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ABSTRACT

Diabetic retinopathy is a significant life-altering
complication affecting patients with diabetes.
Understanding its pathogenesis, prevention, and
treatment is critical to delivering effective and
comprehensive care for patients with diabetes at all
stages. This review discusses the risk factors,
epidemiology, pathogenesis, clinical features, and
treatment options for diabetic retinopathy, with an
emphasis on practical information useful for
endocrinologists and other non-ophthalmologists.

INTRODUCTION

Diabetic retinopathy (DR) is the most common
microvascular complication of diabetes and a leading
cause of blindness worldwide and in the US." The
individual lifetime risk of DR is estimated to be 50-60%
in patients with type 2 diabetes and over 90% in
patients with type 1 diabetes.* It is one of the most
frequent causes of blindness in adults between 20-74
years of age in developed countries.® The same
pathologic mechanisms that damage the kidneys and
other organs affect the microcirculation of the eye.®
With the global epidemic of diabetes, one expects that
diabetes will be the leading global cause of vision loss

in many countries."? While DR is specific for diabetes,
other eye disorders, such as glaucoma and cataracts,
occur earlier and more frequently in people with
diabetes.®

Often, by the time patients seek ophthalmologic
examination and treatment, there are significant
alterations of the retinal microvasculature. Therefore,
it is important for non-ophthalmologists to recognize
the importance of eye disease in patients with
diabetes so that appropriate referral to eye-care
specialists can be a part of their diabetes management
program.

EPIDEMIOLOGY

In the Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR), the prevalence of DR in
patients with type 1 diabetes was 17% in those with
less than 5 years of diabetes vs 98% in those with 15
or more years of diabetes.® Proliferative diabetic
retinopathy (PDR) was absent in patients with type 1
diabetes of short duration but present in 48% of those
with 15 or more years of diabetes. In patients with type
1 diabetes, the 25-year rate of progression of DR was
83%, with progression to PDR occurring in 42% of
patients.” Improvement of DR was observed in 18% of

www.EndoText.org 1


http://www.endotext.org/

patients with type 1 diabetes. In the WESDR, 3.6% of
patients with type 1 diabetes were legally blind, and
86% of the blindness was attributable to DR.2 The risk
of blindness increases with the duration of diabetes.

In the WESDR, patients with type 2 diabetes of less
than 5 years had a prevalence of DR of 28%, while in
patients with greater than 15 years of diabetes, the
prevalence was 78%.° A considerable number of
patients with type 2 diabetes (12-19%) have DR at the
time of the diagnosis of diabetes." The prevalence of
PDR was relatively low in patients with type 2 diabetes
(2%) in patients with less than 5 years duration vs 16%
in patients with greater than 15 years duration of
diabetes.® The prevalence of DR and PDR was greater
in the patients with type 2 diabetes using insulin. In the
patients with type 2 diabetes, 1.6% were legally blind,
and one-third of cases of legal blindness were due to
DR.®

Of note, the WESDR cohort is 99% white, and data
suggest a higher prevalence of DR in Mexican-
Americans and African-Americans with type 2
diabetes.®%'° Asians appear to have the same or lower
prevalence of DR.""® DR occurs in both males and
females with diabetes, but males appear to be at a
slightly higher risk.® Diabetic macular edema (DME)
occurs more commonly in patients with type 2
diabetes, and with the marked increase in the
prevalence of type 2 diabetes, DME is becoming more
common.? DME is over two times more prevalent than
PDR.®

In a pooled analysis of 35 studies between 1980 and
2008, among 22,896 individuals with diabetes, the
overall prevalence of DR was 34.6%, PDR 6.96%,
DME 6.81%, and vision-threatening DR 10.2%."" The
longer the duration of diabetes, the greater the
prevalence of all of these diabetic eye
manifestations.”” Moreover, the prevalence of DR,
PDR, and DME was greater in patients with type 1
diabetes (77%, 32%, and 14%) compared to patients
with type 2 diabetes (32%, 3, and 6%).""’

In developed countries the incidence and the risk of
progression of DR have greatly declined in patients
with type 1 and type 2 diabetes."?'> The WESDR
showed that from 1980 to 2007, the estimated annual
incidence of PDR decreased by 77%, and vision
impairment decreased by 57% in patients with type 1
diabetes.” In an analysis of 28 studies with 27,120
patients, the rates of DR and PDR were lower among
participants in 1986-2008 than in 1975-1985." Thus,
patients with recently diagnosed type 1 or type 2
diabetes in developed countries have a much lower
risk of PDR, DME, and visual impairment as compared
with patients who developed diabetes in the past.'?
This marked decrease in the prevalence and
incidence of DR and vision impairment is likely due to
improved glycemia control, early screening for eye
disease, and the more aggressive treatment of blood
pressure.’ However, in countries with limited medical
resources, this reduced risk of DR and vision
impairment is not occurring.?

In caring for patients with diabetes, health care
providers must bear in mind the substantial risks of
developing visual loss that these patients face and the
treatments that can reduce this risk. For affected
patients, diabetes-related visual loss decreases the
quality of life and interferes with the performance of
daily activities.

RISK FACTORS
Hyperglycemia

The most important treatable risk factor for the
development of DR is hyperglycemia. In patients with
both type 1 and type 2 diabetes, elevated HbA1c
levels are associated with an increased risk and
progression of DR.27™'  Most importantly,
randomized controlled trials comparing intensive
glycemic control vs. usual care demonstrated a
decrease in DR. A meta-analysis of 6 relatively small
randomized trials prior to the publication of the
Diabetes Control and Complications Trial (DCCT)
reported that after 2 to 5 years of intensive therapy the
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risk of retinopathy progression was significantly
reduced (OR 0.49, P = 0.011)." Intensive therapy
significantly retarded retinopathy progression to more
severe states such as PDR or changes requiring laser
treatment (OR 0.44, P = 0.018)."

The DCCT was a randomized, controlled study of
intensive glycemic control (HbA1c approximately 7%)
vs. usual care (HbA1c approximately 9%) in 1,441
patients with type 1 diabetes.'® This study found that
intensive glucose control reduced the risk of
developing retinopathy by 76% compared to usual
care. In patients with pre-existing retinopathy,
intensive control slowed progression of the DR by
54%."® For every 10% reduction in HbA1c (e.g., 10%
to 9% or 9% to 8.1%) the risk of retinopathy
progression was reduced on average by 44%."° The
DCCT participants were followed in an observational
Epidemiology of Diabetes Interventions and
Complications (EDIC) study. During the EDIC study,
the mean HbA1c levels became very similar in the
intensive and usual care group, with the HbA1c of the
intensive treatment group increasing to approximately
8% and the usual care group HbA1c decreasing to
approximately 8%."® Despite the similar A1c levels in
the 2 groups over 30 years there continued to be an
approximately 50% risk reduction of further DR
progression and the development of PDR and DME in
the original intensive control group, a phenomenon
termed metabolic memory.' These results indicate
the need for early intensive glucose control.

In the Kumamoto study, 110 patients with type 2
diabetes were randomly assigned to a multiple insulin
injection treatment group (MIT group) or to a
conventional insulin injection treatment group (CIT
group) and followed for 6 years.?>?' HbA1c levels were
7.1% in the MIT group and 9.4% in the CIT group.
Moreover, the development of DR after 6 years was
7.7% for the MIT group and 32.0% for the CIT group
in the primary-prevention cohort (no microvascular
disease at baseline) (P = 0.039), and progression of
DR occurred in 19.2% of the MIT group and 44.0% of
the CIT group in the secondary-intervention cohort

(microvascular disease at baseline) (P = 0.049). This
study demonstrated that improved glycemic control
reduced DR in patients with type 2 diabetes.

In the UK Prospective Diabetes Study (UKPDS), 3,867
newly diagnosed patients with type 2 diabetes were
randomized to diet therapy alone or to sulfonylureas
or insulin with the goal of achieving a fasting glucose
of 108 mg/dL (6mMol/L) in those treated with
sulfonylureas or insulin (intensive group). Over 10
years, HbA1c levels were approximately 7.0% in the
patients treated with sulfonylureas/insulin therapy
compared with 7.9% in the diet group. This study
found a 25% reduction in the risk of microvascular
endpoints, including the need for retinal laser
treatment, with intensive glucose control.??> A risk
reduction of 21% per 1% decrease in HbA1c was
observed in this trial. Patients were closely followed
after the study ended, and HbA1c levels after one year
became similar in the two groups. Similar to the results
seen in the DCCT/EDIC study, the benefits on
microvascular disease persisted in the intensive
control group, confirming the concept of metabolic
memory in patients with type 2 diabetes.??

The ACCORD study was a randomized trial that
enrolled 10,251 individuals with type 2 diabetes of a
mean duration of 10 years who were at high risk for
cardiovascular disease to receive either intensive or
standard treatment for glycemia (HbA1c 6.4% vs.
7.5%). A subgroup of 2,856 individuals were evaluated
for the effects of intensive vs. standard care at 4 years
on the progression of diabetic retinopathy by 3 or more
steps on the Early Treatment Diabetic Retinopathy
Study Severity Scale. After 4 years, the rates of
progression of diabetic retinopathy were 7.3% in the
intensive group vs.10.4% in the standard therapy
group (odds ratio, 0.67; P=0.003).% It should be noted
that in an analysis of the entire ACCORD study cohort,
three-line change in visual acuity was reduced in the
intensive control group (HR 0.94, CI 0.89-1.00;
p=0.05) but no differences in photocoagulation,
vitrectomy, or severe visual loss were observed.®
Four years after the ACCORD trial ended, DR
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progressed in 5.8% of the intensive treatment group
vs.12.7% in the standard treatment group (odds ratio
0.42, P <0.0001),?® once again confirming the concept
of metabolic memory.

It should be noted that two large cardiovascular
outcome trials, the ADVANCE trial and the VADT,
failed to demonstrate a benefit of intensive glucose
control on diabetic retinopathy.?”?® However, these
trials enrolled patients who already had diabetes for
several years prior to enrollment, so they likely had not
had the opportunity to develop the metabolic memory
that could vyield better retinopathy outcomes.
Additionally, a meta-analysis of the four large
cardiovascular outcome studies in patients with type 2
diabetes (UKPDS, ACCORD, ADVANCE, and VADT)
found that more intensive glucose control resulted in a
decrease in HbA1c of -0.90% and a 13% reduction in
the need for retinal photocoagulation therapy or
vitrectomy, development of PDR, or progression of
DR.?® Another meta-analysis of 7 trials with 10,793
participants reported a 20% decrease in DR with
intensive glycemic control (0.80, 0.67 to 0.94;
P=0.009).%

Taken together, these results clearly demonstrate that
in patients with both type 1 and type 2 diabetes,
improvements in glycemic control will reduce the risk
of the development and progression of DR.

Rapid Improvement in Glycemic Control

Deterioration of DR, upon initiation of intensive
diabetes treatment, was described in the 1980s in
patients with type 1 diabetes who were treated
intensively with continuous subcutaneous insulin
infusions.®~** In patients with poor glycemic control
and DR, rapidly improving glycemic control can
worsen DR and, in some instances, result in PDR or
DME. This worsening can occur as soon as 3 months
after initiating intensive glycemic control. In the DCCT
early worsening was observed at the 6- and/or 12-
month visit in 13.1% of patients in the intensive
treatment group and in 7.6% of patients assigned to

conventional treatment (odds ratio, 2.06; P < .001).%
In the DCCT the most important risk factors for early
worsening of DR were a higher HbA1c level and
reduction of this level during the first 6 months of
treatment.® It must be recognized that in the DCCT
the long-term ophthalmic outcomes in intensively
treated patients who had early worsening were similar
to or more favorable than outcomes in conventionally
treated patients. This early worsening of DR with
improved glycemic control has also been described in
patients with type 2 diabetes treated with insulin or
GLP-1 agonists, following bariatric surgery, in
pregnant women with diabetes, and following
pancreatic transplants in patients with type 1
diabetes.*® The mechanism(s) leading to early
worsening of DR with improvements in glycemic
control are unknown (36). The FOCUS study
(NCT03811561) is evaluating this further by
comparing the rate of 3-step ETDRS severity level
progression, and other DR-related outcomes, at 5
years in patients on semaglutide versus placebo.

While this worsening is distressing, it must be
recognized that the long-term benefits of improving
glycemic control on DR greatly outweigh the risks of
early worsening.

Hypertension

In the WESDR, blood pressure (BP) was not related to
incidence or progression of retinopathy in the patients
with type 2 diabetes using insulin or the type 2 patients
not using insulin, but in the patients with type 1
diabetes systolic BP was a significant predictor of the
incidence of DR.*" In contrast, in the UKPDS and other
studies high BP in patients with type 2 was associated
with the development of DR.%'%38 |n one prospective
study the risk of DR increased by 30% for every 10
mm Hg increase in systolic BP at baseline.*

While observational studies can show an association,
randomized controlled trials are required to
demonstrate causation and the benefits of treatment.
A number of studies have examined the effect of
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lowering BP in patients with hypertension on the
development and progression of DR.

STUDIES IN PATIENTS WITH HYPERTENSION

The UKPDS examined the effect of tight vs. less tight
BP control in 1,148 hypertensive patients with type 2
diabetes.* In the tight BP control group (captopril and
atenolol), BP was significantly reduced compared to
the less tight group (144/82 mm Hg vs.154/87 mm Hg;
(P<0.0001). After nine years the tight BP control group
had a 34% reduction in the deterioration of retinopathy
(P=0.0004) and a 47% reduced risk (P=0.004) of
deterioration in visual acuity. Additionally, patients in
the tight BP group were less likely to undergo
photocoagulation (RR, 0.65; P = 0.03), a difference
primarily due to a decrease in photocoagulation due to
maculopathy (RR, 0.58; P = 0.02).*" In contrast to
glycemic control, the benefits of lowering BP were not
sustained when therapy was discontinued and the
differences in blood pressure were not maintained,
indicating the absence of metabolic memory.*?

The HOPE study was a randomized study that
compared ramipril vs. placebo in 3,577 participants
with diabetes who had a previous cardiovascular
event or at least one other cardiovascular risk factor.*®
The baseline BP was approximately 142/80 mm Hg,
and BP decreased by 1.92/3.3 mm Hg in the ramipril
group vs a 0.55 mm Hg increase in systolic BP and
2.30 mm Hg decrease in diastolic BP in the placebo
group. This study was not focused on DR but did
report that the need for laser was 9.4% in the ramipril
group vs. 10.5% in the placebo group (22% decrease;
P=0.24). Another ACE inhibitor, lisinopril, was found in
a two-year, placebo-controlled trial to be associated
with lower rates of retinopathy progression in non-
hypertensive patients with type 1 diabetes.*

The ADVANCE study examined the effect of BP
control on DR in 1,241 patients with type 2 diabetes.*
Patients were randomized to BP-lowering agents
(perindopril and indapamide) or placebo and followed
for approximately 4-5 years. Baseline BP was

approximately 143/79 mmHg. In the group
randomized to BP medications, a decrease in systolic
BP of 6.1+1.2 mmHg and diastolic BP of 2.3+0.6
mmHg was observed (p<0.001 for both). Fewer
patients on BP lowering therapy experienced new or
worsening DR compared with those on placebo (OR
0.78; 95% CI 0.57-1.06; p=0.12), but the difference
was not quite statistically significant; as mentioned
above, this could be attributable to the fact that
patients had diabetes for a long period prior to
enrollment. Certain secondary outcomes were
significantly reduced (for example DME) in the BP
lowering group, but most other eye end points were
not significantly decreased compared to the placebo
group.

The ACCORD eye study evaluated 2,856 patients with
type 2 diabetes for the effect of intensive BP control
(BP<120 mm Hg) vs standard BP control (BP<140 mm
Hg) on the progression of DR after 4 years of
treatment.? Systolic BP was 117 mm Hg in the
intensive-therapy group and 133 mm Hg in the
standard-therapy group. The progression of DR was
10.4% with intensive blood-pressure therapy vs. 8.8%
with standard therapy (adjusted odds ratio, 1.23;
P=0.29).

The Appropriate Blood Pressure Control in Diabetes
(ABCD2) Trial was a randomized blinded trial that
compared the effects of intensive versus moderate BP
control in 470 patients with type 2 diabetes and
hypertension.*® The intensive group was treated with
either nisoldipine or enalapril, while the usual care BP
group received placebo. The mean blood pressure
achieved was 132/78 mm Hg in the intensive group
and 138/86 mm Hg in the moderate group. Over the 5-
year follow-up period, there was no difference in the
progression of DR between the intensive and
moderate groups.

Thus, in patients with hypertension, randomized trials
of lowering BP have not consistently shown beneficial
effects on DR.
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BASIS FOR VARIABILITY

There are numerous possible explanations for the
differences in results between these studies. First, the
duration of diabetes prior to enrollment in a diabetes-
management trial will impact the subsequent
outcomes and risk of developing complications.
Second, the severity of the hypertension may be
important, with greater responses in individuals with
higher BP levels. Third, the magnitude of the reduction
in BP may be important, with greater benefit with
greater decreases in BP. Fourth, the duration of the
study may be an important variable, with the longer the
study the greater the chances of benefits. Fifth, the
presence of DR at baseline and the severity of DR at
baseline may influence the response to BP lowering.
Sixth, patient variables such as glycemic control, age,
diabetes type, duration of diabetes, etc., may influence
results. Finally, the drugs used to lower BP may be a
key variable as described below.

STUDIES IN PATIENTS WITH NORMAL BP

Because of the potential benefits of angiotensin
converting enzyme inhibitors (ACE inhibitors) and
angiotensin receptor inhibitors (ARBs) (Renin-
Angiotensin  System  (RAS) inhibitors) on
microvascular disease independent of BP effects, a
number of studies have explored the effects of these
drugs on DR in patients without elevated BP. Below
we briefly describe the largest of these studies.

The EUCLID trial was a randomized double-blind
placebo-controlled trial in 354 patients with type 1
diabetes who were not hypertensive and were
normoalbuminuric (85%) or microalbuminuric.** Study
participants were randomized to lisinopril or placebo
and followed for 2 years. Systolic BP was 3 mm Hg
lower in the lisinopril group than in the placebo group.
DR progressed in 23.4% of patients in the placebo
group and 13.2% of patients in the lisinopril group
(p=0.02). Notably progression to PDR was also
reduced in the lisinopril treated group.

The Appropriate Blood Pressure Control in Diabetes
(ABCD1) trial was a randomized trial in 480
normotensive type 2 diabetic subjects of more
intensive vs. usual BP control.*” The intensive group
was treated with either nisoldipine or enalapril, while
the usual care BP group received placebo. Mean BP
in the intensive group was 128/75 mm Hg vs. 137/81
mm Hg in the placebo group (P < 0.0001). After a
mean follow-up of 5.4 years, the intensive BP control
group demonstrated less progression of diabetic
retinopathy (34% vs. 46%, P = 0.019). PDR developed
in 0% of patients in the intensive therapy group vs.
3.9% in the placebo group. However, in patients who
at baseline did not have DR, the number of patients
developing retinopathy was similar in the two groups
(39% of patients in the intensive therapy group vs.
42% in the placebo group).

The DIRECT- Prevent 1 trial was a randomized,
double-blind, placebo-controlled trial in 1,421
normotensive, normoalbuminuric individuals with type
1 diabetes without retinopathy.*® Patients were
randomized to candesartan or placebo and followed
for 4.7 years. Mean systolic and diastolic BP was
reduced by 2.6 mm Hg and 2.7 mm Hg, respectively,
in the candesartan group vs. the placebo group. DR
developed in 25% of the participants in the
candesartan group vs. 31% in the placebo group (18%
decrease).

The Direct Protect 1 was a randomized, double-blind,
placebo-controlled trial in 1,905 normotensive,
normoalbuminuric patients with type 1 diabetes with
existing retinopathy.*® Patients were randomized to
candesartan or placebo and followed for 4.7 years.
Mean systolic and diastolic BP was reduced by 3.6
mm Hg and 2.5 mm Hg, respectively, in the
candesartan group versus the placebo group. There
was an identical 13% progression of DR in the placebo
and candesartan groups, and progression to the
combined secondary endpoint of PDR or clinically
significant DME, or both, did not differ between the two
groups.
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The DIRECT-Protect 2 trial was a randomized,
double-blind, placebo-controlled trial in 1,905
normoalbuminuric, normotensive, or treated
hypertensive people with type 2 diabetes with mild to
moderately severe retinopathy.*® Patients were
randomized to candesartan or placebo and followed
for 4.7 years. The decrease in systolic/diastolic blood
pressure was 4.3/25 mmHg greater in the
candesartan group than in the placebo group in
individuals who were receiving antihypertensive
treatment at baseline (p<0-0001 for both), and for
those not on anti-hypertensive therapy at baseline the
decrease was 2.9/1.3 mm Hg (p=0.0003/p=0.0045).
The risk of progression of retinopathy was non-
significantly reduced by 13% in patients on
candesartan compared to the placebo group (HR 0.87;
p=0.20). However, regression on active treatment was
increased by 34% (HR 1.34; p=0.009), and overall
change towards less severe retinopathy by the end of
the trial was observed in the candesartan group (odds
1.17; p=0.003).

The RASS trial was a controlled trial involving 223
normotensive patients with type 1 diabetes and
normoalbuminuria and who were randomly assigned
to receive losartan, enalapril, or placebo.”® The
systolic and diastolic BP during the study were lower
in the enalapril group (113/66 mm Hg) and the losartan
group (115/66 mm Hg) than in the placebo group
(117/68 mm Hg) (P<0.001 for the two systolic and
P<0.02 for the two diastolic comparisons,
respectively). After 5 years progression in DR
occurred in 38% of patients receiving placebo but only
25% of those receiving enalapril (P=0.02) and 21% of
those receiving losartan (P=0.008).

META-ANALYSIS OF ACE INHIBITORS AND ARBS

Many of the studies described above used either an
ACE inhibitor or an ARB with variable results on DR.
To better understand the effect of RAS inhibitors on
DR, a meta-analysis has extensively examined these
studies and a number of other trials.*" In 7 studies with
3,705 participants without DR, RAS inhibitors reduced

the development of DR by 27% (p= 0.00006). This
decrease in the development of DR was seen in
patients with both type 1 and type 2 diabetes and
patients who were hypertensive or normotensive. In
16 studies with 9,580 participants with pre-existing
DR, RAS inhibitors decreased the progression of DR
by 13% (p=0.00006). This decrease in progression of
DR was seen in patients with both type 1 and type 2
diabetes and patients who were normotensive. In
hypertensive patients there was a trend (7%
decrease) that was not statistically significant. It
should be noted that in the hypertensive patients RAS
inhibitors were compared to other hypertensive drugs,
and the number of hypertensive participants was
relatively small (n=839). Therefore, the absence of a
decrease in progression of DR in hypertensive
patients is not definitive. Six studies with 2,624
participants examined the effect of RAS inhibitors on
inducing regression of DR. RAS inhibitors increased
the regression of DR by 39% (p=0.00002), and this
beneficial effect was seen in patients with type 1 and
type 2 diabetes. ACE inhibitors were more effective in
reducing the development, progression, and
regression of DR than ARBs. Thus, with the data
available, RAS inhibitors appear to have benefits on
DR above and beyond their effects on BP control.

CONCLUSION

Observational studies have shown an association of
elevated BP with a higher risk of DR. As should be
obvious from the above discussion, the beneficial
effects of lowering BP in hypertensive patients on DR
have not produced consistent results. Several large
carefully carried out studies have failed to
demonstrate a beneficial effect of lowering BP on DR
(ACCORD, ADVANCE, ABCD?2). Potential reasons for
this inconsistency were discussed above. It is unlikely
that future studies will provide definitive data on this
issue, as lowering BP in hypertensive patients with
diabetes to prevent -cardiovascular disease is
essential, and therefore designing clinical trials
regarding DR will be very difficult. From the clinician’s
viewpoint, treating hypertension in patients with
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diabetes to prevent cardiovascular disease is standard
therapy and may also have beneficial effects DR.
Similar to the beneficial effects on renal disease, RAS
inhibitors appear to decrease the development and
progression of DR, and therefore when treating
patients with diabetes who are hypertensive, one
should be preferentially consider RAS inhibitors to
lower BP in patients with or at high risk of DR. In
normotensive patients the available data suggests that
RAS inhibition will have beneficial effects on DR, and
further studies in this population are possible and
would be informative.

Hyperlipidemia

Observational studies of the association of plasma
lipids with DR have been inconsistent 5 with some
studies reporting an increased risk of DR with elevated
lipid levels,*>*~°" while other studies have not observed
a relationship between lipid levels and DR.'0:38:58-60 Of
note a Mendelian randomization study did not
demonstrate a causal role of total cholesterol, LDL
cholesterol, HDL cholesterol, or triglycerides on DR.®"
From the clinician’s point of view the key question is
whether lowering lipid levels will have a beneficial
effect on DR.

FIBRATES

Small studies in the 1960’s presented evidence that
treatment with  clofibrate  improved diabetic
retinopathy.®>®® Larger randomized studies have
confirmed these observations.

The Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) study was a randomized trial in
patients with Type 2 diabetes. Patients were randomly
assigned to receive either fenofibrate 200 mg/day
(n=4895) or placebo (n=4900). Laser treatment for
retinopathy was significantly lower in the fenofibrate
group than in the placebo group (3.4% patients on
fenofibrate vs 4.9% on placebo; p=0.0002).%*
Fenofibrate therapy reduced the need for laser
therapy to a similar extent for maculopathy (31%

decrease) and for proliferative retinopathy (30%
decrease). In the ophthalmology sub-study (n=1012),
the primary endpoint of 2-step progression of
retinopathy grade did not differ significantly between
the fenofibrate and control groups (9.6% patients on
fenofibrate vs 12.3% on placebo; p=0.19). In patients
without pre-existing retinopathy there was no
difference in progression (11.4% vs 11.7%; p=0.87).
However, in patients with pre-existing retinopathy,
significantly fewer patients on fenofibrate had a 2-step
progression than did those on placebo (3.1% patients
vs 14.6%; p=0.004). A composite endpoint of 2-step
progression of retinopathy grade, macular edema, or
laser treatments was significantly reduced in the
fenofibrate group (HR 0.66, 95% CIl 0.47-0.94;
p=0.022).

In the ACCORD Study a subgroup of participants was
evaluated for the progression of diabetic retinopathy
by 3 or more steps on the Early Treatment Diabetic
Retinopathy Study Severity Scale or the development
of diabetic retinopathy  necessitating laser
photocoagulation or vitrectomy over a four-year
period.?* At 4 vyears, the rates of progression of
diabetic retinopathy were 6.5% with fenofibrate
therapy (n=806) vs. 10.2% with placebo (n=787)
(adjusted odds ratio, 0.60; 95% CI, 0.42 to 0.87; P =
0.006). Of note, this reduction in the progression of
diabetic retinopathy was of a similar magnitude as
intensive glycemic treatment vs. standard therapy.

A double-blind, randomized, placebo-controlled study
in 296 patients with type 2 diabetes mellitus and DR
evaluated the effect of placebo or etofibrate on DR.®®
After 12 months an improvement in ocular pathology
was more frequent in the etofibrate group vs the
placebo group ((46% versus 32%; p< 0.001).

The MacuFen study was a small double-blind,
randomized, placebo-controlled study in 110 subjects
with- DME who did not require immediate
photocoagulation or intraocular treatment. Patients
were randomized to fenofibrate for placebo for 1 year.
Patients treated with fenofibrate acid had a modest
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improvement in total macular volume that was not
statistically significant compared to the placebo group.

Based on these trials a large trial specifically designed
to investigate the ocular effects of fenofibrate was
carried out (The Lowering Events in Non-proliferative
retinopathy in Scotland (LENS) trial).?*® In this trial
1151 patients with diabetic retinopathy or maculopathy
were randomized to fenofibrate 145mg (n= 576) or
placebo (n= 575) for a median of 4.0 years.
Progression of diabetic retinopathy or maculopathy
requiring referral or treatment (primary endpoint)
occurred in 22.7% of patients in the fenofibrate group
and 29.2% of patients in the placebo group (HR 0.73;
95% CI 0.58 to 0.91; P=0.006). Any progression of
retinopathy or maculopathy was reduced by 26%, the
development of macular edema by 50%, and the need
for treatment with intravitreal injection, retinal laser,
vitrectomy by 42% in the fenofibrate group.

Taken together these results indicate that fibrates
have beneficial effects on the progression of diabetic
retinopathy.®® The mechanisms by which fibrates
decrease diabetic retinopathy are unknown, and
whether decreases in serum triglyceride levels plays
an important role is uncertain. Fibrates activate PPAR
alpha, which is expressed in the retina.®” Diabetic
PPARa KO mice developed more severe DR while
overexpression of PPARa in the retina of diabetic rats
significantly  alleviated diabetes-induced retinal
vascular leakage and retinal inflammation, suggesting
that fibrates could have direct effects on the retina to
reduce DR.%’

STATINS

Several large database studies have suggested that
statin use reduces the development of DR.®%"
Unfortunately, the number of randomized clinical trials
testing the hypothesis that statin therapy reduces DR
development or progression is very limited.

In a study by Sen and colleagues, 50 patients with
diabetes mellitus (Type 1 and 2) with good glycemic

control and hypercholesterolemia and having DR were
randomized to simvastatin vs. placebo.” Visual acuity
improved in four patients using simvastatin and
decreased in seven patients in the placebo group and
none in the simvastatin group (P = 0.009). Fundus
fluorescein  angiography and color  fundus
photography showed improvement in one patient in
the simvastatin group, while seven patients showed
worsening in the placebo group (P = 0.009).

In a study by Gupta and colleagues, 30 patients with
type 2 diabetes with clinically significant macular
edema, dyslipidemia, and grade 4 hard exudates were
randomized to receive atorvastatin or no lipid lowering
drugs.” All patients received laser therapy. Ten
(66.6%) of 15 patients treated with atorvastatin and
two (13.3%) of 15 patients in the control group showed
a reduction in hard exudates (P =.007). None of the
patients treated with atorvastatin and five (33.3%) of
15 in the control group showed subfoveal lipid
migration after laser photocoagulation (P =.04).
Regression of macular edema was seen in nine eyes
in the atorvastatin group and five in the control group
(P =.27).

In a study by Narang and colleagues, 30 patients with
clinically significant macular edema with a normal lipid
profile were randomly treated with atorvastatin or with
no lipid lowering drugs. All patients received laser
therapy. After a 6-month follow-up visual acuity,
macular edema and hard exudates resolution was not
significantly different in the two groups.

The data on the benefit of statin therapy on DR are not
very strong. Given the current recommendations to
prevent cardiovascular disease, most patients with
diabetes are treated with statins, and therefore it is
unlikely that large, randomized trials of the effect of
statin therapy on DR are feasible.

OMEGA-3-FATTY ACIDS

A Study of Cardiovascular Events in Diabetes
(ASCEND) was a randomized, placebo controlled,
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double blind, cardiovascular outcome trial of 1-gram
omega-3-fatty acids (400 mg EPA and 300 mg DHA
ethyl esters) vs. olive oil placebo in 15,480 patients
with diabetes without a history of cardiovascular
disease (primary prevention trial).”* Total cholesterol,
HDL-C, and non-HDL-C levels were not significantly
altered by omega-3-fatty acid treatment (changes in
TG levels were not reported). After a mean follow-up
of 7.4 years the development of retinopathy and the
need for laser therapy based on self-report was similar
in the omega-3-fatty acid and placebo group.
Additionally, there was no difference in patients being
referred for retinopathy or maculopathy.” Thus, at
this time there is no evidence that omega-3-fatty acids
influence DR.

NIACIN

It has been estimated that 0.67% of patients treated
with niacin develop macular edema.”

Pregnancy

Diabetic retinopathy may progress during pregnancy
and up to one year postpartum. For additional
information on retinopathy during pregnancy see the
chapter in Endotext on “Diabetes in Pregnancy.”’®

Genetics

Some individuals develop DR despite good glycemic
control and short duration of disease, while others do
not develop DR, even with poor glycemic control and
longer duration of diabetes.”” Additionally, the
strongest environmental factors (duration of diabetes
and HbA1c) only explained about 11% of the variation
in DR risk in the DCCT trial and 10% in the WESDR
study.'®"® Thus, factors other than glycemic control
play an important role. There is a familial relationship
in the development of DR, as twin and family studies
indicate a genetic basis.”®®® The differences in the
prevalence of DR in different ethnic groups may be
related to genetic factors.”” Unfortunately, the
identification of genetic susceptibility loci for DR

through candidate gene approaches, linkage studies,
and GWAS has not provided conclusive results.”®®
From a clinician’s point of view, if there is a family
history of DR, one should aggressively control risk
factors for DR and ensure close eye follow-up.

SCREENING

The American Academy of Ophthalmology has
recommended screening for diabetic retinopathy 5
years after diagnosis in patients with type 1 diabetes,
and at the time of diagnosis in patients with type 2
diabetes. Patients without retinopathy should undergo
dilated fundus examination annually. If mild non-
proliferative diabetic retinopathy (NPDR) is present,
exams should be repeated every 9 months. Patients
with moderate NPDR should be examined every 6
months. In severe NPDR, exams should be conducted
every 3 months. Patients with a new diagnosis of
proliferative diabetic retinopathy should be examined
every 2 to 3 months, until they are deemed stable, at
which point examinations can be performed less
frequently. During pregnancy, patients should be
examined every 3 months, since retinopathy can
progress rapidly in this setting (2019 AAO preferred
practice pattern document for monitoring diabetic
retinopathy: https://www.aao.org/preferred-practice-
pattern/diabetic-retinopathy-ppp).

The American Diabetes Association 2024 guidelines °
recommend the following:

o Adults with type 1 diabetes should have an initial
dilated and comprehensive eye examination by
an ophthalmologist or optometrist within 5 years
after the onset of diabetes.

o Patients with type 2 diabetes should have an
initial dilated and comprehensive eye examination
by an ophthalmologist or optometrist at the time
of the diabetes diagnosis.

o |If there is no evidence of retinopathy for one or
more annual eye exams and glycemia is well
controlled, then screening every 1-2 years may
be considered. If any level of diabetic retinopathy

www.EndoText.org 10


http://www.endotext.org/
https://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp
https://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp

is present, subsequent dilated retinal
examinations should be repeated at least
annually by an ophthalmologist or optometrist. If
retinopathy is progressing or sight-threatening,
then examinations will be required more
frequently.

e Programs that use retinal photography (with
remote reading or use of a validated assessment
tool) to improve access to diabetic retinopathy
screening can be appropriate screening
strategies for diabetic retinopathy. Such programs
need to provide pathways for timely referral for a
comprehensive eye examination when indicated.

e Women with preexisting type 1 or type 2 diabetes
who are planning pregnancy or who are preghant
should be counseled on the risk of development
and/or progression of diabetic retinopathy.

e Eye examinations should occur before pregnancy
or in the first trimester in patients with preexisting
type 1 or type 2 diabetes, and then patients
should be monitored every trimester and for 1
year postpartum as indicated by the degree of
retinopathy.

PATHOGENESIS

Various mechanisms account for the features of
diabetic retinopathy. Histopathologic analysis shows
the thickening of capillary basement membranes,
microaneurysm formation, loss of pericytes, capillary
acellularity, and neovascularization. Microaneurysms,
outpouchings of the capillary wall, serve as sites of

fluid and lipid leakage, which can lead to the
development of diabetic macular edema. Theories on
the biochemistry of these end-organ changes include
toxic effects from sorbitol accumulation, vascular
damage by excessive glycosylation with crosslinking
of basement membrane proteins, and activation of
protein kinase C-R2 by vascular endothelial growth
factor (VEGF), leading to increased vascular
permeability and endothelial cell proliferation. VEGF,
produced by the retina in response to hypoxia, is
believed to play a central role in the development of
neovascularization."#

CLINICAL FEATURES
Non-Proliferative Diabetic Retinopathy (NPDR)

Studies have found that retinopathy in both insulin-
dependent and non-insulin-dependent diabetes
occurs 3 to 5 years or more after the onset of diabetes.
In the WESDR, the prevalence of at least minimal
retinopathy was almost 100% after 20 years.®
However, this study was performed prior to the advent
of other adjunctive therapies for diabetes that may
yield more favorable outcomes over the long term.
Another study found that at least 39% of young
persons with diabetes developed retinopathy within
the first 10 years.?* The earliest clinical sign of diabetic
retinopathy is the microaneurysm, a red dot seen on
ophthalmoscopy that varies from 15 to 60 microns in
diameter (Figure 1).
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Figure 1. Microaneurysms and intraretinal hemorrhages in nonproliferative retinopathy. (UCSF
Department of Ophthalmology)

The lesions can be difficult to distinguish from  hyperfluorescence (Figure 2, 3). By contrast,
intraretinal hemorrhages on examination, but with  hemorrhages block the background fluorescence and
fluorescein angiography microaneurysms can be  therefore appear dark.

identified easily as punctate spots of
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Figure 2. Microaneurysms: hyperfluorescent dots in early phase of fluorescein angiogram (arrows).
(Zuckerberg San Francisco General Hospital, Dept. of Ophthalmology).
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Figure 3. Two minutes later, fluorescein leakage from the microaneurysms gives them a hazy
appearance. (Zuckerberg San Francisco General Hospital, Dept. of Ophthalmology)

The severity of NPDR can be graded as mild,
moderate, severe, or very severe. In mild disease,
microaneurysms are present with hemorrhage or hard
exudates (lipid transudates). In moderate NPDR,
these findings are associated with cotton-wool spots
(focal infarcts of the retinal nerve fiber layer or areas
of axoplasmic stasis) or intraretinal microvascular
abnormalities (vessels that may be either abnormally
dilated and tortuous retinal vessels, or intraretinal
neovascularization). The “4-2-1 rule” is used to
diagnose severe NPDR: criteria are met if
hemorrhages and microaneurysms are present in 4
quadrants, or venous beading (Figure 4) is present in
2 quadrants, or moderate intra

retinal microvascular abnormalities are present in 1
quadrant. In very severe NPDR, two of these features
are present.

The correct evaluation and staging of NPDR is
important as a means of assessing the risk of
progression. In the ETDRS, eyes with very severe
NPDR had a 60-fold increased risk of developing high-
risk proliferative retinopathy after 1 year compared
with eyes with mild NPDR.® For eyes with mild or
moderate NPDR, early treatment with laser was not
warranted, as the benefits in preventing vision loss did
not outweigh the side effects (1). By contrast, in very
severe NPDR, early laser treatment was often helpful.
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Figure 4. Venous beading (arrows) in a case of proliferative diabetic retinopathy. (UCSF Department of
Ophthalmology)

Capillary closure can also result in macular ischemia,  foveal avascular zone on fluorescein angiography
another cause of vision loss in NPDR. This can be  (Figure 5).
identified clinically as an enlargement of the normal
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Figure 5. Capillary dropout around the fovea (white arrow) and in the temporal macula (black arrow).
(Zuckerberg San Francisco General Hospital, Dept. of Ophthalmology).

Diabetic Macular Edema (DME)

Macular edema may be present at all the stages of
diabetic retinopathy and is the most common cause of
vision loss in nonproliferative diabetic retinopathy.
Because of the increased vascular permeability and
breakdown of the blood-retinal barrier, fluid and lipids
leak into the retina and cause it to swell. This causes
photoreceptor dysfunction, leading to vision loss when

the center of the macula, the fovea, is affected. In the
ETDRS, diabetic macular edema (DME) was
characterized as "clinically significant" if any of the
following were noted (Figure 6): retinal thickening
within 500 microns of the fovea, hard exudates within
500 microns of the fovea if associated with adjacent
retinal thickening, or an area of retinal thickening 1
disc diameter or larger if any part of it is located within
1 disc diameter of the fovea.®
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Figure 6. Clinically significant macular edema with hard exudates in the fovea. Cotton-wool spots are
present near the major vessels. (UCSF Department of Ophthalmology)

Although the cause of the microvascular changes in
diabetes is not fully understood, the deficient
oxygenation of the retina may induce an
overexpression of vascular endothelial growth factor
(VEGF), with a consequent increase in vascular
leakage and retinal edema.?” Besides ischemia,
inflammation may also play a role in the development
of macular edema in diabetic retinopathy. In fact,
elevated levels of extracellular carbonic anhydrase
have been discovered in the vitreous of patients with
diabetic retinopathy.®® Carbonic anhydrase may
originate from retinal hemorrhages and erythrocyte
lysis and may activate the Kkallikrein-mediated
inflammatory  cascade, contributing to the
development of DME.

Optical Coherence Tomography (OCT) is a widely
used imaging technique that provides high-resolution
imaging of the retina (Figure 7).2° Working as an
“optical ultrasound,” OCT projects a light beam and
then acquires the light reflected from the retina to
provide a cross-sectional image. Most patients with
DME have diffuse retinal thickening or cystoid macular
edema (presence of intraretinal cystoid-like spaces).
In some patients, DME may be associated with
posterior hyaloidal traction, serous retinal detachment
or traction retinal detachment.”* Cystoid macular
edema and posterior hyaloid traction are significantly
associated with worse visual acuity.*
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Figure 7. OCT image showing diabetic macular edema (UCSF Department of Ophthalmology).

Proliferative Diabetic Retinopathy (PDR)

In proliferative diabetic retinopathy, many of the
changes seen in NPDR are present in addition to
neovascularization that extends along the surface of
the retina or into the vitreous cavity (Figure 8). These
vessels are in loops that may form a network of

radiating spokes or may appear disorganized. In many
cases the vessels are first noted on the surface of the
optic disc, although they can be easily missed due to
their fine caliber. Close inspection often reveals that
these new vessels cross over both the normal arteries
and the normal veins of the retina, a sign of their
unregulated growth.
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Figure 8. Active neovascularization in PDR. Fibrovascular proliferation overlies the optic disc (white
arrow). Loops of new vessels are especially prominent superior to the disc and extending into the
macula, where leakage of fluid has led to deposition of a ring of hard exudate around the neovascular
net (black arrow). (UCSF Department of Ophthalmology).

New vessels can also appear on the iris, a condition  essential, as growth of neovascularization in this
known as rubeosis iridis (Figure 9). When this occurs,  location can obstruct aqueous fluid outflow and cause
careful inspection of the anterior chamber angle is  neovascular glaucoma.
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Neovascularization can remain relatively stable or it
can grow rapidly; progression can be noted
ophthalmoscopically over a period of weeks.
Preretinal new vessels often develop an associated
white, fibrous tissue component that can increase in
size as the vessels regress. The resulting
fibrovascular membrane may then develop new
vessels at its edges. This cycle of growth and fibrous
transformation of diabetic neovascularization is
typical. The proliferation occurs on the anterior surface
of the retina, and the vessels extend along the
posterior surface of the vitreous body. Fibrous
proliferation takes place on the posterior vitreous
surface; when the vitreous detaches, the vessels can
be pulled forward and the thickened posterior vitreous
surface can be seen ophthalmoscopically, highlighted
by areas of fibrovascular proliferation.

- e NG
Figure 9. Rubeosis iridis in a case of PDR. Abnormal new vessels are growing along the surface of the

iris (arrows). (UCSF Dept. of Ophthalmology).

The severity of PDR can be classified as to the
presence or absence of high-risk characteristics. As
determined in the Diabetic Retinopathy Study, eyes
are classified as high-risk if they have 3 of the following
4  characteristics: the presence of any
neovascularization; neovascularization on or within 1-
disc diameter of the optic disc; a moderate to severe
amount of neovascularization (greater than 1/3 disc
area neovascularization of the disc, or greater than 1/2
disc area if elsewhere), or vitreous hemorrhage.

Vision loss in proliferative diabetic retinopathy results
from three main causes. First, vitreous hemorrhage
occurs because the neovascular tissue is subject to
vitreous traction. Coughing or vomiting may also
trigger a hemorrhage. Hemorrhage may remain in the
preretinal space between the retina and the posterior
vitreous surface, in which case it may not cause much
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vision loss if located away from the macula (Figure  opacification of the visual media with marked vision
10). In other cases, though, hemorrhage can spread loss (Figure 11, 12).
throughout the entire vitreous cavity, causing a diffuse

Figure 10. Preretinal hemorrhage: blood trapped between the retina and the vitreous in a case of
incomplete vitreous detachment. Visual acuity is unaffected. (UCSF Department of Ophthalmology).
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Figure 11. Left: moderate vitreous hemorrhage; vision = 20/150. Right: 1 year later after spontaneous
clearing of the hemorrhage; vision = 20/30. (Zuckerberg San Francisco General Hospital, Dept. of
Ophthalmology).

Figure 12. Dense vitreous hemorrhage almost completely obscuring the view of the fundus.
(Zuckerberg San Francisco General Hospital, Dept. of Ophthalmology).
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Another cause of severe vision loss in PDR is retinal  the retinal vessels can be avulsed or retinal holes may
detachment. As the fibrovascular membranes and be created by this traction, leading to a combined
vitreous contract, their attachments to the retina can  traction-rhegmatogenous retinal detachment (Figure
cause focal elevations of the retina, resulting in a  14).

traction retinal detachment (Figure 13). In other cases

Figure 13. Marked fibrosis with traction exerted on the retina outside the central macula (arrows). The
macula does not appear to be elevated centrally. (UCSF Dept. of Ophthalmology).
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Figure 14. Traction retinal detachment outside the macula. Note elevation of retinal vessel out of the
plane of focus (white arrow). Scatter photocoagulation scars are seen peripherally (black arrow).

(UCSF Dept. of Ophthalmology).

Finally, patients with PDR may have macular
nonperfusion or coexisting diabetic macular edema
that causes vision loss through photoreceptor
dysfunction.

TREATMENT

Tight glucose and blood pressure control are critical
systemic factors in controlling the progression of
diabetic retinopathy. Ocular complications of diabetes
are addressed directly through treatment with laser
photocoagulation, intravitreal injections, or surgery.
Laser treatment has been the primary approach to
vision-threatening diabetic retinopathy for decades.
Recent randomized clinical trials have demonstrated

that intravitreal anti-VEGF agents are more effective
than laser under certain conditions.

Laser Photocoagulation for NPDR

Diabetic macular edema is believed to result from fluid
and lipid transudation from microaneurysms and
telangiectatic capillaries. Focal laser photocoagulation
is used to heat and close the microaneurysms,
causing them to stop leaking (Figure 15). Macular
edema often improves following this form of treatment.
Some clinicians apply laser burns in a grid pattern
overlying areas of retinal edema without directing
treatment to specific microaneurysms; this method
can also be effective in reducing retinal thickening.
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The mechanism by which grid laser treatment

achieves these results is not known.

The ETDRS found that the risk of moderate visual loss
in eyes with diabetic macular edema was reduced by
50% by photocoagulation.”’% At 3 years, 24% of
untreated eyes experienced a 3-line decrease in vision
compared with 12% of treated eyes. Eyes meeting the
criteria for clinically significant macular edema in
which the edema was closest to the center were most
likely to benefit from treatment. Side effects of laser
treatment can include scotomata, noticeable
immediately after the procedure, if treatment is
performed too close to the fovea. Late enlargement of
laser scars can also occur, causing delayed visual
loss. Inadvertent photocoagulation of the fovea is a
risk of the procedure. Since the amount of energy used
is minimal, the treatment is performed under topical
anesthesia.

In the ETDRS study, only a very small percentage of
eyes improved with focal laser treatment, highlighting
the fact that the goal of laser treatment is not to

improve vision, but rather to stabilize it and prevent
worsening. It is also true that inclusion criteria for that
study were based on the presence of “clinically
significant” macular edema threatening the macula,
even if the visual acuity was not yet reduced. For this
reason, it has been argued that the study enrolled
patients with excellent visual acuity, making it difficult
to demonstrate small improvements in vision after
laser treatment.

Due to the recent evidence on the efficacy and safety
of anti-VEGF therapy for diabetic macular edema,
different modalities of laser therapy have been
proposed. Laser may be able to stabilize macular
edema and reduce the need for multiple anti-VEGF
injections. Modified ETDRS laser techniques include
lower intensity laser burns, and they take particular
care in maintaining a greater space from the center of
the fovea.”® Subthreshold laser therapy and
minimalistic fluorescein angiography-guided treatment
of microaneurysms may also induce less damage to
the macula than the classic ETDRS approach.®

www.EndoText.org 25


http://www.endotext.org/

Figure 15. Focal laser scars in the macula following treatment for macular edema (arrow). Edema has
resolved. (Zuckerberg San Francisco General Hospital, Dept. of Ophthalmology).

Laser Photocoagulation for PDR

Scatter laser photocoagulation, also known as
panretinal photocoagulation (PRP), is an important
treatment modality for PDR and severe NPDR.% Laser
spots are placed from outside the major vascular
arcades to the equator of the eye, with burns spaced
approximately 1/2 to 1 burn width apart (Figure 16,
17). Although the treatment destroys normal retina,
the central vision is unaffected since all spots are
placed outside the macula. The theory underlying this
treatment is that photocoagulation of the ischemic
peripheral retina decreases the elaboration of

vasoproliferative factors contributing to PDR. Indeed,
VEGEF levels in the vitreous are increased in eyes with
neovascularization, and they are lower after scatter
photocoagulation.®® Other factors such as insulin-like
growth factor-1 are similarly elevated in the vitreous of
eyes with PDR.%

Side effects of scatter photocoagulation can include
decreased night vision and dark adaptation, and visual
field loss. The procedure can be painful, so treatment
may be divided into several sessions, and either
topical or retrobulbar anesthesia may be used.
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Figure 16. Scatter photocoagulation scars in an eye with active PDR. Note that all scatter laser scars
are located outside the macula. (UCSF Department of Ophthalmology).
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Figure 17. View of laser scars superior to the macula in the same eye. Spots are approximately one-half
burn width apart. In the treated area, the retinal vessels are sclerotic (arrows). (UCSF Department of

Ophthalmology).

The Diabetic Retinopathy Study evaluated the effects
of scatter photocoagulation in over 1700 patients with
PDR or severe NPDR. Patients had one eye
randomized to treatment and one eye to observation.
Treatment was shown to reduce severe visual loss by
50%.%” The ETDRS also found a positive risk-benefit
ratio for early scatter treatment in patients with severe
NPDR or early PDR. Interestingly, a subsequent study
demonstrated that scatter laser performed at a single
sitting was not worse than treatment divided over four
sessions in terms of inducing macular edema or
decreasing visual acuity.?®

Panretinal photocoagulation may induce or aggravate
diabetic macular edema, reduce contrast sensitivity
and affect the peripheral visual field.®® Macular edema
can be approached by focal laser or intravitreal
injections before or at the time of panretinal
photocoagulation. However, it is not recommended to
delay panretinal photocoagulation in high-risk PDR.

The Diabetic Retinopathy Clinical Research network
(DRCR) study protocol S has shown that intravitreal
anti-VEGF agents may be a substitute for panretinal
laser treatment.® This multicenter randomized clinical
trial compared ranibizumab to PRP in patients with
PDR. Mean visual acuity letter improvement at 2 years
was +2.8 in the ranibizumab group vs +0.2 in the PRP
group (P<0.001). Mean peripheral visual field
sensitivity loss was worse, vitrectomy was more
frequent, and DME development was more common
in the PRP group. Further studies are needed in order
to evaluate the long-term implications of using anti-
VEGF agents alone. Ranibizumab may be a
reasonable treatment alternative to consider for
patients with severe NPDR or non-high-risk PDR who
can follow-up regularly.

Corticosteroids for DME

It has been demonstrated that corticosteroids stabilize
the blood-retinal barrier, inhibiting leukostasis and
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modulating the expression of VEGF receptor.' On
this basis, periocular and intraocular injections and
sustained-release steroid implants have been utilized
for the treatment of diabetic macular edema. It should
be remembered that any of these different methods to
deliver corticosteroids to the macula carry a potential
risk of increasing the intraocular pressure (glaucoma)
and inducing cataract.

The use of intravitreal triamcinolone acetonide has
become accepted as a treatment option for diabetic
macular edema. Several formulations are available:
Kenalog-40, which has a black box warning against
intraocular use, and the preservative-free Triesence.
Preliminary data from a randomized clinical trial
showed that intravitreal corticosteroids induced a
noticeable improvement of visual acuity and foveal
thickness in patients with severe, refractory DME.™"
However, intravitreal steroids do not appear to be
more efficacious than laser treatment in giving a
stable, sustained improvement in vision in the long
run, as demonstrated by a recent large study.'%

A peribulbar corticosteroid injection is of particular
interest for eyes with DME that have good visual acuity
where the risks of an intravitreal injection may not be
justified. Any intravitreal injection through the pars
plana, in fact, may directly damage the crystalline lens
or cause a severe, sight-threatening infection of the
eye (bacterial endophthalmitis). Unfortunately, in 2007
a randomized clinical trial showed that peribulbar
triamcinolone, with or without focal photocoagulation,
is not effective in cases of mild DME with good visual
acuity.'%

The fact that triamcinolone maintains measurable
concentrations in the vitreous cavity for approximately
3 months stimulated further studies on sustained-
release or biodegradable intraocular implants that can
deliver steroids for a longer period of time.

A fluocinolone acetonide implant (Retisert) was
investigated in a multicenter, randomized clinical trial
for the treatment of diabetic macular edema. Although

the efficacy of this surgically implanted material was
demonstrated, it induced cataract in virtually all phakic
patients and severe glaucoma needing surgery in 28%
of eyes_1o4,105

A biodegradable dexamethasone implant (Ozurdex),
FDA-approved for the treatment of DME, has
demonstrated similar efficacy with more acceptable
side effects. At day 90, a visual acuity improvement of
10 letters or more was seen in more eyes in the
Ozurdex group (33.3%) than the observation group
(12.3%; P = 0.007), but the statistical significance was
lost at day 180.' The implant was generally well
tolerated.

A smaller device releasing fluocinolone acetonide,
implantable suturelessly with an office procedure
thorough a 25-gauge needle (lluvien), is also FDA-
approved for treatment of DME . This implant has been
evaluated in the FAME (Fluocinolone Acetonide in
Diabetic Macular Edema) study where 956 patients
were randomized worldwide.'”” At month 36, the
percentage of patients who gained =15 in letter score
was 28% compared with 19% (P = 0.018) in the sham
group. In patients who reported duration of DME =3
years at baseline; the percentage who gained 215 in
letter score at month 36 was 34.0% compared with
13.4%. Almost all phakic patients in the insert group
developed cataract, but their visual benefit after
cataract surgery was similar to that in pseudophakic
patients. The rate of glaucoma surgery at month 36
was 5%.%

Anti-VEGF Drugs for DR and DME

Vascular endothelial growth factor (VEGF) is an
angiogenic factor that plays a key role in the
breakdown of the blood—retina barrier and is
significantly elevated in eyes with diabetic macular
edema.'® Antibody fragments that bind VEGF and
inhibit angiogenesis were first developed as
intraocular injection for the treatment of exudative age-
related macular degeneration. These anti-VEGF drugs
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have been used for the treatment of DR and DME with
favorable results.

The first agent that became available was Pegaptanib
0.3 mg (Macugen)."” A randomized trial
demonstrated after 2 years of therapy a gain of 6.1
letters in the pegaptanib arm versus 1.3 letters for
sham (P<0.01).""" Since it is targeted to the isoform
VEGF-165 only, it is generally considered very safe
but less effective than newer anti-VEGF drugs.

Bevacizumab (Avastin), directed to all the isoforms of
VEGF, has been used off-label for the treatment of
DME worldwide. The first evidence came from a study
on 121 patients with DME followed over 3 months in a
phase Il randomized clinical trial.""? The BOLT study
demonstrated a mean gain of 8.6 letters for
bevacizumab versus a mean loss of 0.5 letters when
compared to classic macular laser. The patients
received a mean of 13 injections over two years, and
the treatment was well tolerated with no progression
of macular ischemia.'"®

Ranibizumab (Lucentis) binds all isoforms of VEGF
and is FDA-approved for the treatment of diabetic
retinopathy and diabetic macular edema. In the
Ranibizumab for Edema of the Macula in Diabetes
(READ-2) study, ranibizumab-only was superior to
laser and to combined therapy."'* The RESTORE
study confirmed that ranibizumab monotherapy and
combined with laser was superior to standard laser. At
1 year, no differences were detected between the
ranibizumab and ranibizumab plus laser arms.'”® A
larger DRCR study supported ranibizumab plus
prompt or deferred photocoagulation as a mainstay of
current therapy for patients with DME."'® In the
RESOLVE study, at month 12, mean visual acuity
improved from baseline by 10.3+9.1 letters with
ranibizumab and declined by 1.4+14.2 letters with
sham (P<0.0001)."" The RISE and RIDE studies
confirmed the efficacy and the safety of intravitreal
monthly injections of ranibizumab with similar
results.”'® Efficacy against DR progression and

improvement of diabetic retinopathy severity was also
demonstrated in multiple studies.

Aflibercept 2 mg (Eylea), active against all VEGF-A
isoforms, is also FDA-approved for the treatment of
DR and DME. In the DA-VINCI study, the different
dose regimens of aflibercept demonstrated a mean
improvement in visual acuity of 10 to 13 letters versus
-1.3 letters for the laser group with a large proportion
of eyes (about 40%) gaining 15 or more ETDRS letters
at week 52."° Aflibercept 8 mg (Eylea HD) was also
recently approved for DR and DME treatment, based
upon the results of the PHOTON trial, offering the
possibility of longer duration of action and fewer
injections per year, as well as potentially improved
efficacy in recalcitrant cases.'?°

The Diabetic Retinopathy Clinical Research Network
Protocol T compared bevacizumab, ranibizumab, and
aflibercept in the treatment of center-involving DME. "'
When the initial visual-acuity loss was mild, there were
no significant differences among study groups.
However, at worse levels of initial visual acuity (20/50
or worse), aflibercept was more effective than
bevacizumab. The differences between bevacizumab
and ranibizumab and between ranibizumab and
aflibercept were not statistically significant. Of note,
after 6 months of treatment, over 20% of patients in
each anti-VEGF treatment group had persistent DME,
suggesting that control of other mechanisms beyond
VEGF are necessary to achieve optimal outcomes in
the treatment of DME.

Bispecific Anti-VEGF and Anti-Angiopoeitin-2
Therapy

Faricimab (Vabysmo) is the first bispecific molecule
approved for treatment of retinal disease, offering
blockade of both VEGF and Ang2. The Ang1-Tie2
pathway promotes vascular stability; Ang2 interferes
with Tie2 signaling, so its blockade is believed to have
favorable effects for angiogenic diseases. The
YOSEMITE and RHINE studies assessed the effect of
faricimab on DME, finding that vision outcomes for
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faricimab administered on a variable injection
schedule known as treat-and-extend were noninferior
to aflibercept injected every 8 weeks. Treatment was
able to be given every 16 weeks in some patients,
offering a possibility of increased convenience and
reduced injection-related risks in those patients able to
receive fewer injections.'?

Currently, on the basis of the above evidence, anti-
VEGF or bispecific anti-VEGF and anti-ang2 therapy
is first-line therapy for center-involving macular
edema, with possible deferred focal laser treatment. It
should be mentioned that adverse side effects
associated with intravitreal injections are uncommon
but severe and include infectious endophthalmitis,
cataract formation, retinal detachment, and elevated
IOP.

Vitrectomy Surgery for PDR

Surgery may be necessary for eyes in advanced PDR
with either vitreous hemorrhage or retinal detachment.
In the case of vitreous hemorrhage, many cases will
clear spontaneously. For this reason, clinicians often
wait 3 to 6 months or more before performing
vitrectomy surgery. If surgery is indicated because of
persistent non-clearing hemorrhage, retinal
detachment involving the macula, or vitreous
hemorrhage with neovascularization of the anterior
chamber angle (a precursor of neovascular
glaucoma), then vitrectomy is performed via a pars
plana approach. The Vvitreous is removed,
fibrovascular membranes are dissected away from the
retina, retinal detachment is repaired, and scatter laser
treatment is applied at the time of surgery via direct
intraocular application.

The Diabetic Retinopathy Vitrectomy Study assessed
the value of early vitrectomy in patients with severe
PDR. The study found that early intervention
increased the likelihood of obtaining 20/40 vision or
better in eyes with recent severe vitreous hemorrhage
or severe PDR. Compared with 15% of control eyes,
25% of treated eyes achieved this level of vision at 2

years."® In type 1 diabetes, the benefit of early
surgery was even more pronounced, with 36% of
treated eyes achieving 20/40 vision compared to 12%
of control eyes. The importance of this study,
performed between 1976 and 1983 when vitrectomy
techniques were much less advanced than they are
today, was that it showed conventional “watch and
wait” management will not necessarily lead to the best
visual outcomes in cases of severe PDR. In practice,
clinicians evaluate the risks and benefits of each
option before proceeding with scatter
photocoagulation, vitrectomy, or observation in such
cases.

Recently, the DRCR Protocol D evaluated the effects
of pars plana vitrectomy in eyes with moderate vision
loss from DME and vitreomacular traction. Although
retinal thickness was generally reduced, visual acuity
results were less consistent."® Vitrectomy for
refractory, chronic diabetic macular edema in the
absence of vitreomacular traction should be reserved
to selected cases.

Intravitreal ocriplasmin (Jetrea) is able to induce
enzymatic vitreolysis and posterior vitreous
detachment and could have a role, eventually
associated with vitrectomy, in the treatment of
vitreomacular traction and macular edema in diabetic
retinopathy.'?*

NOVEL THERAPIES
RETINOPATHY

FOR DIABETIC

Current therapies are limited in their ability to reverse
vision loss in diabetic retinopathy. For example,
although focal laser photocoagulation can help
stabilize vision by reducing macular edema, it rarely
improves vision. Corticosteroids induce cataract
progression and intraocular pressure elevation. Anti-
VEGF agents do not increase cataract formation rates
but they generally need more frequent intravitreal
injections, carrying the risk of endophthalmitis; they
can temporary increase IOP; they might have
systemic adverse effects. For addressing these
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issues, new sustained-release devices are being
designed, and studies are ongoing to test new
intravitreal medications.

The development of new treatment modalities is being
guided by an understanding of the mechanisms of the
disease. From this perspective, researchers are now
focusing on the role of inflammation on DME. NSAIDs,
anti-TNF agents (Etanercept and Remicade),
mecamylamine (an antagonist of nACh receptors),
and intravitreal erythropoietin are currently under
investigation for the treatment of refractory diabetic
macular edema.’?

In order to create a national taskforce to study and
treat diabetic retinopathy, in 2002 the National Eye
Institute funded the DRCR, a collaborative network
dedicated to design and carry out multicenter clinical
trials on diabetic retinopathy and diabetic macular
edema. The DRCR network currently includes over
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