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Abstract

Diabetic retinopathy is a leading cause of
blindness and visual impairment worldwide.
The prevalence of diabetic retinopathy has
been steadily increasing and is projected to
continue to do so in the future. Diabetic reti-
nopathy is a complex microvascular process
with numerous associated risk factors and
mediated through a multitude of metabolic
pathways. Landmark clinical trials including
the DRS and ETDRS were instrumental in
establishing staging and treatment criteria.
The clinical spectrum of disease is extremely
varied and is broadly categorized into
nonproliferative and proliferative forms.
Nonproliferative disease represents the earliest
clinical findings including retinal hemorrhages
and hard and soft exudates. With increasing
severity of retinopathy, there is a risk for the
development of ischemic manifestations in the
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proliferative form with neovascularization,
preretinal hemorrhage, and traction elevation
of the retina. Both nonproliferative and prolif-
erative stages of retinopathy can be associated
with diabetic macular edema which is the most
common cause of vision loss. The treatment of
diabetic macular edema has been revolution-
ized with OCT-guided intravitreal therapy uti-
lizing VEGF inhibitors and various forms of
corticosteroids. Several clinical trials have
recently demonstrated these novel therapies to
be highly effective treatments in improving the
long-term anatomic and visual outcomes in
diabetic patients.
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Epidemiology

Diabetes mellitus (DM) is a major medical prob-
lem in the United States and worldwide. The
disease has tremendous social and economic
impact as it affects individuals in their economi-
cally productive years. It is estimated that societal
costs related to the disease exceed a 100 billion
dollars per year [1]. Diabetes remains a leading
cause of newly diagnosed blindness in the United
States and worldwide today.

The prevalence of diabetes in the United States
and worldwide is clearly increasing due to various
environmental and behavioral factors [2, 3]. Ten
to fifteen percent of patients with diabetes have
type 1 diabetes mellitus and are typically diag-
nosed prior to 40 years of age. The vast majority
of patients are diagnosed after the age of 40 and
have type 2 diabetes. Both type 1 and type 2 dia-
betes patients can develop ocular complications of
diabetes, although patients with type 2 diabetes
make up the majority of cases due to the larger
patient population. The ocular manifestations for
both groups are similar, however, over a long-
term follow-up period.

Roy et al. utilized prevalence data to estimate
the prevalence of diabetic retinopathy by age,
gender, and race among persons of 18 years and
older having type 1 DM diagnosed before
30 years of age [4]. It was determined that
among 209 million Americans of 18 years and
older, an estimated 889,000 have type 1 diabetes
mellitus diagnosed before age 30 years. Among
persons with type 1 diabetes mellitus, the crude
prevalence of diabetic retinopathy of any level
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(74.9% vs. 82.3% in black and white persons,
respectively) and of vision-threatening retinopa-
thy (30.0% vs. 32.2%, respectively) is high [4]. In
another study [5], pooled analysis of data from
eight population-based eye surveys was used to
estimate the prevalence of diabetic retinopathy
among adults 40 years of age and older in the
United States. Among an estimated 10.2 million
adults of 40 years and older included in the study,
the estimated crude prevalence rates for retinopa-
thy and vision-threatening retinopathy were 40.3
and 8.2%, respectively. The estimated US general
population prevalence rates for retinopathy
and vision-threatening retinopathy were 3.4%
(4.1 million persons) and 0.75% (899,000
persons) [5].

It is important to note that the prevalence of
diabetic retinopathy in the general population has
been increasing and is related to the increase in
patient’s life expectancy due to better overall
health care and treatment of comorbidities. Fortu-
nately, advances in the treatment of diabetic reti-
nopathy have allowed for improved prognosis and
maintenance of visual potential in these patients.

Risk Factors of Diabetic Retinopathy
Duration of Diabetes

The single best predictor of diabetic retinopathy is
the duration of the disease [21-28]. Among
younger-onset patients with diabetes, the preva-
lence of any retinopathy was 8% at 3 years, 25%
at 5 years, 60% at 10 years, and 80% at 15 years.
The prevalence of proliferative diabetic retinopathy
(PDR) was 0% at 3 years and increased to 25% at
15 years [2]. The incidence of retinopathy
also increased with increasing duration. The inci-
dence of developing proliferative retinopathy in the
younger-onset group increased from 0% in the first
5 years to 27.9% in 13—14 years of diabetes [2].
Determining the role of duration of diabetes as
a predictor of retinopathy in type 2 diabetes
mellitus is more challenging because of the uncer-
tainty of the time of onset and therefore duration
in many patients. In a well-established study,
Yanko et al. [6] found that the prevalence of
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nonproliferative retinopathy was 23% after 11-13
years of the onset of disease and increased to 60%
after 16 or more years. Klein found that 10 years
after the diagnosis of type 2 diabetes, 67% of
patients had retinopathy and 10% had PDR. The
risk was determined to be lowest in patients not
requiring insulin [7].

Glycemic Control

The effect of intensive glycemic control on the
development of diabetic retinopathy was
addressed by the Diabetes Control and Complica-
tions Trial (DCCT) [7, 8], involving 1,441
patients with type 1 diabetes across 29 medical
centers in the United States and Canada. The
DCCT enrolled patients with insulin-dependent
diabetes mellitus with minimal (secondary pro-
gression cohort) or no (primary prevention
cohort) evidence of diabetic retinopathy. Patients
were assigned either to conventional treatment
(one or two daily injections of insulin) or to inten-
sive diabetes management with three or more
daily insulin injections or a continuous subcuta-
neous insulin infusion.

The DCCT demonstrated that intensive ther-
apy reduced clinically relevant diabetic retinopa-
thy. In the primary-prevention cohort, intensive
therapy reduced the adjusted mean risk for the
development of retinopathy by 76% as compared
with conventional therapy. In the secondary inter-
vention cohort, intensive therapy slowed the pro-
gression of retinopathy by 54% and reduced the
development of proliferative or severe
nonproliferative retinopathy by 47%. In addition,
intensive therapy reduced the occurrence of
microalbuminuria, albuminuria, and that of clini-
cal neuropathy in both cohorts [7, 8].

The United Kingdom Prospective Diabetes
Study (UKPDS) [9] was a randomized, controlled
clinical trial investigating the protective effects of
glycemic control in newly diagnosed type 2 dia-
betic individuals. Patients were randomly assigned
to intensive glycemic control with oral agents or
insulin or to conventional control with diet. The
study demonstrated that improved blood glucose
control reduced the risk of developing retinopathy,
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nephropathy, and possibly neuropathy. The overall
rate of microvascular complications was decreased
by 25% in patients receiving intensive therapy
versus conventional therapy [10].

Systemic Hypertension

The UKPDS also evaluated the effect of blood
pressure control on the progression of diabetic ret-
inopathy. With a median follow-up of 8.4 years,
patients assigned to tight blood pressure control
had a 34% reduction in progression of retinopathy
and a 47% reduced risk of deterioration in visual
acuity of three lines associated with a 10 mmHg
reduction in systolic blood pressure [11].

The EURODIAB controlled trial of lisinopril
in insulin-dependent diabetes (EUCLID) study
group investigated the effect of lisinopril on
retinopathy in type 1 diabetes. The study showed
a statistically significant 50% reduction in the
progression of retinopathy in those taking
lisinopril over a 2-year period compared to
those not on blood pressure medication, after
the adjustment of glycemic control. The results
of this study, however, are tempered by the small
sample size.

Currently the utility of specific antihyperten-
sive agents in preventing the incidence and pro-
gression of diabetic retinopathy cannot be
addressed, and further investigation will be
required.

Dyslipidemia

Elevated serum lipids have been associated with
the occurrence and progression of diabetic ocular
disease. According to the Early Treatment Dia-
betic Retinopathy Study (ETDRS), elevated tri-
glycerides, low-density lipoproteins, and very
low-density lipoproteins are related to an
increased risk for the macular hard exudates that
are associated with macular edema [12]. Indepen-
dent of this association with macular edema, these
exudates are associated with an increased risk for
vision loss. Increased triglycerides also carry an
increased risk for progression of retinopathy.
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Pregnancy is considered a risk factor for the pro-
gression of retinopathy. In one study of type 1 dia-
betes, 7.3% of pregnant women compared with
only 3.7% of women who were not pregnant
progressed to proliferative retinopathy [13]. The
risk of progression, however, is low for pregnant
women who have had type 1 diabetes for less than
10 years or who have mild retinopathy [14].

Pathophysiology of Diabetic
Retinopathy

The precise mechanism resulting in diabetic reti-
nopathy remains unknown. Several metabolic
pathways have been implicated in the pathogene-
sis of diabetic retinopathy including protein
kinase C activation, polyol accumulation, and
vasoproliferative factors. The net result of these
pathways is compromise of the retinal capillaries
resulting in their functional incompetence.

Polyol Pathway

Polyol accumulation is linked to the pathogenesis
of diabetic retinopathy. Polyol pathway is a
two-step pathway in which glucose is initially
converted to sorbitol and then to fructose. Exper-
imental animal models have demonstrated that the
accumulation of polyol has been associated with
the development of basement membrane thicken-
ing, pericyte loss, and microaneurysm formation
[15, 16]. Hyperglycemia leads to an elevation of
intracellular sorbitol concentrations by utilization
of aldose reductase, the first and rate-limiting
enzyme in the polyol pathway. Accumulation of
sorbitol causes an osmotic shift, drawing water
into lens epithelial cells and producing cataracts
in children [17]. Retinal capillary pericytes con-
tain the enzyme aldose reductase, and the accu-
mulation of excess sugar alcohol, catalyzed by
aldose reductase in pericytes, has been linked to
their degeneration and selective death [I8,
19]. The efficacy of aldose reductase inhibitors
(ARIs) has been evaluated for the prevention of
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retinal damage in diabetes. The results of several
clinical trials, however, have not shown this class
of medications to be useful in the management of
the development or progression of diabetic reti-
nopathy [20, 21].

Protein Kinase C Activation

Protein kinase C (PKC) is a family of related
enzymes that function as signaling components
for a variety of growth factors, hormones, neuro-
transmitters, and cytokines. PKC activation,
specifically of the PKC-fB2 isoform, has been
implicated in causing hyperglycemia-related
microvascular damage [22]. Changes in endothe-
lial permeability, blood flow, and formation of
angiogenic growth factors have been shown to
be PKC mediated in experimental models of dia-
betic retinopathy and result in retinal leakage,
ischemia, and neovascularization [23, 24]. PKC-
beta has been shown to be an integral component
of cellular signaling by vascular endothelial
growth factor (VEGF), an important mediator of
retinal neovascularization and vascular perme-
ability [25-27].

PKC activation occurs with its binding to
diacylglycerol (DAG) in the presence of calcium.
Studies have demonstrated that the hyperglyce-
mia of diabetes induces an early activation of
PKC through de novo synthesis of DAG. Other
factors including reactive oxygen species,
advanced glycation end products, and oxidative
stress are associated with DAG-independent
activation of PKC [28]. Theoretically, PKC inac-
tivation should suppress the stimuli for the incep-
tion and progression of diabetic retinopathy
and macular edema. Clinical studies have
shown that ruboxistaurin, a PKC-beta isoform
selective inhibitor, normalized endothelial dys-
function, renal glomerular filtration rate, and
prevented loss of visual acuity in diabetic
patients [29, 30]. Thus, PKC activation involv-
ing several isoforms is likely to be responsible
for some aspects of the pathogenesis of
diabetic retinopathy, nephropathy, and cardio-
vascular disease. Ongoing prospective clinical
trials investigate whether the treatment with the
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specific PKC-beta inhibitor can prevent the pro-
gression of diabetic retinopathy and diabetic
macular edema.

Growth Factors

PKC activation results in increased production
of vasoconstrictive, angiogenic, and chemotactic
growth factors including TGF-beta, vascular
endothelial growth factor (VEGF), growth
hormone, insulinlike growth factor I (IGF-I),
transforming growth factor-f (TGF-beta), and
pigment epithelium-derived growth factor
(PEDF).

Vascular endothelial growth factor (VEGF) is
an important signaling protein involved in
vasculogenesis and angiogenesis. In vitro VEGF
stimulates endothelial cell mitogenesis and cell
migration. In addition, VEGF functions as a vaso-
dilator and increases microvascular permeability.
Its expression has been shown to be induced by
hypoxia in both retinal pigment epithelial cells
and retinal pericytes [31-33]. In an animal
model, retinal neovascularization was suppressed
utilizing soluble VEGF-neutralizing VEGF recep-
tor chimera.

Aiello et al. [34] demonstrated the role of VEGF
in the ocular ischemic neovascular response in
proliferative diabetic retinopathy, ischemic central
retinal vein occlusion, and retinopathy of prematu-
rity. The authors measured intraocular VEGF
concentrations of 164 patients undergoing intraoc-
ular surgery. They compared VEGF levels in
patients with active neovascularization, quiescent
neovascularization, and those without any under-
lying neovascular disorder. VEGF concentrations
were highest in the subset of patients with active
neovascularization. In addition, comparison of
VEGEF levels in vitreous humor to that found in
the aqueous humor led them to suggest a gradient-
driven diffusion of angiogenic factors from the
posterior to the anterior segment of the eye in
patients with ischemic retinal diseases. They
also determined that treatment with panretinal
photocoagulation caused regression of retinal
neovascularization which coincided with lower
VEGF levels [34]. The reduction in retinal
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ischemia after laser therapy, therefore, reduces the
production of angiogenic factors, suppressing
neovascularization through suppression of VEGF.

Growth hormone and IGF-I have been associ-
ated with the development of diabetic retinopathy
since retinal neovascularization was found to
regress following pituitary infarction [35]. IGF-I
was one of the first growth factors to be directly
associated with diabetic retinopathy because
increased serum levels of IGF-1 preceded the
onset of proliferative diabetic retinopathy in animal
models [36, 37]. Since then, increased IGF-I levels
were measured in the vitreous fluid of patients with
PDR indicating that IGF-I may play a role in retinal
neovascularization [38]. Clinical trials are under
way to determine the significance of IGF-I in the
development of diabetic retinopathy.

TGF-beta is a multifunctional growth factor that
can cause an accumulation of extracellular matrix.
There are three known isoforms of TGF-beta
(TGF-beta;, TGF-beta,, and TGF-beta3) in the
human eye although TGF-beta, is the predominant
isoform in the vitreous humor. There have been
several reports of the action of TGF-beta, in
the vitreous. Connor et al. [39] found that
TGF-beta, levels were increased in proliferative
vitreoretinopathy. Levels of TGF-beta, in the
vitreous were correlated with the severity of fibro-
sis suggesting that TGF-beta, had a role in the
formation of proliferating membranes in this disor-
der. Hirase et al. [40] determined that levels of
TGF-beta, were increased in the vitreous of
patients with PDR. In addition, there was also a
direct correlation between intraocular fibrosis and
TGF-beta, levels, suggesting that TGF-beta, plays
a role in the pathogenesis of PDR by inducing the
formation of proliferating membranes via its inter-
action with the extracellular matrix.

PEDF is produced by the retinal pigment epi-
thelium and serves as a major inhibitor of intraoc-
ular angiogenesis. The vitreous humor, which is
antiangiogenic and generally devoid of vessels,
contains high concentrations of PEDF [41]. Daw-
son et al. [42] found that removal of PEDF from
vitreous fluid abrogated its antiangiogenic activity
and revealed an underlying angiogenic stimulatory
activity. PEDF regulates blood vessel growth in the
eye by altering its levels to the oxygen needs of the
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eye thereby creating a permissive or inhibitory
environment for angiogenesis. This process pre-
sumably occurs with regulation of VEGF levels.

Breakdown of Blood-Retinal Barrier

The blood-retinal barrier plays an important part
in the pathophysiology of diabetic retinopathy.
The blood—retinal barrier is composed of an
inner and an outer component. The inner
blood-retinal barrier is comprised of the tight
junctions between endothelial cells of the retinal
blood vessels. A competent inner blood—retinal
barrier normally blocks the movement of macro-
molecules from the vessel lumen to the interstitial
space. The outer blood-retinal barrier is com-
prised of the tight junctions of the retinal pigment
epithelial cells (RPE) preventing leakage of fluid
from the choroid into the retina.

The incipient stages of diabetic retinopathy
are associated with an early breakdown of the
blood-retinal barrier resulting in enhanced vascular
permeability and macular edema. The breaching of
the blood-retinal barrier is believed to represent the
earliest known change in diabetic retinopathy occur-
ring prior to the development of microaneurysms
and capillary occlusion [43]. Although both the
inner and outer components exhibit increased per-
meability in diabetes, the inner monolayer is the
predominant site of leakage in diabetic retinopathy.
Interestingly, the retinal vasculature comprising the
inner blood-retinal barrier contains VEGF recep-
tors, and early blood-retinal barrier breakdown in
experimental diabetes is VEGF dependent [44].

Clinical Trials in Diabetic Retinopathy
Diabetic Retinopathy Study (DRS)

The Diabetic Retinopathy Study (DRS) was
undertaken in 1971 to determine whether photo-
coagulation helps prevent severe visual loss from
proliferative diabetic retinopathy and if there was
a clinically significant difference in the efficacy
and safety of argon versus xenon photocoagula-
tion for proliferative diabetic retinopathy [45].
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This randomized, controlled clinical trial
involved more than 1,700 patients enrolled at
15 medical centers [45]. Eligibility criteria
included patients younger than 70 years of age
with best-corrected visual acuity of 20/100 or
better in each eye in the presence of PDR in at
least one eye or severe nonproliferative diabetic
retinopathy in both eyes. Patients were excluded if
they had prior treatment with photocoagulation or
pituitary ablation, and both eyes had to be suitable
for photocoagulation [45].

In the trial, one eye of each patient was ran-
domly assigned to receive immediate photocoag-
ulation with either argon laser or xenon arc
photocoagulation. The fellow eye was observed
without treatment [45]. Patients were subsequently
monitored at 4-month intervals. Treatment with
photocoagulation was carried out in a panretinal
or scatter technique extending to or beyond the
vortex veins. Argon photocoagulation treatment
specified 800—1,600 burns, 500-pm in size with
0.1 s duration [45]. Direct treatment of retinal
neovascularization was applied on or within one
disk diameter of the optic disk (NVD) or beyond
this zone (NVE). Photocoagulation with xenon
was carried out in a similar manner with fewer
burns of longer duration. Treatment with xenon
photocoagulation was directed at NVE. Supple-
mental focal laser photocoagulation in the argon
treatment group was applied when clinically nec-
essary to treat macular edema.

The DRS demonstrated that both argon and
xenon photocoagulation reduced the risk of severe
visual loss (best-corrected visual acuity < 5/200)
by more than 50% during a follow-up of over
5 years [46]. Adverse effects of laser photocoag-
ulation included a modest reduction of visual acu-
ity of one line and constriction of the peripheral
visual field. The results indicated that these effects
were more pronounced in the xenon arc-treated
group. The study concluded that the risks of
severe visual loss outweighed the adverse effect
of treatment for two groups of patients: eyes with
retinal neovascularization and preretinal or vitre-
ous hemorrhage and eyes with new vessels on or
within one disk diameter of the optic disk (NVD)
equaling or exceeding 1/4—1/3 disk area in extent
even in the absence of preretinal or vitreous
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hemorrhage [46]. These eyes were considered at
high risk for PDR and required prompt treatment
as they had the highest risk of severe visual loss.

Early Treatment Diabetic Retinopathy
Study (ETDRS)

The ETDRS was a multicenter, randomized clini-
cal trial involving 3711 participants designed
to evaluate the effectiveness of both argon laser
photocoagulation and aspirin therapy in the man-
agement of patients with nonproliferative diabetic
retinopathy and early PDR [47]. In addition, it was
designed to determine the best time to initiate pho-
tocoagulation treatment in diabetic retinopathy.

The eligibility criteria for the ETDRS were
broad, enrolling patients with a mild non-
proliferative diabetic retinopathy through early
PDR with visual acuity 20/200 or better in each
eye [47]. Patients were randomly assigned to
receive photocoagulation in one eye with the fel-
low eye observed. Follow-up examinations were
scheduled at least every 4 months, and photoco-
agulation was initiated in the eyes assigned to
deferral as soon as high-risk proliferative retinop-
athy was detected [47]. Furthermore, patients
were randomly assigned to receive 650 mg per
day of aspirin or a placebo. The primary outcome
measured in the ETDRS was moderate visual loss
(MVL) defined as a doubling of the visual angle, a
drop of 15 or more letters on ETDRS visual acu-
ity, or a drop of three or more lines of Snellen
visual acuity [47].

The ETDRS defined clinically significant mac-
ular edema (CSME) as:

1. Retinal edema located at or within 500 pm of
the center of the macula

2. Hard exudates at or within 500 pm of the center
if associated with thickening of the adjacent
retina

3. A zone of thickening larger than one disk area
if located within one disk diameter of the cen-
ter of the macula

The ETDRS determined that focal laser photo-
coagulation reduced the risk of MVL by 50%.
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Treatment increased the chance of visual improve-
ment and was associated in minor losses of visual
field. Treatment consisted of argon laser photoco-
agulation of individual-leaking microaneurysms
and grid treatment to areas of diffuse leakage and
capillary nonperfusion [48].

The ETDRS also concluded that -early
panretinal photocoagulation with or without
focal photocoagulation compared with deferral
of photocoagulation was associated with a small
reduction in the incidence of severe visual loss
(visual acuity less than 5/200 at two consecutive
visits), but 5-year rates were low in both the early
treatment and deferral groups (2.6 and 3.7%,
respectively) [49]. It was determined that scatter
photocoagulation is not recommended for the
eyes with mild or moderate nonproliferative dia-
betic retinopathy provided appropriate follow-up
care can be maintained. Patients with severe
nonproliferative diabetic retinopathy or high-risk
PDR should receive prompt photocoagulation.
The ETDRS defined severe nonproliferative dia-
betic retinopathy as follows:

1. Diffuse intraretinal  hemorrhages and
microaneurysms in four quadrants

2. Venous beading in two quadrants

3. Intraretinal ~ microvascular  abnormalities

(IRMA) in one quadrant

Aspirin treatment did not alter the course of
diabetic retinopathy in patients enrolled in
ETDRS. Aspirin did not prevent the development
of high-risk proliferative retinopathy and did not
reduce the risk of visual loss, nor did it increase
the risk of vitreous hemorrhage in both eyes
assigned for laser photocoagulation and deferral
of treatment. Furthermore, it was determined that
aspirin had no deleterious effects for diabetic
patients with retinopathy [50].

Diabetic Retinopathy Vitrectomy Study
(DRVS)

The DRVS was a randomized, multicenter clinical
trial designed to compare two therapies, early
vitrectomy and conventional management, for
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recent severe vitreous hemorrhage secondary to
diabetic retinopathy [51]. The early vitrectomy
group had vitrectomy within 6 months of the
onset of vitreous hemorrhage. The conventional
management group underwent vitrectomy if hem-
orrhage failed to clear during a waiting period of
6—12 months or if retinal detachment involving
the center of the macula developed at any
time [51].

The results of the DRVS clearly demonstrated
the benefit of early vitrectomy for patients with
severe PDR. After 2 years of follow-up, 25% of
the early vitrectomy group had visual acuity of
10/20 or better compared with 15% in the deferral
group [52]. This benefit was most evident for
patients with type 1 diabetes, as they represented
a younger subset of patients with a relatively more
severe PDR. This trend continued at the 4-year
follow-up, with 44% of patients in the early vit-
rectomy group achieving 10/20 visual acuity ver-
sus 28% for the conventional management
group [53].

Clinical and Fundus Findings

Nonproliferative Diabetic Retinopathy
(NPDR)

Diabetic retinopathy is a retinal vascular disorder
characterized by  typical = microvascular
funduscopic changes. These typical funduscopic
lesions can be broadly characterized as either
nonproliferative or proliferative retinopathy with
varying degrees of severity in each subset. They
can either precede or follow alterations in retinal
function thereby highlighting the importance of
timely examinations to detect incipient changes.

The characteristic fundus lesions associated
with nonproliferative diabetic retinopathy include
cotton wool spots, microaneurysms, dot and blot
hemorrhages, retinal vascular caliber changes,
hard exudate formation, retinal capillary closure,
and macular edema.

Microaneurysms represent saccular
outpouchings of the retinal capillary bed. They
can present as concentrated lesions in the
posterior pole or with widespread distribution
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throughout the fundus. Their formation is
nonspecific to diabetes and can occur in a variety
of disorders including hypertension and sickle cell
disease. Although their precise pathogenesis
remains unknown, they are attributed to pericyte
degeneration, endothelial cell proliferation, and
retinal capillary closure. They represent the earli-
est clinical changes of the retinal vasculature in
NPDR detectable with ophthalmoscopy. They are
best detected with fluorescein angiography in
which they typically surround areas of capillary
nonperfusion. In the earliest stages, the increase or
decrease in microaneurysm formation can be used
as an indicator for progression or regression of
disease. The microaneurysm count at baseline
examination can be used as an important predictor
of progression of diabetic retinopathy [54]. They
become visually significant when there is an asso-
ciated leakage of serous contents leading to mac-
ular edema.

Cotton wool spots represent retinal nerve fiber
layer infarcts associated with stasis of axoplasmic
flow. They occur early in the course of NPDR and
may be evident prior to the development of
microaneurysms and retinal hemorrhages. They
are evanescent in nature, usually resolving in sev-
eral months though they may persist much longer.
Their effect on visual acuity and the visual field is
dependent on their size and location. Although
most commonly seen in diabetic retinopathy,
they are also seen in a variety of retinal vascular
disorders including hypertensive retinopathy, cen-
tral retinal vein occlusion, and drug toxicities such
as with interferon retinopathy.

The presence of intraretinal microvascular
abnormalities and capillary permeability may
lead to the formation of retinal hemorrhages. The
morphology of the hemorrhages is related to the
topography of the anatomical retinal layer from
which they are derived. Superficial hemorrhages
assume a flame-shaped appearance due to the
parallel arrangement of the nerve fiber layer to
the retinal surface. Deeper hemorrhages assume
a dot and blot appearance due to the perpendicular
arrangement of cells in the deeper retinal tissue.
Occasionally, these hemorrhages may attain a
white center, representing fibrin deposition.
White-centered hemorrhages are more commonly
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seen in other conditions such as subacute bacterial
endocarditis and acute leukemia. Intraretinal
hemorrhages are significant in that they generally
parallel the severity of NPDR. Intraretinal hemor-
rhages are not typically visually significant unless
they assume a subfoveal location.

Intraretinal microvascular abnormalities or
IRMA are evident in NPDR. They represent dilated
vascular segments in a partially occluded capillary
bed and represent intraretinal neovascularization or
the formation of shunts in areas on nonperfusion.
They are clinically significant in that they may leak
and cause macular edema and impart a greater risk
for the development of PDR.

The venous caliber abnormalities in NPDR
include vascular dilation, beading, and the forma-
tion of loops. They are indicative of retinal ische-
mia and may be associated with central or branch
retinal venous occlusions, which are both seen
more commonly in the diabetic population.

The primary mechanism of visual loss in
nonproliferative retinopathy is through macular
edema. The edema can be a result of focal vascular
leakage from microaneurysms in the macular or
via diffuse vascular leakage. The edema may be
associated with hard exudates or cystoid changes
in the macula. If the edema is classified as clini-
cally significant macular edema (CSME), as
outlined by the ETDRS, focal laser photocoagu-
lation is performed to avoid precipitous vision
loss. Laser photocoagulation is directed at
microaneurysms for focal leakage and is applied
in a grid pattern for diffuse leakage. Concomitant
cardiovascular and renal disease leading to fluid
retention and hypertension can further exacerbate
the edema. Treatment, therefore, of systemic
abnormalities using a multidisciplinary approach
should be included in the care of the patient with
macular edema.

NPDR can be classified into mild, moderate,
and severe forms, with each imparting its own
degree of severity and progression to proliferative
retinopathy. Mild NPDR is characterized by
microaneurysms only and impart a 5% risk of
developing PDR in 1 year (Fig. 1(1)) [55]. Moder-
ate NPDR is characterized by less than four
quadrants of scattered microaneurysms and hem-
orrhages along with cotton wool spots, venous
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beading, or IRMA (Fig. 1(2)). The risk of progres-
sion to PDR within 1 year is between 12 and 27%
[55]. Patients with mild and moderate NPDR are
treated by medically optimizing glycemic control
and any associated hypertension or dyslipidemia.
Patients with clinically significant macular edema
are treated with focal laser therapy. These patients
are not candidates for scatter laser photocoagula-
tion. Severe NPDR is characterized by the “4-2-1”
rule of four quadrants of hemorrhages and
microaneurysms, two quadrants of venous caliber
abnormalities, or one quadrant of IRMA (Fig. 1
(3)). These patients are at high risk for developing
PDR with a 52% risk within 1 year [55]. These
patients are candidates for panretinal photocoag-
ulation (PRP); the timing of which is determined
at the discretion of the retinal specialist.

Proliferative Diabetic Retinopathy
(PDR)

Proliferative diabetic retinopathy is an advanced
form of diabetic retinopathy characterized by the
growth of abnormal blood vessels, which extend
over the surface of the retina and along the “scaf-
fold” provided by the posterior vitreous hyaloid.
These new blood vessels may present as
neovascularization of the optic disk (NVD) or
anywhere along the retinal periphery (NVE),
vitreous hemorrhage, and fibrous proliferation.
Active neovascularization commonly occurs at
the border of perfused and nonperfused retina
and is most severe in the eyes with extensive
nonperfusion. The newly formed vessels are frag-
ile commonly resulting in vitreous hemorrhage
and precipitous vision loss.

The formation of new blood vessels in PDR
occurs as a consequence of progressive damage to
the retinal blood vessels in NPDR. Eventually,
with cumulative damage, there is capillary occlu-
sion resulting in a relative oxygen-deficient or
ischemic environment. This results in the release
of various angiogenic growth factors; the most
significant of which is believed to be vascular
endothelial growth factor or VEGF. VEGF release
serves as the stimulus for the proliferation of new
vessels resulting in NVD, NVE, and potential
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1-3

Fig. 1 Stages of nonproliferative diabetic retinopathy.
Mild NPDR (7) with few dot and blot hemorrhages and
intraretinal lipid. Red-free photograph of moderate NPDR
(2) depicting a greater number of dot and blot hemorrhages

neovascularization within the anterior chamber
along the surface of the iris. Neovascularization
along the iris surface most commonly occurs at
the pupillary margin and is significant in that these
fine-arborizing vessels can progress along the iris
margin and into the trabecular meshwork accom-
panied by a fibrous membrane. Subsequent con-
tracture of the fibrous membrane leads to
synechiae within the trabecular meshwork and
secondary angle-closure glaucoma.

Clinicians treating PDR assess for the presence
of new vessels, their location, and severity when
determining the timing of panretinal photocoagu-
lation. Early PDR is that which does not meet the
criteria for high-risk PDR. Patients with early
PDR have a 75% risk of developing high-risk

and microaneurysms with associated lipid exudation.
Severe NPDR (3) characterized by extensive four-quadrant
distribution of intraretinal hemorrhages and lipid along
with infarctions of the nerve fiber layer (cotton wool spots)

PDR within a 5-year period. Patients with early
PDR and severe NPDR may require treatment
with early PRP. Initiation of PRP should be con-
sidered for patients with severe NPDR with any
new vessels or early PDR with elevated new ves-
sels or NVD.

High-risk PDR is characterized by any of the
following:

1. NVD 1/4-1/3 disk area or more in size
(Fig. 2(1))

2. NVD less than 1/4 disk area in size with con-
current vitreous hemorrhage

3. NVE greater than or equal to 1/2 disk area in
size with concurrent vitreous hemorrhage

(Fig. 2(2))
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Fig. 2 Sequelaec of proliferative diabetic retinopathy.
Color photographs depicting neovascularization of the
optic disk or NVD (/) and neovascularization elsewhere
in the retinal periphery or NVE (2). Note the development

Patients with high-risk characteristics
require prompt treatment with laser photocoag-
ulation to prevent further progression of
retinopathy.

Patients with advanced PDR may require vit-
rectomy surgery to clear an otherwise
non-clearing vitreous hemorrhage. Vitreous hem-
orrhage may occur as a result of vitreous traction
on new vessels (Fig. 2(3)). Contracture of the
vitreous or fibrovascular proliferation can result
in the shearing of a new vessel and subsequent
vitreous hemorrhage.

In time, retinal neovascularization may
become fibrotic, contract, and lead to tractional
retinal detachment (Fig. 2(4)). The fibrovascular
proliferation in PDR typically occurs along the
temporal vascular arcades and on the optic disk

of preretinal hemorrhage in the subhyaloidal space with
progression of PDR (3). Severe proliferation of tractional
membranes resulting in detachment of the macula; trac-
tional retinal detachment (4)

and may exhibit tractional forces resulting in
macular striae and edema. The tractional retinal
detachments that result can involve or spare
the macula. They may be associated with both
atrophic and tractional retinal breaks resulting
in a combined rhegmatogenous—tractional reti-
nal detachment. Patients with posterior trac-
tional retinal detachments not involving the
macula may be observed without vitrectomy
surgery and can be stable for years. Upon
encroachment of the macula, however, trac-
tional retinal detachments can result in profound
visual compromise and are therefore an indica-
tion for prompt vitrectomy. These tractional
forces may be relieved with pars plana vitrec-
tomy utilizing segmentation and delamination
techniques.
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Fluorescein angiography is a technique for exam-
ining the integrity of the retinal circulation using
the dye-tracing method. Sodium fluorescein dye is
injected into an antecubital vein, and then an
angiogram is obtained with multiple sequential
photographs to monitor dye transit. Sodium fluo-
rescein is a yellow-red dye with a molecular
weight of 376.67 Da with a spectrum of absorp-
tion at 465-490 nm (blue wavelength) and exci-
tation at 520-530 nm (yellow-green wavelength).
The angiogram is performed with a camera with
exciter and barrier filters that allow for the illumi-
nation of the retina with blue light because only
yellow-green light (from the fluorescence) can
reach the camera. The dye is metabolized within
the liver and kidney within 24-36 h turning the
patient’s urine a yellow-green color. The most
common adverse reactions to fluorescein dye are
mild including nausea, vomiting, and pruritus and
are typically transient. However, severe reactions
requiring immediate intervention such as bron-
chospasm and anaphylaxis can occur and must
be monitored. Although there are no adverse
effects reported during pregnancy, all efforts are
undertaken to avoid fluorescein angiography
unless deemed critical in directing diagnosis and
management.

Fluorescein angiography is an invaluable tool
that aids in the diagnosis and directs management
of diabetic retinopathy. By allowing the clinician
to identify the spectrum of funduscopic changes
prevalent in diabetic retinopathy, fluorescein angi-
ography can be used to monitor the severity of
retinopathy and identify risk factors for progres-
sion. Various angiographic risk factors have been
identified including fluorescein leakage, capillary
dilation, and capillary loss [56, 57].

Diabetic retinopathy can result in both hyper-
and hypofluorescent patterns of angiography, and
their distinction and interpretation are essential in
identifying treatable lesions. In the setting of
clinically significant macular edema (CSME), angi-
ography is utilized to better identify leaking
microaneurysms, which may appear as either focal
or diffuse areas of permeability (Fig. 3(1)). Treat-
ment with laser photocoagulation then can be
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directed to the selected microaneurysms or to
a cluster of microaneurysms in a grid pattern
with diffuse permeability alterations (Fig. 3(2)).
Marked ischemia can result in areas of capillary
closure within the macula potentially limiting vision
or further peripherally. These vascular filling
defects are well delineated on angiography as
hypofluorescent patches representing nonperfused
segments (Fig. 3(4)). Furthermore, angiography can
be used to identify and monitor leaf-like formation
of new blood vessels referred to as fronds of
neovascularization along the optic disk or elsewhere
in the retinal periphery. Areas of neovascularization
are easily identified in the early frames of the angio-
gram and exhibit late hyperfluorescence signaling
leakage of dye from these newly formed, incompe-
tent vessels (Fig. 3(3)). Other high-risk vascular
abnormalities such as IRMA are clearly demon-
strated with angiography. The use of fluorescein
angiography is essential as an adjunct to clinical
ophthalmoscopy in the diagnosis and management
of diabetic retinopathy.

Optical Coherence Tomography (OCT)

Optical coherence tomography (OCT) captures
reflected light from retinal structures to create a
cross-sectional image of the retina. Optical
coherence tomography (OCT) greatly enhances
the ability to detect macular thickening and has
brought new insights into the efficacy of various
treatments. Use of this imaging modality allows
for the quantitative measurement of macular
thickness and objective analysis of the foveal
architecture. OCT has gained widespread
acceptance as an additional modality to help
identify and evaluate macular pathology and
allows for a reproducible way to monitor macu-
lar edema.

The use of OCT with micrometer resolution was
first devised by Huang et al. in 1991 [58]. The
ability to obtain cross-sectional retinal images
with micrometer resolution has allowed for better
morphological tissue imaging and analysis com-
pared to other imaging modalities. OCT utilizes the
principle of low-coherence interferometry where
distance information concerning various ocular



23 Diabetic Retinopathy

419

Fig. 3 Fluorescein angiographic characteristics. Early
frame of fluorescein angiography (/) highlighting multiple
arecas  of  hyperfluorescence  corresponding  to
microaneurysms which demonstrate prominent leakage in
the late frame (2). Late-frame fluorescein angiogram show-
ing an area of hyperfluorescence along the supero-temporal
arcade corresponding to retinal neovascularization and

structures is extracted from time delays of reflected
signals. The interference pattern of light is mea-
sured over a distance of micrometers in OCT using
broadband light sources. In OCT, interferometry is
utilized in a noninvasive, noncontact manner to
produce high-resolution cross-sectional images of
the retina. It is particularly useful in evaluating the
extent of diabetic macular edema and in monitor-
ing the efficacy of a given treatment (Fig. 4(1-4)).
Topographic mapping protocol can be utilized for
longitudinally monitoring and objectively quanti-
fying the development of macular edema and
for following the resolution of edema after laser
treatment.

within the macula representing pronounced leakage from

the perifoveal capillaries (3). Multiple areas of
hyperfluorescence in the late-frame angiogram (4)
representing fronds of active retinal neovascularization.
Hypofluorescent areas (4) seen temporally and superiorly
representing ischemic zones of capillary nonperfusion

Novel Therapeutic Approaches

Various novel medical approaches in conjunction
with laser photocoagulation are currently being
explored for the treatment of diabetic retinopathy
and diabetic macular edema. One such treatment
is with ruboxistaurin, a selective PKC-beta inhib-
itor. Hyperglycemia activates protein kinase C,
and the beta-isoform of protein kinase C mediates
early diabetes-induced microvascular complica-
tions, including diabetic macular edema. Animal
models have suggested that ruboxistaurin amelio-
rates hyperglycemia-induced complications. Ini-
tial results of the 30-month data of the randomized
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Fig. 4 Optical coherence
tomography (OCT). OCT
demonstrating persistent
macular edema in a patient
with diabetic retinopathy
(1). Note the collection of
cystic spaces throughout the
retina. Following treatment
with intravitreal
bevacizumab at monthly
intervals, there is
progressive resolution of
the macular edema at

1 month (2) and 2 months
(3) from baseline with
ultimate restitution of the
normal foveal architecture
at the 3-month interval (4)

Protein Kinase C-b Inhibitor Diabetic Macular
Edema Study (PKC-DMES) indicated that treat-
ment with 32 mg of ruboxistaurin daily did
not reduce the risk of progression to sight-
threatening diabetic macular edema or focal/
grid photocoagulation in diabetic patients [59].
However, subgroup analysis of the data revealed
that those treated with ruboxistaurin daily
appeared to have slower progression to sight-
threatening diabetic macular edema than those
taking placebo when the end point excluded pho-
tocoagulation, as different practitioners had dif-
ferent thresholds for initiating photocoagulation
[59]. Thus, the results of this clinical trial dem-
onstrated that daily treatment with ruboxistaurin
is an effective therapy for diabetic macular
edema and diabetic retinopathy.

K. Laud et al.

Pharmacologic inhibition of VEGF is an effec-
tive strategy for diabetic macular edema, due to
its anti-permeability and inflammatory effects.
Introduction of VEGF into normal primate
eyes induces the same pathologic processes as
those seen in diabetic retinopathy, including
microaneurysm formation and increased vascular
permeability [60]. Furthermore, elevated VEGF
levels have been found from the analysis of vitre-
ous samples from patients with diabetic macular
edema [61]. Therefore, VEGF inhibition has gar-
nered interest in ameliorating diabetic retinopathy
and diabetic macular edema, and the development
of anti-VEGF therapy has revolutionized treat-
ment [62]. The utilization of anti-VEGF pharma-
cotherapy allowed for an alternative to focal laser
treatment. Although it has been the mainstay of
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DME treatment for decades, laser monotherapy
has some important limitations including the
development of scotomas or “blind spots” and
altered contrast sensitivity. The first prospective
study to compare laser monotherapy to combined
laser and anti-VEGF was undertaken by the
DRCRnet protocol T [63]. The trial evaluated
intravitreal ranibizumab (Lucentis, Genentech)
or triamcinolone acetonide plus prompt or
deferred focal/grid laser versus laser alone in
854 eyes of patients with DME. Intravitreal
ranibizumab with prompt versus deferred focal/
grid laser was shown to be superior to laser
alone. A greater percentage of the eyes in
the ranibizumab groups achieved a substantial
improvement in best-corrected visual acuity of
two or more lines (10 or more letters) at 1 year.
(Fifty percent in the deferred laser group and 47%
in the prompt laser group, compared with 30% in
the laser alone group.) Loss of two or more lines
of best-corrected visual acuity was determined to
be less common for the ranibizumab groups than
for laser alone. These visual acuity gains were
corroborated anatomically by OCT where the
ranibizumab groups had the most rapid decrease
in macular edema.

The RESTORE study, conducted in Europe,
directly compared ranibizumab monotherapy or
in combination with focal laser to focal laser
alone [64]. In the trial, three initial monthly injec-
tions of ranibizumab were followed by as-needed
(prn) injections of ranibizumab, with the primary
end point at 1 year. Patients were randomized to
either ranibizumab plus sham laser, ranibizumab
plus laser, or sham injection plus laser. It was
determined that ranibizumab injections either
solely or in conjunction with laser were superior
to laser alone.

The RISE and RIDE trials were similar phase
3 clinical trials in which monthly ranibizumab
injections were compared to sham injections for
patients with diabetic macular edema [65]. In
RISE, at 24 months, 18.1% of sham patients
gained >15 letters versus 44.8% of ranibizumab
(0.3 mg) patients. In RIDE, significantly more
ranibizumab-treated patients gained >15 letters:
12.3% of sham patients versus 33.6% of
ranibizumab (0.3 mg) patients. It was determined

421

that in addition to visual acuity gains, patients
treated with ranibizumab had less progression in
the severity of their retinopathy. VISTA and
VIVID were similarly matched studies that com-
pared aflibercept (Eylea, Regeneron, Tarrytown,
NY) to macular laser for DME, and they demon-
strated more than a 10-letter mean improvement in
VA in the aflibercept group, compared to the laser
group [66]. Data from these multicenter trials was
used to support US Food and Drug Administra-
tion (FDA) approval of ranibizumab (RISE/
RIDE) and Eylea (VISTA/VIVID) for treatment
of diabetic macular edema.

Anti-VEGEF therapy in the treatment of DME
has been shown to be highly effective in amelio-
rating anatomical and visual outcomes and is first-
line therapy for center-involving macular edema.
However, the development of diabetic macular
edema is complex integrating multiple intracellu-
lar signaling pathways and thus limiting the effec-
tiveness of anti-VEGF monotherapy. Even when
effective, monotherapy with anti-VEGF therapy
exerts a significant treatment burden for patients
and providers alike due to its transient effects on
edema and potential associated risks of intraocular
infection and retinal detachment with multiple,
repeat injection. Although highly effective, anti-
VEGF monotherapy can often result in refractory
macular edema. Inflammation is well known to
be implicated in the pathogenesis of diabetes
and in the formation of macular edema [67, 68].
Numerous inflammatory mediators have been
involved in diabetic retinopathy and edema
including tumor necrosis factor o (TNF-ar), a
pro-inflammatory cytokine, and interleukin-6
[69]. Two intravitreal implantable steroid devices
have been recently approved by the FDA. The
MEAD study demonstrated that treatment with a
0.7-mg dexamethasone intravitreal implant
(Ozurdex, Allergan, Irvine, CA) every 6 months
(as needed) was effective in visual and anatomical
gains for DME. The percentage of patients with
> 15-letter improvement in BCVA from baseline
at study end was greater with dexamethasone
implant 0.7 mg (22.2%) and DEX implant
0.35 mg (18.4%) than sham (12%) [70]. Similarly,
the FAME study showed yearly treatment
(as needed) with the 0.2 pg/d fluocinolone
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acetonide (Iluvien, Alimera Sciences, Alpharetta,
GA) effective for DME. At 36 months, 27.8% (0.5
ug/day) and 28.7% (0.2 ug/day) of implant-treated
eyes versus 18.9% of sham eyes demonstrated
an improvement of 15 or more letters [71, 72].
Subgroup analysis showed particular benefit
among patients with DME for three or more
years. Corticosteroid-related side effects were
noted in both studies with increased risk of need-
ing incisional glaucoma surgery and progression
of cataracts. The treatment paradigm for DME is
rapidly evolving with the development and FDA
approval of multiple highly effective drugs. Due
to the complex interplay of multiple pathways in
the development of DME, combination therapy of
anti-VEGF, intravitreal steroids, and laser treat-
ment is appealing in providing the most effective
long-term visual and anatomical outcomes.

References

—

. Bell RA. Diabetes 2001 vital statistics. Alexandria:
American Diabetes Association; 2003.

2. National Health and Nutrition Examination Survey
1999-2002. Prevalence of diabetes and impaired
fasting glucose in adults in the U.S. population. Diabe-
tes Care. 2006;29:1263-8.

3. Zimmet P, Alberti KG, Shaw J. Global and societal
implications of the diabetes epidemic. Nature. 2001;
414:782-17.

4. Roy MS, Klein R, O’Colmain BJ, et al. The prevalence
of diabetic retinopathy among adults in the United
States. Arch Ophthalmol. 2004;122:552—63.

5. The Eye Diseases Prevalence Research Group. The
prevalence of diabetic retinopathy among adults in the
United States. Arch Ophthalmol. 2004;122:552-63.

6. Yanko L, Goldbourt U, Michaelson IC, et al. Preva-
lence and 15-year incidence of retinopathy and associ-
ated characteristics in middle-aged and elderly diabetic
men. Br J Ophthalmol. 1983;67:759.

7. Diabetes Control and Complications Trial Research
Group. The effect of intensive diabetes treatment on the
progression of diabetic retinopathy in insulin-dependent
diabetes mellitus. Arch Ophthalmol. 1995;113:36.

8. Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes
on the development and progression of long-term com-
plications in insulin-dependent diabetes mellitus. N
Engl J Med. 1993;329:977.

9. United Kingdom Prospective Diabetes Study Group.

Intensive blood-glucose control with sulphonylureas or

10.

11.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

K. Laud et al.

insulin compared with conventional treatment and risk
of complications in patients with type 2 diabetes
(UKPDS 33). Lancet. 1998;352:837.

Gray A, Raikou M, McGuire A, et al. Cost effective-
ness of an intensive blood glucose control policy in
patients with type 2 diabetes: economic analysis along-
side randomised controlled trial (UKPDS 41). United
Kingdom Prospective Diabetes Study Group. BMJ.
2000;320:1373.

United Kingdom Prospective Diabetes Study Group.
Efficacy of atenolol and captopril in reducing risk of
macrovascular and microvascular complications in
type 2 diabetes: UKPDS 39. BMJ. 1998;317:713.

. Chew EY, Klein ML, Ferris 3rd FL, et al. Association

of elevated serum lipid levels with retinal hard exudate
in diabetic retinopathy. Early Treatment Diabetic Ret-
inopathy Study (ETDRS) report 22. Arch Ophthalmol.
1996;114:1079-84.

. Klein BE, Moss SE, Klein R. Effect of pregnancy on

progression of diabetic retinopathy. Diabetes Care.
1990;13:34-40.

Temple RC, Aldridge VA, Sampson MJ, Greenwood
RH, Heyburn PJ, Glenn A. Impact of pregnancy on the
progression of diabetic retinopathy in type 1 diabetes.
Diabet Med. 2001;18:573-7.

Frank RN, Keirn RJ, Kennedy RA, Frank KW. Galac-
tose induced retinal basement membrane thickening:
prevention by sorbinil. Invest Ophthalmol Vis Sci.
1983;24:1519-24.

Engerman RL, Kern TS. Experimental galactosemia
produces diabetic-like retinopathy. Diabetes. 1984;
33:97-100.

Varma SD. Aldose reductase and the etiology of dia-
betic cataracts. Curr Top Eye Res. 1980;3:91.

Akagi Y, Kador PF, Kuwabara T, et al. Aldose reduc-
tase localization in human retinal mural cells. Invest
Ophthalmol Vis Sci. 1983;24:1516-9.

Akagi Y, Yajima Y, Kador PF, et al. Localization of
aldose reductase in the human eye. Diabetes. 1984;
33:562-6.

Arauz-Pacheco C, Ramirez LC, Pruneda L, Sanborn
GE, Rosenstock J, Raskin P. The effect of the aldose
reductase inhibitor, ponalrestat, on the progression of
diabetic retinopathy. J Diabetes Complications. 1992;
6:131-7.

A randomized trial of sorbinil, an aldose reductase
inhibitor, in diabetic retinopathy: the Sorbinil Retinop-
athy Trial Research Group. Arch Ophthalmol.
1990;108:1234-44.

Ishii KD, King GL. Protein kinase C activation and its
role in the development of vascular complications in
diabetes mellitus. J Mol Med. 1998;76:21-31.

Lynch JJ, Ferro TJ, Blumenstock FA, Brockenauer
AM, Malik AM. Increased endothelial albumin perme-
ability mediated by protein kinase C activation. J Clin
Invest. 1990;85:1991-8.

Wolf BA, Williamson JR, Easom RA, Chang K, Sher-
man WR, Turk J. Diacylglycerol accumulation and



23

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Diabetic Retinopathy

microvascular abnormalities induced by elevated glu-
cose levels. J Clin Invest. 1991;87:31-8.

Xia P, Aiello LP, Ishii H, et al. Characterization of
vascular endothelial growth factor’s effect on the acti-
vation of protein kinase C, its isoforms, and endothelial
cell growth. J Clin Invest. 1996;98:2018-26.

Miller JW, Adamis AP, Aiello LP. Vascular endothelial
growth factor in ocular neovascularization and prolif-
erative diabetic retinopathy. Diabetes Metab Rev.
1997;13:37-50.

Aiello LP, Avery RL, Arrigg PG, et al. Vascular endo-
thelial growth factor in ocular fluid of patients with
diabetic retinopathy and other retinal disorders. N
Engl J Med. 1994;331:1480-7.

Das Evcimen N, King GL. The role of protein kinase C
activation and the vascular complications of diabetes.
Pharmacol Res. 2007;55(6):498-510.

Joy SV, Scates AC, Bearelly S, et al. Ruboxistaurin, a
protein kinase C beta inhibitor, as an emerging treat-
ment for diabetes microvascular complications. Ann
Pharmacother. 2005;39(10):1693-9.

PKC-DRS2 Group, Aiello LP, Davis MD, et al. Effect
of ruboxistaurin on visual loss in patients with diabetic
retinopathy. Ophthalmology. 2006;113(12):2221-30.
Adamis AP, Shima DT, Yeo KT, et al. Synthesis and
secretion of vascular permeability factor/vascular
endothelial growth factor by human retinal pigment
epithelial cells. Biochem Biophys Res Commun.
1993;193:631-8.

Plouet J, Chollet P, Moro F, Malecaze F. Secretion
of VAS/VEGF by retinal pericytes: a paracrine
stimulation of endothelial cell proliferation. Invest
Ophthalmol Vis Sci. 1993;34:900.

Aiello LP, Ferrara N, King GL. Hypoxic regulation and
bioactivity of vascular endothelial growth factor: char-
acterization in retinal microvascular pericytes and pig-
ment epithelial cells. Invest Ophthalmol Vis Sci.
1994;35:1868.

Aiello LP, Avery RL, Arrigg PG, et al. Vascular endo-
thelial growth factor in ocular fluid of patients with
diabetic retinopathy and other retinal disorders. N
Engl J Med. 1994;331(22):1519-20.

Poulsen JE. Recovery from retinopathy in a case of
diabetes with Simmond’s disease. Diabetes. 1953;
2:7-12.

Hyer SL, Sharp PS, Brooks RA, Burrin JM, Kohner
EM. Serum IGF-1 concentration in diabetic retinopa-
thy. Diabet Med. 1988;5:356—-60.

Grant MB, Mames RN, Fitzgerald C, Ellis EA,
Aboufrieckha M, Guy J. Insulin-like growth factor I
acts as an angiogenic agent in rabbit cornea and retina:
comparative studies with basic fibroblast growth factor.
Diabetologia. 1993;36:282-91.

Lee HC, Lee KW, Chung CH, et al. IGF-I of serum and
vitreous fluid in patients with diabetic proliferative
retinopathy. Diabetes Res Clin Pract. 1994;24:85-8.
Connor Jr TB, Roberts AB, Sporn MB, et al. Correla-
tion of fibrosis and transforming growth factor-beta

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

423

type 2 levels in the eye. J Clin Invest. 1989;83(5):
1661-6.

Hirase K, lkeda T, Sotozono C, et al. Transforming
growth factor beta2 in the vitreous in proliferative diabetic
retinopathy. Arch Ophthalmol. 1998;116(6):738-41.

Wu YQ, Becerra SP. Proteolytic activity directed
toward pigment epithelium-derived factor in vitreous
of bovine eyes. Implications of proteolytic processing.
Invest Ophthalmol Vis Sci. 1996;37(10):1984-93.
Dawson DW, Volpert OV, Gillis P, et al. Pigment
epithelium-derived growth factor: a potent inhibitor
of angiogenesis. Science. 1999;285:245-8.
Cunha-Vaz J, Faria de Abreu JR, Campos AJ. Early
breakdown of the blood-retinal barrier in diabetes. Br J
Ophthalmol. 1975;59(11):649-56.

Qaum T, Xu Q, Joussen AM, et al. VEGF-initiated
blood-retinal barrier breakdown in early diabetes.
Invest Ophthalmol Vis Sci. 2001;42(10):2408-13.
The Diabetic Retinopathy Study Research Group.
Design, methods, and baseline results. Diabetic Reti-
nopathy Study (DRS) report number 6. Invest
Ophthalmol Vis Sci. 1981;2:210-26.

The Diabetic Retinopathy Study Research Group. Pho-
tocoagulation treatment of proliferative diabetic reti-
nopathy. Clinical application of Diabetic Retinopathy
Study (DRS) findings, DRS report number 8. Ophthal-
mology. 1981;88(7):583-600.

Early Treatment Diabetic Retinopathy Study Research
Group. Early Treatment Diabetic Retinopathy Study
design and baseline patient characteristics. ETDRS
report number 7. Ophthalmology. 1991;98:741-56.
Early Treatment Diabetic Retinopathy Study Research
Group. Photocoagulation for diabetic macular edema.
Early Treatment Diabetic Retinopathy Study report
number 1. Arch Ophthalmol. 1985;103(12):1796-806.
Early Treatment Diabetic Retinopathy Study Research
Group. Early photocoagulation for diabetic retinopa-
thy. ETDRS report number 9. Ophthalmology. 1991;98
(5 Suppl):766-85.

Early Treatment Diabetic Retinopathy Study Research
Group. Effects of aspirin treatment on diabetic retinop-
athy. ETDRS report number 8. Ophthalmology.
1991;98(5 Suppl):757-65.

The Diabetic Retinopathy Vitrectomy Study
Research Group. Two-year course of visual acuity
in severe proliferative diabetic retinopathy with con-
ventional management. Diabetic Retinopathy Vitrec-
tomy Study (DRVS) report 1. Ophthalmology. 1985;
92(4):492-502.

The Diabetic Retinopathy Vitrectomy Study Research
Group. Early vitrectomy for severe vitreous hemor-
rhage in diabetic retinopathy. Two-year results of a
randomized trial. Diabetic Retinopathy Vitrectomy
Study report 2. Arch Ophthalmol. 1985;103(11):
1644-52.

The Diabetic Retinopathy Vitrectomy Study Research
Group. Early vitrectomy for severe proliferative dia-
betic retinopathy in eyes with useful vision. Results of



424

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

a randomized trial — Diabetic Retinopathy Vitrectomy
Study report 3. Ophthalmology. 1988;95(10):1307-20.
Klein R, Meuer SM, Moss SE, Klein BE. The relation-
ship of retinal microaneurysm counts to the 4-year
progression of diabetic retinopathy. Arch Ophthalmol.
1989;107(12):1780-5.

Early Treatment Diabetic Retinopathy Study Research
Group. Fundus photographic risk factors for progres-
sion of diabetic retinopathy. ETDRS report number 12.
Ophthalmology. 1991;98(5 Suppl):823-33.

Early Treatment Diabetic Retinopathy Study Research
Group. Classification of diabetic retinopathy from fluo-
rescein angiograms. ETDRS report number 11. Oph-
thalmology. 1991;98:807-22.

Early Treatment Diabetic Retinopathy Study Research
Group. Fluorescein angiographic risk factors for pro-
gression of diabetic retinopathy. ETDRS report number
13. Ophthalmology. 1991;98:834-40.

Huang D, Swanson EA, Lin CP, et al. Optical coher-
ence tomography. Science. 1991;254(5035):1178-81.
PKC-DMES Study Group. Effect of ruboxistaurin in
patients with diabetic macular edema: thirty-month
results of the randomized PKC-DMES clinical trial.
Arch Ophthalmol. 2007;125(3):318-24.

Tolentino MJ, Miller JW, Gragoudas ES, et al
Intravitreous injections of vascular endothelial growth
factor produce retinal ischemia and microangiopathy in
an adult primate. Ophthalmology. 1996;103:1820-8.
Funatsu H, Yamashita H, Noma H, et al. Increased
levels of wvascular endothelial growth factor and
interleukin-6 in the aqueous humor of diabetics with
macular edema. Am J Ophthalmol. 2002;133:70-7.
Virgili G, Parravano M, Evans JR, et al. Anti-vascular
endothelial growth factor for diabetic macular oedema.
Cochrane Database Syst Rev. 2014;10:CD007419.
Diabetic Retinopathy Clinical Research Network, Elman
MIJ, Aiello LP, Beck RW, et al. Randomized trial

64.

65.

66.

67.

68.

69.

70.

71.

72.

K. Laud et al.

evaluating ranibizumab plus prompt or deferred laser or
triamcinolone plus prompt laser for diabetic macular
edema. Ophthalmology. 2010;117:1064—77.€35.
Mitchell P, Bandello F, Schmidt-Erfurth U, et al. The
RESTORE study: ranibizumab monotherapy or com-
bined with laser versus laser monotherapy for diabetic
macular edema. Ophthalmology. 2011;118:615-25.
Nguyen QD, Brown DM, Marcus DM, et al.
Ranibizumab for diabetic macular edema: results
from 2 phase III randomized trials: RISE and RIDE.
Ophthalmology. 2012;119:789-801.

Korobelnik J-F, Do DV, Schmidt-Erfurth U, et al.
Intravitreal aflibercept for diabetic macular edema.
Ophthalmology. 2014;121:2247-54.

Antonetti DA, Klein R, Gardner TW. Diabetic retinop-
athy. N Engl J Med. 2012;366:1227-39.

Miyamoto K, Ogura Y. Pathogenetic potential of leu-
kocytes in diabetic retinopathy. Semin Ophthalmol.
1999;14(4):233-9.

Funatsu H, Noma H, Mimura T, Eguchi S, Hori
S. Association of vitreous inflammatory factors with
diabetic macular edema. Ophthalmology. 2009;116:
73-9.

Boyer DS, Yoon YH, Belfort R, et al. Three-year,
randomized, sham-controlled trial of dexamethasone
intravitreal implant in patients with diabetic macular
edema. Ophthalmology. 2014;121:1904—14.
Campochiaro PA, Brown DM, Pearson A, Ciulla T,
Boyer D, Holz FG, et al. Long-term benefit of
sustained-delivery fluocinolone acetonide vitreous
inserts for diabetic macular edema. Ophthalmology.
2011;118:626-35. e2.

Campochiaro PA, Brown DM, Pearson A, Chen S,
Boyer D, Ruiz-Moreno J, et al. Sustained delivery
fluocinolone acetonide vitreous inserts provide benefit
for at least 3 years in patients with diabetic macular
edema. Ophthalmology. 2012;119:2125-32.



	23: Diabetic Retinopathy
	Epidemiology
	Risk Factors of Diabetic Retinopathy
	Duration of Diabetes
	Glycemic Control
	Systemic Hypertension
	Dyslipidemia
	Pregnancy
	Pathophysiology of Diabetic Retinopathy
	Polyol Pathway
	Protein Kinase C Activation
	Growth Factors
	Breakdown of Blood-Retinal Barrier

	Clinical Trials in Diabetic Retinopathy
	Diabetic Retinopathy Study (DRS)
	Early Treatment Diabetic Retinopathy Study (ETDRS)
	Diabetic Retinopathy Vitrectomy Study (DRVS)

	Clinical and Fundus Findings
	Nonproliferative Diabetic Retinopathy (NPDR)
	Proliferative Diabetic Retinopathy (PDR)
	Fluorescein Angiography
	Optical Coherence Tomography (OCT)
	Novel Therapeutic Approaches

	References


