diabetes mellitus, hypertension, and sleep
apnea. He had had uneventful cataract surgery in the right
eye 8 months earlier and in the left eye 3 months earlier. He
complained of acute onset of painless, blurred vision of the
left eye for 3 weeks and had no complaints with regard to
the right eye. Best corrected visual acuity was 20/20 in each

eye. Both eyes had optic disk edema, more prominent on
the left than the right (a and b); on the right only the superior
pole of the nerve was involved. Fluorescein angiography
showed late disk hyperfluorescence bilaterally, more promi
nent on the left than the right (c and d). The visual field was
normal on the right (mean defect 1.94 db) and showed some
patchy superior scotomata on the left (mean defect 3.42 db)
(e and f)

360 D.J. Browning



NAION.54 57 These drugs increase the level of cyclic

guanosine monophosphate in vascular smooth

muscle cells which leads to vasodilation of arterioles

and subsequent arterial hypotension. Because arter-

ial hypotension, especially during sleep, is thought

to be associated with NAION, it is conceivable that

these drugs could add to the risk of NAION.18,58

Hayreh states that diabetic patients should be

counseled against their use for this reason. Similar

concerns have been raised about nocturnal use of

beta-blocker eyedrops for glaucoma.59

Posterior ischemic optic neuropathy is much less

common than anterior ischemic optic neuropathy,

comprising perhaps 2% of the cases of ischemic

optic neuropathy.33 Affected patients tend to fall

into three groups: perioperative cases, temporal

arteritis-associated cases, and cases associated with

nonarteritic systemic vascular disease.60 Because

the condition is much rarer than anterior ischemic

optic neuropathy, little data are available regarding

the role of diabetes.60 The optic nerve appearance is

normal at the time of the acute event. Optic disk

pallor is seen approximately 6 weeks after the

event.33 Central nervous system imaging is advisa-

ble to exclude a compressive lesion.

There is no proven effective therapy for

NAION.61 Optic nerve sheath decompression is of

no benefit and may be harmful.62 Other therapies

tried have included levodopa, hyperbaric oxygen,

aspirin, and prednisone.30,63 66

13.4 Diabetic Papillopathy

Diabetic papillopathy is a clinical description of uni-

lateral or bilateral optic disk edema with or without

decreased visual function that improves with time in

diabetics.67,68 Although no population-based studies

exist to provide reliable prevalence data, an estimate

of 0.4% of diabetics seen by ophthalmologists has

been published.69 In the 42% of cases with bilateral

involvement, the two eyes may be affected by simul-

taneously or sequentially involvement.69 71 As with

NAION, the disk in diabetic papillopathy often has a

small cup and dilated radial peripapillary capillaries

(Fig. 13.3).29,68,70 Although early reports suggested

that the condition usually occurs in patients under

age 30 who have had longstanding type 1 diabetes

mellitus, more recent reports suggest that older

patients and patients with type 2 diabetes may actu-

ally comprise the majority of cases.67,70,72,73 A his-

tory of poor metabolic control is elicited in 50% of

patients, but the condition can occur in patients with

good glycemic control and in pregnancy.67,68,73 75

The optic disk edema does not correlate with the

degree of diabetic retinopathy. It usually resolves

within 3–6 months, although it can persist for 1

year or more, and is not followed by dramatic optic

atrophy, although mild pallor may be seen.67,68,71,76

Although diabetic retinopathy can be mild in

affected eyes, accelerated retinopathy progression

to the point of proliferative disease occurs in 17%,

thus close follow-up is warranted.69,73,77 Macular

edema and significant capillary nonperfusion are

frequently present in affected eyes.70 Care must be

taken to distinguish the macular edema associated

with diabetic papillopathy from concomitant dia-

betic macular edema. In the former, the edema

resolves spontaneously and no treatment is neces-

sary.78 In the latter, focal/grid laser is of proven

benefit.79 Visual field examinations reveal blind

spot enlargement alone or no abnormality in

approximately equal proportions; occasionally arc-

uate or central scotomata are seen.68 70,73 Although

visual acuity is usually unaffected after resolution of

edema, a decrease may be seen in approximately 8%

of patients.73 Relative afferent pupillary defects are

absent or rare and spontaneous venous pulsations

may be seen.68 Cerebrospinal fluid pressure is nor-

mal in such cases, as is computed tomography of the

brain.67 69 Recurrence of diabetic papillopathy is

rare or unreported once the initial episode has

resolved.68 Because the appearance of the optic

disk is indistinguishable from the papilledema aris-

ing from increased intracranial pressure or hyper-

tension, these latter conditions need to be excluded

before making the diagnosis of diabetic

papillopathy.68,71,75,77

Some authors consider diabetic papillopathy to

be incipient NAION in a patient with diabetes mel-

litus and not a distinct entity, although others dis-

agree.30,67,68,70,71,80 Incipient NAION in patients

with diabetes can be accompanied by telangiectatic

disk vessels easily confused with disk neovascular-

ization.53 A distinction needs to be made, because

panretinal photocoagulation is needed for the one

but not the other.30,53 The distinction can be made
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by assessing the degree of midperipheral capillary

nonperfusion of the retina that is commonly present

with disk neovascularization, and not characteristi-

cally present, although possibly present, in diabetic

papillopathy. Another distinguishing characteristic

is the location of the vessels. Disk neovascularization

is found in the preretinal space, whereas the dilated

capillaries of diabetic papillopathy are present within

the plane of the retina.70 The leakage of dye from the

vessels on fluorescein angiography is not a useful test

for distinguishing the two, as it occurs in both.80 The

late frames of the fluorescein angiogram can be help-

ful, however. The retinal arteries and veins of the disk

are dark against the hyperfluorescent disk substance

in the case of diabetic papillopathy. In contrast, in

the case of disk neovascularization the fluorescein in

front of the disk obscures the underlying arteries and

veins of the disk.74

Although lumbar punctures in case reports have

uniformly shown normal opening pressures, some

have speculated that a mildly elevated cerebrospinal

fluid pressure may contribute to the condition. Few

patients have been studied with serial lumbar punc-

tures to investigate this possibility.76 There is no

known treatment for diabetic papillopathy,

although excellent glycemic and blood pressure

control are recommended, as for all patients with

diabetes.69,71,75,81

13.5 Disk Edema Associated with
Vitreous Traction

Vitreopapillary traction associated in a patient with

diabetic retinopathy can rarely be the cause of optic

disk edema. With spontaneous posterior vitreous

detachment, the edema resolves.82

13.6 Superior Segmental Optic
Hypoplasia (Topless Optic Disk
Syndrome)

Superior segmental optic hypoplasia is a conge-

nital, stable optic disk anomaly often but not

always occurring in the offspring of mothers

with type 1 diabetes mellitus.83 85,86 Although

affected patients have been predominantly

female in some case series, the gender imbalance

did not reach statistical significance in a popu-

lation-based study.83,87 Bilateral disk involve-

ment occurs in 22–67% of cases.86,87 Familial

clustering has been reported suggesting a

genetic component to the disorder.88,89 Short

gestation time, low birth weight, and poor

maternal diabetic control seem to be risk

a b

Fig. 13.3 (a) Normal optic nerve head appearance of the left
eye of a 30 year old woman with type 1 diabetes of 27 years
duration and poor glycemic control before the development
of diabetic papillopathy (see Fig. 13.3b). Mild nonprolifera
tive diabetic retinopathy was present and the visual acuity
was 20/20. The optic nerve head cup is small. (b) Appearance

of the left optic nerve head of the patient shown in Fig. 13.3a
when diabetic papillopathy developed. The visual acuity was
20/30. Prominent dilation of capillaries on the superficial
optic nerve head is seen. The patient had a normal opening
pressure on lumbar puncture
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factors.83 Patients typically have good visual

acuity, but inferior visual field defects are pre-

sent and the optic nerves and sometimes chiasm

are small on MRI scanning.86,87

Fundus findings include a superior disk entrance

of the central retinal artery, superior disk pallor,

and a superior scleral halo (Fig. 13.4).83,84,90 Optical

coherence tomography shows retinal nerve fiber

layer thinning superiorly.84 The appearance of the

optic disk can be subtly abnormal and can be con-

fused with the disk in normal tension glaucoma,

although in the latter disorder the neural rim thin-

ning is usually located inferiorly. The reported pre-

valence has been from 0.08 to 0.3%, approximately

one-tenth the prevalence of normal tension

glaucoma.84,87

13.7 Wolfram Syndrome

Wolfram syndrome is an autosomal recessive, pro-

gressive neurodegenerative syndrome consisting of

insulin-dependent diabetes mellitus, diabetes insipi-

dus, sensorineural hearing loss, ataxia, peripheral

neuropathy, urinary tract atrophy, psychiatric illness,

and progressive optic nerve atrophy (Fig. 13.5).91,98

It is also called DIDMOAD (diabetes insipidus,

diabetes mellitus, optic atrophy, and deafness).92

Diabetes mellitus and optic atrophy are the major

features, present in 98–99% of cases, whereas

diabetes insipidus and deafness are minor fea-

tures, occurring in 32–35% and 12% of cases,

respectively.93 Its manifestations occur in stages

Fig. 13.4 Characteristic features of superior segmental
optic hypoplasia are illustrated. (a) The central retinal
artery enters the optic disk superiorly (arrow). There is
a superior peripapillary scleral halo (arrowheads). (b) Red
free fundus photograph shows thinning of the superior

nerve fiber layer (arrows). (c) The optical coherence
tomography shows retinal nerve fiber layer thinning in
the superonasal quadrant. (d) Humphrey 24 2 visual field
testing shows an inferior arcuate scotoma. Reprinted with
permission from Han.84
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with diabetes mellitus and optic atrophy by age

10; diabetes insipidus and deafness by age 20;

renal tract abnormalities by age 30; cerebellar

ataxia, myoclonus, and psychiatric illness by age

40; and death from central respiratory failure

usually by age 50.92 Estimates of incidence range

from 1:100,000 to 1:770,000 in South America and

the United Kingdom, respectively.94 MRI studies of

the brains of affected persons can show cerebellar

and pontine atrophy, shrinkage of the optic nerves

and chiasm, and foci of high signal on PD- and T2-

weighted images in the substantia nigra.93,95 Neuro-

pathology shows atrophy of the olfactory tracts,

optic nerves and chiasm, loss of neurons in the

lateral geniculate body, atrophy of the superior col-

liculus, cochlear nerve fiber loss, olivopontocerebel-

lar atrophy, and demyelination of pyramidal

tracts.91

The responsible gene, WFS1 on the short arm of

chromosome 4, has no known function as yet, but

more than 50 mutations have already been

described in affected individuals.92,94,96 Multiple

deletions of mitochondrial DNA have also been

associated with the condition.97 There is no known

treatment for the disease. Management consists of

treating the complications of the genetic defect as

they arise over a lifetime.94

13.8 Summary of Key Points

� The vascular supply of the anterior optic

nerve is primarily derived from the short pos-

terior ciliary arteries. The vessels show auto-

regulation by locally released molecules such

as nitric oxide, endothelin, prostaglandins,

and members of the renin–angiotensin

pathway.
� Blood pressure and intraocular pressure influ-

ence anterior optic nerve perfusion pressure.

Diurnal variation in blood pressure is an impor-

tant variable to consider in the use of vasoactive

medications.
� Optic disk cup size is a risk factor for nonarteritic

anterior ischemic optic neuropathy (NAION).

The mechanism seems to be ischemia! axoplas-

mic flow stasis and axonal swelling! crowding

of axons as they exit the eye!compression of

optic disk capillaries!worse ischemia (a vicious

cycle).
� The peripapillary nerve fiber layer thickness is

increasingly reduced in diabetes as retinopathy

severity worsens.
� Evidence exists for subclinical optic disk neuror-

etinal rim edema in diabetic eyes.
� Diabetes is a risk factor for NAION and is asso-

ciated with more florid disk capillary dilation

and peripapillary splinter hemorrhage, a longer

course until edema resolution, and a shorter time

until fellow eye involvement with NAION than

in nondiabetic eyes with NAION. Other treata-

ble risk factors include sleep apnea and nocturnal

use of anti-hypertensive medications. Male

patients at risk for NAION should probably

avoid the use of phosphodiesterase-5 inhibitors

to treat erectile dysfunction.
� Diabetic papillopathy, a syndrome of unilateral

or bilateral disk edema with or without visual

dysfunction that spontaneous resolves, is contro-

versially related to NAION.
� Superior segmental optic hypoplasia is a rare

congenital disk anomaly associated in many

cases with maternal type 1 diabetes mellitus. It

can masquerade as normal tension glaucoma,

but unlike the latter, is nonprogressive.
� Wolfram syndrome is a rare neurodegenerative

disorder caused by a mutation in theWFS1 gene

Fig. 13.5 Optic disk atrophy in an 8 year old boy with
Wolfram syndrome. Reprinted with permission from
Wake98
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found on chromosome 4 causing optic atrophy,

diabetes mellitus, and other neurological and

endocrinologic signs.

13.9 Future Directions

The absence of effective therapy for NAION and

of prophylactic treatment of proven efficacy for

the fellow eye is potentially superable. Geographi-

cally widespread networks such as the Diabetic

Retinopathy Clinical Research Network may pro-

vide the infrastructure to address potential thera-

pies requiring large sample sizes for proper evalua-

tion. Potentially promising therapies will probably

arise from a better understanding of the physiol-

ogy of the vascular supply to the anterior optic

nerve. In particular, the hypothesis that central

venous insufficiency in the setting of a small

optic disk cup may be the causative insult is

worthy of further exploration.26 Anti-vascular

endothelial growth factor drugs given intravitre-

ally may be a way to test this hypothesis, because it

has been shown that they decrease venous conges-

tion and disk edema in central retinal vein occlu-

sion.99 These drugs may be able to abort the

vicious cycle of disk edema, increased compres-

sion of capillaries, worsened ischemia, and further

edema in a confined space.

It has been proposed that laser panretinal photo-

coagulation might cause optic atrophy and decom-

press the crowded scleral canal of patients who have

had an episode of NAION in one eye.29 This

hypothesis could be tested in a randomized clinical

trial.
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Chapter 14

Screening for Diabetic Retinopathy

David J. Browning

14.1 Introduction

Screening is worthwhile when certain criteria are

met: a disease has public health importance; an

effective treatment exists; an interval exists within

which treatment can effect benefit; and the disease is

neither too rare nor too common.1 Screening for

diabetes mellitus in those over 40 years of age and

screening for diabetic retinopathy (DR) in those

with known diabetes mellitus fulfill these criteria.2,3

Beyond improving health-related outcomes, treat-

ment of diabetes and DR is cost effective.4,5,6 Thus,

the value of screening for DR is widely recognized.

There is, however, controversy regarding the best

screening method and screening intervals.7

In the United States, the gold standard for screen-

ing to detect DR is a dilated fundus examination with

stereoscopic biomicroscopy and indirect ophthalmo-

scopy annually from diagnosis of diabetes in type 2

diabetes and annually beginning 5 years after diagno-

sis in type 1 diabetes.8 10 The failure of this ideal as a

practical standard is exemplified by the statistic that

30–50% of patients with diabetes are not screened

annually, and that 10–36% of known diabetics have

never had a dilated eye examination, depending on

the country.7,11 17 In the United States, approxi-

mately half of those never having had a dilated eye

examination have eye disease.18 Across the world,

failure in screening is related to economic status;

worse poverty is associated with worse screening

outcomes.16,14 For example, among Chinese popula-

tions, rates of undiagnosed diabetes due to failure to

screen are lower in Hong Kong and Taiwan than

mainland China19. In the United States too, poverty

is associated with lower rates of eye examinations for

DR.16,14,20 Among the poor, minorities, migrants,

and others with limited access to health-care annual

screening rates for DR are as low as 10%.14,21

A correlation exists between failure of screening

for diabetes and DR and a preventable proportion

of societal blindness. In Bristol, UK, 5.5% of blind

registrations were due toDR, and of these, 50%had

never had an eye examination and 22% were not

known to be diabetic.22 Screening for DR implies a

more basic need to screen for diabetes. If diabetes

has not been diagnosed, there is no possibility of

screening for DR. Screening for DR should be

focused on known diabetics, as the rate of referable

retinopathy in newly diagnosed diabetics from

screening is negligible.23

The goal of screening all diabetic patients has not

been met in most societies across the world with the

exception of Iceland.3,11,24,25 The reasons besides

poverty vary, but include inadequate numbers and

regional maldistribution of ophthalmologists and

optometrists, poor ability of non-eye care health

professionals to recognize referable DR, lack of edu-

cation and awareness of the importance of screening

eye examinations in diabetes, advanced patient

age, requirement to dilate the pupils, and burden

of undiagnosed diabetes.3,24,26,27 As a result, interest

in screening methods is worldwide and the literature

is large. The topic is complex because the optimal

techniques in screening for diabetic macular edema

(DME), nonproliferative diabetic retinopathy
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(NPDR), and proliferative diabetic retinopathy

(PDR) are not the same. The retinal lesions are

often more peripheral in PDR and detection of

DME is compromised by nonstereoscopic meth-

ods.9,26,28 30 Nor are the techniques necessarily the

same for types 1 and 2 diabetes. Some studies use

more complicated protocols for type 1 diabetics

because of their greater probability of having PDR

requiring more peripheral retinal examination.27

Comparing the results of studies is difficult because

of different definitions of referable retinopathy,

ungradable photographic images, gold standards,

and protocols for screening.3,9 Moreover, cameras

have improved limiting comparability across studies

over time.26 Film versus digitalmedia, red-free versus

color images for grading, and grading on screens

versus prints further cloud comparability of stu-

dies.31 Despite these complexities, in this chapter we

will try to identify the broad themes, whilemaking no

claim to exhaustive coverage of the topic.

The effectiveness of a screening program depends

on four variables – the prevalence of the disease, the

percentage of the target population actually screened

(the compliance), the performance statistics of the

screening method (the sensitivity and specificity),

and the cost.32 Estimates of the prevalence of sight-

threatening eye disease among diabetics range from

6.0 to 14.1%.9,32 Compliance with opportunistic

screening by general practitioners and diabetologists

in daily practice versus systematic photographic

screening in pilot trials in the United Kingdom has

been reported to be 38–85% and 80–93%, respec-

tively.10,32 Compliance with ophthalmic screening in

the United States is 50–65%.17 Factors that limit

compliance include housebound patients, percentage

of patients in rural areas, social deprivation score

based on unemployment, distribution of doctors,

crowding, car ownership, socioeconomic status,

and rapid population turnover in mobile urban

societies.32,33 Published benchmark targets for com-

pliance are 90–95%.10 Sensitivity and specificity for

screening by primary care physicians have been esti-

mated to be 38–63% and 92–97%, respec-

tively.32,34,35 For photographic screening methods,

these estimates are generally >80% and >90%,

respectively (Table 14.2). As a reference benchmark,

an acceptable screening technique needs to have a

sensitivity for the detection of DR of � 80%.9,36

Cost estimates vary over time and on many

assumptions such as method of screening and valua-

tion for degrees of visual impairment.7 We will com-

pare the performance of the various methods of

screening on these variables below.

14.2 Who Does Not Need to Be Screened

Type 1 diabetics of age less than 9–12 years do not

need to be screened, because the risk of DME and

PDR is near zero.37 40 Type 1 diabetics who have

been diagnosed less than 3–5 years previously also

do not need to be screened for similar reasons.8,39

14.3 Screening for Diabetic Retinopathy
by Adjunctive or Stand-Alone
Visual Acuity Testing

Given the challenge of primary care providers learn-

ing ophthalmoscopic skills, there has been an interest

in determining if detection of DR by simply screen-

ing for subnormal corrected visual acuity is feasi-

ble.17 Evidence suggests that this is not the

case.35,36,41,42 The sensitivity of visual acuity testing

for retinopathy as severe or more severe than mod-

erate NPDR was 43.8% because many patients with

more severe DR continue to have good visual

acuity.35 Its sensitivity for the detection of DME

was 7.5–38.5%. The specificity of visual acuity

screening is also low because other causes of reduced

vision, such as cataract, corneal pathology, or macu-

lar degeneration, are common. 35 36,41 43 Neverthe-

less, because DME is 4–5 times as common as PDR,

its detection is difficult for all methods, and a check

of visual acuity is simple and inexpensive to perform,

adding a vision check to the othermethods of screen-

ing is a good strategy for reducing false negatives and

prioritizing referral.9,22,35

14.4 Screening with Undilated Direct
Ophthalmoscopy by Non-eye Care
Professionals

Direct ophthalmoscopy performed by nonophthal-

mologist physicians has sensitivity and specificity

for detecting PDR of 30–67% and 97%,
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respectively.35,44,45 Experience affects the screening

statistics; physicians in fellowship training per-

formed worse than attendings with>8 years experi-

ence.35 For DME detection by nonophthalmolo-

gists, the sensitivity and specificity were 0% and

100%, respectively.35 ForDR retinopathy detection

without further subclassification, the sensitivity and

specificity were 52 and 91% for a general practi-

tioner and 67 and 97% for an endocrinologist.46

The sensitivity and specificity of a physician’s assis-

tant for detection of DR compared to seven-field

stereo fundus photography were 14 and 99%,

respectively.47 The sensitivity and specificity of

experienced technicians to detect PDR compared

to seven-field stereo fundus photography were 50

and 90%, respectively.29

The practicality of non-eye care professionals

screening for DR has been in turn defended and

deprecated.17,35 The best case scenario has been

studied using the photographic files of the Early

Treatment Diabetic Retinopathy Study

(ETDRS).17 Bresnick and colleagues assumed

that such professionals could be trained to cor-

rectly identify retinal lesions of DR in the area

covered by ETDRS photographic fields 1–3

(roughly the posterior pole and peripapillary

retina). If this were the case, in the older onset

diabetic population, the best case sensitivity and

specificity for detecting PDR were 87 and 80%,

respectively.17 The fundus characteristic asso-

ciated with this level of performance was the

presence of hemorrhages and microaneurysms

temporal to the macula as severe as or more

severe than ETDRS standard photograph 3 (see

chapter 5). For clinically significant macular

edema (CSME), the sensitivity and specificity

were 94 and 54%, respectively.17 The character-

istic associated with this performance was pre-

sence of any hard exudates within 1 disk dia-

meter of the center of the macula. Assuming it

were practical and that nonophthalmologists

could detect vision-threatening retinopathy

(PDR and DME) reliably, the number of refer-

rals for ophthalmologic examination would drop

an estimated 47% for younger onset patients and

62% for older onset patients.17 The bulk of the

evidence suggests that actual performance by

nonophthalmic physicians will continue to fall

far short of this best case scenario.48

14.5 Screening with Dilated
Ophthalmoscopy by Ophthalmic
Technicians or Optometrists

With special training and unrestricted ability to con-

sult among themselves, an optometrist and an

ophthalmic technician were able to perform on par

with an ophthalmologist in detecting DR by direct

ophthalmoscopy and indirect ophthalmoscopy as

needed.49 DR severity was collapsed into three cate-

gories: none, NPDR, and PDR. The agreement

between all three examiner types and graded seven-

field stereo fundus photographs was 85.7% and the

chance-corrected agreement (kappa) was 0.749.

There was no important difference between the per-

formance of the ophthalmologist, the optometrist, or

the technician.49 Studies using various gold stan-

dards (e.g., ophthalmologist or retina specialist

diagnosis) and levels of retinopathy detection (e.g.,

referable or sight threatening) have reported sensitiv-

ity and specificity for optometric detection of DR of

52–94% and 90–100%, respectively.10,46,50,51 The

sensitivity of British ophthalmic opticians for detect-

ing any DR was 73%.45

14.6 Screening with Dilated
Ophthalmoscopy by
Ophthalmologists

With seven-field stereoscopic photography as a

gold standard, the sensitivity and specificity for

ophthalmologists detecting DR have ranged from

28 to 76% and 91 to 100%, respectively.5,35,47,52,53

The wide range of sensitivity reflects differences in

study designs and types of retinopathy assessed.

Chance-corrected agreement has been poor

(0.38–0.40), primarily because ophthalmoscopy is

insensitive to the presence of microaneurysms and

small intraretinal hemo-rrhages.5,47,54 For DME,

the sensitivity and specificity are 40 and 100%,

respectively.35 For detecting PDR, these statistics

were 61–80% and 98–99%, respectively.53,55

Whether direct plus indirect ophthalmoscopy or

slit-lamp biomicroscopy with a fundus non-con-

tact lens plus indirect ophthalmoscopy is employed
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seems not to matter.47 Although a few studies dis-

agree, most suggest that dilated ophthalmoscopy is

inferior to single-field nonmydriatic photography

for detecting DR, although ophthalmoscopy and

the attendant co-examination have co-advantages

not found with photographic screening.5,47,55,56

Referable Retinopathy – A Strange Situation

In clinical practice, the gold standard for the detection of DR in need of treatment is a dilated

eye examination by an ophthalmologist. Screening is an issue only because too many diabetics

fail to undergo this type of examination. It may seem odd, therefore, to discover that the clinical

gold standard performs poorly compared to digital photography in detecting referable retino-

pathy, i.e., retinopathy bad enough to need to have the very technique that was inferior at

detecting it in the first place. This paradox reflects the difference between any retinopathy and

sight-threatening retinopathy in need of treatment. The former category includes far more

patients than the latter. It is a fair question, however, to ask if eventually some other technique

will supplant clinical examination as the gold standard for sight-threatening retinopathy. For

example, there is accumulating evidence that OCT may become the gold standard for detecting

treatable DME – that biomicroscopy leads to undertreatment of DME.57 Until a randomized

trial is done, however, comparing visual outcomes of patients detected and treated according to

OCT rather than slit-lamp biomicroscopy guidelines, the clinical detection of DME remains the

gold standard.

Readers of the literature on screening for DR are warned that the definition for referable

retinopathy varies widely. In some studies, anything other than absence of retinopathy is a basis

for referral. In others, particularly in settings where access to care is poor and poverty high, referable

retinopathy has been set at severe NPDR.21 The results of studies are difficult to compare given the

wide variation in cutpoints for referring patients for ophthalmologic examination.

14.7 Screening with Dilated
Ophthalmoscopy by Retina
Specialists

The chance adjusted agreement for a retina specia-

list’s detection of DR by dilated indirect and direct

ophthalmoscopy versus grading by a trained

photographic grader at a reading center of seven-

field stereoscopic fundus photographs has been

reported to be 0.49.54 The kappa for assessing

severity of retinopathy has been reported to be

0.55–0.62.54,58 The sensitivity and specificity of a

retina specialist for detecting PDR were 50 and

100%, respectively.34 Using direct and indirect

ophthalmoscopy and contact lens stereoscopic bio-

microscopy through a dilated pupil, the sensitivity

and specificity for detection of CSME by retina

specialists compared to reading center grading of

stereo fundus photographs were 82 and 79% in the

ETDRS.59

Sensitivity, Specificity, and Chance-Corrected Agreement

The reader will have noticed that the performance statistics cited from different publications vary.

Sometimes reports use sensitivity and specificity and sometimes chance-corrected agreement

(kappa). The relationship between these performance measures is complex. Sensitivity is defined as

the fraction of true positives expressed as a percentage. Specificity is the fraction of true negatives

expressed as a percentage. It helps to consider a 2� 2 table expressing the agreement between a gold

standard method of detection and another (test) method of detection (Table 14.1).
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With this framework,

sensitivity ¼ A= Aþ Cð Þ
specificity ¼ D= BþDð Þ

kappa ¼ observedagreement � expectedagreement½ �= 1� expectedagreement½ �;
whereobservedagreement ¼ A þ Dð Þ= A þ B þ C þ Dð Þ
andexpectedagreement ¼ A þ Bð Þ A þ Cð Þ= AþBþCþDð Þ2

þ CþDð Þ BþDð Þ= AþBþCþDð Þ2:

Sensitivity and specificity do not depend on prevalence of the condition in the population, but

kappa does. As the prevalence decreases, kappa decreases for any given values of the sensitivity and

specificity.60

14.8 Photographic Screening

The gold standard for photographically detecting

DR is seven-field stereoscopic fundus photography

covering 65–75 degrees of the fundus. This method

is costly, not liked by patients because of its higher

flash intensity than digital imaging and need for

more photographs, and impractical for screening

purposes; it is used in research protocols rather

than clinical care.3,5,28,29,36 There are many strate-

gies for photoscreening, making comparison of dif-

ferent techniques difficult. Several of the strategies

that have undergone pilot trials follow:

1. Mydriatic fundus photography with various

numbers of fields (2, 3, 5, 6) and various degrees

captured per field (30, 45, 60).36,61,9,24,28,42,48

2. Nonmydriatic 45 degree fundus photography with

various numbers of fields (1, 2, 4).3,21,61,62,63,64,11

3. Staged screening comprised of stage single-field

nonmydriatic photography followed by single-

field mydriatic photography for ungradable

images with stage 1 efforts followed by slit-

lamp biomicroscopy by an ophthalmologist for

ungradable images with stage 1 and 2 efforts.

4. Single-field nonmydriatic fundus photography

for patients < 50 years old and single-field

mydriatic fundus photography for patients � 50

years old.

5. For type 2 diabetics, three-field 45 degree non-

mydriatic fundus photographs with dilation as

needed to obtain satisfactory image quality. For

type 1 diabetics, five-field 45-degree mydriatic

fundus photographs.26

An understanding of the trade-offs incurred by

different strategies compared to seven-field imaging

is helpful in choosing a preferred method of photo-

screening. Underascertainment of DR by methodol-

ogies using fewer than seven fields has been estimated

to range from 5 to 15%.65 Using TIFF and JPEG

compressed images, digital images are associated

with 86–92% and 72–74% sensitivity, respectively,

compared to using color slides.36 Approximately

27% of cases of PDR and 8–15% of all DR lesions

occur outside the area photographedwith single-field

45 degree nonmydriatic photography.39 Over time

and after weighing these relative drawbacks, the

trend has been toward single-image screening meth-

ods (Table 14.2). Addingmore fields adds to the cost,

increases the probability of poor quality images and

Table 14.1 Definition of Chance Corrected Agreement (Kappa)

Gold standard method

+

Test

Method

+ A B

C D
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leads to extra referrals for ophthalmic examination

without sufficient compensatory improvement in

case finding.66

The settings for screening have varied, but include

university diabetes clinics, private practice offices,

hospital endocrinology clinics, nursing homes, com-

munity health clinics, and mobile units in

vans.3,21,36,42,66 68 Methods of notifying the target

population that screening will occur may be impor-

tant.27 In some models multimedia advertisement of

screening is used, whereas in others there is no adver-

tising, but only routine use of a modality in the course

of diabetic, nonophthalmic care.11 The assessment of

screening techniques may need to take into account

the social environment. A successful screening

approach in an urban environment with tertiary care

medical centersmaydiffer from the approach adapted

to a rural environment with few eye care profes-

sionals.24 Screening for certain subgroups of the

population, while a laudable goal, has proven imprac-

tical. For example, in nursing homes, the relatively

high proportion of subjects who are unable to coop-

erate or undergo treatment even if amenable disease is

discovered has rendered the cost per case too high.42

Different Definitions of Diabetic Retinopathy Severity in Screening Studies

Defining severity of DR is challenging, and many different sets of definitions have been established

(see Chapter 5). The ETDRS definitions are difficult for any but professional graders to employ.

Predictably, definitions designed for clinical use are simpler, as are those designed for screening

purposes. One example of definitions of severity for screening purposes by nonophthalmologists

follows (Table 14.3).

Table 14.2 Performance characteristics of two single image photographic screening methods

NPDR PDR Referable DR

Technique Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

Single field
nonmydriatic
45 degree

6156, 96.729 92.9,29 8256 92.029 97.6,29 10056 38,69 61,47 77,61

78,5 89,21 85,70

85,71 96,56

85,47 86,5 93,71

95,61 95,69

97,21 97,70

Single field
mydriatic 45
degree

97.529 93.329 96.629 10029 81,61 84.472 79.2,72 9261

The definitions of referable retinopathy, the reference standard technique, the rates of ungradable photographs, the rates of referable
retinopathy, whether eyes or patients are used in calculation of referral rates, and whether the ungradable photographs are included in
the referable category vary among studies, and therefore comparison of sensitivities and specificities must be guarded. Some studies
had a mixture of nonmydriatic and mydriatic photographs taken. For purposes of classification, they are put into the group for which
most of the photographs were taken. NPDR nonproliferative diabetic retinopathy. PDR proliferative diabetic retinopathy. DR

diabetic retinopathy.

Table 14.3 Simplified classification of diabetic retinopathy

Stage Retinal pathology

1 Mild nonproliferative (occasional microaneurysms and/or hemorrhages and/or exudates)

2 Moderate nonproliferative (intraretinal hemorrhages and/or cotton wool spots and/or venous anomalies
in one to three quadrants)

3 Severe nonproliferative (intraretinal hemorrhages and/or cotton wool spots and/or venous anomalies in
all quadrants)

4 Proliferative noncomplicated (new vessels on disk or retina)

5 Proliferative complicated (tractional retinal detachment, preretinal, or vitreous hemorrhage)

Maculopathy Presence of hard exudates within 1 disk diameter of the foveola

Treated Presence of photocoagulation scars anywhere (sectoral, panretinal, focal, grid)

Reproduced with permission from Deb Joarder24
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Even simpler classifications are in use. Kuo and colleagues have a four level system: no retino-

pathy, background retinopathy, pre-proliferative retinopathy, and proliferative or post-photocoa-

gulation retinopathy.3 Comparison of screening outcomes among studies using different systems is

fraught with uncertainty.

Technical and practical issues arise in photographic

screening. Because the photographs are taken by

ancillary staff in a general clinic, training is impor-

tant in recognizing unusable images and repeating

photography until a usable image can be obtained.

With training, such staff perform as well as ophthal-

mic photographers in producing gradable images.36

Staff must be trained on the importance of physio-

logic mydriasis in a darkened room, and feedback

on photographic quality is necessary to reduce the

number of artifacts that degrade image quality.

Photography of the second eye may need to be

delayed for a time after the first eye photograph to

allow for spontaneous redilation. It seems to be

necessary to photograph both eyes and not one. A

strategy of photographing only one eye results in a

9% rate of false negatives.62 AlthoughDR is usually

a symmetric condition, it is asymmetric often

enough that both eyes need to be screened.62,73

Many have worried that nonstereoscopic photo-

graphic screening methods will miss DME, yet the

presence of hard lipid exudates within 1 disk dia-

meter of the center of the macula is >90% sensitive

in detecting DME, and lipid can be sensitively

detected with nonstereoscopic fundus photogra-

phy.36Moreover, most of the cases of DMEwithout

lipid exudates are recommended for referral based

on other screening criteria.36

Film-based photographic screening methods are

now a chapter in history, not a viable method.68

Digital methods allow for the possibility of

machine-based interpretation, teleophthalmic inter-

pretation, and more rapid turnaround in interpreta-

tion compared to film-based systems.5 Who should

interpret the digital fundus images remains contro-

versial, but it appears that nonophthalmologists can

perform well. With 40 h of training by an ophthal-

mologist, grading of fundus photographs by endo-

crinologists matched the gold standard results of

consensus gradings by two experienced ophthal-

mologists in detecting DR.24 Various systems have

used technicians, opticians, nurse practitioners,

internists, and optometrists for grading.9,47,74

14.9 Nonmydriatic Photography

The reported rates of ungradable images using a non-

mydriatic camera range from 4 to 34%.11,21,30,68,75

These cameras are easy to use; training to a reasonable

standard of proficiency can be attained within 1 h.

Level of training in ophthalmic photography does not

seem to influence image quality much, a favorable

attribute for consideration in screening programs.76

Higher rates of ungradable images lead to higher rates

of referral for dilated eye examinations by eye care

professionals because of doubt by the photography

graders regarding adequacy of the image to exclude

the risk of missing referable retinopathy. This is seen

by different subgroups in the care team as a positive or

a negative. Where numbers of professionals are high

relative to the proportion of patients to be seen, a

higher rate of referral is seen as a positive. Where

numbers of professionals are low relative to the num-

ber of patients to be seen, a higher rate of referral is

seen as a negative and has led to adoption ofmydriatic

screening over nonmydriatic screening as a

response.24 In Singapore, where national photo-

graphic screening for DR by trained family practi-

tioners using a 45 degree fundus photograph obtained

with a nonmydriatic camera has been in place since

the early 1990s, only 38% of the patients referred

actually had DR, reflecting a much poorer specificity

for the technique in practice than under idealized

study conditions.77 Similarly, in Gloucestershire,

UK, the actual percentages of patients referred

based on screening who, in fact, had no DR on actual

clinical examination varied from 47.8 to 56.7% over

the first 4 years of implementing a systematic screen-

ing program.78 It is recognized that most screening

tests perform less well in real-world settings than in

14 Screening for Diabetic Retinopathy 375



settings based on a study design.55 In a study from

Colorado, USA, family physicians reading nonmy-

driatic 45 degree fundus photographs failed to refer

10.2% of patients deemed needing a referral to an

ophthalmologist by a secondary image grader who

was an ophthalmologist.21 Nonmydriatic photogra-

phy often requires placing the patient in a darkened

room for a time and has been found to lengthen the

screening process compared to a mydriatic screening

procedure.24 There are metrics of fundus image qual-

ity other than percentage of ungradable images, such

as grades of image quality and ability to detect refer-

able DR, and all such metrics are beneficially influ-

enced by mydriasis and negatively influenced by

nonmydriasis.24 The perils of nonmydriatic fundus

photography missing sight-threatening peripheral

neovascular fronds have been documented, but

despite admonitions that general practitioners

become better direct ophthalmoscopists, the statisti-

cal evidence favors nonmydriatic photography over

nonmydriatic ophthalmoscopy for detecting refer-

able retinopathy.30

14.10 Mydriatic Photography

There are several objections raised whenevermydria-

tic methods of screening are considered. The first is

that narrow angle glaucoma attacks may be trig-

gered. The risk is low and has been estimated to be

1 in 7,000 examinations or lower.47,79 The second is

that patients will object and refuse screening under

these conditions. When mild mydriatic agents such

as tropicamide 1% are used and only a single dose is

given, patient acceptance has been high.24 The ability

to drive after mydriasis is a third objection, particu-

larly in those over 55 years of age. Somewhat coun-

terintuitively, pharmacologic dilation has been

reported to speed screening for DR compared to

nonmydriatic screening.24 The choice of the mydria-

tic used may be important. Patient acceptance of

moderate mydriasis achieved with tropicamide 1%

was reported to be good.24 Mydriatic screening

methods are particularly useful in older patients

with more miotic pupils. Mydriatic photography as

a backup when nonmydriatic photography gives

poor images can reduce the rate of ungradable

images to <1%.21

14.11 Risk Factors for Ungradable
Photographs

In nonmydriatic photoscreening, increasing the num-

ber of fields imaged above two increases the number

of cases deemed to have poor quality sets of images

requiring referral.66 The rate of ungradable photo-

graphs decreases if mydriatic photoscreening is used

rather than nonmydriatic photoscreening.24,61,75 In 12

studies using nonmydriatic photography, the median

and the range of ungradable photographswere 18.3%

and 4.0–42.3%, respectively.24,75,61,5,68,11,21,47,63,71,64

By comparison, among six studies using mydriatic

photography, themedian and the range of ungradable

photographs were 3.7% and <1–5%, respec-

tively.24,75,61,21,47,9 Increasing age is associated with

an increasing rate of ungradable photographs

whether by nonmydriatic or mydriatic photographic

technique, because of both an increasing effect of

cataract and a decreasing pupillary diameter alone

or after pharmacologic mydriasis.5,24,61,71,75 There is

a floor for the percentage of ungradable photographs.

In the Wisconsin Epidemiologic Study of Diabetic

Retinopathy (WESDR), in which mydriasis and pro-

fessional ophthalmic photographers were used in a

population-based study, 1.5% of participants had

ungradable photographs.17

14.12 Number of Photographic Fields

Whether a greater number of photographic fields are

associated with a higher rate of detection of referable

retinopathy at a reasonable price of more time,

expense, and increased patient dissatisfaction with

bright flashes is controversial.28 Some studies suggest

that more fields increase the rates of referable retino-

pathy.Others suggest that no clinically important gains

aremade by this provision.61 The trend in the literature

seems to be that single-field photographypredominates

based on adequate performance and simplicity.

14.13 Criteria for Referral

The criteria for referral for a complete, dilated eye

examination by an ophthalmologist are not identi-

cal across studies. All screening methodologies
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recommend referral for severe nonproliferative

retinopathy, proliferative retinopathy, diabetic

maculopathy, presence of photocoagulation

scars, and presence of nondiabetic pathology dis-

covered coincidentally. The term diabetic maculo-

pathy includes exudates within 1 disk diameter of

the fovea, any circinate or group of exudates within

the macula, and any microaneurysm or hemor-

rhage within 1 disk diameter of the fovea.61 At

the most liberal end of the spectrum for referral

criteria, some groups mandate referral for presence

of any retinopathy more severe than having micro-

aneurysms alone.5 Others set the bar for referral at

a more severe level of retinopathy. Some guidelines

place all ungradable photographs in the referral

category.5,26,63 The criteria for referral will mark-

edly impact the cost of screening programs. For

example, changing the threshold for referral from

very mild DR (ETDRS level 20) to mild DR

(ETDRS level 35) changed rates of referral from

36.1 to 26.1% of those undergoing photographic

screening in one study.11

14.14 Obstacles to the Use of
Teleophthalmic Screening
Methods

Several obstacles hinder the acceptance of tele-

ophthalmic screening for DR. Perhaps the greatest

is the concern among ophthalmologists that

patients and primary care doctors will mistakenly

interpret screening photographs as a substitute for a

dilated eye examination by an ophthalmologist.

Although these systems are implemented with expli-

cit acknowledgment that they serve as a net to catch

those non-compliant patients who will not be seen

for this recommended process, in actual practice the

concern seems valid.21 Reimbursement concerns are

another obstacle slowing acceptance of these meth-

ods. In countries without nationalized health-care

systems, primary care physicians are reluctant to

invest in the camera, although prices are falling

and retinopathy screening companies have devel-

oped proformas that identify the volumes of

patients required in a given time interval at prevail-

ing rates of reimbursement to ensure no financial

loss. Worry about legal liability is another issue for

photographic graders. In countries with nationa-

lized health care, photographic screening does not

encounter these obstacles and implementation of

these programs has progressed further.

There is evidence that poor rates of screening for

DR represent an active avoidance of patients who

realize the importance of a dilated eye examination

for the detection of a sight-threatening condition,

yet choose not to comply.11 There is also evidence

that a proportion of these patients actively prefer a

nonmydriatic, teleophthalmic method for screening

as an alternative to the recommended gold standard

for detection of retinopathy.11 Thus, eye care pro-

fessionals may need to accept that photographic

screening is the only practical way to access a frac-

tion of the diabetic population at risk for eye

disease.21

14.15 Combination Methods
of Screening

Single-field mydriatic fundus photography inter-

preted by a retina specialist added to mydriatic

ophthalmoscopy increased the sensitivity of general

practitioners and ophthalmic opticians for detecting

any DR.45 For general practitioners, the sensitivity

increased from 55 to 71%. For ophthalmic opti-

cians, the sensitivity increased from 73 to 88%.45

Similarly, adding a macular stereoscopic pair of

fundus photographs to mydriatic direct ophthalmo-

scopy improved sensitivity for detecting DR from

65 to 93%.48

14.16 Case Yield Rates

Rates of referable retinopathy have been consistent

across many studies and locales, ranging from 4.4 to

5.1%.68,21,78 Although screening for DR is worth-

while in many venues, as adequate detection of

retinopathy is widely lacking, some venues have

higher yield rates for disease needing treatment. In

a study from Scotland, rural screening yielded

higher rates of detected advanced retinopathy than

urban screening.68
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What Is the Optimal Screening Interval and When Should Screening Begin?

Is annual screening a good use of resources in patients with noninsulin-dependent diabetes and good

HbA1c?80 Should quality measurement organizations require annual screening of pre-pubertal type

1 diabetics even though they have had diabetes for more than 5 years? Evidence suggests that annual

screening of type 2 diabetics with no retinopathy at the baseline examination may be unneces-

sary.50,35,81 In such patients, the 4-year incidence rates of DME and PDR in WESDR were 1.1 and

0.4%, respectively, and omission of annual screening for 4 years is logical.35 Translating this into a

practical policy, however, is fraught with difficulty, because the accurate classification of retinopathy

severity by seven-field photography is not available in the community as it was used in WESDR.

Practical photographic screening protocols are able to achieve sensitivities of 89–93%, however, and

screening intervals could rationally be relaxed in patients with no retinopathy in places with such

methods in place.81 For example, Younis and colleagues recommended screening intervals of every 3

years for patients without retinopathy, every year for patients with mild to moderate retinopathy,

and every 4 months for patients with severe nonproliferative retinopathy in Liverpool, England,

based on the performance statistics of a systematic photographic screening program established in

1991.81 In the United States, where screening programs remain rare in 2009, the uniform annual

policy, once screening begins, remains intact. Although yearly screening for type 2 diabetics and type

1 diabetics beginning 5 years after diagnosis is the screening benchmark, they are unrealistic in

certain clinical settings.21 These questions becomemore pressing as the economic constraints become

tighter.

14.17 Compliance with
Recommendation to Be Seen by
an Ophthalmologist

Regardless of the success of screening for detection

of referable retinopathy, if advice to be seen for

examination is not heeded, the screening program

has failed. Rates of compliance with a recommen-

dation to be seen for examination have ranged from

48.0 to 90.5%.27,64,71 In one study the rate depended

on reason for referral.27,64,71 Patients referred for

PDR were more likely to comply than patients

referred for NPDR, possibly because the risk of

visual loss was higher with PDR and this was effec-

tively communicated to the patient.27 Even when

screening is free to the patient (although not to

some alternate payor), efforts are frequently unsuc-

cessful. In a demonstration project among medi-

cally underserved residents of rural Colorado, the

screening rate increased from <10% per year to

37% over a 3-year period when free-to-the-patient

screening was introduced.21 In a study from a pre-

paid Health Maintenance Organization in which

there was no additional cost to the patient for the

ophthalmologic examination, the compliance rate

was 74%.71 If the additional examination costs the

patient, the compliance rate would be expected to be

less.71 In comparing screening rates for diabetic

retinopathy across managed care versus fee-for-ser-

vice settings, the managed care setting did not out-

perform the fee-for-service setting as might have

been expected based on its cost structure for

patients.82 Factors other than simple cost of screen-

ing may explain this situation, including such pro-

blems as population transience, effectiveness of

communication, and variable enthusiasm among

different screening sites for the screening mission.

14.18 Intravenous Fluorescein
Angiography and Oral Fluorescein
Angioscopy

Adding fluorescein angiography to fundus photo-

graphy does not add sufficient sensitivity for the

detection of early NPDR to make it worth the
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expense.83 Oral fluorescein angioscopy is too time

consuming and expensive to be practical for large-

scale screening purposes.36

14.19 Automated Fundus Image
Interpretation

A drawback of all operational photographic screening

methods is the requirement of a human grader, who

may range from a trained technician to a fully trained

retina specialist. This adds to the cost of screening.

Although computerized automated interpretation is a

research concept only, it promises to reduce the cost of

screening in the future.84,85 One early prototype of

such a system accurately classified 14 of 22 (63.6%)

images of PDRand 46 of 58 (79.3%) images ofNPDR

compared to a human grader taken as the gold stan-

dard.86 Another system based on an artificial neural

network reading color fundus photographs achieved

sensitivity and specificity of 88.4 and 83.5%, respec-

tively, for DR detection compared to the results of an

ophthalmologist’s reading of the photographs.85

14.20 Subgroups Needing Enhanced
Screening Efforts

Certain subgroups of patients with diabetes have lower

rates of usage of eye care services. In a study of Med-

icare claims data, males, blacks, and persons living in

areas with higher poverty and fewer ophthalmologists

had lower rates of having an eye examination within

the past year.16 State blindness prevention programs

that target persons with diabetes, who have not had

eye care previously, have reported that users of these

programs differ from other diabetics by a higher prob-

ability of being female, on insulin, obese, and poor.27

14.21 Screening in Pregnancy

Pregnant patients with preexisting diabetes should

have a dilated eye examination in the first trimester

and close follow-up for the remainder of pregnancy

if sight-threatening retinopathy is present. Women

who develop gestational diabetes do not require

such screening.35

14.22 Economic Considerations

The cost to society of DR is high and the cost-effective-

ness of screening and treatment of DR has been firmly

established.87 Economic simulations in the United

States and theUnitedKingdombased on epidemiologic

data from WESDR, treatment benefit data from the

Diabetic Retinopathy Study (DRS) and ETDRS, and

costs basedon country-specific data show that screening

is cost effective for both types 1 and2diabetes, butmore

so for the former because of the higher incidence of

advanced retinopathy and the longer survival of type 1

diabetics after screening.35 Annual screening was most

cost effective, and screening by photographic methods

was more cost effective than screening by ophthalmo-

scopy.35 For the type 1 diabetics in the United States,

the net savings was $3,300 per person screened. For the

type 2 diabetics not taking insulin, annual screening

with ophthalmoscopy added years of sight at a cost of

$1,500 per year of sight saved.88

There is controversy, however, onwhich screening

methodology and interval are preferable on eco-

nomic grounds. The cost of photographic screening

depends on the initial capital outlay for the camera,

van, and other equipment; the salary expense of

those performing the functions of the screening pro-

cess; the cost of training image graders; and the

ongoing cost of goods associated with screening,

such as film, fuel, and disposables.21 Indirect costs

associatedwith the decision to screen and the interval

of screening include lost productivity that may result

from degrees of visual impairment.6 When denomi-

nated per screening event and referable event, the

efficiency and volume of cases screened will affect

the results. Given all these variables, the reported

economic costs of screening vary widely. In the Uni-

ted Kingdom, the cost per screening event has been

reported to be £60.30 in a nursing home environment

and £10–12.75 with a mobile van model among

ambulatory patients.45,68 The cost per treatable

event was £3,859 in the nursing home environment

compared to £1,000 with the mobile van model.68

For the nursing homemodel, these costs were judged

to be unsustainable, but theywere judgedworthwhile

in the mobile van model.42,68 Using a different

method of cost assessment, the cost per true positive

by photoscreening was £209 in the Liverpool Dia-

betic Eye Study and the cost per laser-treated patient
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was £1,000.32,68 The cost per case of blindness pre-

vented was estimated to be £1,095.45 In Canada, the

cost per screening event was 100 Canadian dollars

using a mobile camera unit set up in local pharma-

cies.26 In the United States, the cost per case of

retinopathy detected has been estimated at $295 for

mydriatic photography and $390 for dilated eye

examination by an ophthalmologist.89

Comparing costs of systematic photographic

screening to the costs of the current model of oppor-

tunistic screening revealed that systematic photo-

graphic screening is more cost effective using cost

per case detected as the outcome variable. Sensitivity

analyses show that this is true for all practically

achievable levels of sensitivity (sensitivity < 95%) for

opportunistic screening. Systematic screening is more

cost effective than opportunistic screening for all levels

of compliance with systematic screening >54%.

Although cost-effectiveness is better with systematic

screening, the total cost is slightly higherwith systema-

tic screening, because it identifies more cases.

The single most important variable in the cost of

screening is the cost of the screening examination, but

the costs associated with the choice of screening interval

currently are also important and have not factored into

the choice of the recommended interval.7 As available

economic resources increasingly constrain choices, this

may change. When QALYs were used as the primary

outcome variable of a modeling study based on a US

population-based study of retinopathy prevalence, the

marginal cost-effectiveness of various screening frequen-

cies varied according to HbA1c levels at baseline. For

the US population overall, the marginal cost-effective-

ness of annual and biennial screening was $107,510 and

$49,760, respectively.7 In a study from Taiwan which

examinedcost per sight year gained, the cost of screening

type 2 diabetics annually was 20,962 New Taiwan dol-

lars.83 Using this as a base, the comparative costs of

screening every 2 years, 3 years, and not screening at

all were 1.19, 1.47, and 3.98 times as much, respec-

tively.83 Modeling studies depend on assumptions such

as the value of a level of vision impairment in QALYs.

The values used have ranged from 0.36 to 0.69 QALYs

for blindness, for example, yet sensitivity analyses of the

modeling results to these assumptions have not been

consistently done. Other flaws in modeling studies

include failure to stratify retinopathy progression rates

by ethnicity, failure to allocate value to non-screening

functions of the annual visit (e.g., detection of

co-morbidity and education), and using retinopathy

progression rates applicable to newly diagnosed dia-

betics for all diabetics, which leads to an underestimate

of progression.90 For these reasons, recommendations

to depart from annual examinations have beenmetwith

resistance.90 Still, published value judgments on screen-

ing vary from unequivocal statements that the benefits

of screening outweigh the costs to statements that costs

may be too high for certain currently employed annual

screening strategies.6,7,65,90,91 Actually implemented

screening programs vary from annual to biennial.78

Unlike the situation regarding cost–benefit analyses,

there is unanimity that screening yields medical benefits.

Screening yields patients whomust be seen forman-

agement, which implies an increased workload for eye

care providers as a result of screening. On the other

hand, diagnosis of DR early may reduce the work

required per person diagnosed, thus potentially

decreasing ophthalmicworkloads.When actual impact

of a screening program on ophthalmic workload has

been studied, the workload for eye examinations but

not laser treatment increases.78 The increase in number

of patients to be seen reflects the increase in population

and the increase in type 2 diabetes prevalence in recent

years together with the epidemic of obesity.78

A separate economic consideration in screening

relates to physician efforts at implementing screening

guidelines. An unknown fraction of noncompliance

in screening may relate to lack of efforts by primary

care physicians to educate patients to have annual eye

examinations. For example, McCarty et al. found

that preferred practice guidelines had been success-

fully disseminated to physicians but had not made a

difference inmanagement practices.39,92Audit bench-

marks with linked financial rewards or penalties

related to performance have been instituted in some

health-care systems to address this problem.93 Com-

munication about eye examination findings from eye

care professionals to primary care physicians may be

lacking as well, but has been little examined.

14.23 Comparisons of the Screening
Methods

The contemporary ideal in screening in the United

States continues to be the dilated eye examination

by a professional competent to recognize and treat
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or appropriately refer for treatment DR.8,55,94

Except in Iceland, this ideal seems currently beyond

reach.26 As the burden of DR is projected to out-

strip the growth in ophthalmic manpower to per-

form examinations, more pragmatic methods of

screening must be evaluated. In the United King-

dom, screening by ophthalmologists has been

deemed impractical. Instead, screening by optome-

trists and systematic photographic screening have

been judged acceptable.95

Modeling studies have been done in which the

sensitivity and specificity of different screening

methods and various screening intervals have been

tested for their effects on outcomes such as years of

sight saved, eye clinic workload produced, and eco-

nomic cost savings.46,96 All the screening methods

examined (screening by general practitioner, endo-

crinologist, optometrist, and ophthalmologist)

saved sight compared to a strategy of no screening,

but there was little difference between the four

strategies of screening in effects on outcomes

(Fig. 14.1). With screening by general practitioners

on a yearly basis, 3.5 years of sight were saved on

average compared to 4.1 years of sight saved with

screening by ophthalmologists.46 An independent

study in type 1 diabetics likewise concluded that

the cost savings generated from screening vary little

over the range of sensitivities of the competing

methods.96 Thus, the evidence suggests little

imperative to mandating ophthalmologic screening

rather than other forms of screening for DR. A

more cost-effective approach that makes fewer

demands on scarce ophthalmologic manpower and

produces roughly equal outcomes is to allocate

lower cost screening methods with slightly lower

sensitivity for universal screening with use of

ophthalmologists to manage cases where DR is

detected.

When all of the performance characteristics of

the various screening methods are compared, the

trend in recommendations for a practical method

is toward digital photographic screening.10,50,95 It

appears to be more sensitive and less costly than

screening by examination, reduces present inequal-

ities in service provision, and unlike the latter, pro-

duces a permanent record.10,95 Because it is not

widely available in the United States, reliance on

examination-based screening methods is necessary

there for now, but acceptance of photographic

screening seems to be growing.10

Noncompliance is the major flaw in all methods

of screening.10 Suggestions for overcoming

Fig. 14.1 Plot of the average number of patients out of a
cohort of 1,000 patients who would develop severe vision loss
from proliferative diabetic retinopathy or central visual loss
from diabetic macular edema in age groups by decade by
screening strategy. The diamonds represent outcomes with
no screening, the circles represent screening by general

practitioners every 2 years until retinopathy is detected with
annual screening thereafter until referral to an ophthalmolo
gist for treatment, and the triangles represent screening by
ophthalmologists every 2 years until treatment is detected
with annual screening thereafter. Reproduced with permis
sion from Davies46
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noncompliance have included developing compre-

hensive registries of diabetics, increasing education

about the importance of screening, and increased

efforts to specifically target underscreened sub-

groups.10 Especially in regions underserved by eye

care professionals, dilated examination by ophthal-

mologists is increasingly reserved for patients pre-

screened by digital photographic means and found

to have an increased prior probability of sight-

threatening retinopathy that would justify this valu-

able but expensive encounter.

14.24 Accountability of Screening
Programs

The ultimate goal of screening programs for dia-

betic retinopathy is to reduce the incidence of visual

loss. Provision must be made to determine if pro-

gress toward such a goal is being made.95 This

involves determination of local statistics on inci-

dence of visual impairment and periodic audits to

compare performance over time.95 At its simplest

level, these statistics may be incidence of blindness

for the population and for the diabetic population.

National statistics are too general to be useful given

the regional variation in incidence rates of diabetes

based on ethnicity, socioeconomic status, and other

variables. In Great Britain, the minimum 5-year

target is a 10% reduction in incidence of blindness,

and an achievable target is 40%.95

14.25 Summary of Key Points

� Direct ophthalmoscopy through an undilated

pupil by primary health-care providers is insen-

sitive and nonspecific for detecting and classify-

ing DR. Although with training, the perfor-

mance of this method can improve to

acceptable levels for screening purposes, this

seems an unattainable goal as a practical matter.
� Dilated examination by ophthalmologists and

optometrists competent to the task is an imprac-

tical screening goal because of poor rates of com-

pliance by the target population of diabetics.

� Although screening methods aim for a sensitivity

of at least 80% in the detection of diabetic reti-

nopathy, modeling studies suggest that the

impact both on years of sight saved and socio-

economic costs levels off for screening methods

with sensitivities above 60%.
� Single-field nonmydriatic fundus photography is

superior to dilated ophthalmoscopy by an

ophthalmologist as a screening technique for

DR. Referable cases from photographic screen-

ing then receive a focused dilated eye examina-

tion that accomplishes more than screening –

education, detection of nondiabetic eye disease,

and assessment for treatment.
� Mydriasis decreases the technical failure rate in

photoscreening, but does not appreciably increase

sensitivity or specificity for detection of DR.
� Multiple field fundus photography does not

appreciably increase sensitivity or specificity in

detecting DR compared to single-field fundus

photography.
� Balancing all constraints, single-field nonmy-

driatic fundus photography appears to be the

best initial screening method with single-field

mydriatic fundus photography for patients with

poor dilation such as the elderly.
� The ultimate goal of all methods of screening is

to place the patient with DR under the care of an

ophthalmologist competent to assess the disease

status and implement the indicated treatment.

14.26 Future Directions

Better algorithms for automated interpretation of

fundus images may reduce the cost of screening by

reducing labor costs. Nonmydriatic scanning laser

ophthalmoscopic imaging of the fundus may be

used in lieu of dilated funduscopy in developed

nations, especially by optometrists. Sensitivity and

specificity formore thanmildDRwere 94 and 100%,

respectively, compared to ophthalmologist clinical

dilated examination gradings in the only study pub-

lished so far, but only 51 eyes were examined.97

Sensitivity and specificity for CSME were 89–93%

and 72–89%, respectively.97 The rate of ungradable

images was 9.8%.97 Further studies will need to be

done to determine the usefulness of this screening
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method. The use of electronic medical records may

permit improved communication between primary

care physicians and eye care providers to allow detec-

tion of patients who have not been screened for

diabetic retinopathy. Economic incentives in a vari-

ety of forms may improve screening rates.
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Chapter 15

Practical Concerns with Ethical Dimensions in the Management
of Diabetic Retinopathy

David J. Browning

In this chapter we will cover a number of diverse, yet

practical topics, rarely covered in a book on diabetic

retinopathy. What ties them together is the common

thread of possessing an ethical dimension. Our goal

will be to identify issues that arise daily in the care of

patients with diabetic retinopathy that require a

response by the ophthalmologist and examine what

motivates the possible alternative behaviors by

ophthalmologists. Scientific studies touching these

topics are few. Whereas analogous issues arise in all

fields of medicine, by tying them to our emphasis

here on diabetic retinopathy the author hopes to

establish immediacy. The perspective will be discur-

sive, but not directive, because in many cases, a

correct answer or solution based on evidence may

not be clearly discernible or may be controversial. In

each case, the concept of medicine as a profession

operating under a tacit social contract is crucial. This

social contract states that physicians are allowed ‘‘a

high degree of autonomy in their professional affairs

in return for vowing to use their medical and scien-

tific expertise solely to promote the interests of their

patients and the welfare of the public.’’1 In fact, the

use of the word ‘‘solely’’ in this quotation indicates

that the assertion is aspirational, not factual. Cases

abound demonstrating that ophthalmologists are

human and heir to self-interest. Ophthalmologists

exhibit professionalism to the degree that we

approach the goal and abjure self-interest and the

perception of such in favor of our patients’ interest

and that of the public.2

15.1 Incorporating Ancillary Testing
in the Management of Patients
with Diabetic Retinopathy

Optical coherence tomography and fluorescein

angiography are commonly used in the manage-

ment of patients with diabetic retinopathy and

require time to obtain. Practical aspects of inte-

grating these studies into a clinic setting are

worthy of discussion. How commonly the tests

are used will vary from practice to practice, but

we can define some useful bounds for the sake of

discussion. The coauthors of this text were sur-

veyed on the matter and five responded. The data

are shown in Table 15.1.

For the sake of discussion, the median values

will be used. If an ophthalmologist sees 40 patients

per day and works 10 h per day, then he spends on

average approximately 15 min per patient. On

average, in half of these patients an OCT will be

obtained and 1.5 min will be spent reviewing and

analyzing the images. This will involve review of

the OCT, interpreting the OCT for the medical

record, in some cases assisted by a scribe, and

often using the OCT to educate the patient

pictorially.

The review of the OCT often begins with a series

of thumbnail images on a computer screen (Fig. 15.1)

in offices with electronic records or may be by review

of paper records in a chart. This may give a sense of

progression over time by serially comparing the false

color maps. A longitudinal comparison may be

obtained by a spreadsheet analysis and graphical

portrayal of the central subfield mean thickness or

the total macular volume (Fig. 15.2).3
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Finally, morphological details can be gathered by

study of the individual line scans and groups of

scans (e.g., macular cube, series of raster line

scans). The entry of the interpretation in the record

may be by free typing or by use of pick lists and

drop-down menus in an electronic medical record

or by ticking pre-printed options in a paper inter-

pretation sheet or by a free handwritten note.

Table 15.1 Sample data on ancillary imaging by retina specialists managing patients with diabetic retinopathy

Doctor

Number of
patients seen
per day

Hours in
clinic per
day

Time
spent per
patient

%
with
DR

% of DR
patients who
get an OCT

% of DR
patients who
get an FA

Time to
analyze an
OCT (min)

Time to
analyze an
FA (min)

1 50 10 12 23 30 * 3.0 4.0

2 47 8 10.2 20 50 25 0.5 0.5

3 40 10 15 20 17 10 5.0 5.0

4 37 10 16.2 50 80 10 1.5 3.5

5 40 10 15 25 80 5 1.0 2.0

Median 40 10 15 23 50 10 1.5 3.5

Sometimes respondents provided more than one value for a cell. For example, a Florida based ophthalmologist saw more
patients per day in the winter than the summer (‘‘snowbird effect’’). For simplicity in such cases, the midpoint of any range
given was chosen for the cell entry. *= no response given.

Fig. 15.1 Screenshot of a series of optical coherence tomography studies performed over time. The overall picture can be
sensed quickly, and by double clicking on a particular image, the ophthalmologist can study it in detail
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Because the use of these studies is so common, the

careful preparation of the drop-down lists can save

time in the clinic.

The relationship of patient flow through the clin-

ical encounter and imaging sequence deserves com-

ment. Some physicians obtain OCTs on everyone,

regardless of the clinical status.4 6 Other physicians

obtain OCTs selectively. There are at least two pos-

sible models for arranging patient flow. The first is

shown in Fig. 15.3.

In the first model, a patient will experience any-

where from three to seven steps. In the second

model (Fig. 15.4), the possibilities are three to six

steps. The more time-efficient model will depend on

the nature of the practice. If there are a high propor-

tion of patients for routine examination and little

pathology, then the first model is superior, because

most of the patients will not require any ancillary

testing. In such a practice, the second model will

probably have more tests done that really were

unnecessary, because it is unlikely that the techni-

cian, no matter how well trained, can make as accu-

rate a choice as if the ophthalmologist makes all the

decisions. Most of the visits in this scenario will

follow the three-step pathway. The first model is

inferior, however, if the ophthalmologist’s practice

is filled with problematic patients. In this case, few

patients will travel through the three-step pathway

and many more will follow the six- and seven-step

paths. Under the secondmodel, however, these pro-

blematic patients will pass through five or six steps,

saving time. The disadvantage of this model is that

it requires a highly trained technician who can prop-

erly execute guidelines for the ordering of ancillary

tests.

There are many guidelines for the screening tech-

nician that could be used. An example is shown in

Table 15.2.

In a practice in which the technician has the

latitude to order an ancillary test before the patient

sees the ophthalmologist, the potential exists for

unnecessary testing. If the examination does not

support the need for the testing, it cannot be billed,

thus a certain fraction of tests will be wasted effort

and will have to be written off. The compensating

advantage has to do with savings in time through

patient flow involving fewer steps. Fluorescein

angiograms are unlikely to be treated the same

way. First, they have some risk, unlike OCT.

Furthermore, they are needed in approximately

one-fifth the number of cases as OCT based on the

survey data (Table 15.1).

Fig. 15.2 Example of the
graphical depiction of
central subfield mean
thickness (Y axis, in
microns) over time (X axis,
dates given). Interventions
and their dates appear at the
bottom of the screen.
Spreadsheet software has
been described for this
purpose and it is included in
some electronic medical
records products3
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The reimbursement rules by payors ofmedical care

for ancillary testing are interpreted by ophthalmolo-

gists with different perspectives. Some are concerned

that the ophthalmologist must examine the patient

first and indicate in the record an order to obtain

the ancillary test. Other ophthalmologists interpret

the matter such that guidelines like those listed in

Table 15.2 under the supervision of the attending

ophthalmologist are permissible for obtaining the

OCT before the patient sees the physician.

The scientific basis for ancillary testing in man-

agement of diabetic retinopathy has been little

explored. OCT and fluorescein angiography (FA)

are used because ophthalmologists have these tech-

niques, enjoy having the information they provide

for documentation and education of the patient,

appreciate the advantage of decision making based

on objective data rather than subjective clinical

examination findings, and in some healthcare sys-

tems they are a source of revenue. For FA, the

randomized clinical trial proving treatment efficacy

used the tests to guide treatment.7 However, we do

not know from scientific studies that our patients

have better outcomes because we use FA and OCT

in their management. Some evidence has been pub-

lished to suggest that outcomes are similar if FA is

omitted, and the effect of using OCT on outcomes

has not been studied.8,9 It may be an expensive

fallacy that the paradigm chosen for the purposes

of a randomized trial should be translated without

modification to routine clinical practice.10

With respect to OCT, the cost of adding these

machines to practice has indisputably added to the

cost of medical care of diabetic macular edema, and

yet we have no clinical trial data that justify the

added expense – data showing that outcomes using

OCT for management are superior to outcomes

without OCT. As spectral domain OCT displaces

time domain OCT at further high expense, it is

again paradoxical that we have no evidence that

the extra financial outlay purchases better visual

outcomes for our patients.

Fig. 15.3 Patient flow under
a model in which decisions
on ancillary imaging reside
with the ophthalmologist
alone
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The situation is different for fluorescein angio-

graphy. Although the modality has seen a transition

from film to digital media, the expenses associated

with its use are largely unchanged over the last 30

years. The usage of FA in managing DME has

diminished over time, unlike the situation with

OCT (see Chapter 7). However, as with OCT, this

change has not been a response to clinical trial data

Fig. 15.4 Patient flow under
a model in which decisions
on ancillary imaging can be
made by the technician who
works up the patient based
on decision rules devised by
the ophthalmologist

Table 15.2 An example of indications for obtaining optical coherence tomography before the patient sees the ophthalmologist

1. Patient presents with referral note along the lines ‘‘suspect central retinal vein occlusion, branch retinal vein occlusion,
macular hole, macular pucker, cystoid macular edema, macular edema, or diabetic macular edema’’

2. Patient has the diagnosis of central retinal vein occlusion, branch retinal vein occlusion, or diabetic macular edema and has
not had an OCT in 4 months

3. A patient with neovascular age related macular degeneration meets the following criteria:
a. Treatment within the past year
b. No OCT in the past 4 weeks

4. Patient is sent for a consultation following cataract surgery performed within the previous 6 months and the vision did not
return as expected

5. Patient with type 1 diabetes with duration greater than 20 years and new to the retina doctor
6. Patient with type 2 diabetes of duration greater than 10 years and new to the retina doctor
7. Patient with diabetes of any type who has vision less than 20/20 best corrected and is referred to the retina doctor to explain

subnormal vision
8. For an established patient if the previous note indicates the need for OCT at the next visit

OCT = optical coherence tomography.
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showing the absence of a negative effect if FA is

omitted, although it may represent a response to

lower level evidence.8

Besides the scientific aspect, the use of ancillary

testing in the management of diabetic retinopathy

has an economic dimension. In the modern care of

patients with diabetic retinopathy and retinal dis-

eases in general, ancillary testing provides an impor-

tant source of the ophthalmologist’s revenue. In the

author’s group practice, there are 4 retina specialists

whomanage all the diabetic retinopathy for patients

served by the 25 ophthalmologists and 4 optome-

trists. The percentage of total collections provided

by ancillary testing for these four retina specialists

ranged from 15.7 to 21.1% in 2008. The 5.4%

differential applied to the $1.5 million lower end

estimated collections of a retina specialist implies a

lower bound estimated $81,000 in yearly collections

potentially attributable to variable use of imaging.11

Potential financial conflicts of interest in ordering

ancillary tests by physicians are well known.12 The

present example simply makes the problem specific

to the management of diabetic retinopathy within a

fee-for-service healthcare system.

15.2 Patients with Sight-Threatening
Diabetic Retinopathy and
Insufficient or No Ability to Address
Medical Bills

Most ophthalmologists across the world agree on

what constitutes evidence-based medicine with

respect to the treatment of diabetic retinopathy

(DR). For example, under ideal circumstances and

without constraints of money, equipment, and

logistics, most ophthalmologists would manage a

case of disk neovascularization with vitreous

hemorrhage similarly across the world. However,

the actual circumstances in which ophthalmologists

work and patients live vary widely, yet little is pub-

lished on the effects that these factors have on the

actual as opposed to ideal management of DR. In

the United States, certain situations with socioeco-

nomic aspects repeatedly arise and bear discussion.

For these situations, there is little published litera-

ture to provide guidance, despite their daily

importance in clinical practice. Two examples are

discussed below, and a third will be covered in

Chapter 16.

15.2.1 Case 1

A 63-year-old man with type 2 DM not on insulin,

hypertension, hypercholesterolemia, a previous

right-sided stroke, and amputation of the right

great toe was examined on December 10, 2007,

with a complaint of painless blurred vision of the

right eye for 3 weeks. The visual acuity was 20/25 on

the right and 20/20 on the left. Early nuclear sclero-

sis of both lenses was present. Both eyes had severe

nonproliferative diabetic retinopathy. The right eye

had clinically significant macular edema. He

declined fluorescein angiography because of lack

of insurance, but an OCT documented the macular

thickening (Fig. 15.5A and B). Focal/grid laser

photocoagulation was recommended, but the

patient declined because of lack of insurance. He

was offered treatment at a reduced rate (Medicaid

rate) and declined. He stated that he would return

for care when he became eligible for Medicare in

November 2008, and he did so. By this time, his

vision had dropped to 20/60 right and remained

20/20 on the left. He had worsening of clinically

significant macular edema of the right eye and new

CSME of the left eye. Fundus photographs, fluor-

escein angiography, and OCT images of both eyes

are shown in Fig. 15.5C–H. Focal/grid photocoa-

gulation was recommended in both eyes and was

performed.

This case illustrates a type of clinical experience

familiar to many ophthalmologists managing

patients with diabetic retinopathy in the United

States. The nature of the clinical problem is clear

and an evidence-based course of action exists, but

socioeconomic obstacles prevent proper applica-

tion of known effective treatment and visual loss

results. There are many possible perspectives that

one might take in considering such a case. One is

to deprecate the ophthalmologist. He could have

provided the care as charity. This can be a solu-

tion for an occasional case, but is not a practical

systemic solution. The expenses of providing care

must be covered by some payor ultimately. The
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Fig. 15.5 (a, b) OCT documented macular at the initial visit for case 1; follow up fundus photographs, fluorescein
angiography, and OCT images of both eyes are shown in c h. Worsening of diabetic macular edema as a result of delay in
treatment is documented

15 Practical Concerns with Ethical Dimensions in the Management of Diabetic Retinopathy 393



profligately charitable ophthalmologist will soon

be out of practice for economic reasons. As stated

by Cohen et al., ‘‘In countries with large numbers

of such individuals, it is unreasonable to expect

individual physicians to carry a burden that right-

fully rests with the broader community.’’1 Another

perspective is to criticize the patient for putting off

needed care for a year rather than accepting the

offer of timely care at a reduced cost. Finally, the

system of healthcare payment in the United States

might be identified as the root of the problem.

Such a situation would not exist in countries

with nationalized health care, but those systems

have their own faults, and we cannot construc-

tively enter the debate on healthcare delivery

here. The point of the case is to show how the

healthcare delivery system affects the care and

outcomes of patients with diabetic retinopathy as

much as the patient’s blood pressure and glycosy-

lated hemoglobin.

Another relevant concern in such cases is the

extent of ancillary testing to be done. Should the

ophthalmologist have a standard of care and stick

to it for all, or should the standard vary with the

available resources? For 15 years after the Early

Treatment Diabetic Retinopathy Study, DME was

managed without OCT. But in 2009, when OCT is

integral in the management of DME, should the

ophthalmologist revert to the pre-OCT standard

for economic reasons? Likewise, one can manage

DME without the use of fluorescein angiography,

and half or more of ophthalmologists do so.13

Should the economic facts of a particular case influ-

ence one’s practice? Our purpose here is to raise the

question for discussion, not answer it. The author’s

practice – mentioned only for the purpose of disclo-

sure and discussion and not put forth as a suggested

norm – is to tailor the ancillary testing to the

resources available. I will treat such patients with-

out OCT or fluorescein angiography rather than

defer all care because a desired standard of ancillary

evidence cannot be afforded. An acknowledged pit-

fall of this approach in the United States is the

potential for legal liability if a dissatisfied patient

with a bad outcome should turn what begins as an

intended act of compassion into a portrayed act of

negligence. The legal system in the United States

thus joins the list of considerations to be weighed

in such cases.

15.2.2 Case 2

A 42-year-old woman with type 2 diabetes for 16

years and hypertension was seen with complaints of

blurred vision in the left eye in association with red-

ness, tearing, sensitivity to light, and a left-sided

headache. Examination showed that she had cor-

rected visual acuity of 20/40 right and counting

fingers left. Intraocular pressures were 15 right and

45 left. She had neovascularization of the iris and a

hyphema on the left. Both eyes had disk neovascular-

ization and neovascularization of the midperipheral

retina. The left eye received an intravitreal injection

of bevacizumab followed by panretinal laser photo-

coagulation and subsequently an Ahmed tube shunt

withnormalizationof pressureand eventual counting

fingers visual acuity.The right eye receivedpanretinal

laser photocoagulation with regression of neovascu-

larization, but contracture of a premacular mem-

brane. Vitrectomy surgery was recommended, but

the patient’s coverage under the Medicaid program

expired and she was unwilling to accept a recommen-

dation to have surgery through the offices of the State

Commission for Services for the Blind. As a result,

lacking money, she did not return for 16 months.

She did return when her visual acuity in the right

eye dropped abruptly to counting fingers interfering

with her ability to ambulate. A dense contracted

premacular membrane with macular traction retinal

detachment was found (Fig. 15.6). The patient agreed

to have vitrectomy surgery. Vitrectomy, membrane

peeling, laser panretinal photocoagulation, and intra-

vitreal silicone oil instillation were done. The visual

acuity returned to 20/100 on the right (Fig. 15.7).

In this case, the lack of coverage led to procras-

tination in applying care with compromise of the

patient’s final visual outcome. The primary obstacle

preventing appropriate treatment was financial. In

such a case, several questions arise.

1. Should the ophthalmologist have volunteered to

provide the care without cost to the patient?

2. What is the responsibility of the society in which

nearly 50 million persons are uninsured for the

sequence of events that occurred in this case?14

3. Is there a solution for such cases within the cur-

rent system of health care in the United States?

4. How would such a case be handled in alternate

systems of health care?
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In answer to the first question, a fair answer prob-

ably involves the proportion of charity patients in the

ophthalmologist’s practice. No ophthalmologist can

be expected to provide charity care if the number in

need renders the burden economically unviable.1

However, as members of a profession rather than a

business, ophthalmologists have a responsibility to

share in providing care for the uninsured and under-

insured. Where this balance is struck varies. ‘‘The

tragedy of the commons’’ is a concept that applies to

physicians as to all humans, thus it is not surprising

that some physicians choose to accept little or no

responsibility.15 Questions 2 and 3 are controversial

topics of debate in the United States. Historically,

social beneficence in the United States has limits. The

United States constitution and laws have not his-

torically recognized a right to universal welfare or

health care. In the past 50 years, other western

nations have come to consider this as a newfound

right, and the United States may be evolving in that

direction. It is beyond the scope of this chapter to

address the matter further except to emphasize that

ophthalmologists caring for patients with diabetic

retinopathy see examples like these daily. In answer

to question 4, nationalized healthcare systems seem

to be better prepared to treat such cases than is the

healthcare system in the United States, but they

have their own flaws such as limitations and restric-

tions on individualization of care, loss of attraction

of the brightest students to other career choices,

failure to incentivize medical innovation through

low reimbursements, and rationing of care based

on bureaucratic regulation and waiting. Which

ensemble of flaws is worse is sharply debated.

15.3 Communications with Primary-
Care Physicians

Ophthalmologists have an obligation to provide the

primary-care physicians of their patients with dia-

betes a periodic report of the ocular status.16

Although it is recognized that the primary physician

should encourage the patient to seek annual dilated

eye examination, the need for communication

between primary physician and ophthalmologist

has not been emphasized. Many patients do not

know their glycosylated hemoglobin or their list of

medications, yet knowledge of the glycosylated

hemoglobin is important in developing a rational

ocular prognosis for a patient and plays into deci-

sions on re-examination intervals. Unless in-office

testing of glycosylated hemoglobin becomes a rea-

lity, it would be advantageous if such information

was shared. Broadening use of electronic medical

records may facilitate such information sharing.

15.4 Working in a Managed Care
Environment (Capitation)

The economic and ethical dimensions of ancillary

testing under a fee-for-service system of medical

reimbursement were acknowledged earlier. At the

Fig. 15.7 Postoperative appearance of the right fundus of the
patient in case 2. The macula is attached under silicone oil

Fig. 15.6 Appearance of the right fundus of the patient in
case 2. The macula is detached with a dense premacular
fibrotic membrane
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other extreme, managed care reimbursement sys-

tems reward physicians in such a way that underuse

of diagnostic and therapeutic interventions is a pos-

sible pitfall. To simplify a complicated matter, in

such systems, the physician stands to financially

benefit when the care provided to patients covered

by the plan is minimized.2 In such a system, there

may also be an incentive by the physician to avoid

sick patients, as they will require more care with

financial penalties incurred by the physician caring

for the patient. Conversions between fee-for-service

and capitation systems for paying physicians have

been shown to produce behavioral changes in

patient encounters and referral patterns in the

physicians affected.17 19

15.5 Interactions with Medical Industry

Ophthalmologists who take care of patients with

diabetic retinopathyhave frequent occasions to inter-

act with representatives of pharmaceutical and med-

ical technology companies who spend an estimated

$57.5 billion annually in the United States ($61,000/

physician/year) to influence physician behavior, an

amount larger than their research and development

budgets.20 22 The interactions come in several forms.

Most frequent are encounters with representatives

who leave samples of new and expensive topicalmed-

ications, but never inexpensive generics, in return for

a few minutes of the target physician’s time to listen

to a sales pitch in the guise of physician educa-

tion.23,24 Usually, the sales representatives have little

science background and work from practiced scripts

honed to produce a closing commitment from the

physician to write prescriptions of the touted pro-

duct.23,25 Simultaneously, there may be gifts given,

such as post-it notes, pens, computer memory sticks,

a choice of textbooks, silk ties, or umbrellas. More

recently, the industry has deployed increasing num-

bers of ‘‘medical science liaisons,’’ who are often phy-

sicians or pharmacists and canmention off-label uses

for drugs that the sales representatives cannot in their

interactions with practicing physicians.26

Another tactic companies employ is to invite

ophthalmologists to expensive restaurants to listen

to an opinion leader speak on a topic relevant to a

product the sponsoring company sells. The invited

speaker is paid a fee, thus there is influence purchas-

ing at the audience and speaker level in these

cases.27 Sometimes a drug company will invite phy-

sicians to an expensive hotel for a retreat, ask them

their opinions about the company’s drugs, call them

‘‘consultants’’ thereby, and pay them a fee in addi-

tion to the expenses for the retreat.28 In another

variation, the office staff of an ophthalmologist

may be invited to a catered lunch or dinner at

which a speaker from the company talks about a

topic related to a product sold by the company. Free

lunches and gifts to physicians and staff are not

random, but are targeted to those with the potential

to cooperate with the company’s efforts and boost

their sales.29

At a different level, pharmaceutical companies

invite ophthalmologists to be investigators for com-

pany-sponsored clinical trials of investigational

drugs or devices.30 The reimbursements to the phy-

sician for encounters of patients enrolled in these

studies are higher than the reimbursements for

patients not in these studies.31,32 Besides the richer

reimbursements paid for subjects enrolled in studies,

pharmaceutical companies will pay for the engaged

ophthalmologists to travel to expensive locations to

give or hear talks at meetings.21,30,33 Patients are not

informed that their participation in pharmaceutical

research is associated with differentially favorable

remuneration to the enrolling physician compared

to remuneration associated with care outside of

pharmaceutical research, although surveys indicate

that many participants in clinical research would like

to be informed of financial conflicts of interest.34 In

some cases a proposed research study is not validly

designed, and the payment to the physician is a

veiled inducement to use the drug.35

Financial arrangements often exist between phy-

sicians who invent or help develop medical devices

and the companies that produce them. Universities

may be a third party in these relationships.34,36,37

The patents, royalties, and compensation paid by

companies to these physicians can potentially bias

the relationship of the physician and patient, as

when a surgeon recommends a medical device to a

patient in which he has a financial interest or alters

research data in a study for the same reason. In the

United States in 2006, the average medical industry
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support for medical school departmental activities

was 2.1 – SD $5.6 million.38 Medical industries

provided financial support for a wide range of activ-

ities to many medical school departmental chair-

men: personal compensation for involvement in

CME courses (28%); personal equity or stock

options in exchange for professional services (6%);

royalties, license payments, or milestone payments

(11%); free or subsidized travel and expenses to

meetings and conferences (16%); and research

funding (21%).38 Yet in the same survey, 25% of

medical schools had no institutional conflicts of

interest policy or were not working on one.37

Questions have been repeatedly raised about the

ethical basis of these interactions.20,39,40 They have

been identified as conflicts of interest at a minimum

and as bribes by some.12,20,21,29,35,41 A conflict of

interest occurs when reasonable observers of a

situation could conclude that the temptation for

economic gain compromises the physician’s respon-

sibility to place the patient’s interest first.41 There

seems to be little doubt that the industry samples,

gifts, and perks are effective from the perspective

of the companies, whether the targeted physicians

believe it or not.2,21,23,29,33,41,42,42 45 The many ways

that physicians attribute moral vulnerability to

others but not themselves and rationalize their atti-

tudes toward accepting free lunches, gifts, and sam-

ples-for-face-time have been studied and character-

ized.43,46,47 Physicians who believe that nominal

gifts are ineffective in inducing reciprocity and

therefore less unethical are in error based on social

science research concerning gifts.12,29,33,47 Targeted

physicians tend to change their prescribing habits

and use of medical devices, and the result is higher

cost for medical care.21,33,25

Historically, the response of the ophthalmic com-

munity has been to institute a policy of disclosure of

financial conflict of interest. The assumption has

been that the audience can factor this disclosure

into its reception of the speaker’s content and prop-

erly calibrate its granted credulity. However, there

are problems with this response to the situation.21

Counterintuitively, there is social science evidence

that disclosure perversely exacerbates the effects of

bias rather than ameliorating them.12 Appraisers

who disclose that they are paid based on the size

of their appraisals have been found to produce

inflated appraisals compared to appraisers who

do not disclose.12 This is not an argument to omit

disclosure, but rather one that it is an inadequate

response. Some physicians ignore disclosure rules or

interpret their involvement in such a way that they

think the rules do not apply. A survey of medical

experts who write clinical practice guidelines found

that 9 of 10 had financial ties to the pharmaceutical

industry but rarely disclosed them.48 Financial

involvements and disclosures have become so wide-

spread and the time spent on them at meetings and

in publications so cursory and without detail on

magnitude of financial benefit that they are ignored.

Moreover, the forms of disclosure have become

more opaque. For example, here is the wording of

a financial disclosure of an ophthalmologist from

the Johns Hopkins School of Medicine (name

removed):

The author has no financial interest in any of the
material discussed. Dr [X]’s employer, the Johns
Hopkins University, but not Dr [X], receives funding
for research and other sponsored projects from
Eyetech Pharmaceuticals, Inc, New York, NY,
Genentech, Inc, South San Francisco, Calif, the
National Eye Institute of the National Institutes of
Health, Bethesda, Md, the US Department of Health
and Human Services, Washington, DC, Novartis
PharmaAG, Basel, Switzerland, QLT, Inc, Vancouver,
British Columbia, and Carl Zeiss Meditec AG, Jena,
Germany. The terms of these institutional consulting
agreements are managed by the Johns Hopkins
University in accordance with its conflict of interest
policies.49

In the arrangement here, the money from the

recipient’s work flows to the employing medical

school. It sounds less likely to be ethically ques-

tionable inasmuch as the potential benefit to the

recipient is indirect. Yet without knowing what the

cited policies of the university are, the reader can-

not assess how likely the recipient is to be influ-

enced by the money. If the university policy is a

direct pass-through to the faculty member, then

the potential for bias is higher than if his compen-

sation is completely disengaged from the funding

the recipient brings into the university through his

involvement with the companies. The disclosure is

in fact no disclosure, because it is opaque. Few if

any readers will spend the effort to pierce the veil of

this disclosure statement, although technically,

with enough digging, they could do so. As Brennan
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and colleagues note, ‘‘Because declarations of con-

flict are usually unverified, their accuracy is uncer-

tain.’’41Many authors argue that disclosure is a half-

measure response to the apparent ethical challenge;

avoidance is the more appropriate ethical

response.2,50 As an analogy, when someone embez-

zles money, we wish for them to stop it, not to

disclose that they are embezzling. In a different pro-

fession – the judiciary – disclosure is not an option; if

a judge has a conflict of interest, he must recuse

himself from the case.23

The growing proportion of continuing medi-

cal education expenses underwritten by pharmaceu-

tical companies that view the practice as good mar-

keting has been noted and deprecated.50 Relman

asks, ‘‘Does anyone really believe that medical edu-

cators are properly doing their job when they allow

the pharmaceutical industry not only to subsidize

their educational costs but also to help prepare the

curriculum, recommend and pay the speakers,

indirectly pay students and residents to attend, lav-

ish free meals and favors on attendees, and then

promote the company’s products at the meet-

ings?’’50 Calls to physicians to refuse to attend

industry-sponsored continuing medical education

events (CME) have been published.20 Others have

suggested that accreditation for offering CME be

restricted to member institutions of the Accredita-

tion Council for Continuing Medical Education

and be denied to industry-sponsored public rela-

tions firms.51 Recommendations to eschew gifts

and samples from industry representatives have

been published.41 There is insufficient evidence to

conclude that any of these recommendations has

gained traction.

The conflicts of interest discussed herein are not

abstract. They are concrete and occur on a daily

basis in ophthalmic practice. Physicians have repe-

titive chances to affect the ethical landscape of the

profession by their choices. Historically, the Amer-

ican Medical Association has issued guidelines in

which the ethical propriety of gifts is determined

based on type and monetary value.47 Gifts with a

benefit to patients (e.g., samples) and related to a

physician’s work (e.g., a pen) have received a pass,

despite evidence that these are intended to affect

and do affect prescribing practices.47 Based on

history, pessimists contend that physicians and

their professional societies are unlikely to change

their behavior internally and that federal regula-

tion with penalties for infractions lies in the

future.24,46

In managing patients with proliferative diabetic

retinopathy (PDR) and diabetic macular edema

(DME), the ophthalmologist has the discretion to

choose among a menu of injectable intravitreal

drugs in many cases. Reviewing the actions of

drug companies in this environment is relevant to

the discussion. For example, Genentech makes

both bevacizumab, an oncological antivascular

endothelial growth factor (VEGF) drug widely

co-opted for off-label use by ophthalmologists,

and ranibizumab, an anti-VEGF drug specifically

designed for ophthalmic use.52,53 Both drugs show

a biological effect in PDR and DME.54 The poten-

tial profit margin for Genentech is much greater

for ranibizumab with a retail price over 20 times

that of bevacizumab. The company has spent and

continues to spend large sums of money support-

ing clinical trials to demonstrate efficacy of ranibi-

zumab for diabetic retinopathy indications, but

not for bevacizumab. This financial support has

been a factor in the selection of ranibizumab, and

not bevacizumab, by the National Institutes of

Health-funded Diabetic Retinopathy Clinical

Research Network for its phase 3 clinical trials

with an anti-VEGF drug component. The logic

presented to the Network investigators by the Net-

work leadership for this choice goes as follows. By

accepting the Genentech subsidy of free ranibizu-

mab other valuable research can be conducted with

the dollars not spent on bevacizumab. This logic

perhaps underweights the expected future argu-

ment by Genentech that should anti-VEGF ther-

apy with ranibizumab be shown to be valuable in

PDR and DME, it would be an act based on faith

rather than evidence to extrapolate the results to

the untested, less-expensive bevacizumab, even

though the mechanism of action of the two drugs

is the same. At present, well-funded pharmaceuti-

cal representatives of Genentech assiduously court

retina specialists by the methods listed previously

to tilt their decision making in anti-VEGF therapy

for neovascular macular degeneration. They would

not do so were their efforts fruitless. In the future,

they will undoubtedly expand their efforts to dia-

betic indications should the diabetic clinical trial

results turn out in their favor.
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15.6 Interactions with Ambulatory
Surgery Centers

A frequent component in the care of patients with

diabetic retinopathy is the injection of intravitreal

drugs and application of focal/grid and panretinal

photocoagulation. In 2008, these procedures were

added to the list of approved procedures that can be

doneinambulatorysurgerycenters(ASC)intheUnited

States.Therearedifferential ratesof reimbursement for

these procedures when done in an ASC or in an office

setting. Generally speaking, the reimbursement is

higher when they are done in an ambulatory surgery

center because a facility fee is generated that does not

apply to the office setting. If the ophthalmologist is an

investor inanASCanddirectshispatient to that setting

to receive the treatment, the issue of conflict of interest

arises, especially if the patient is left topayahigher out-

of-pocket expense in an ASC setting compared to the

office setting. As Tonelli has written, ‘‘arrangements

thatboth increasephysicianremunerationandimprove

the care of patients are theoretically possible, and if

patient care can be demonstrated to improve, would

beethicallypreferred.Butsucharrangementsdemanda

high burden of proof demonstrating that patients, and

not simply clinicians, are benefited.’’2

15.7 Comanagement of Patients

Comanagement of patients with diabetic retinopathy

has not been an issue in the management of patients

with diabetic retinopathy as it has been in the man-

agement of patients undergoing cataract surgery;

however, related concerns have begun to arise.55

For example, networks have been developed in

which primary-care physicians take nonmydriatic

fundus photographs to screen for diabetic retinopa-

thy (see Chapter 14).56 These are graded by ophthal-

mologists, and if DR is detected, the patient is sent

to an ophthalmologist. If the patient has an

ophthalmologist, they are directed there, but if

not, relationships between the grading ophthal-

mologist and the screening ophthalmologist may

exist that direct referrals. These relationships may

be influenced by external factors, including affilia-

tion with hospital networks that own physician

practices. Referrals may be governed by concerns

such as emergency room coverage.

15.8 Relationships with Investment
Firms

Perhaps nomonth goes bywithout an e-mail request-

ing an ophthalmologist to participate in a survey or a

conference call sponsored by an investment firm in

which money is offered for expert opinions on the

prospects of drugs and devices used to treat diabetic

retinopathy. Many ophthalmologists participate in

clinical research networks and know the results

of clinical research before they are published in

peer-reviewed journals. Inside information from

unpublished clinical trials is sought and used by

investment firms to make money for the firms and

their clients. Is it ethical to participate in and

receive fees from these activities? Recommenda-

tions have ranged from disclosure alone to non-

participation in such activities.57,58

15.9 Summary of Key Points

� Daily clinical care of patients with diabetic reti-

nopathy involves practical issues with an ethical

dimension that are rarely covered in textbooks

about diabetic retinopathy.
� These issueshave thecommonthreadofprofession-

alism – the duty of the ophthalmologist to abjure

self-interest and to act in the interest of the patient

and, to a lesser and poorly defined extent, society.
� Specific examples are presented and used as a

springboard for discussion.
� There are instances where the ophthalmologist’s

actions are immediately relevant, and instances

where the issues are broader and involve the

social organization of health care.

15.10 Future Directions

Studies that determine if value is added by expen-

sive ancillary testing in the management of dia-

betic retinopathy may be coming in an environ-

ment of decreasing financial resources. The

ophthalmological groundswell of commentary

regarding ethical aspects of physician relation-

ships with drug companies and in the conduct of

research is likely to grow. The prospect of
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increasing federal regulation of these relationships

is significant. Whether the traditional model of

physician behavior based on professionalism will

be displaced by a different model based on a

buyer–vendor relationship is difficult to predict,

but there seems to be a trend in that direction. All

of these issues will have direct consequences for

the care of diabetic retinopathy.
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Chapter 16

Clinical Examples in Managing Diabetic Retinopathy

David J. Browning, Scott E. Pautler, David G. Telander, Keye Wong, Michael W. Stewart,
and Abdhish R. Bhavsar

In previous chapters, the emphasis has been on a

detailedunderstandingofaparticularaspectofdiabetic

retinopathy. In this chapter the approach will be more

topical and practical and the principles presented pre-

viously will be exemplified in characteristic situations.

Actual cases will be presented with discussions regard-

ing management. These cases were circulated among

theco-authorsandcommentsonmanagementindepen-

dently solicited and then compiled. The discussants for

the cases used the comments as a springboard to review

the literature and provide a synthesis that reflects both

the diverse clinical judgments of the reviewers and the

published evidence pertinent to the case.

16.1 Case 1: Proliferative Diabetic
Retinopathy with Dense
Premacular Hemorrhage
in a Patient on Coumadin

A 52-year-old man with diabetes and hypertension

of 24 years duration was taking warfarin for atrial

fibrillation and congestive heart failure when he

developed sudden painless loss of vision in the left

eye. He had previously had multiple focal/grid and

panretinal photocoagulation laser treatments to

both eyes for diabetic macular edema and prolifera-

tive diabetic retinopathy. His visual acuity was R –

20/25, L – hand motions. The fundus of the left eye

is shown in Fig. 16.1. The international normalized

ratio (INR) was 2.2. How would you manage him?

16.1.1 Discussion

It has been estimated that cases of dense premacular

hemorrhage such as this comprise 6% of vitrectomy

surgeries for complications of diabetic retinopathy,

and it has been stated that this is an indication for

prompt vitrectomy.1 The rationale for skipping a

period of observation and hoping for spontaneous

clearing is that dense premacular hemorrhage under

a bridging scaffold of posterior hyaloid results in

early proliferation of fibrous membranes with trac-

tion retinal detachment.1 It is not known whether a

period of observation is detrimental in such cases.

A few weeks of observation may not be risky, and

would have the advantage of demonstrating to the

patient that spontaneous improvement was unlikely.

Patient understanding and full agreement with a sur-

gical treatment plan is an important aspect to weigh.

Certain cases such as this one feature liquefied

blood in the premacular, subhyaloid space. In these

cases, rupture of the posterior hyaloid face with the

neodymiumYAG laser may lead to dependent move-

ment of the blood and clearing without the need for

vitrectomy.2 The experience of others, however, is

that these hemorrhages in patients with diabetes are

often clotted, and if this is the case, the YAG laser

approach to treatment will fail.1 Two other

approaches reported in this situation are an intravi-

treal injection of tissue plasminogen activator, 50mg,
or bevacizumab, 1.25 mg, together with an intravi-

treal injection of 0.3 ml of sulfur hexafluoride.3,4
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Reports of all treatment approaches emphasize the

need for complete panretinal photocoagulation to

cause regression of any active neovasculariazation.1 4

A separate issue exemplified by this case is the

management of warfarin therapy in a patient being

considered for vitrectomy surgery. The growing

consensus is that the warfarin need not be discon-

tinued if there are valid medical indications for its

use.5 7 More complicated regimens of switching

from warfarin to heparin, discontinuing heparin

shortly before vitrectomy, reinstituting heparin

after surgery, and finally converting from heparin

back to warfarin appear to be unnecessary. There

are no randomized controlled trials, however, to

address the issue definitively and the specific details

of each case together with the treating physician’s

experience and input from the patient’s internist

may be the most important determinants in man-

agement decisions.

Three technical issues arise in such a case if the

ophthalmologist recommends vitrectomy surgery.

First, is this a case in which 25 gauge or 20 gauge

technique is preferable, or does it matter? Twenty-

five gauge surgery is associated with a faster

postoperative recovery, but there is concern that the

25 gauge cutter cannot resect dense fibrinous clots as

efficiently as the 20 gauge cutter. Second, should a

preoperative injection of bevacizumab be given to

render less active any underlying neovascularization,

as has been reported, especially given the anticoagu-

lated status of the patient?8,9 Finally, if intraopera-

tive oozing of blood in an anticoagulated patient is a

problem, what are useful approaches at surgery?

In this case, the surgeon chose 20 gauge techni-

que and was convinced that the 25 gauge cutter

would have failed to successfully resect the thick

subhyaloid clot. No preoperative bevacizumab

was given. Intraoperative oozing of blood was a

problem and was not controllable by raising the

infusion pressure or with the use of intravitreal

cautery. The technique used to manage the oozing

was silicone oil tamponade as has been described

previously.10 12 It is conjectural whether preopera-

tive bevacizumab injection would have circum-

vented this difficulty.

The appearance of the fundus 2 days after sur-

gery is shown in Fig. 16.2. Unrecognized preopera-

tively, but apparent intraoperatively, there was

Fig. 16.1 Fundus
photographs of case 1 at
presentation. A dense
premacular and
subhyaloid clot is present
in the left eye. Panretinal
laser scars are present
peripherally
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subretinal hemorrhage in addition to the premacular

hemorrhage in this case, and this is clearly shown in

Fig. 16.2. Subsequently the subretinal blood

resolved, the silicone oil was removed from the eye,

and the final visual acuity was 20/200 (Fig. 16.3).a

16.2 Case 2: Bilateral Proliferative
Diabetic Retinopathy with Acute
Vitreous Hemorrhage in One Eye
and a Chronic Traction Retinal
Detachment in the Other Eye

A 48-year-old man with type 1 diabetes for 35 years

and hypertension for 15 years presented with chronic

poor vision in left eye and new acute loss of vision in

right eye. He reported being able to read and drive

with the right eye before the sudden visual loss. The

left eye visual acuity was light perception and by

history had been this way for 6 months. This was

the first time he had been examined by an ophthal-

mologist and there were no other details from the

past, but there had been no previous laser treatment.

The left eye had an intraocular pressure of 15mmHg,

was phakic, and had no iris neovascularization. Fun-

dus photographs of the left disk and midperipheral

fundus are shown (Figs. 16.4 and 16.5). Figure 16.4

shows a thick, florid neovascular plaque overlying

the disk that has contracted and has raised the peri-

papillary retina into a funnel. The far peripheral

retina was attached (not shown). Figure 16.6 por-

trays the anatomic situation. The right eye had a

visual acuity of counting fingers with disk neovascu-

larization much less severe than that present in the

left eye and a new dispersed vitreous hemorrhage

without traction retinal detachment.

Fig. 16.2 Postoperative fundus photograph of the left eye of
case 1. Silicone oil is present in the vitreous cavity. Thin
subretinal hemorrhage is present in the macula

Fig. 16.3 Postoperative fundus photograph of case 1, 4
months after the fundus photograph shown in Fig. 16.2.
The subretinal hemorrhage in the macula has resolved leav
ing pigmentary mottling. The oil was uneventfully removed
and the final visual acuity was 20/200

Fig. 16.4 Appearance of the left eye of case 2 at presenta
tion. A thick neovascular plaque overlies the disk and has
pulled the peripapillary retina into a tight funnelaDiscussed by David J. Browning MD, PhD
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Question: How would you manage this patient?

If part of your response involves surgery of the left

eye, please be detailed in the technical aspects of

your approach.

16.2.1 Discussion

The four ophthalmologists who reviewed this

case agreed that the management priority was

to rehabilitate the right eye known to have read-

ing vision in the recent past. This would involve

a pars plana vitrectomy with panretinal laser

photocoagulation. In addition, efforts should be

spent to educate the patient about the impor-

tance of regular ophthalmic monitoring and

care in the future, a factor missing in his past

history.

The controversy in this case revolves around

what to do about the left eye. One reviewer com-

mented, ‘‘The left eye has a very poor prognosis

based on poor acuity, type 1 diabetes, and long

duration of traction retinal detachment, as well

as the absence of panretinal photocoagulation.

It is comfortable and I would like to keep it that

way, so I would not operate this eye.’’ There

is ample support in the literature for this perspec-

tive. Macular traction retinal detachments pre-

sent for more than 1 month have been shown to

have poorer prognosis when repaired, and when

the macula has been detached for greater than

6 months, older publications conclude that the

risks of surgery outweigh the possible

benefits.13 16

Counterbalancing this reasoning, it is certain

that the left eye cannot improve without interven-

tion, and it may advance to neovascular glaucoma

and phthisis if observed. Unfortunately, the natural

history of such eyes is not well studied, and one does

not know what the spontaneous rate of progression

Fig. 16.5 A fundus photograph of more peripheral retina in
case 2 at presentation. The far peripheral retina is attached.
The midperipheral retina is detached, as shown, and no pre
vious panretinal photocoagulation has been administered

Fig. 16.6 A sketch of the
anatomic configuration of
the retina of the left eye in
case 2
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to no light perception, neovascular glaucoma, and

phthisis bulbi is in such eyes, but the consensus

opinion of the authors is that it is relatively com-

mon. Reliable operative outcome statistics in such a

case are also in short supply, and would depend on

the individual surgeon’s expertise. Rates of 8.7–

18.6% of similar eyes progressing to no light per-

ception after vitreous surgery and 24–67% achiev-

ing ambulatory vision have been published.17 20 In

more recent case series, it appears that vitreoretinal

surgeons are more willing to operate on chronic

traction macular detachments documented to be

present for as long or longer than 1 year.13,21 In

view of the patient’s young age, the unstable status

of the right eye (better eye), and the patient’s

demonstrated failure to access the health care sys-

tem previously, three of the four co-authors

reviewing this case considered that the natural his-

tory of the left eye would probably be worse than

the outcome with surgical intervention. Therefore,

surgical intervention for the left eye was recom-

mended by these co-authors after educating the

patient thoroughly regarding the significant risks

of surgery and possible progression to neovascular

glaucoma and/or phthisis bulbi even if surgery is

attempted. There were some differences in their

technical approaches, however, as manifest from

the following comments.

16.2.2 Opinion 1

1. Use 25 gauge instruments first and convert to 20

gauge if the membranes cannot be adequately cut

with the 25 gauge instrument.

2. Use intravitreal triamcinolone to assist in visua-

lizing the posterior hyaloid and facilitate its com-

plete removal.

Fig. 16.7 Fundus photograph of the left eye of case 3. Neo
vascularization is present on the temporal disk margin. The
macula is edematous with many intraretinal hemorrhages, a
few lipid exudates, and a patch of neovascularization
inferotemporally

Fig. 16.8 OCT of the left eye
of case 3. Marked macular
thickening is present with a
large foveal cyst
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3. Make no intentional retinotomies and if no

intraoperative break occurs, use perfluoron to

move the subretinal fluid peripherally and allow

panretinal photocoagulation. If iatrogenic, unin-

tended breaks occur intraoperatively, flatten the

retina with subretinal fluid drainage through one

of them, apply panretinal laser photocoagula-

tion, and use silicone oil as a tamponade.

16.2.3 Opinion 2

1. Do not inject intravitreal bevacizumab before

vitrectomy.

2. Apply panretinal photocoagulation to the

attached peripheral retina in the office a few

weeks before the vitrectomy.

3. Use 20 gauge instrumentation and horizontal

curved scissors for membrane delamination.

4. Create a drainage retinotomy, and flatten the retina

before applying panretinal photocoagulation.

5. Finish with a gas/fluid exchange using 28% sul-

fur hexafluoride.

16.2.4 Opinion 3

1. Inject intravitreal bevacizumab 1.25 mg 1–4 days

before surgery.

Fig. 16.9 Fundus drawing of the right eye
of case 4 indicating a superotemporal
horseshoe tear and a peripheral retinal
detachment delimited by scarring from
previously placed panretinal
photocoagulation

Fig. 16.10 Fundus photograph from case 4 showing 2 clock
hours of a peripheral retinal detachment delimited by pre
viously placed panretinal photocoagulation for proliferative
diabetic retinopathy
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2. Use 20 gauge instrumentation and vertical auto-

mated scissors.

3. Use a lighted infusion cannula to allow bimanual

technique with one hand grasping and the fellow

hand operating the vitrector or the scissors.

4. Apply intraoperative panretinal laser photo-

coagulation only to the attached peripheral

retina.

5. Make no intentional retinotomies, but if an

iatrogenic break occurs, aggressively resect all

fibrovascular membranes, apply panretinal

laser photocoagulation after flattening the retina

with an air–fluid exchange, and finish the case

with a silicone oil–air exchange.

6. Aim to relieve all traction on the retina, create no

iatrogenic breaks, and leave the eye with its sub-

retinal fluid to be pumped out by the retinal

pigment epithelium.

7. In the office postoperatively, apply panretinal

photocoagulation posteriorly (where the subret-

inal fluid is) after the retina flattens, which might

take several weeks to occur.

In considering these various opinions, it is not

possible to say which technique would offer the

patient the best chance of a good outcome, as

they reflect the individual aspects of different sur-

geons’ training and experience. Furthermore, there

are no randomized trials comparing specific tech-

niques that are applicable to just such a case as this.

It is worthwhile, however, to emphasize the differ-

ences of opinion and where consensus is present.

The use of preoperative bevacizumab is conten-

tious. Opinion 1 omits reference to it, opinion 2

explicitly argues against its use, and opinion 3

recommends using it. Case series have reported

that use of preoperative bevacizumab reduces vas-

cularity and intraoperative bleeding, but can cause

contraction of fibrovascular membranes in

approximately 5% of cases.9,22,23 One case report

has been published of a patient losing vision from

hand motions to no light perception shortly after

an intravitreal bevacizumab injection, but the dis-

cussants of the case were doubtful that cause and

effect could be established.24 If bevacizumab is

used in such a case, the consensus of opinion

seems to be that the surgery should follow within

4 days to reduce the chances of fibrovascular mem-

brane contracture.9 We think it is valuable to

expose the reader to the spectrum of thinking

about the problems raised by such a case.b

16.3 Case 3: Sight Threatening Diabetic
Retinopathy in a Patient with
Concomitant Medical and
Socioeconomic Problems

A 61-year-old male was referred by an emergency

room doctor. The patient was on no diabetic therapy

and complained of 6 months of painless, fluctuating,

blurred vision OU. He stated, ‘‘I am a borderline

diabetic.’’ He had no primary care doctor, no insur-

ance, no Medicaid, no Medicare, no job, no money,

and took nomedication. The state blind commission

had exceeded its yearly budget and was authorizing

no more treatments until the next fiscal year.

The examination showed the following:

� Blood pressure was 165/95
� Fingerstick blood glucose in office was 283
� Best corrected visual acuity was 20/63 OU
� Phakic with early nuclear sclerosis OU
� Fundus appearance OS as shown (Fig. 16.7)
� OCT OS as shown (Fig. 16.8)
� The situation OD was similar

Howwould youmanage this case (tests, treatment,

follow-up intervals, primary care arrangements)?

16.3.1 Discussion

The patient has untreated diabetes mellitus, hyper-

tension, diabetic macular edema (DME), and pro-

liferative diabetic retinopathy (PDR) based on the

presence of a twig of neovascularization at the tem-

poral disk margin. The medical issues in this case

are straightforward. The patient needs medical care

and education about diabetes and hypertension,

needs appropriate treatment to tightly control his

blood sugar and blood pressure, and once this sys-

temic treatment plan has been put in place, needs

ophthalmic intervention to reduce the DME first

and the PDR second (see Chapters 4, 7, and 9).25 27

bDiscussed by David J. Browning MD, PhD

16 Clinical Examples in Managing Diabetic Retinopathy 409



The treatment for the DME should be focal/grid

laser photocoagulation.28 The treatment for the

PDR should be panretinal laser photocoagula-

tion.29 It would be preferable to have resolution of

the DME before addressing the PDR, thus focal/

grid laser should be applied and after 4 months, if

DME persists, reapplied until either the DME has

resolved or maximal treatment has been placed with

refractory DME remaining.30 In the Early Treat-

ment Diabetic Retinopathy Study, the average

number of focal/grid laser treatments required for

an eye with clinically significant macular edema was

3.8, so the ophthalmologist should expect to treat

this eye multiple times. In many cases, one cannot

wait until DME has resolved before addressing the

PDR. One may proceed with PRP together with

treatment of the DME in such cases. Based on

clinical experience rather than evidence from ran-

domized clinical trials, an adjunctive agent such as

intravitreal triamcinolone or bevacizumab may be

useful in such a situation.31

The difficult issues in this case are not the med-

ical ones, but rather the social ones. It is challenging

to arrange care by an internist in the United States

for such a patient. If the ophthalmologist lives in an

area with a medical school, there may be provision

for care of the indigent there. Some communities

have clinics for the indigent, but the care may be

haphazard and they are frequently understaffed.

Few ophthalmologists feel qualified to treat dia-

betes and hypertension themselves, or some feel

that they would incur unacceptable follow-up obli-

gations and legal liability were they to beginmedical

therapy themselves. Thus, the systemic foundation

in such a case will frequently be lacking. In such

cases, the ophthalmologist can verbally encourage

the preferred care at each ophthalmic visit and facil-

itate obtaining it as far as possible. Often the

ophthalmic aspects of treatment will need to be

applied regardless of optimization of the systemic

factors.

The issue arises – should ancillary studies be

obtained in such a situation, and is standard care

to be followed? One of the panel reading this

case commented that he does not change his prac-

tice based on the patient’s economic circumstances

(opinion#1). He would obtain a fluorescein angio-

gram (FA) and optical coherence tomogram

(OCT), treat the patient in the preferred manner,

follow-up and monitor with OCT as for anyone

else, and set up a payment plan ‘‘even for $5 per

month.’’ Another reading the case would treat

based on the clinical appearance only, omit both

the FA and OCT, and would alter the treatment

plan. This physician would begin with an intravi-

treal injection of triamcinolone and follow with a

combined focal/grid and a full panretinal laser

photocoagulation treatment 1 week later (opi-

nion#2). Follow-up OCTs would be omitted, but

visits would continue at 4-month intervals. In the

discussant’s experience, the ophthalmologist’s

approach to such cases depends on what propor-

tion they represent of his practice. If such cases

comprise <5% of the ophthalmologist’s cases, the

approach is often that of opinion#1. If such cases

comprise 10%, 20%, or more of the practice, the

approach begins to approach that of opinion#2.

Ophthalmologists who practice in countries with

nationalized health care seem to face fewer issues

of this nature.c

16.4 Case 4: Asymptomatic Retinal
Detachment Following Vitrectomy
in a Patient Who Has Had
Panretinal Laser Photocoagulation

A 62-year-old man with type 1 diabetes for 35 years

and hypertension for 25 years had panretinal photo-

coagulation for proliferative diabetic retinopathy

and focal/grid laser photocoagulation for diabetic

macular edema of the right eye 3 years before. He

subsequently developed a macular epiretinal mem-

brane with persistent macular edema of this eye for

which he underwent vitrectomy with membrane

peeling. At routine follow-up 2 months after sur-

gery, a peripheral rhegmatogenous retinal detach-

ment was noted with a post-sclerotomy horseshoe

tear in the superotemporal quadrant (Figs. 16.9 and

16.10). At this visit he was asymptomatic and his

best corrected visual acuity was 20/40 right and

20/60 left. How would you manage this case?

cDiscussed by David J. Browning MD, PhD
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16.4.1 Discussion

Of the four retina specialists who reviewed this case

and commented, all had seen a few similar cases, but

they seem to be uncommon. The relevant literature

is scant, reflecting this fact.32 Two of the four

reviewers responded that they would treat such an

asymptomatic case, considering it to be intrinsically

unstable and likely to progress. Both of these

reviewers preferred to address the case with a pneu-

matic retinopexy. As one put it, ‘‘In spite of panret-

inal photocoagulation (PRP), the retinal detach-

ment will likely progress over time. There is a

small chance that it could remain stable. However,

given the horseshoe tear located superotemporally,

I would recommend cryoretinopexy to surround the

tear followed by either a pneumatic retinopexy with

0.3–0.5 cc 100% sulfur hexafluoride (SF6) or simply

a fluid–gas exchange with 25% SF6. This can be

done in the office with subconjunctival lidocaine

for anesthetic and is typically quite successful.’’

The other two reviewers would have managed the

situation differently. One physician would simply

bolster the PRP but also monitor closely for neovas-

cularization of the iris that could be stimulated by the

ischemic detached peripheral retinal detachment in a

patient with diabetic retinopathy. The last physician

recommended rather close observation initially, with

plans to do nothing if there was no progression and

to intervene with a pneumatic retinopexy or a scleral

buckle operation if there were signs of progression.

The only case series published supports the

notion that the previously placed panretinal photo-

coagulation can barricade the peripheral retinal

detachment and keep it from spreading.d

16.5 Case 5: Management of Progressive
Vitreous Hemorrhage Following
Scatter Photocoagulation for
Proliferative Diabetic Retinopathy

A 63-year-old female with non-insulin dependent

diabetes mellitus of 10 years duration was seen on

5/28/08 with blurred vision OS for 4 days. She had a

premacular and peripapillary vitreous hemorrhage

without apparent disk neovascularization. A com-

posite fluorescein angiogram demonstrating the

pattern of preretinal hemorrhage in the left eye is

shown in Fig. 16.11.

She underwent an initial ‘‘moderate’’ scatter

photocoagulation on 6/4/08 (846 spots via laser

indirect ophthalmoscopic delivery). She returned

on 6/16/08 complaining of increasingly blurred

vision in her left eye. She had an increased amount

of vitreous hemorrhage in a boat-shaped configura-

tion as shown in Fig. 16.12, with a possible focus of

Fig. 16.11 Mosaic fluorescein angiogram of case 5 at pre
sentation. A preretinal hemorrhage obscures the papilloma
cular bundle and peripapillary retina but spares the fovea

Fig. 16.12 Fundus photograph of case 5, 2 weeks after mild
scatter photocoagulationdDiscussed by David J. Browning MD, PhD
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regressing neovascularization elsewhere superior to

the optic nerve (see Fig. 16.13).

She has NVE in the right eye nasal to the

optic nerve (see Fig. 16.14) but is resistant to

agreeing to panretinal photocoagulation in that

eye because of the occurrence of increased

hemorrhage in her left eye following panretinal

photocoagulation.

Her visual acuity on 7/2/08 is 20/70 OD improv-

ing with pinhole to 20/40 and 20/400 OS. She has

mild nuclear sclerotic cataracts in both eyes. How

would you manage both eyes?

16.5.1 Discussion

How much initial laser treatment is enough is open

to interpretation. Some physicians believe that a

pattern with 800 spots is not a moderate pattern of

scatter laser but an incomplete pattern of scatter

laser. The Diabetic Retinopathy Study (DRS)

from the mid-1970s and the Early Treatment Dia-

betic Retinopathy Study (ETDRS) from 1980 to

1985 tested strategies of scatter photocoagulation

which may need to be reinterpreted in the current

era of better systemic blood sugar control, better

vitrectomy techniques, and the current availability

of anti-VEGF medications.

In the DRS the specified laser technique included

800–1600 argon laser burns of 500 mm spot size.33

Scatter photocoagulation was shown to be benefi-

cial in reducing the rate of progression to severe

visual loss as compared to a strategy of observation

for 2 years. This wide range of allowable laser spots

were further evaluated in the ETDRS where a strat-

egy of full scatter photocoagulation was compared

to a strategy of mild scatter photocoagulation.34

Full scatter photocoagulation comprised of 1200–

1600 spots of 500 mm size. The burns were placed½

burn width apart in comparison to the mild scatter

photocoagulation pattern in which 400–650 spots of

500 mm size were placed � 1 burn apart. However,

unlike the DRS the ETDRS tested a strategy of

allowing additional laser to be applied if NVE pro-

gressed or high-risk characteristics developed.

The study populations of the DRS differed from

the patients evaluated in the ETDRS in that the

ETDRS enrolled patients who had less than high-

risk PDR. The 5-year rate of development of high-

risk PDR in the ETDRS was 18.8% in the full

scatter group vs. 26.9% in the mild scatter group

vs. 38.5% in the deferral group. Therefore, an initial

full scatter laser pattern is more effective in reducing

the risk of progression to high-risk PDR. However,

when compared to a strategy of observation every 4

months with application of laser if high-risk PDR

developed there was no statistical downside to the

deferral strategy. The 5-year rate of developing

severe visual loss was 2.7% in the initial full scatter

group vs. 2.6% in the initial mild scatter group vs.

2.2% in the deferral group. The conclusion there-

fore was that scatter photocoagulation prior to the

Fig. 16.13 Regressing neovascularization elsewhere, 2 weeks
after mild scatter photocoagulation

Fig. 16.14 Fundus photograph of the right eye of case 5.
Neovascularization elsewhere is seen two disc diameters
nasal to the optic nerve
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development of high-risk characteristics does not

reduce the risk of progressing to severe visual loss.

Although the ETDRS did not evaluate patients

with high-risk PDR (as in the DRS) this ETDRS

data demonstrates that the lower range of laser

spots studied in the DRS (800) was as effective as

the upper range of laser spots allowed (1,600) in

preventing severe visual loss (when given the option

of adding laser at 4-month intervals). The ETDRS

also demonstrated a visual cost to full scatter laser

in that there was a statistically greater chance of

decreased visual field and color vision deficits of

full scatter laser vs. mild scatter laser and mild

scatter laser vs. deferral.

Therefore it seems reasonable that even for

patients with high-risk characteristics if one can

provide follow-up at 4-month intervals or less, an

initial mild scatter laser pattern may be as effective

as full scatter in reducing the progression to severe

visual loss and will also have a decreased cost of

affecting visual field and color vision.

Additional data to suggest that a mild scatter

laser pattern may be appropriate arise from the

data from the Diabetes Control and Complications

Trial. In that trial it was demonstrated that a reduc-

tion in baseline hemoglobin A1c of 10% reduced by

45% the subsequent risk of progression of diabetic

retinopathy.35 Baseline demographic data from the

ETDRS revealed that 42% of the study population

in 1980 had a hemoglobin A1c � 10.36 In a diabetic

retinopathy study population from 2003 the mean

hemoglobin A1c was 8.2 – 2.2.37 Assuming a Gaus-

sian distribution this would translate to about 16%

of patients with a hemoglobin A1c > 10. The better

systemic blood sugar control currently exhibited by

diabetic patients therefore translates into their nat-

ural history having a decreased risk of diabetic reti-

nopathy progression and provides further evidence

that an initial mild scatter laser pattern is not

detrimental.

An additional issue exemplified by this case is

the need for appropriate education of the patient

regarding the natural history of untreated dia-

betic retinopathy. In the setting of her visual

symptoms worsening after laser intervention the

natural tendency is to blame the treatment. Pre-

treatment education would be helpful but

patients may still expect that laser therapy will

help them see better rather than decrease their

risk of progressing to severe visual loss. In the

setting that the patient questions the value of

laser treatment it may be helpful to re-establish

patient confidence by re-reviewing goals of ther-

apy or to offer a second opinion. Establishing

patient cooperation is critical if other therapies

to include anti-VEGF injections or vitrectomy

are to be considered.e

16.6 Case 6: Post-surgical, Inflammatory
Macular Edema, or Diabetic
Macular Edema?

A 77-year-old man who had previously undergone

uneventful bilateral cataract surgery with intrao-

cular lens implantation was seen with blurred

vision of the left eye of several months duration.

The right and left eye cataract surgeries had been

done 12 and 9 months previously, respectively. His

best corrected visual acuity was 20/20 right eye and

20/200 left eye. The slit lamp examination showed

bilateral posterior chamber intraocular lenses in

the capsular bag with clear posterior capsules and

no uveitis. His fundus examination showed bilat-

eral mild nonproliferative diabetic retinopathy. On

the left, vitreomacular traction was evident

(Fig. 16.15). He underwent vitrectomy with mem-

brane peeling of the left eye with resolution of the

traction and return of visual acuity to 20/50. One

month later his vision dropped to 20/80. The slit

lamp examination of the left eye showed no ante-

rior chamber or vitreous cells. The post-vitrectomy

optical coherence tomogram, fundus photograph,

and fluorescein angiogram are shown in Figs.

16.16, 16.17, and 16.18.

� Questions: Is this post-surgical, inflammatory

macular edema, or is this diabetic macular

edema? If you think they can be distin-

guished, what clues are reliable in order to

tell the two apart? Based on your interpreta-

tion of the situation, how would you manage

this patient?

eDiscussed by Keye Wong MD
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16.6.1 Discussion

The three reviewers who commented on this case

echoed each other. They all commented that this

patient has three possible sources of macular

edema: the improved but chronic residual macular

edema that is commonly seen after surgery for

macular epiretinal membranes, post-surgical

inflammatory macular edema (sometimes called

Irvine-Gass syndrome after cataract surgery, but

potentially seen after any intraocular surgery), and

diabetic macular edema (DME).38,39

For years ophthalmologists thought that they

could distinguish the second from the third types of

edema. It was commonly written that a petalloid

pattern of hyperfluorescence in the macula and a

hyperfluorescent optic disk in later frames of the

fluorescein angiogram were signs of post-surgical

inflammatory macular edema rather than

DME.40,41 However, when this impression was

examined in prospective, masked studies, it did not

appear that these signs were reliable in distinguishing

the two types of edema.42,43 That is, diabetic eyes that

do not develop post-surgical macular edema can

Fig. 16.15 Optical coherence
tomography of the left
eye of case 6 showing
vitreomacular traction

Fig. 16.16 Red free photograph of the left eye of case 6 after
vitrectomy showing some drusen, microaneurysms, and loss
of a foveal reflex

Fig. 16.17 Late frame of the fluorescein angiogram of the left
eye of case 6 after vitrectomy showing late fluorescein leakage
in the macula and no optic nerve head hyperfluorescence
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develop disk hyperfluorescence after surgery and

petalloid macular hyperfluorescence can be seen in

diabetic eyes with macular edema that have never

undergone surgery.43,44 Thus, the relative contribu-

tions ofDMEversus PCME in post-surgicalmacular

thickening can be difficult to assess in mixed clinical

pictures.41,45 In the past, when it was thought that the

treatments differed for the two conditions, discrimi-

nating the components had greater importance.With

the discovery that anti-inflammatory drugs can

improve DME and that anti-VEGF drugs can

improve post-surgical macular edema, the impor-

tance of the distinction has diminished.46 53

With this background, there are two practical

approaches that seem reasonable. If the patient is

reasonably content and willing to proceed in a step-

wise fashion, one could begin with the least invasive

option and try topical prednisolone acetate and

ketorolac for a month. If there is no improvement,

then one could proceed to use periocular triamcino-

lone, and then if it resolves but recurs 3–4 months

later, one could deduce by the process of elimination

that the visible microaneurysms were of importance

and selectively ablate them. If the patient is distressed

and pushing the ophthalmologist for expedient relief,

then a multi-pronged approach addressing all poten-

tial contributing sources at the same time would be

rational – for example, simultaneous combined perio-

cular triamcinolone plus focal photocoagulation.f

16.7 Case 7: Proliferative Diabetic
Retinopathy with Macular Traction
and Ischemia

A 43-year-old female with diabetes and hyperten-

sion known for 5 years but present probably for

many years longer has had blurred vision OS>OD

for several months. The best corrected visual acuity

is R – 20/25, L – 20/100. The intraocular pressure is

15 OU. Neither eye has iris neovascularization.

Each eye has had one session of panretinal photo-

coagulation with �1,500 burns. Both fundi are

shown as are the OCTs and sample frames from

the fluorescein angiogram (Figs. 16.19, 16.20,

16.21, 16.22, 16.23, and 16.24). How would you

manage these two eyes?

16.7.1 Discussion

The management of the right eye was controversial

among the five reviewers of the case. Two reviewers

thought that the neovascularization in the right eye

was relatively inactive and that no further treatment

Fig. 16.18 Optical coherence
tomogram of the left eye of case
6 after vitrectomy showing
macular thickening
but no vitreomacular traction

fDiscussed by David G. Telander MD, PhD
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was indicated given the good level of vision. Three

reviewers thought that the neovascularization

showed continued activity and that further panret-

inal photocoagulation (PRP) was needed, but there

was considerable disagreement about how to do

this. One reviewer thought that focal/grid laser

should be given first for a component of diabetic

macular edema, and then later that the PRP should

be completed. Two reviewers thought that all of the

macular thickening in the right eye was based on the

epiretinal membrane (ERM). These reviewers did

not think that the ERM was bad enough to recom-

mend vitrectomy and membrane peeling. Two

reviewers thought that PRP should be given alone,

Fig. 16.19 Red free photograph of the right eye of case 7
showing retinal neovascularization, some preretinal hemor
rhage, and a macular epiretinal membrane

Fig. 16.20 Red free photograph of the left eye of case 7
showing retinal neovascularization, some preretinal hemor
rhage, and a ring of preretinal membranes exerting traction
on the macula

Fig. 16.21 Mid phase frame of the fluorescein angiogram of
the right eye of case 7 showing leakage from neovasculariza
tion, areas of capillary nonperfusion, and parafoveal intrar
etinal fluorescein leakage

Fig. 16.22 Mid phase frame of the fluorescein angiogram of
the left eye of case 7 showing extensive areas of capillary
nonperfusion in the midperiphery and an enlarged and irre
gularly bordered foveal avascular zone
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but one favored use of pre-PRP intravitreal bevaci-

zumab to reduce the neovascular activity rapidly.

This level of disagreement in interpretation of clin-

ical data and management is common in compli-

cated cases of diabetic retinopathy. The point is

exemplified that cases in actual practice can be

ambiguous in many respects. The discussant

would argue that neovascular activity in the right

eye seems evident, based on the fluorescein angio-

gram frame, and that the need for further PRP

Fig. 16.23 Optical coherence tomography of the right eye of case 7 showing a macular epiretinal membrane and associated
macular thickening

Fig. 16.24 Optical coherence tomography of the left eye of case 7 showing thick preretinal membranes and associated retinal
cystic changes in the parafovea
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therefore would seem to outweigh the risk that the

ERM may contract and reduce vision when it is

applied. Should the latter occur, prompt vitrectomy

with membrane peeling should be able to remedy

that eventuality. Although neovascular activity

appears evident, it does not seem to be so severe as

to threaten problems with hemorrhaging, thus there

seems to be little reason to preface the supplemental

PRP with an intravitreal bevacizumab injection,

which carries a higher risk of ERM contracture

than supplemental PRP alone.

For the left eye, two reviewers thought that vitrect-

omywas indicated to relieve the tractional component

contributing to the visual loss. One of these twowould

preface the surgery with intravitreal bevacizumab and

one would not. Neither of these two recommended

further PRP before proceeding to surgery, but both

would supplement the PRP at the time of surgery.

Two reviewers thought that ischemia was the main

cause for loss of vision in the left eye and that surgery

should be deferred unless further progression to

macula involving traction detachment occurred;

neither of these reviewers thought that supplemental

PRP to the left eye was needed. One reviewer thought

that the left eye should have an intravitreal bevacizu-

mab injection followed by completion of the PRP, but

no surgery as long as the macula remained attached.

Again, the diversity of opinions among experienced

retina specialists is striking.

The fact that the patient presented with advanced

disease suggests that follow-up is going to be a

continuing concern, hence the discussant would

favor completion of the PRP bilaterally to reduce

the risk of subsequent vitreous hemorrhage, pro-

gressive fibrovascular proliferation with traction,

and iris neovascularization. He favored no surgery

of the right eye, but expected that it might be neces-

sary if the ERM worsened later. He also favored

vitrectomy surgery on the left despite the severe

ischemia in hopes of removing the component of

visual decline due to macular traction even though

the center of the macula is not detached. Because

this case was the discussant’s patient that is what

was done. Six months later, the visual acuities of the

right and left eyes were 20/70 and 20/40, respec-

tively. Figures 16.25 and 16.26 show the appearance

of the fundi at this point.

Because of the progressive decline in vision of the

right eye, vitrectomy, membrane peeling was

recommended and performed. At follow-up 1

month later the visual acuity of the right eye had

improved to 20/30 and the vision in the left eye had

further improved to 20/30. Figure 16.27 shows the

postoperative appearance of the right fundus.

Several points are illustrated. First, the assess-

ment of visual potential based on capillary non-

perfusion is fraught with error (see Chapter 8).

No reviewer of this case considered that a 20/30

outcome for the left eye was possible at

Fig. 16.25 Progressive thickening of the macular epiretinal
membrane of the right eye of case 7

Fig. 16.26 Post vitrectomy fundus photograph of the left
eye of case 7. Release of macular traction is apparent but
residual vertical retinal striae are seen
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presentation. Second, the perception that PRP

worsens contracture of fibrovascular membranes

is prevalent among retina specialists, but has

scant basis in peer reviewed literature.54 56 The

right eye shows worsening of an ERM tempo-

rally associated with supplemental PRP, but it

cannot be said that the PRP caused the worsen-

ing. It may have occurred had PRP been with-

held. It is unlikely that a clinical trial would ever

be performed to determine an evidential basis

for this perception. Third, the assessment of the

effect of traction on visual function is also

fraught with uncertainty. The center of the

macula of the left eye was not detached, and

several of the reviewers therefore did not con-

sider vitrectomy surgery to be indicated, yet the

case demonstrates that improvement can occur

in such cases by relief of traction. Fourth, the

clinical ability to judge ‘‘activity’’ of PDR is

questionable; our reviewers were divergent in

their assessments.57 In such cases, humility and

careful longitudinal follow-up to detect change

may be prudent. Finally, the use of intravitreal

bevacizumab as an adjunct to surgery and laser

is far from standardized in 2009 as illustrated by

the diversity of responses by the reviewers.9,34,58

Greater consensus regarding proper use of this

drug may evolve with continued study and espe-

cially through well-designed prospective

randomized clinical trials regarding its many

potential uses.g

16.8 Case 8: What Is Maximal Focal/Grid
Laser Photocoagulation for
Diabetic Macular Edema?

16.8.1 Definition of the Problem

Although it is the rule in treating diabetic macular

edema (DME) that multiple treatments will be neces-

sary over time, eventually there is no more room for

focal/grid laser treatment if DME persists. In Dia-

betic Retinopathy Clinical Research (DRCR) Net-

work protocols and other studies, subjective defini-

tions of maximal focal/grid laser are used. For

example, here is the definition from the ISIS-DME

study: ‘‘Maximal laser treatment was defined as a

point at which the investigator felt that additional

laser treatment would be of no benefit based on

clinical judgement and the fluorescein angiogram.’’59

In DRCRNetwork studies, a fluorescein angiogram

is not required to treat DME or to make a decision

about whether maximal focal/grid laser treatment

has been given. In the following cases (Figs. 16.28,

16.29, 16.30, 16.31, 16.32, 16.33, 16.34, 16.35, 16.36,

Fig. 16.27 Appearance of the right macula of case 7 after
vitrectomy surgery

Fig. 16.28 Case 1 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

gDiscussed by David J. Browning MD, PhD

16 Clinical Examples in Managing Diabetic Retinopathy 419



16.37, and 16.38), patterns of focal laser used for

center-involved clinically significant macular edema

(CSME) are illustrated. All cases have persistent

center-involved macular edema with central subfield

mean thicknesses>250 mm onOCT despite previous

treatment. Which case(s) have had maximal laser

treatment and, in your hands, would not be offered

any further focal/grid laser photocoagulation, but

instead, would be declared treatment failures to

that approach and either observed or treated with

alternative therapies such as intravitreal or peribul-

bar pharmacologic therapy or vitrectomy surgery?

16.8.2 Discussion

A better designed exercise would be to have a sam-

ple of ophthalmologists examine the same set of

patients together with their customarily acquired

ancillary testing, but such is not possible within

the constraints of a textbook. Acknowledging the

limitations of the exercise and the data presented,

we think the results are interesting to consider, if

only to raise the seldom discussed issue ‘‘When does

Fig. 16.29 Case 2 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.30 Case 3 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.31 Case 4 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.32 Case 5 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’
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one stop focal/grid laser? And what is maximal

treatment?’’ Four of the co-authors returned com-

ments on these cases. A redaction of their responses

is shown in Table 16.1. Even with the small sample

size, it is apparent that clinical judgement is variable

on what constitutes maximal treatment.

Doctor B was reluctant to comment on 9 of the 11

cases. He mentioned that he relies exclusively on

fluorescein angiography to determine where to

apply re-treatment – to focal leakingmicroaneurysms

and ungridded areas of capillary nonperfusion – and

therefore did not have asmuch information as hewas

accustomed to having to be able to respond. This was

the approach outlined in the Early Treatment of

Diabetic Retinopathy Study (ETDRS). In that

study, ‘‘repeat fluorescein angiography was usually

necessary to assess whether treatable lesions were

present. All focal leaks more than 500 mm from the

center of themaculawere treated. Focal leaks 500mm
or less from the center of the macula were treated if

the visual acuity was 20/40 or worse and if it was

thought that the treatment would not destroy the

remaining perifoveal capillary network. Grid

Fig. 16.33 Case 6 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.34 Case 7 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.35 Case 8 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.36 Case 9 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’
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treatment was not usually reapplied to areas that had

already been treated.’’60

Twenty years after the ETDRS, the DRCR Net-

work reported in one of its prospective trials that

49% of cases of CSME treated with focal/grid laser

underwent treatment without fluorescein angio-

graphic guidance.61 Internationally, the estimate is

higher.62 It is not known if outcomes are different

when focal/grid laser treatment is applied with or

without fluorescein angiographic guidance because

a randomized clinical trial of the question has not

been performed. But because previously applied

laser spots may be more easily detected from fluor-

escein angiography than from ophthalmoscopy

alone, it is possible that decisions onmaximal versus

submaximal treatment depend on whether the

ophthalmologist obtains the angiogram to inform

his judgement.63 The point in this context is that

variable use of fluorescein angiography may add to

the variability among ophthalmologists in what

constitutes maximal focal/grid laser.

Other pertinent comments to the question of

maximal focal/grid laser were made. Three of four

ophthalmologists remarked that cases 3 and 11 had

received too much focal/grid laser – that is, above

maximal. These cases were treated 20 years pre-

viously and demonstrate not only laser spots

applied too close together and too intensely, but

also the probable effects of laser scar expansion

over 20 years.64 One ophthalmologist commented

that he would not treat the thickened but nonper-

fused area of case 4. In the ETDRS, thickened but

nonperfused areas of the macula up to 2 disk dia-

meters from the center of the macula were treated

Fig. 16.37 Case 10 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Fig. 16.38 Case 11 of 11 in a series addressing ‘‘What is
maximal focal/grid laser photocoagulation?’’

Table 16.1 Four retina specialists’ assessments of the completeness of focal/grid laser treatment in 11 exemplary cases of
diabetic macular edema

Case Doctor A Doctor B Doctor C Doctor D

1 Submaximal Submaximal Submaximal

2 Maximal Submaximal Submaximal

3 Maximal Maximal Maximal

4 Maximal Submaximal Maximal Submaximal

5 Submaximal Submaximal Submaximal

6 Submaximal Submaximal Submaximal Submaximal

7 Submaximal Submaximal Submaximal

8 Submaximal Submaximal Submaximal

9 Submaximal Maximal Maximal

10 Submaximal Maximal Submaximal

11 Maximal Maximal Maximal
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with the grid part of focal/grid photocoagulation,

but there is a perspective that such ischemic zones

need not be treated with grid laser.60 This point of

view may derive from a study on edema associated

with perfused versus nonperfused branch retinal vein

occlusion in which nonperfused zones of edema

resolved spontaneously.65 Although DME and

macular edema in BRVO may be quite different,

the extrapolation in treatment philosophy seems to

exist among a subgroup of ophthalmologists.

Even if one strictly adheres to ETDRS style focal/

grid treatment technique, it is apparent that consid-

erable subjectivity creeps into the process. For exam-

ple, the ETDRS protocol explicitly omits guidelines

on treating microaneurysms involving the perifoveal

capillary network, and there is wide variation in

reading center grading of what constitutes focal ver-

sus diffuse leakage on the fluorescein angiogram

(and hence where to apply focal laser).60,66 Variation

among clinician interpreters of fluorescein angio-

grams – and thus where they do and do not treat

focally – is likely even greater than the variation of

professional reading center graders.

In an era of multiple treatment approaches for

DME, it is becoming less common to see examples

like cases 3 and 11. Rather, futility of focal/grid is

often declared after 1–2 treatments if DME persists,

and a pharmacologic or surgical approach is taken

instead. Nevertheless, focal/grid laser is a superior

treatment to serial intravitreal triamcinolone injec-

tions, and until a randomized trial shows that some

other treatment approach is better, the question of

what constitutes maximal focal/grid laser treatment

remains important, problematic, and topical for

further study.48,h

16.9 Case 9: What Independent
Information Does Macular
Perfusion Add to Patient
Management in Diabetic
Retinopathy?

The AAO preferred practice pattern on Diabetic

Retinopathy states that fluorescein angiography is

‘‘usually’’ useful to evaluate unexplained visual

loss.67 Clinicians widely embrace this perspective

and look at fluorescein angiograms to assessmacular

ischemia. Yet the variability of these assessments is

unknown. The presumption is that there is enough

correlation between the clinician’s interpretation of

macular ischemia and levels of visual acuity that the

test could be informative for patient care.

Consider the following case in this vein. The

patient has had type 1 diabetes for 25 years and

has previously had focal/grid laser for diabetic

macular edema and panretinal photocoagulation

for proliferative diabetic retinopathy. The OCT

and FA are shown (CSMT = 262 mm) (Figs. 16.39

and 16.40). What are the bounds on your estimate

of the visual acuity based on your interpretation of

the macular perfusion?

16.9.1 Discussion

The four reviewers of this case were unanimous in

stating their uncertainty in utilizing fluorescein

angiography to predict current visual acuity. In

spite of this uncertainty the predicted visual acuities

were consistent with three reviewers predicting

Fig. 16.39 OCT radial line scan through
the fovea

hDiscussed by David J. Browning MD, PhD
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20/40 visual acuity and one reviewer predicting 20/

50 visual acuity. This consistency is interesting in

light of the patient’s tested visual acuity of 20/200.

Why were all of the reviewers so uniformly off base?

One reviewer pointed out that this case exercise

reverses our traditional path of obtaining informa-

tion from the patient in which a medical history

(which includes duration of diabetes and history of

blood sugar control) precedes an examination (which

includes obtaining a visual acuity) which precedes

ancillary testing (optional). The discussant believes

that the consistency of the reviewers’ predictions is

based on the current widespread use of OCT ancil-

lary testing in preference to fluorescein angiography.

OCT technology first became available for clinical

practice in 2002. Prior to availability of OCT tech-

nology the gold standard for managing diabetic

macular edema was based on the Early Treatment

Diabetic Retinopathy Study. Color photography

and fluorescein angiography were protocol ancillary

tests in the Early Treatment Diabetic Retinopathy

Study and protocol administration of laser therapy

was based on fluorescein angiographic guidance. In

1991 the American Academy of Ophthalmology

established Diabetes 2000 as a concerted educational

effort to ‘‘reduce – and possibly eliminate – preven-

table blindness from diabetes by the year 2000.’’ 68 As

a consequence it is not surprising that in the 1990s

fluorescein angiography was utilized in clinical prac-

tice in nearly 100% of cases to manage diabetic

macular edema.

In current clinical practice for management of dia-

beticmacular edema,OCThas supplanted fluorescein

angiography in its usage rate. In 2007 a DRCR.net

clinical trial to investigate the effect of intravitreal

bevacizumab on diabetic macular edema protocol

OCTs was obtained routinely. In this setting of man-

datedOCT testing, the optional usage rate for obtain-

ing fluorescein angiography was 51%.64 In the man-

agement of diabetic macular edema this shift in usage

from fluorescein angiography to OCT may be due to

the reliability and reproducibility of OCT in directly

measuring macular edema. In comparison, ischemia,

leakage, and RPE abnormalities as assessed by fluor-

escein angiography have at best a variable correlation

with macular edema. The reproducibility of fluores-

cein angiography to measure macular ischemia is

variable even when angiography is performed in aca-

demic centers.69

Even though OCT-measured macular thickness

correlates modestly with visual acuity the discussant

believes that the trend for clinicians to utilize OCT

preferentially over fluorescein angiography in

managing diabetic macular edema leads to a bias

to predict visual acuity preferentially based on OCT

data.69 The nearly normal foveal anatomy in this

case probably explains the nearly normal visual

acuity predicted by the four respondents.

When challenged to predict visual acuity based

on macular perfusion two respondents used OCT

data to help interpret the fluorescein angiogram.

They suggested that the lack OCT thinning implies

the lack of significant macular ischemia. These

views highlight the reliance on OCT and the diffi-

culty with subsequent lack of confidence in quanti-

fying macular ischemia on fluorescein angiography.

The AAO preferred practice pattern in 2008

indicates that ancillary tests such as color fundus

photography, optical coherence tomography, and

fluorescein angiography may enhance patient

care.67 The ‘‘appropriate’’ role of ancillary testing

in this case was touched upon by two respondents

with distinctly different viewpoints. One respondent

used fluorescein angiography only to guide location

of laser therapy but not to prognosticate response.

The ETDRS supports this approach with published

guidelines to support the use of fluorescein

Fig. 16.40 Frame from the early venous phase of the fluor
escein angiogram showing the degree of macular perfusion in
an eye that has previously had both focal/grid and panretinal
photocoagulation for macular edema and proliferative reti
nopathy, respectively
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angiography in guiding treatment but published

guidelines to direct retreatment are not publicized.70

A second respondent believed that fluorescein

angiography-determined enlargement of the foveal

avascular zone carries a poorer prognosis in mana-

ging diabetic macular edema and that this informa-

tion is helpful in counseling patients. Although

intuitively logical such subclassification of diabetic

macular edema based on degree of macular ische-

mia has not been demonstrated to enhance patient

care by allowing advice on a differential natural

history or differential response to therapy.71

The discussant believes that the approach of the

second respondent reflects a fundamental change in

our current clinical expectations in managing dia-

betic macular edema. The Early Treatment Diabetic

Retinopathy Study defined clinically significant

macular edema as the indication to benefit from

focal/grid laser. The demonstrated benefit of that

treatment was to decrease the risk of developing

moderate visual loss (defined as loss of 15 or more

letters between baseline and follow-up visit). Reports

with intravitreal triamcinolone, intravitreal anti-

VEGF agents, and focal/grid laser photocoagulation

demonstrate that visual improvement is not uncom-

mon following treatment of diabetic macular

edema.72,73,48 When patients currently demonstrate

visual loss following therapy for diabetic macular

edema clinicians tend not to counsel patients that

‘‘their vision would have been even worse had treat-

ment not been done’’ but instead to search for alter-

native therapies to reverse the decline. The discussant

believes that in managing diabetic macular edema we

are in a current era where loss of vision is considered

a ‘‘failure’’ of therapy and that improvement in vision

may not be an unreasonable hope.i

16.10 Case 10: Macular Edema
Following Panretinal
Photocoagulation for Proliferative
Diabetic Retinopathy

A 72-year-old man with diabetes of 22 years dura-

tion had focal/grid laser photocoagulation for dia-

betic macular edema with regression bilaterally. His

best corrected visual acuity was R – 20/63, L – 20/

25. On regular follow-up he was found to have

small areas of neovascularization elsewhere

(NVE) without preretinal hemorrhage in each

eye. He underwent panretinal photocoagulation

(PRP) of the right eye and called in to report

blurring 2 weeks later. He wanted to put on hold

the scheduled panretinal photocoagulation of the

left eye. Examination revealed vision of R – 20/63,

L – 20/25. The maculas were clinically unchanged

and without thickening, but the pre-PRP and

post-PRP Optical Coherence Tomograms (OCT)

are shown in Fig. 16.41. How would you manage

this patient?

16.10.1 Discussion

This case demonstrates the importance of listening

to the patient who notes vision loss even though

Snellen visual acuity remains unchanged. The

OCT showed recurrent macular thickening follow-

ing the PRP laser, which is a known complication of

this treatment.31,74,75 OCT often detects macular

edema not seen clinically, and macular edema fluc-

tuations can cause symptoms without diminution of

visual acuity.76

There are several reasonable management

options for the right eye. One is to simply observe

the eye as the edema may resolve. If the patient is

sufficiently distressed that an intervention is deemed

necessary, the least invasive treatment option would

be a trial of topical steroidal or nonsteroidal drugs,

an approach advocated by one of the five physicians

who reviewed this case. There is no published evi-

dence to support topical therapy in post-PRP recur-

rence of DME, but there is a biological rationale,

assuming that the recurrence is based on inflamma-

tion and that the drugs can penetrate to the poster-

ior segment. Other reasonable options would

include periocular or intravitreal triamcinolone

injection or intravitreal bevacizumab injection.77,64

Periocular triamcinolone injection might be more

effective than topical therapy and would be asso-

ciated with a 10% risk of intraocular pressure eleva-

tion and 10% risk of ptosis.77 Intravitreal triamci-

nolone would probably be more effective in
iDiscussed by Keye Wong MD
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reducing the edema, although with an increased risk

of intraocular pressure elevation and cataract for-

mation and the additional risk of vitreous hemor-

rhage, hypotony, and endophthalmitis.72,78 81 An

intravitreal injection of bevacizumab could be con-

sidered, although several reviewers thought that it is

less effective than triamcinolone in such a circum-

stance.82 A fluorescein angiogram might be useful;

if there were angiographic evidence of worsening

focal retinopathy with untreated microaneurysms

then adding focal photocoagulation would be rea-

sonable assuming maximal photocoagulation had

not already been applied.

For the left eye, there is no rush to treat based on

the non-high-risk characteristics of the NVE, and

respect for the patient’s reluctance to proceed sug-

gests that observation for a period until the right

eye stabilizes would be prudent. Ideally, the patient

was told before the right eye PRP that his vision

might be worse after laser, which now makes it

easier to explain that this blurring will likely

resolve over time with observation or with one of

the treatments outlined previously. Once the right

eye has improved or stabilized, then treatment of

the left eye might be encouraged, but perhaps pre-

ceded by a peribulbar triamcinolone injection to

reduce the chance of post-PRP DME. The PRP

laser treatment might be split into small sessions

to prevent reactive edema, although in an eye with

no edema, there is evidence that multiple session

and single session PRP are associated with similar

rates of post-PRP DME.83 An alternative accepta-

ble plan would be continued deferral of PRP with

close serial observation until high-risk characteris-

tics were reached.j

Fig. 16.41 The pre PRP and post PRP OCTs are shown on the left and right sides of the figure, respectively. Recurrence of
diabetic macular edema after PRP is shown

jDiscussed by David G. Telander MD, PhD
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16.11 Case 11: Diabetic Macular Edema
with a Subfoveal Scar

A 65-year-old woman with type 2 diabetes and hyper-

tension for 15 years sees you with a complaint of bilat-

eral blurred vision for 2 years.Her best corrected visual

acuitybilaterally is20/200.She isbilaterallyphakicwith

2+ nuclear sclerotic cataracts. She is an immigrant to

the United States and has had no previous ophthalmic

care. The left eye is shown (Figs. 16.42 and 16.43); the

right eye is similar. How would you manage the para-

centralDME in the presence of the subfoveal scar?

16.11.1 Discussion

The patient described has had a devastating con-

sequence of neglected DME with dense central

macular exudates evolving into subfoveal fibro-

sis. There is no proven treatment to prevent

this complication after exudates have collected

in the subfoveal space. In fact, some have pro-

posed surgical removal of these exudates to pre-

vent this type of scarring.84 The patient should

be educated regarding her guarded prognosis

and referred for low vision counseling and

services.

The goal of treatment at this point is to limit

the extent of perifoveal DME and attempt to

reduce the size of her central scotoma. The Early

Treatment Diabetic Retinopathy Study showed

that treatment of DME by focal/grid laser

decreased the risk of moderate vision loss, but

cases such as this were not addressed in that

study. Additional macular laser may further

degrade this patient’s macular visual field. Recent

reports from the Diabetic Retinopathy Clinical

Research Network revealed that focal laser was

more effective in preventing vision loss than serial

injections of intravitreal triamcinolone for clini-

cally significant macular edema, but patients such

as this with subfoveal scarring were not included

in the study.47,85 This patient is phakic, making

the use of intravitreal triamcinolone with its cat-

aractogenic side effect less attractive. Anti-vascu-

lar endothelial growth factor (VEGF) therapy has

demonstrated efficacy in patients with diabetic

macular edema and lacks the side effect of catar-

act progression.86 90 Therefore, in this case intra-

vitreal anti-VEGF (e.g., bevacizumab) therapy

may be the first step and if the edema proved to

be recurrent, then combination therapy with

bevacizumab plus focal/grid laser could be

recommended.k

Fig. 16.42 The left eye has a subfoveal scar with surround
ing macular edema

Fig. 16.43 An OCT radial line scan
shows the nodular subfoveal scar with
surrounding macular edema

kDiscussant: David G. Telander MD, PhD
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16.12 Case 12: How Does the Severity of
Diabetic Macular Edema Affect
the Therapeutic Approach?

16.12.1 Definition of the Problem

As a wide variety of treatment options exist for the

treatment of diabetic macular edema (DME), con-

sideration may be given to altering the therapeutic

approach based on the severity of the edema.

Although macular photocoagulation has withstood

the test of time in the form of focal/grid laser treat-

ment, intravitreal injection of triamcinolone aceto-

nide (IVT) and bevacizumab (IVB) has gained

popularity.29,48,91 In the following cases (Figs.

16.44, 16.45, 16.46, 16.47, 16.48, and 16.49), a

range of DME severity is presented. All examples

are from patients with type 2 diabetes with ages

ranging from 45 to 60 years. None have been treated

previously. How should each case be managed?

Case 1:

Fig. 16.44 Red free fundus photograph of the left eye of case
1. A circinate lipid ring surrounding a few microaneurysms is
present temporal to the center of the macula

Fig. 16.45 Optical coherence tomogram of the left eye of case 1. An intraretinal cyst is present on the temporal edge of the
foveal depression
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Case2:

Fig. 16.46 Color fundus photograph of the left eye of case 2. Dot hemorrhages, microaneurysms, and lipid exudate rings that
overlap at the center of the macula are seen

Fig. 16.47 Optical coherence tomogram of the left eye of case 2. The entire macula is thickened with the thickest point in the
center of the macula
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Case 3:

16.12.2 Discussion

The clinical management of diabetic macular edema

requires the application of an extensive body of

knowledge with the understanding that this infor-

mation is incomplete. Therefore, it is not surprising

that there are differences of opinion in treatment

recommendations. Table 16.2 summarizes the opi-

nions of four authors of this book. No additional

clinical information was provided, which may have

altered the responses. For example, several doctors

indicated they obtain fluorescein angiograms to

Fig. 16.48 Color fundus photograph of the left eye of case 3. Many dot hemorrhages, microaneurysms, and a lipid exudate
ring that surrounds the center of the macula are seen

Fig. 16.49 Optical coherence tomogram of the left eye of case 3. The entire macula is massively thickened with the thickest
point in the center of the macula
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detect capillary nonperfusion and to guide laser

treatment. As the individual responses were elicited

in a masked fashion, there was no discussion among

the participants. Such discussion frequently results

in less divergence of opinion, especially as assump-

tions regarding the clinical presentation are

revealed.

CASE 1: In the case of limited macular edema

and exudates within 500 mm from the foveal center

with fairly good visual acuity, there was general

agreement to employ macular photocoagulation.

Given the lack of stereoscopic fundus photographic

demonstration of retinal thickening, the doctors

made the assumption that clinically significant

macular edema was present in this case. However,

macular edema detected by optical coherence tomo-

graphy does not equate with clinically significant

macular edema.92 The central subfield macular

thickness in this case was greater than 250 mm and,

therefore, would have qualified for treatment in the

Diabetic Retinopathy Clinical Research Network

study.48 Doctor C offered the option of initial obser-

vation with a review of the general medical status of

the patient. It may have been assumed by the others

that the issue of managing the metabolic syndrome

had already been undertaken. Doctor C was also

reluctant to risk the creation of paracentral scoto-

mata with laser in an eye with 20/25 vision. If the

patient was symptomatic from macular edema,

Doctor C recommended very light treatment sparing

the FAZ in an effort to avoid adverse effects. Doctor

B anticipated the need for treatment close to the fovea

and, therefore, recommended warning the patient of

post-laser blind spots. None of the respondents

recommended IVT or IVB for this case. In the litera-

ture there appears to be a similar impression that

focal DME may not require adjunctive therapy.93 95

CASE 2: In the case of extensive macular edema

with profound central macular thickening (OCT

central subfield macular thickness = 641 mm) and

visual acuity of 20/125, there was unanimous agree-

ment to apply focal or grid macular photocoagula-

tion. This agreement is consistent with the findings

of the Early Treatment Diabetic Retinopathy Study

(ETDRS) and the Diabetic Retinopathy Clinical

Research Network (DRCR.net) reports.29,48 The

recommendations regarding the adjunctive use of

intravitreal injections covered the spectrum of

options. Doctor A did not recommend the use of

IVB or IVT. Doctor C considered the adjunctive use

of IVT/IVB at the initial treatment session in order

to speed the recovery of vision, depending on

patient preference and need. There is support for

this approach in the literature; however, the advan-

tages of speeding the recovery of vision need to be

balanced by the well-known adverse effects of ther-

apeutic intravitreal injection.91,96,48 Doctor B

recommended the use of IVB/IVT along with addi-

tional laser if persistent macular thickening

remained four months following initial meticulous

focal laser guided by fluorescein angiography. This

approach suggests a step-up in therapy based on an

unsatisfactory response to initial laser treatment.

The results of the DRCR.net suggest that this

patient likely would require more than one laser

treatment in order to resolve the edema.48 Doctor

D routinely performs IVT 1–2 weeks prior to mod-

ified grid laser. Prelaser IVT may decrease short-

term inflammation/edema from laser and may be of

value in reducing the amount of laser energy

required for macular photocoagulation via IVT-

induced thinning of the macula.97,98 Doctor C

expressed concern about the possibility of perma-

nent central visual loss from inspissation of exu-

dates into the fovea following resolution of the

macular edema. Therapy of existing foveal plaques

and exudates appears to be of limited benefit.99,100

Therefore, the possibility of prevention is appealing.

Rapid resolution of exudates has been reported

following IVT.101 In addition, the anti-fibrotic

Table 16.2 Opinions of three retina specialists on the best approach to three cases of diabetic macular edema of differing severity

Case Doctor A Doctor B Doctor C Doctor D

1 Focal Focal Observe vs. focal Focal/grid

2 Grid Focal! (4 months) add focal – IVB/
IVT

Focal/grid – IVB/
IVT

IVT and focal/
grid

3 IVB! IVT (if no response to
IVB)

Focal! (4 months) add focal – IVB/
IVT

Focal/grid – IVB/
IVT

IVT and focal/
grid

IVB = Intravitreal bevacizumab, IVT = Intravitreal triamcinolone acetonide
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effects of triamcinolone acetonide make it an inter-

esting potential therapeutic agent in an attempt to

prevent retinal pigment epithelial metaplasia in eyes

threatened with foveal exudates.102

CASE 3: In the case of extrememacular thickening

(OCT central subfield thickness = 992 mm) and 20/

160 visual acuity, the management recommendations

ofmost of the doctorsmirrored their responses to case

2. However, doctorA diverged from the use of laser in

this severe case of DME, preferring the use of IVB/

IVT. The literature supports the notion that poor

visual acuity from DME is prognostic of poor visual

outcome despite intervention with laser.103 Thus, it is

not surprising that a more aggressive therapeutic

stance may be taken in such cases. In the short term,

IVB/IVT does appear to have a more rapid onset of

effect compared with macular laser.96,48 However, the

long-term effect of persistent focal/grid macular laser

was shown to be superior to IVT by the DRCR.net.48

Randomized controlled trials are needed to better

define the role of adjunctive use of IVB and IVT.l

16.13 Case 13: Management Options
for a Complicated Case of
Proliferative Diabetic Retinopathy
with Severe Fibrovascular
Proliferation, Sub-clinical Macular
Edema, and Recent Vitreous
Hemorrhage

16.13.1 Definition of the Problem

A 48-year-old female with type 1 diabetes mellitus

of 30 years duration has previously undergone pan-

retinal photocoagulation (PRP) with a total of

1,241 spots for proliferative diabetic retinopathy

(PDR) and vitreous hemorrhage involving the left

eye 6 weeks ago. Presently, she is phakic and her

visual acuity is 20/20 OD and 20/30 OS. Her vitr-

eous hemorrhage has cleared somewhat and her

fundus photograph (Fig. 16.50), fluorescein angio-

gram (Fig. 16.51), and optical coherence tomogram

(Fig. 16.52) are shown. What management recom-

mendations would you have for this eye?

16.13.2 Discussion

This patient has severe fibrovascular proliferation

with vitreous hemorrhage from PDR accompanied

by diabetic macular edema (DME). All of the

chapter authors who reviewed this case recom-

mended additional PRP. Although this patient

has already received a PRP laser of 1,241 spots,

Fig. 16.50 Red free photograph of the left eye of case 13.
Disk neovascularization, vitreous hemorrhage, a macular
epiretinal membrane, and traction by a membrane on the
nasal disk margin are seen

Fig. 16.51 Mid phase frame from the fluorescein angiogram
of the left eye of case 13. Hyperfluorescent leakage from the
disk neovascularization, parafoveal intraretinal hyperfluores
cence, and temporal midperipheral capillary nonperfusion are
seen

lDiscussed by Scott E. Pautler, M.D.
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the details of the laser procedure were not given. If

a wide-angle contact lens was used with a laser

setting of 200 mm, this laser treatment does not

equate to Early Treatment Diabetic Retinopathy

Study (ETDRS) PRP. In the ETDRS, 1,200–1,600

laser burns were usually applied using a 500 mm
laser setting with a Goldmann 3-mirror lens.104 An

equivalent PRP treatment using a 200 mm laser

setting with a wide-angle lens (e.g., Volk H-R

Wide Field, Volk SuperQuad 160, or Ocular

Instruments Mainster PRP 165) would require

approximately 3,000 laser spots (see Table 9.6).

Moreover, there are proponents for the applica-

tion of PRP exceeding ETDRS guidelines in cases

of severe PDR.105,106 As this case possesses high-

risk features for visual loss in PDR, such as severe

fibrovascular proliferation with vitreous hemor-

rhage and DME in a patient with type 1 diabetes,

a complete 360 degree PRP extending anterior to

the equator may be in order.107 110 Finally, the

literature supports the prompt completion of

PRP in this case given the presence of high-risk

features.104

This case is complicated by the presence of diabetic

macular edema and preretinal membrane formation

with central subfield macular thickness (CSMT) of

281 mm. The chapter authors who reviewed this case

expressed concern about the potential for

exacerbation of DME by additional laser and were

generally inclined to offer adjunctive intravitreal

pharmacotherapy.111,102 There was divided opinion

on the use of IVT vs. IVB. One group preferred IVB

to avoid the risk of steroid-induced cataract and glau-

coma.102 Those who preferred IVT wished to avoid

IVB-induced vitreoretinal traction retinal detach-

ment.112 Although there are no evidence-based guide-

lines at this time, there is support in the literature for

the efficacy of both IVB and IVT in reducingDME in

the short term.102,112 Macular laser should be consid-

ered for long-term control of DME.29,48

The presence of severe fibrovascular prolifera-

tion (FVP) and preretinal membrane formation in

this case places the retina at risk for traction retinal

detachment. The fundus photograph (Fig. 16.51)

shows early evidence of preretinal traction in the

way of mild macular heterotopia with inferior

macular dragging, though no history of metamor-

phopsia or diplopia was given. The presence of

severe FVP prompted one group of doctors to

avoid the use of IVB for DME. However, it appears

that progressive traction retinal detachment may

occur in PDR following IVB, PRP, or in the natural

history of PDR.113,114,112,110 Although there is rea-

son to believe that the anti-fibrotic effects of triam-

cinolone acetonide may mitigate this risk, there is

no definitive evidence to date.102

Fig. 16.52 Optical coherence tomogram of the left eye of case 13. Temporal macular thickening is seen
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Given the seriousness of the retinopathy in this

patient, extensive pretreatment counseling is essen-

tial. With or without treatment this eye is at risk of

visual loss. The patient should understand that exten-

sive laser treatment is anticipated and vitrectomy

surgery may be needed in an effort to preserve vision.

The alternatives, risks, benefits, and limitations of

treatment are routinely reviewed. Finally, clear infor-

mation on the benefits of optimal management of

systemic disease is given to the patient.m,115,116

16.14 Case 14: How Is Diabetic Macular
Ischemia Related to Visual Acuity?

16.14.1 Definition of the Problem

The clinician may be faced with the dilemma of

attempting to predict the visual outcome in a case

of diabetic retinopathy complicated by diabetic

macular ischemia. For example, a patient may pre-

sent with a combination of diabetic macular edema

and ischemia, or combined preretinal membrane

and macular ischemia. In these situations a general

determination must be made regarding the visual

potential in order to weigh various management

options. The following exercise is designed to

explore the confidence of the clinician in predicting

the best corrected visual acuity based on the magni-

tude of macular capillary dropout (Fig. 16.53).

A 73-year-old man has had type 2 diabetes melli-

tus for 11 years and hypertension for 25 years. He

has had multiple focal/grid macular laser and pan-

retinal photocoagulation treatments in the past and

is bilaterally pseudophakic. Presently, there is no

evidence of diabetic macular edema (DME)

detected by fundoscopy or optical coherence tomo-

graphy (Fig. 16.53). What visual acuity would you

predict based on the degree of macular capillary

Fig. 16.53 Optical coherence tomography of the right eye of case 14

mDiscussed by Scott E. Pautler, M.D.
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nonperfusion shown on the fluorescein angiogram

(Figs. 16.54 and 16.55)?

16.14.2 Discussion

This patient has severe diabetic macular ischemia.

The optical coherence tomogram (OCT) shows loss

of inner retinal structural details as shown on the line

scan and generalized thinning of themacula is evident

on the false color map. The central subfield macular

thickness (CSMT) is remarkably reduced at 152 mm.

There is no evidence of preretinal membrane or

vitreomacular traction. Although we cannot rule out

the possibility of permanent structural damage from

past DME, there is no sign of degenerative cystic

change. The early-phase fluorescein angiogram (FA)

reveals no significant central macular defects in the

retinal pigment epithelium. Central macular capillary

nonperfusion is detected on the late phase of the FA

as an area of relative hypofluorescence surrounded by

low-grade diffuse leakage of fluorescein.Although the

area of the foveal avascular zone is not given, it

appears to be approximately equal to one disc area

(1.77 mm2). Thus, the primary vision-limiting factor

for this eye is diabetic macular ischemia (DMI).

The chapter authors who independently reviewed

this case were asked to comment on their ability to

predict the visual acuity based on the presence of

severeDMI. In general, the doctors expressed a fairly

low confidence in their ability to reliably predict the

visual acuity of this patient. Doctor A commented on

the irregularity of the foveal avascular zone (FAZ),

but interpreted the OCT as showing a ‘‘relatively

physiologic foveal architecture.’’ He predicted a

range of visual acuity from 20/40 to 20/300. Doctor

B estimated the diameter of the irregular FAZ to be

1,000–1,700 mm,which he interpreted to be consistent

with 20/100 to 20/300 vision. Doctor C expressed a

very low confidence in predicting vision by offering a

range from 20/40 to count fingers. The actual best

corrected visual acuity in this case was 20/100.

The literature offers limited information regarding

the impact of diabetic macular ischemia on visual

acuity. The most specific data correlating visual

acuity with FAZ area was published by Arend

et al.,117 who studied diabetic eyes with video-fluor-

escein angiography using a scanning laser ophthalmo-

scope for high-resolution images of the foveal avascu-

lar zone. Image analysis softwarewas used to calculate

the area of the FAZ in amasked fashionwithout prior

knowledge of the visual acuity. In their study,

decreased visual acuity correlated significantly with

increasing FAZ area (R2 = 0.51). Visual acuity less

than 20/50 was found to be consistent with an FAZ�
0.55 mm2. Their study was limited to 30 diabetic eyes

and showed considerable latitude in visual acuity for

any given FAZ areameasurement (Fig. 8.16). Thus, it

is not surprising that there was such a wide range on

opinions among the authors who responded to this

exercise.n

Fig. 16.54 Early phase frame of the fluorescein angiogram
from the right eye of case 14

Fig. 16.55 Late phase frame from the fluorescein angio
gram of the right eye of case 14

nDiscussed by Scott E. Pautler, M.D.
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ACCORD, see Action to Control Cardiovascular Risk in
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ACE, see Angiotensin converting enzyme (ACE)
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Action to Control Cardiovascular Risk in Diabetes

(ACCORD)
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formation and metabolic memory, 227
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AGEs, see Advanced glycation end products (AGEs)
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angiotensin converting enzyme (ACE), 23 24
angiotensin II (ANG II), 23, 92

Angiotensin converting enzyme (ACE), 23 24, 46,
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Angle neovascularization (NVA), 327
classification of, 333
in diabetic patient, 329
grading systems, 333
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risk factor for, 332

Angle structure, 326
Anterior chamber

angle, anatomy of, 327
lenses, 306
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risk factors for, 270
See also Proliferative diabetic retinopathy (PDR)

Anterior ischemic optic neuropathy, 361
Anterior pseudophakia, 333
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inflammation, 266
neovascularization pathophysiology, 328

Anterior synechia, 328
Anti angiogenic growth factors, 308
Anti VEGF therapy, 245

drugs injection, 306, 315
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Aqueous humor, 326

VEGF levels in, 327 328
Arachnoid cyst of optic nerve, 358 359
Argon laser

photocoagulation, 351
trabeculoplasty, 326

ASC, see Ambulatory surgery centers (ASC)
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Asymmetric diabetic retinopathy, 278
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Atherosclerosis Risk in Communities Study, 96
of carotid artery, 278

Atorvastatin, 281
Atropine drug, 340
Automated fundus image interpretation, 379
Autoregulation in diabetes, 16
Axonal swelling, 359
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Baerveldt glaucoma implant, 339
Bandage contact lens, 351
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Basal iridectomy, 266
Basic fibroblast growth factor, 233
Bent needle/barbed MVR blade, 262
Benzalkonium chloride toxic for corneal epithelium, 350
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Blood retinal barriers, 17

breakdown of, 18
mechanism of, 19 23
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contraction, 305
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Carboxymethylcellulose gel, 259
Carotid artery
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stenosis, 279

Cataract surgery
in patients with DR
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diabetic eye without macular edema, management of,

313 314
diabetic macular edema, treatment of, 314 315
influence of, 307 312
lack of awareness of guidelines, 314
management principles and estimated outcomes, flow

chart of, 317 318
postoperative course and special considerations,

305 307
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role of ancillary testing in, 312

simultaneous indications for panretinal
photocoagulation and, 315 316

visual outcomes after, 305
vitrectomy surgery, 316
vitreous hemorrhage, 307
65 year old man with type 2 diabetes, 314

Central and branch retinal artery occlusions, 228 229
Central retinal vein (CRV), 358
Central scotomata, 359
Central subfield macular thickness (CSMT), 310, 433
China and diabetes, 369
Chlorpromazine injection, 341
Chorioretinal atrophy, 240
Ciliary body detachment with hypotony, 335
Circle of Zinn Haller, 357
Classification schemes for DR, 105

Airlie House classification system, 105
clinically significant macular edema, 113
DME severity scale, 113
DRS on, 105 106
ETDRS, 107

definition of severe NPDR, 110
definitions of common terms, 109
final scale, 107 108
interim scale, 107
on laser therapy, vision loss, 112
on macular edema, 110 112
moderate NPDR, 118
risk of developing high risk PDR, 109
4:2:1 rule for severe NPDR, 109 110

fluorescein angiographic findings and, 113 114,
117, 119

‘‘high risk’’ proliferative diabetic retinopathy, 106
International Classification Scale, 112
severe NPDR, 109 110, 114 117
severity scale for diabetic macular edema, 112
use of systemic medical factors for subclassification,

116 118
Clinical examples in managing DR

focal/grid laser treatment in, 419 422
43 year old female with diabetes and hypertension

appearance of right macula, 419
clinical data and management, 417
decline in vision, 418
epiretinal membrane, 416
ischemia, 418
mid phase frame of fluorescein angiogram, 416
OCT of, 417
panretinal photocoagulation, 416
post vitrectomy fundus photograph, 418
progressive thickening of macular epiretinal

membrane, 418
red free photograph, 416
visual acuity, 415
vitrectomy, 418

63 year old female with non insulin dependent diabetes
mellitus

fundus photograph, 411 412
laser treatment, 412
moderate scatter photocoagulation, 411
mosaic fluorescein angiogram, 411

442 Subject Index



premacular and peripapillary vitreous hemorrhage, 411
regressing neovascularization, 412
visual acuity, 412
visual loss, 412 413

48 year old female with type 1 diabetes mellitus
mid phase frame from, 432
PRP and PDR, 432

61 year old male
issues in, 410
medical therapy, 410
untreated diabetes mellitus, 409
untreated DME and PDR, 409
untreated hypertension, 409

77 year old man
fluorescein angiogram, 413
fundus examination, 413
fundus photograph, 413
late frame of fluorescein angiogram, 414
OCT of, 414 415
post vitrectomy optical coherence tomogram, 413
prednisolone acetate and ketorolac, 415
red free photograph, 414
right and left eye cataract surgeries, 413
slit lamp examination, 413
visual acuity, 413

72 year old man with diabetes
focal/grid laser photocoagulation for, 425
macular edema with, 425
management, 425
OCT of, 425
pre PRP and post PRP OCTs, 426

52 year old man with diabetes and hypertension, 403
fundus photographs, 404
postoperative fundus photograph, 405
warfarin therapy, management of, 404

48 year old man with type 1 diabetes
anatomic configuration of retina of left eye, 406
fundus photograph of peripheral retina, 406 407
left eye, appearance of, 405
OCT of left eye, 407

62 year old man with type 1 diabetes
focal/grid laser photocoagulation for, 410
retinal detachment, 411

73 year old man with type 2 diabetes mellitus
DME with, 434
early phase frame of fluorescein angiogram, 435
FAZ area measurement, 435
fluorescein angiogram, 434
late phase frame from fluorescein angiogram, 435
OCT of, 434 435

65 year old woman with type 2 diabetes and hypertension
bilateral blurred vision, 427
clinical management of, 430
color fundus photograph, 429 430
foveal depression, 428
goal of treatment, 427
intraretinal cyst, 428
OCT radial line scan, 427, 429
subfoveal scar with, 427

Clinically significant macular edema (CSME), 53, 153 154,
276, 308, 371

CML, see Ne (carboxymethyl) lysine (CML)
Collector channels, 327
Combination methods of screening, 377
Combined phacoemulsification/vitrectomy, 275
Combined traction rhegmatogenous retinal detachment,

249 251
See also Proliferative diabetic retinopathy (PDR)

Company sponsored clinical trials of investigational drugs/
devices, 396

Confluent panretinal laser photocoagulation
placement, 335

Conjunctival squamous metaplasia, 348
Connective tissue growth factor, 233
Contact lens selection for laser treatment, 237
Controversial indications for vitrectomy, 254 256

See also Proliferative diabetic retinopathy (PDR)
Cornea

cellular layers in, 348
corneal elasticity, 325
corneal epithelial defects, 268 269
in diabetes mellitus

anatomy and morphological changes, 348 349
clinical manifestations, 349
ocular surgery, 350 351
pathophysiology, 347 348
treatment of, 351

epithelium, 348
Corticosteroids use, 351
Cortistatin, 233
CRV, see Central retinal vein (CRV)
Cryopexy, 266
Cryoretinopexy, 265 266
CSME, see Clinically significant macular edema (CSME)
CSMT, see Central subfield macular thickness (CSMT)
Cyclooxygenase 2 inhibitors role in DR, 281
Cycloplegics, 341
Cyclosporine A use, 351
Cystoid macular edema, 126

D

DCCT, see Diabetes Control and Complications Trial
(DCCT)

Delamination technique, 263
De novo macular thickening after cataract surgery, 311
Dense premacular (subhyaloid) hemorrhage, 247 248

See also Proliferative diabetic retinopathy (PDR)
Deoxyribonucleic acid (DNA), 32

and protein synthesis, 33
Descemet’s membrane, 348

folds, 349
Diabetes Control and Complications Trial (DCCT), 53, 79,

80, 168, 227, 413
Diabetes mellitus

control and complications trial 1983 1993, 80
epidemiology, 56 57
factors affecting, 57 59
hypoglycemic episodes and, 83
by population, 58
prevalence of, 56 57
type 2 DM, 82 84
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Diabetes mellitus (cont.)
type of, 56
48 year old patient with type 1 DM, 85

Diabetes retinopathy (DR)
epidemiology, 59

age at onset of diabetes, 65
diabetes and visual loss, data on, 59 60
and family history of diabetes, 65

family of curves, 81
prevalence and incidence

by age, 62
by diabetes type, 61
by duration of diabetes, 62 63
by ethnicity, 63 64
by gender, 64 65
by insulin use, 61 62
socioeconomic status, influence of, 65

trends over time in DR endpoints, 65 66
WESDR, data from, 61

Diabetic eye without macular edema management, 313 314
See also Cataract surgery

Diabetic macular edema (DME), 141, 305, 409 410
anatomy of retina and

capillaries bordering foveal avascular zone, 142 143
center of macula and RPE pump, 144 145
edema fluid, escape of, 144 145
internal limiting membrane (ILM), 147
macular lipid star, appearance of, 145
microaneurysms, presence of, 143 144
Müller cells, in retinal regions, 146
radial peripapillary capillary network, 143
tight junctions, presence of, 146

annual rate of incidence, 142
cataract surgery and, 190
definitions of, 152

CSME, 153 154
epidemiology of

Atherosclerosis Risk in Communities Study, 67
incidence rate, 66 67
Multiethnic Study of Atherosclerosis (MESA), 67
prevalence rate, 67 68
WESDR on, 66, 68

factors contributing, 147
focal and diffuse DME, 154 157
focal/grid laser, application of, 316
future research, directions of, 191
lack of awareness of guidelines, 314
mechanisms of action of various treatments, 152
methods of detection, 158

fluorescein angiography, use of, 158 159
OCT, use of, 159 167
stereoscopic examination with fundus lens, 158

and microperimetry, 167
multifocal electroretinography (mfERG) and, 167
natural history data by ETDRS, 167
ocular factor associated with, 142
pathophysiology of, 147 152

hyperglycemia, consequences of, 147
intracellular edema, 151 152
oxygen theory, 148
retinal and choroidal blood flow, alterations in, 150

salt and water transport, 150 151
treatment modalities for, 150 152
VEGF production, increase in, 149 150
vitreous, role of, 150

prevalence of, 141
by disease duration, 142
type of diabetes and, 141

recurrent, 158
refractory, 157
regressed, 158
scatter photocoagulation and, 188
short term variation in macular thickness in, 159

67 year old female with type 2 diabetes, 160 162
77 year old man with diabetes, 162 167

subclinical DME (SCDME), 157
systemic factors associated with, 141 142
treatment of, 314 315

alternative forms of laser treatment, 176 177
anti VEGF drugs, intravitreal injections of, 178
combination therapy, 179
factors influencing, 188
focal and panretinal laser photocoagulation, cases

of, 187
focal/grid photocoagulation, ETDRS model of,

169 173
hyperbaric oxygen treatment, 185
inconsistency in defining refractory DME, 176
intravitreal dexamethasone delivery system, 178
intravitreal triamcinolone injection, 177 178
lipid exudates, resolution of, 175 176
macular thickness outcomes after focal/grid laser

treatment, 174 175
metabolic control and drugs, 168 169
modification in focal/grid argon laser treatment,

173 174
peribulbar triamcinolone injection, 177
sequence of therapy for, 188 190
subclinical DME, examination of, 186 187
subfoveal hard exudates, resection of, 185
triamcinolone and anti VEGF drugs, combination of,

179
vitrectomy, 179 185

66 year old woman, 310
78 year old woman with diabetes, 149

Diabetic macular ischemia (DMI), 203
anatomic changes in, 203
clinical evaluation of, 208

color perception testing, 214
contrast sensitivity testing, 214 215
ERG, use of, 213
ETDRS method of assessment, 209 211
by fluorescein angiography (FA), 208 209
OCT, use of, 212
perimetry, use of, 212

clinical significance of, 215 216
future research, directions for, 218
issues of contention, 216 217

microaneurysms, treatment of, 216
role in development of DME, 216
role of choroid, 217
role of FA, 217
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natural history of, 207 208
risk factors for, 203

Diabetic papillopathy
cerebrospinal fluid pressure, 362
clinical description, 361
diagnosis of, 361
lumbar punctures in, 362
macular edema, 361
recurrence, 361
small cup and dilated radial peripapillary capillaries, 361
visual acuity, 361

Diabetic Retinopathy Clinical Research (DRCR)
network protocols, 419

Diabetic Retinopathy Clinical Research Network
(DRCR.net), 113, 116, 131, 242

Diabetic retinopathy (DR), 10 11, 31
and associated comorbidity, 96
Diabetic Retinopathy Candesartan Trial, 281
hyperglycemia induced microvascular damage, 10 11

AGE formation, 12 13
hexosamine pathway, excess activation of, 14 15
PKC, activation of, 13 14
polyol pathway flux, increase in, 11 12

ocular factors influencing, 94 96
severity of, 374
simplified classification, 374 375
socioeconomic impact of, 71
systemic factors, influence of, see Systemic factors,

influencing DR
without diabetes mellitus

74 year old man with, 78
Diabetic retinopathy (DR) epidemiology

incidence studies in, 54
outcome variables in

blindness, 54
moderate visual loss, 54
presence of DME/CSME, 53 54
progression, 53
requirement for laser photocoagulation, 54
vision threatening retinopathy, 54
visual impairment, 54

populations studied, 55
prevalence studies in, 54
risk factors for outcome variables, 54 55
and WESDR nomenclature, 54

Diabetic Retinopathy Study (DRS), 229, 379
reports, 230

Diabetic Retinopathy Vitrectomy Study (DRVS), 229
Diacylglycerol (DAG), 13
Diagnostic techniques for clinical care, 121 136

color fundus photography, 129
fluorescein angiography, 129 133
Heidelberg retinal tomograph (HRT), 128 129
microperimetry, 129
multifocal ERG, 133
optical coherence tomography (OCT), 121 128
retinal thickness analyzer (RTA), 129
ultrasonography, 133

DIDMOAD, see Wolfram syndrome
Diffuse diabetic macular edema, 154 155
Digital methods, 375

Dilated capillaries on surface of disk, 359
Dilated ophthalmoscopy

by ophthalmic technicians/optometrists, 371
by ophthalmologists, 371 372
by retina specialists, 372
See also Screening for DR

Diode laser, 340
Dipyridamole, 93
Direct and indirect ophthalmoscopy, 371
Disk

disk neovascularization (NVD), 228, 332
ETDRS standard photo of, 233

edema associated with vitreous traction, 362
ischemic retinal whitening, 278
vitreopapillary drainage, 228

DME, see Diabetic macular edema (DME)
DMI, see Diabetic macular ischemia (DMI)
Dot hemorrhages, 429
Doxycycline use, 351
DRCR, see Diabetic Retinopathy Clinical Research

(DRCR)
DRCR.net, see Diabetic Retinopathy Clinical Research

Network (DRCR.net)
DRS, see Diabetic Retinopathy Study (DRS)
DRVS, seeDiabetic Retinopathy Vitrectomy Study (DRVS)

E

Early proliferative diabetic retinopathy (E PDR), 234
proposed factors promoting decision for

treatment, 235
Early Treatment Diabetic Retinopathy Study (ETDRS),

53 54, 88, 95, 131, 172 173, 308, 371, 394, 410
areas of leakage, 135
classification scheme, 108
definitions of commonly used terms, 109 110
final scale, 108
focal/grid laser criteria in real life, 170
focal/grid photocoagulation, 171
grid, 144
interim scale, 107
laser protocol, 135
results of, 131
retinopathy severity scale, 82
severity scale, 108
standard of diagnosing, 112
stereo photographs, 113
treatment of CSME, 169 170
visual loss, 111

Early worsening
and glycemic control, 84
with metabolic control, 277

ECP, see Endocyclophotocoagulation (ECP)
EDIC, see Epidemiology of Diabetes Interventions and

Complications Study (EDIC)
Electroretinogram (ERG), 213
‘‘En bloc’’ delamination of fibrovascular membrane,

263 264
Endocyclophotocoagulation (ECP), 340 341
Endodiathermy, 258
Endophotocoagulation, 339
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Endophthalmitis, 271
See also Postoperative endophthalmitis in patients with

diabetic retinopathy
Endoscopic surgery, 259
Endostatin, 233
Endothelial cell

intravascular fluid, 19
tight junctions, 18

Endothelin intraocular levels, 308
‘‘End stage’’ or ‘‘burned out’’ proliferative diabetic

retinopathy, 236
Enucleation, 338
E PDR, seeEarly proliferative diabetic retinopathy (E PDR)
Epidemiology of Diabetes Interventions and Complications

Study (EDIC), 81 82
Epinephrine, 259
Epiretinal membranes (ERM), 254
Epithelial integrin [alpha]3[beta]1 adhesion complexes, 348
ERM, see Epiretinal membranes (ERM)
Erythropoietin, 280
ETDRS, see Early Treatment Diabetic Retinopathy Study

(ETDRS)
Ethical dimensions in management of DR

practical concerns with
ambulatory surgery centers, interactions with, 399
comanagement of patients, 399
communications with primary care physicians, 395
graphical depiction of, 389
incorporating ancillary testing in, 387 392
managed care environment, working in, 395 396
medical industry, interactions with, 396 398
relationships with investment firms, 399
63 year old man with type 2 DM, 392 394
42 year old woman with type 2 DM, 394 395

Evisceration, 338
Eyes

with concomitant cataract and DME management, 315
nodal point, 5
with NVI, 328
rhegmatogenous/peripheral tractional retinal detachment

in, 333
straightened image height, 4 5

F

FA, see Fluorescein angiography (FA)
Factor V Leiden, 359
FAZ, see Foveal avascular zone (FAZ)
Fibrinoid syndrome associated with postvitrectomy retinal

detachment, 269 70
Fibrovascular membranes dissection, 265
Fibrovascular proliferation (FVP), 251, 433
Film based photographic screening methods, 375
Filtering surgery for intraocular pressure control, 336
Fine matrix mapping, 133
Fish strike sign, 261
Fluorangiographic rates in eye, 307
Fluorescein angiography (FA), 113 114, 129 133, 158 159,

208, 217
Diabetic Retinopathy Clinical Research Network

(DRCR.net) study and, 131

and Diabetic Retinopathy Study (DRS), 130 131
‘‘diffuse’’ leakage, 131, 135
Early Treatment Diabetic Retinopathy Study and, 131 132
‘‘focal’’ leakage, 131, 135
for ischemia investigation, 131

Fluorescein gonioangiography, 328
Focal diabetic macular edema, 154 155
Focal/grid laser treatment, 311

photocoagulation in early postoperative period, 315
Footplate, 340
Foveal avascular zone (FAZ), 113, 144, 208 210, 215 216

irregularity of, 435
Fundus contact lens induced hypoxia, 351
Fundus microperimetry, 129
Fundus risk factor, 334
Furosemide, 92
FVP, see Fibrovascular proliferation (FVP)

G

GAPDH, see Glyceraldehyde 3 phosphate dehydrogenase
(GAPDH)

Gas lens contact, 272
Genentech profit margin, 398
Gene therapy for treatment of DR, 281
Genetic map, 36, 47
Genetics of DR

aldose reductase gene, 40
clinical studies, 39 40
EPO promoter, 40
future directions for, 47
gene environment interaction and, 46
genetic markers associated with

diabetes without retinopathy, 43 44
diabetic macular edema, 42
diabetic retinopathy, 41
severe nonproliferative/proliferative DR, 42 43
sight threatening retinopathy, 43

genetic study design, 35 39
HLA locus, genes on, 45
IGF 1 genes, 45
molecular genetic studies, 40
negative studies and, 44
NOS2 and NOS3 genes, 46
RAGE genes, 45
renin angiotensin system associated genes, 46
role of polymorphisms in, 32 35
SLC2A1 gene, 46
study design in, 35

case control association studies, 35 36
linkage analysis studies, 36 39

value of, 46 47
VEGF gene, 40, 45

GenTeal gel
Genteal1, 259
use, 350

Ghost cell glaucoma, 247
See also Proliferative diabetic retinopathy (PDR)

Glaucoma
and diabetic retinopathy, interaction between, 325 326
surgery and VEGF levels, 336
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Glaucomatous optic neuropathy, 272
Global Diabetic Retinopathy Project Group, 112
Glyceraldehyde 3 phosphate dehydrogenase (GAPDH), 11
Goblet cell density in diabetic patient, 348
Goldmann three mirror contact lens, 237 238
Goniosol

Goniosol1, 259
toxic for corneal epithelium, 350

G probe, 340
Green only laser, 237
Growth hormone, 233

H

Hand held illuminators, 258
Handheld infusion lenses, 350
Hanley’s rule of three, 329
Haplotype, 36, 47
HapMap Project, 36
Haptic chafing, 306
Hazard ratio defined, 55
Heidelberg retinal tomograph (HRT), 128 129
Hemoglobinopathy and diabetes, coexistence, 280
Hemoglobin SC disease, 280
Hepatocyte growth factor (HGF), 308
Hexosamine pathway, 14 15
HIF 1�, see Hypoxia inducible factor 1� (HIF 1�)
High risk proliferative diabetic retinopathy (HR PDR), 233

ETDRS report, 235
5 year risk of developing, 235

Horizontal scissors lift the outer layer of vitreous cortex, 263
HR PDR, see High risk proliferative diabetic retinopathy

(HR PDR)
HRT, see Heidelberg retinal tomograph (HRT)
Human chromosomes, 32
Human Genome Project, 36
Hyaluronidase, 245 246
Hydoxypropylmethlycellulose gel, 259
Hydro separation of cortical vitreous from retina, 262
Hyperbaric oxygen drug, 361
Hypercholesterolemia, 392
Hyperglycemia, 227

induced epithelial basement membrane abnormalities,
349

Hyphema, 269
Hypotony/phthisis, 273
Hypoxia induces axoplasmic flow stasis, 359
Hypoxia inducible factor 1� (HIF 1�), 22

I

ILM, see Internal limiting membrane (ILM)
Incipient nonarteritic ischemic optic neuropathy, 360

65 year old man with type 2, 360
Indocyanine green iris angiography, 331
Industry sponsored public relations firms, 398
Inferonasal sector loss, 359
Insulin like growth factor 1, 233
� Interferon injections, 336
Intergenic DNA, 32, 48
Internal limiting membrane (ILM), 254

Internal tamponade, 258
International Classification Scale, 112
International Clinical Diabetic Retinopathy Severity Scale, 112
International Diabetic Macular Edema Severity Scale, 112
Interphotoreceptor matrix, 7
Interstitial retinal binding protein (IRBP), 7
Intracapsular cataract extractions, 306 307
Intraocular lenses, 306
Intraocular pharmacological therapy

anti VEGF therapy, 245
hyaluronidase, 245 246
triamcinolone acetonide, 244 245
See also Proliferative diabetic retinopathy (PDR)

Intraocular pressure (IOP) elevation, 272
Intraoperative hyphema, 269
Intraoperative iris manipulation, 270
Intraoperative laser photocoagulation, 265 266
Intraoperative pupillary mydriasis, 259
Intravenous fluorescein angiography, 378 379
Intravitreal triamcinolone (IVT) injection, 244, 326
Introns, 32, 48
IRBP, see Interstitial retinal binding protein (IRBP)
Iridotomy, 272
Iris

anatomy of, 326 327
elevated iris pupillary vascular tuft, 236
iris fluorescein angiography, 312

angiogram, 331
iritis, 269
myofibroblastic membrane, 328
neovascularization of, 328

example of, 332
grading systems, 333
iris fluorescein angiography and gonioangiography, 331
modifiers of behavior, 336 337
photodynamic therapy with intravenous

verteporfin, 335
proliferative diabetic retinopathy development, 329
PRP, effect on, 335
pupillary margin, 329
risk factors for development, 332 333
undilated and dilated state, 331

synechia, 305
Irvine Gass syndrome, 414
Ischemic central retinal vein occlusion, 329
Ischemic penumbra in diabetic retinopathy, 241
IVT, see Intravitreal triamcinolone (IVT) injection

J

JAM, see Junctional adhesion molecules (JAM)
Johns Hopkins School of Medicine, 397
Junctional adhesion molecules (JAM), 17

K
Kenalog1, 245
Keratoconjunctivitis sicca, 349
Ketorolac, 415
Kir4.1, 152
Krypton red laser, 176, 237
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L

Laminin 1 and 10 adhesion complexes, 348
Laser photocoagulation, 328, 351
Laser treatment for PCME and DME, 311
Lensectomy during vitrectomy, 334
Lenticular burns, 243
Leukotrienes intraocular levels, 308
Levodopa drug, 361
Lidocaine, 340
Lid speculum, 340
Lipid exudate rings, 429
Lipoprotein levels, 359
Lisinopril, 92
Liverpool Diabetic Eye Study, 379 380
LOD score, 37 38
Lower postoperative endothelial cell

counts, 305

M

Macular edema, 15 17
blood retinal barrier, breakdown of, 16 17
and cataract surgery, 307
clinician’s interpretation of, 423
complications of, 229
extracellular fluid accumulation in, 16
factors affecting, 147
focal/grid and panretinal photocoagulation

for, 424
focal/grid laser treatments for, 410
focal/grid photocoagulation after, 174 175
macular lipid star, 145
and macular thickening

patient with de novo, 311
preoperative and postoperative, 312

methods of detection, 158 159
OCT measured macular thickness, 424
severity and retina specialists, 431
short term management of, 275
single session of focal/grid laser for, 175
VEGF A isoforms, 17

Macular hole, 273
Manganese superoxide dismutase (MnSOD), 11
Matrix metalloproteinases (MMP)

role in corneal disease, 349
McLean contact lenses, 237
Medicare claims data study, 379
Membrane cutting instruments, 258
MENING, see Perineural meningeal arterioles

(MENING)
Metabolic memory, 227
Microaneurysms, 429
Micropulse laser treatment, 177
Midperipheral capillary nonperfusion of etina, 362
Mild nonproliferative diabetic retinopathy, 362
Mild to moderate white PRP burns, 240
Mitomycin C for IOP control, 338 339
MMP, see Matrix metalloproteinases (MMP)
Multifocal ERG, 133
Mydriatic fundus photography, 373, 375
Mydriatic photography, 376

N

NAION, seeNonarteritic anterior ischemic optic neuropathy
(NAION)

Narrow angle glaucoma, 325
National Health and Nutrition Examination Study

(NHANES III)
on prevalence of diabetes, 57, 63

National Institutes of Health funded Diabetic Retinopathy
Clinical Research Network, 398

Ne (carboxymethyl) lysine (CML), 349
Necrotic retinoblastoma cells

VEGF, upregulation of, 329
Neodymium YAG

capsulotomy, 333
iridotomy, 272

Neovascular glaucoma (NVG), 235
bevacizumab injections for, 338
diagnostic test in staging, 337
filtration surgery in eyes with, 339
implant placement, 339
intraocular pressure (IOP) elevation, 337
laser/surgery for management of, 245
management, 337 341
prognosis for, 337
rubeosis and, 270

Neovascularization (NV)
after cataract surgery, 306
angle, 329
anterior segment of, 329
bilateral involvement, 329
in cases of retinoblastoma, 329
classification schemes for, 332
complications of, 229
entry site after vitrectomy, 334 335
ininhibited anterior segment of, 330
of iris, 328

in diabetic patient, 329
example, 332
grading systems, 333
iris fluorescein angiography and gonioangiography,

331
modifiers of behavior, 336 337
photodynamic therapy with intravenous verteporfin,

335
PRP, effect on, 335
pupillary margin, 329
risk factors for development, 332 333
treatments, 335 336

ocular, sequence of, 329
prevalence, NPDR and PDR, 328
slit lamp biomicroscopy in detection, 331
undilated gonioscopy in, 329 330

Nephropathy, 89
Neural swelling, 359
Neurosensory apoptosis, 278
NHANES III, see National Health and Nutrition

Examination Study (NHANES III)
Nidogen 1/entactin adhesion complexes, 348
Nonarteritic anterior ischemic optic neuropathy (NAION)

acute hyperemia of, 359
annual incidence of, 359
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arterial hypotension, 361
atrophic cupping of optic nerve after, 359
diabetic patients with, 359
effective therapy for, 361
phosphodiesterase 5 inhibitors for treatment, 359
risk factor for, 359
thrombophilic risk factors, 359

Nonarteritic systemic vascular disease, 361
Non contact lens systems, 257
Non eye care professionals screening for DR, 370 371
Nonhypoxic physiological angiogenesis, 20 21
Non invasive carotid Doppler ultrasonography

for carotid occlusive disease, 278
Nonmydriatic fundus photography, 373 376
Nonproliferative diabetic retinopathy (NPDR), 35, 46, 54,

79, 84, 95, 108 110, 112
cataract surgery and, 316
example of, 332
visual acuity, rates of, 306
67 year old man with, 309

Nonsteroidal antiinflammatory drops, 312
Nonsteroidal anti inflammatory oral medications, 236 237
Non vitrectomy management of dense premacular

hemorrhage, 248
Northern European population with type 1 diabetes, 326
NPDR, see Nonproliferative diabetic retinopathy (NPDR)
NVA, see Angle neovascularization (NVA)

O

Occluded carotid artery, revascularization, 279
Occludin, 17
Ocular factors, 94 95
Ocular hypertension, 270

Ocular Hypertension Treatment Study, 325
Ocular inflammation, 279
Ocular ischemic syndrome (OIS), 279
Ocular perfusion pressure (OPP), 357
Ocular surface disease, 351
Ocular surgery, 350 351
OcuLight SLx, 340
Odds ratio defined, 55
OIS, see Ocular ischemic syndrome (OIS)
Open angle glaucoma, 149, 272, 325 326

See also Glaucoma
OPP, see Ocular perfusion pressure (OPP)
Optical coherence tomography (OCT), 121, 387

documented macular thickening, 393
example of indications for obtaining, 391
for mild DME, 312
modern care, 392
radial line scan through fovea, 423
screenshot of series, 388
Stratus OCT software, 122 124
time domain, 390

Optic disk
atrophy, 364
drusen, 358
pallor, 361
sector of edema, 360

Optic nerve

anatomy of, 357
appearance of, 362
autoregulation with retina, 357
disease in diabetes mellitus

diabetic papillopathy, 361 362
disk edema associated with vitreous traction, 362
nonarteritic anterior ischemic optic neuropathy,

359 361
physiology, 357 358
superior segmental optic hypoplasia, 362 363
Wolfram syndrome, 363

head appearance
30 year old woman with type 1 diabetes, 362

intraocular pressure, 358
neuroretinal rim area, 358
optociliary shunt vessels, 358
sheath decompression, 361
spheno orbital meningiomas, 358
vascular supply of, 358

Oral fluorescein angioscopy, 378 379
Ora serrata, 328
Oxygen tension in preretinal vitreous cavity, 233

P

Panretinal photocoagulation (PRP), 233, 307, 326
effect of, 335
laser, fundus contact lenses, 239

Pan VEGF inhibition, 245
Papilledema, 358
Paraoptic short posterior ciliary arteries, 357
Pattern scan laser photocoagulator (PASCAL1), 240
PCA, see Posterior ciliary arteries (PCA)
PCME, see Pseudophakic cystoid macular edema (PCME)
PCR, see Polymerase chain reaction (PCR)
PDR, see Proliferative diabetic retinopathy (PDR)
PEDF, see Pigment epithelium derived factor (PEDF)
Perfluorocarbon liquids, 265
Perineural meningeal arterioles (MENING), 358
Peripapillary capillaries, 8
Peripapillary retinal arterioles (RETINA), 358
Peripapillary splinter hemorrhages, 359
Peripheral capsular opacification, 306
Peripheral choroidal effusion, 244
Peripheral retinal traction detachment, 335
Phacoemulsification, 306
Phakomatoses, 359
Pharmacologic vitreolysis, 245 246
Photocoagulation spots for retinal and ciliary body, 340
Photodynamic therapy of NVI with intravenous

verteporfin, 335
Photographic fields, 376
Photographic screening, 373 375

gold standard for, 373
pilot trials, 373
technical and practical issues, 375

Photoreceptor cells, 5
Photoreceptor retinal pigment, 328
Photorefractive keratectomy (PRK), 351
Phototoxicity, 271
Phthisis bulbi, 335
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Pigment epithelium derived factor (PEDF), 23, 233
Pioglitazone, 169
Placental growth factor (PLGF), 17
Plano concave macular lenses, 257
Platelet derived growth factor, 233
PLGF, see Placental growth factor (PLGF)
Poiseuille’s law, 148
Polymerase chain reaction (PCR), 36 37, 48
Polymorphism, 32, 38, 48

categories of
restriction fragment length polymorphism, 34 35
SNPs, 33 34
STRs, 34

Polyol pathway and diabetic corneal disease, 349
Posterior capsular opacification, 305
Posterior ciliary arteries (PCA), 358
Posterior hyaloidal traction, 127
Posterior ischemic optic neuropathy, 361
Posterior pseudophakia, 333
Posterior vitreous detachment (PVD), 245 246, 282
Postoperative endophthalmitis in patients with diabetic

retinopathy, 318
Postoperative inflammation, 306
Postoperative vitreous hemorrhage, 271
Post surgical inflammatory macular edema, 414
Postvitrectomy fibrinoid syndrome with retinal detachment,

253
See also Proliferative diabetic retinopathy (PDR)

Postvitrectomy keratopathy, 350
Postvitrectomy vitreous hemorrhage, 335
Prednisolone acetate, 340, 361, 415
Pregnancy and screening for diabetic retinopathy, 379
Prelaser benzodiazepines for anxiety, 237
Preoperative and postoperative macular thickness in

eyes, 312
Preoperative mydriatic ophthalmic solutions, 259
Primary open angle glaucoma, 358
PRK, see Photorefractive keratectomy (PRK)
Pro angiogenic growth factors, 308
Proliferative diabetic retinopathy (PDR), 31, 35, 305

anatomic changes, 227
cataract surgery and, 316
clinical course, 277

carotid atherosclerosis, 278 279
gene therapy for treatment, 281
medications, 280
ocular and systemic conditions, 279 280
pregnancy, 278

complications, 243 244
anterior hyaloidal fibrovascular proliferation, 270
conjunctival, 268
corneal, 268 269
endophthalmitis, 271
fibrinoid syndrome associated with postvitrectomy

retinal detachment, 269 270
gas related, 272
hypotony/phthisis, 273
iris/trabecular, 270
iritis and hyphema, 269
lens, 270 271
macular hole, 273

phototoxicity, 271
postoperative vitreous hemorrhage, 271
retinal detachment, 271 272
scleral, 269
silicone related, 272 273
sympathetic ophthalmia, 273

decision making in complicated cases
cataract and, 274 276

dense vitreous hemorrhage and untreated PDR, 276
development of, 24 25
DRVS reports, 232
epidemiology of, 69
ERM in, 254
ETDRS reports for, 231 232
focal/grid and panretinal photocoagulation for, 424
follow up considerations in, 274
growth factors and inhibitors, 233
ILM, 254
indications

anterior hyaloidal fibrovascular proliferation
(AHFVP), 253 254

combined traction rhegmatogenous retinal
detachment, 249 251

controversial indications for vitrectomy, 254 256
dense premacular (subhyaloid) hemorrhage, 247
diabetic macular edema, 253
ghost cell glaucoma, 247
for laser treatment of, 233 236
postvitrectomy fibrinoid syndrome with retinal

detachment, 253
severe fibrovascular proliferation, 251 253
traction retinal detachment, 247 249
vitreomacular interface pathology, 254
vitreous hemorrhage, 246 247

intraocular pharmacological therapy
anti VEGF therapy, 245
hyaluronidase, 245 246
triamcinolone acetonide, 244 245

laser photocoagulation, 230
neovascular glaucoma with, 277
outcome, 244
pathophysiologic changes in, 227
peripheral retinal capillary nonperfusion in eyes with, 329
peripheral scatter treatment, 233
postoperative management

intravitreal gas, 267 268
silicone oil, 268

preoperative management
endoscopic surgery, 259
general medical considerations, 256
illumination systems, 258
internal tamponade, 258 259
lens systems, 257
membrane cutting instruments, 258
membrane manipulators, 258
ocular considerations, 256 257
retinopexy instruments, 258
vitrectomy systems, 257 258

presentation of, 228
prevalence of, 69 70
PRP technique, 236 243
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retinal neovascularization, 227 228
severe fibrovascular

proliferation/traction retinal detachment, 277
techniques

intraoperative laser photocoagulation and
cryoretinopexy, 265 266

maintaining visibility, 259 260
peeling internal limiting membrane, 265
removal of fibrovascular membranes, 260 265
retinal tamponade, 266 267
scleral buckle procedures, 267
surgical management of neovascular glaucoma, 267

tissue proliferation in, 233
treatment for, 410
type 1 and early onset type 2 diabetes mellitus, 228
untreated PDR with diabetic macular edema, 276 277
VEGF role in, 233
vision related quality of life, 273 274
vitreoretinal surgery, 246

Protein kinase
protein kinase C b (PKCb), 94
protein kinase C (PKC), 13 14, 23

Proteinuria, 89, 141
PRP, see Panretinal photocoagulation (PRP)
Pseudo endophthalmitis, 269
Pseudophakia, 350 351
Pseudophakic cystoid macular edema (PCME), 307
Pupillary block glaucoma from silicone oil, 272
Pupillary margin iris neovascularization, 329
PVG, see Posterior vitreous detachment (PVD)
pVHL, see von Hippel Lindau factor (pVHL)

Q

Quality adjusted life year (QALY), 71

R

Ranibizumab, 245, 398
Rarely congenital abnormality, 359
Recalcitrant keratopathy, 351
Recurrent and regressed diabetic macular edema, 158
Recurrent diabetic macular edema, 158
Referable retinopathy, 372
Refractory diabetic macular edema, 157
Regressed diabetic macular edema, 158
Relative risk definition, 55
Renin angiotensin system (RAS), 23 24, 92, 281
Restriction endonucleases, 34 35
RETINA, see Peripapillary retinal arterioles (RETINA)
Retina

anatomy of, 1 5
cells in, 5
foveal center (foveola), 3
Henle’s layer, 4
layered pattern of, 1 3
macula, 1
ora serrata, 1, 5
parafovea, 3 4
spread of, 1

arteries in, 7 8

capillaries in, 8
circulation, retinal, 7
diffuse retinal thickening, 126
history of, 1
intercellular spaces in, 6 7
internal limiting membrane (ILM) of, 7
microanatomy of retina neurons, 5 6

cone cells, 5 6
ganglion cell, 6
Muller cells, 6
photoreceptor cells, 5

pathway for salt and water within, 144
retinal leakage analyzer, 133
retinal nutrition, 15
retinal pigment epithelial (RPE) pump, 145
retinal thickness analyzer, 129
subretinal fluid, 127
veins in, 8

Retinopexy instruments, 258
Retrobulbar injections, 338
Retrohyaloid hemorrhage, 260
Rhegmatogenous traction retinal detachment, 246
Rhodopsin, 5
Ringer’s solution, 259
Risperidone, 94
Rodenstock contact lenses, 237 238
Rose Bengal/Lissamine Green staining, 348 349
Rosiglitazone, 169, 281
Rubeosis, 328, 333

example of, 332
grading systems, 333
iris fluorescein angiography and gonioangiography, 331
modifiers of behavior, 336 337
phakic and aphakic eyes, 228
photodynamic therapy with intravenous verteporfin, 335
proliferative diabetic retinopathy development, 329
PRP, effect on, 335
pupillary margin, 329
risk factors for development, 332 333
undilated and dilated state, 331
See also Iris

Ruboxistaurin, 94, 169

S

Schirmer I testing, 348
Schlemms canal, 326 327
Scleral buckle, 326

placement, 335
procedures, 267

Screening for DR, 369
accountability of screening programs, 382
adjunctive/stand alone visual acuity testing, 370
case yield rates, 377
combination methods of, 377
comparisons, 381 382
compliance with recommendation, 378
cost for, 370
criteria for referral, 376 377
dilated ophthalmoscopy

by ophthalmic technicians/optometrists, 371
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Screening for DR, 369 (cont.)
by ophthalmologists, 371 372
by retina specialists, 372 373

economic considerations, 379 380
goal of, 369
gold standard for, 369
intravenous fluorescein and oral fluorescein angioscopy,

378 379
mydriatic photography, 376
nonmydriatic photography, 375
obstacles for, 377
photographic fields and, 376
photographic screening, 373 375
in pregnancy, 379
risk factors for ungradable photographs, 376
subgroups needing for enhanced, 379
undilated direct ophthalmoscopy by non eye care

professionals, 370 371
Sector loss, 359
Segmentation technique using vitreous cutter, 263
Sensitivity, Specificity and Chance Corrected

Agreement, 372
Serum lipids and diabetic retinopathy, 88 89
Seven field stereoscopic photography, 371
Severe fibrovascular proliferation, 251 253

See also Proliferative diabetic retinopathy (PDR)
Severe nonproliferative diabetic retinopathy (S NPDR)

ETDRS
definition of, 234
diagram for, 234
recommendations for treatment, 234

proposed factors promoting decision for treatment, 235
Short tandem repeats (STRs), 34, 49
Short wave automated perimetry (SWAP), 212
Sickle hemoglobinopathy, 269
Silicone intraocular lenses, 306
Silicone oil instillation, 335

on cornea, 350
Silicone Study Report 7, 350 351
Singapore

narrow angle glaucoma in, 325
photographic screening for DR, 375

Single field nonmydriatic photography, 373
Single nucleotide polymorphisms (SNPs), 33, 49
Sleep apnea, 359
Slit lamp examination, 328

color influence and, 331
undilated, patients with diabetic retinopathy, practice

patterns, 330 331
Small gauge vitrectomy surgery, 257 258
S NPDR, see Severe nonproliferative diabetic retinopathy

(S NPDR)
Soluble vascular endothelial growth factor receptor 1, 233
Somatostatin, 233
Sorbinil, 93
Spheno orbital meningiomas, 358

See also Optic nerve
Spreadsheet software, 389
Squalamine injections, 336
Staged screening, 373
Stand alone visual acuity testing, 370

Starling’s law, 148
and macular edema, 8 10

State blindness prevention programs, 379
State Commission for Services for Blind, 394
Statins, 94
Steroid drops, 312
Stratus OCT software, 122 124

See also Optical coherence tomography (OCT)
Subclinical diabetic macular edema, 157
Subconjunctival decadron, 340
Superior segmental optic hypoplasia

bilateral disk involvement, 362
characteristic features of, 363
familial clustering, 362
fundus findings, 363
offspring of mothers with type 1 diabetes mellitus

with, 362
optical coherence tomography, 363
population based study, 362
prevalence, 363

SWAP, see Short wave automated perimetry (SWAP)
Sympathetic ophthalmia, 273
Synechiae, 306
Systematic screening, cost effectiveness, 380
Systemic factors, influencing DR, 91

aldose reductase inhibitors, 93
anemia, 89
anti platelet drugs, use of, 93 94
blood pressure, 86 88
diuretics, use of, 92
glycemic control, 77 78

economic consequences of, 96
rapidity of improvement in, 84 86
type 1 diabetes mellitus, 78 82
type 2 diabetes mellitus, 82 85

glycemic variability, 85
influence on visual loss, 91
insulin use in type 2 diabetes, 86
nephropathy, 89
and ocular factors, 409 410
pancreas and pancreas renal transplantation, 86
pregnancy, 89 91

OCT of 37 year old woman, 90
protein kinase C inhibitors, 94
renin angiotensin system drugs, 92
serum lipids, 88 89
statins, use of, 94
thiazolidinedione, use of, 94

T

Taiwan, cost of screening type 2 diabetics, 380
Tarsorrhaphy, 351
Taut hyaloid

definition of, 180
syndrome, 180

Taut posterior vitreous hyaloid, 315
Tear film and diabetics

breakup time (BUT), 348
Teleophthalmic screening methods, 377

obstacles for use, 377
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Temporal macular thickening, 433
Thalassemia, 280
Thiazolidinediones, 94, 169
Thrombophilic risk factors, 359
Thrombospondin, 233
Ticlopidine, 93
Time efficient model, 389
Tolrestat, 93
Topical steroids, 341
Topless optic disk syndrome, see Superior segmental optic

hypoplasia
Trabeculectomy surgery, 338
Traction retinal detachment (TRD), 128, 247 249, 335

See also Proliferative diabetic retinopathy (PDR)
Transcription and translation, 32
Transforming growth factor beta 1, 233
Transscleral cyclophotocoagulation, 340
Trapezoidal configuration, 335
TRD, see Traction retinal detachment (TRD)
Triamcinolone acetonide, 244 245, 310, 315
Tube shunt surgery for intraocular pressure control, 336

U

UCP 1, see Uncoupling protein 1 (UCP 1)
UKPDS, see United Kingdom Prospective Diabetic

Retinopathy Study (UKPDS)
Ultrasonography, 133
Ultrasound biomicroscopic image of fibrovascular

ingrowth, 270
Ultra wide field fluorescein angiography, 131
Uncoupling protein 1 (UCP 1), 11
Undilated direct ophthalmoscopy by non eye care

professionals, 370 371
See also Screening for DR

Undilated slit lamp examination in DR, practice patterns,
330 331

Ungradable photographs, 376
Uninhibited anterior segment neovascularization, 330
United Kingdom

cost per screening event, 379
photographic screening in pilot trials in, 370
prospective diabetes study, 1977 1999, 83

United Kingdom Prospective Diabetic Retinopathy Study
(UKPDS), 54, 82, 87

United States
average medical industry

medical school departmental activities, 396 397
constitution and laws, universal welfare/health care, 395
cost per case of retinopathy, 380
diabetes mellitus, prevalence of, 305
examination based screening methods, reliance on, 381
eye disease, 369
ideal management of DR, 392
legal system in, 394
Medicare payments per beneficiary per year, 71
ophthalmic screening in, 370
pharmaceutical and medical technology companies

representatives of, 396
population based study of retinopathy prevalence, 380
silicone oils, use in, 258 259

V

Vascular endothelial growth factor (VEGF), 10, 17 18, 40,
42, 143, 147 152, 204, 306

angiogenesis and, 20
angiotensin II levels, 24
in aqueous humor, 327
and endothelial apoptosis, 21
expression, 21 22
gene expression and protein synthesis, 21
hypoxia inducible factor 1�, 22 23
macular edema and isoforms, 17
perturbations in neuroglia homeostasis and, 20
role in diabetic retinopathy, 206
role in hematopoiesis, 19 20
role in PDR, 233
vascular permeability, effect on, 20

Vascular tufts of pupillary margin, 236
VEGF, see Vascular endothelial growth factor (VEGF)
Venous stasis retinopathy, 279
Verteporfin for photodynamic therapy of NVI, 335
Veterans Affairs Diabetes Trial, 88
Viscocanalostomy, 338
Vision threatening retinopathy, 229, 371
Visual acuity

based on macular perfusion, 424
clinician’s interpretation of, 423
diabetic macular ischemia and, 434
outcomes after cataract surgery, 305
testing for retinopathy, 370

Visual loss and nocturnal hypotension, 359
Vitrectomy phacoemulsification IOL (VPI), 269
Vitrectomy surgery, 180 184, 306

cataract formation, influence on, 316 317
in diabetic retinopathy

cataract surgery in combination with, 316
for diabetic traction retinal detachment, 250
for diabetic traction rhegmatogenous retinal

detachment, 252
infusion fluid, 259
for macular hole with proliferative diabetic

retinopathy, 255
phakic eyes and, 316 317

Vitreomacular interface pathology, 254
See also Proliferative diabetic retinopathy (PDR)

Vitreopapillary traction (VPT), 254 256, 362
Vitreoschisis, 262
Vitreous cavity washout of postvitrectomy hemorrhage,

334 335
Vitreous fluorometry, 167
Vitreous hemorrhage, 246 247

See also Proliferative diabetic retinopathy (PDR)
Vitreous traction, 228, 236
von Hippel Lindau factor (pVHL), 22
von Willebrand antigen, 359
VPT, see Vitreopapillary traction (VPT)

W

Waite Beetham lines, 348
WESDR, see Wisconsin Epidemiologic Study of Diabetic
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