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Abstract

The medical treatment of rctinopathy in type-2 diabetes
should be considered as a major component in the over-
all maragement of diabetic retinal diseass. It is clear that
specific and timely interventions, such as glycemic¢ and
blood pressurc control, are the basis for good manage
ment of diabetic retinopsthy. The American Diabetes
Association has developed specific recommendations
concerning diabetic retinopathy for the primary care
physician and diabetologist. The ophthalmologist must
be aware of these recommendations and establish effi-
cient communication channels with the colleagues who
follow their patients and the progression of diabetes
closely. The challenge for the ophthaimologist is to make
sure that, when signs of retinopathy are detected, infor-
mation regarding the status of the retina, prognostic fac-
tors and the rate of progression must be given to the pri-
mary care physician and diabetologist. Under these cir-
cumstances, excellent glycemic control, aggressive
management of blood pressure and normalization of lip-
ids are all needed, and the goals to be achieved must be
shared between the ophthalmologist and the primary
care physician or diabetologist. Appropriate medical
management of diabetic retinopathy is fundamental to
reduce the risk of blindness. This goal can only be

achieved if the ophthalmologist is fully aware of the role
of medical management and establishes an efficient flow
of communication with the primary carc physician or
diabetologist, particularly for the diabetic patients whose
eyes show signs of risk for rapid progression of their reti-
nopathy.
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Diabetic retinopathy (DR) remains the leading cause
of visue! disability and blindness among professionally
active adults in economically developed societies. This is
of even greater concern now that a sharp increase in dia-
betes mellitus is expected in the next decade.

LLaser photocoagulation remains the only tested meth-
od for treating DR. However, laser photocoagulation 1s
advised only for patients with advanced retinal disease,
either high-risk proliferative retinopathy or clinically sig-
nificant macular edema. Vitrectomy has also been shown
to be beneficial in even more advanced stages of retinopa-
tby. These statements summarize the guidelines of ‘pre-
ferred practice pattern’ issued by the American Academy
of Ophthalmology [1].

It is clear that the ophthalmologist views the accepted
treatment of DR 1o include mainly surgical and ablative
procedures. In general, these forms of treatment are given
independent of the diabetes disease itself and metabolic
status. However, recent developments in the medical
managemen: of diabetes have indicated that it may play a
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major role in preventing the macro- and microvascular
complications of diabetes. The appropriate management
of diabetes is particularly useful and effective in the ear-
liest stages of retinal disease, when the disease process
may still be reversible and before visual loss is already
prese=s.

Therapeutic Strategies for Diabetic
Retinopathy

Medical therapy may be targeted to control DR at
three levels: The first level should be directed at achieving
near physiological levels of glycemia as soon as the diag-
nosis of diabetes mellitus is made. This approach is par-
ticularly effective if applied when retinopathy is in its ini-
tial stages (2].

The second and third levels are still at the develop-
mental stage [3]. Their potential, however, is tremendous
and the ophthalmologist must be aware of this and the
rapid development,

The second level includes drugs aimed at controlling
the biochemical events occurring in the retina as a result
of 1the excessive availability of glucose: good candidates
include aldose reductase inhibitors [4], inhibitors of pro-
tein kinase C activation [5] and inhibitors of advanced
¢lveation end-products [6]. Evidence, mostly experimen-
tal but also clinical, is accumulating of their potentially
favorable effects on the stabilization of the early stages of
diabetic retinal disease.

Finally, the third level at which medical therapy may
be targeted in order to halt the progression of diabetic reti-
nal disease is at the lesion site, both at the neuronal and
vascular levels. Treatment of the initial sites of cytotoxic
and vasogenic retinal edema may be considered an appro-
priate goal, because there are now techniques available to
monitor these initial retinal changes clinically [7, 8).

Cytotoxic edema may be addressed using neuroprotec-
tive agents such as calcium channel! blockers, antioxidants
and glutamate receptor antagonists. The field of neuro-
protective drugs is very active and drugs specifically
developed for retinal neuroprotection are expected to
become available in the near future.

Vasogenic retinal edema is directly associated with
breakdown of the blood-retinal barrier (BRB) [9]). Medical
therapy of vasogenic retinal edema may be targeted to act
directly on BRB function using corticoids, lazaroids or
acetazolamide, but these drugs must be used with caution
in the management of diabetes mellitus. Correction of the
breakdown of the BRB in diabetes is a desirable goal and
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drugs acting as nitric oxide inhibitors or histamine H;-
receptor antagonists have been shown to have a stabiliz-
ing effect on the BRB alteration occurring in diabetes [6,
10]. The studies available, however, have been mostly
experimental and arc not yet for a variety of reasons,
transferable to clinical practice. Another group of drugs
that should be considered includes drugs like calcium
dobesilate which has shown a vasoprotective effect in
pilot clinical trials and have an established record of safe-
ty [11].

Finally, antihypertensive therapy should be considered
at least when there is recurring vasogenic retinal edermna
with clear breakdown of the BRB. Angiotensin-converting
enzyme inhibitors, like lisinopril, have been shown to act
favorably on the evolution of the retinopathy [12]. Cal-
cium-channel blockers should also be considered because
of their multiple effect; antihypertensive, neuroprotec-
tive, and correction of ATP synthesis.

In the near future, medical therapy for DR will proba-
bly involve the association of drugs acting at all three lev-
els. Therapy for DR should therefore include medications
necessary for the best euglycemic control (insulin or oral
antidiabetic drugs), a second drug given to correct the
altered metabolism of the retina associated with excess
glucose availability (aldose reductase or protein kinase C
inhibitors, or antioxidants) and, finally, a third drug act-
ing as a neuroprotective or vasoprotective agent. The
choice of this third drug may be made based on clinical
examinations showing the predominance of either cyto-
toxic or vasogenic edema of the inner retina.

The major concern, however, will be safety. Medical
therapy of DR may be initiated immediately after the
diagnosis of diabetes, and certainly before there is visual
loss and the retinal lesions are irreversible. Therefore, it is
long-term therapy. Side effects should be minimal and the
medication must have a good benefit to risk ratio to be
accepted.

At present it must be realized that medical manage-
ment for DR is largely that of prevention. Controlled chin-
ical trials have demonstrated that aggressive glycemic
control reduces the risk of retinopathy. As a consequence,
current recommendations for glycemic control are to aim
for a fasting plasma glucose of <110 mg/dl and HbA ¢ of
<7% (normal range about 3.0-6.0%). Controlled clinical
trials have also shown that aggressive blood pressure con-
trol reduces the risk of retinopathy. As a consequence,
current recommendations for blood pressure control are
to aim for a systolic blood pressure of <130 mm Hg and a
diastolic bloed pressure of <85 mm Hg in adults with dia-
betes.
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Glycemic Control

Analyses from a number of epidemiologic studies and
randomized controlled clinical trials suggest a significant
relationship between glycemia and retinopathy. In these
studies, integrated glycemic control is measured by glyco-
sylated hemoglobin - either HbA |- or HbA; (which
includes HbA ¢ as well as HbA |, and HbA ;) or total gly-
cosylated hemoglobin. At both 4- and 10-year follow-up in
the Wisconsin Epidemiologic Study of Diabetic Retinop-
athy [13, 14], there was a statically significant relationship
between baseline HbA,| and the incidence of retinopathy,
progression of retinopathy by two or more steps on a mod-
ified scale developed by the Early Treatment Diabetic
Retinopathy Study (ETDRS), and progression to prolifer-
ative DR (PDR).

The Diabetes Control and Complications Trial
(DCCT)[15), arandomized, multicenter, controlled clini-
cal trial, demonstrated that intensive treatment of type-|
diabetes with the goal of meticulous glycemic control
decreased the frequency and severity of retinopathy, ne-
phropathy, and neuropathy.

The intensive-therapy group achieved a median
HbA,c of 7.2% versus 9.1% in the conventional group.
This separation in median glycemic values between the 2
groups was maintained for 4-9 years, with mean duration
of follow-up 6.5 years for a total of approximately 9,300
patient-years of observation.

Within each treatment group, the mean HbA ¢ during
the trial was the dominant predictor of retinopathy pro-
gression. The most important risk factors for early wor-
sening were higher levels of HbA ¢ at screening and rapid
reduction in HbA ¢ in the first 6 months.

A study from Kumamoto University in Japan involved
110 non-obese patients with type-2 diabetes [16]. Of
these, 102 subjects completed the 6-year study which was
designed to be similar to the DCCT except for the inclu-
sion of subjects with type-2 diabetes. Over the 6 years of
follow-up, glycemic outcomes and risk reductions were
almost identical to those found in the DCCT. The inten-
sive-therapy group achieved a mean HbA,c over the 6
years of the study of 7.1% versus a value in the conven-
tional-therapy group of 9.4%. Progression to severe non-
proliferative DR (NPDR) or to PDR was reduced by
40%, as well as the need for laser photocoagulation in the
intensive-therapy group.

Finally, the United Kingdom Prospective Diabetes
Study (UKPDS)[17, 18], a randomized, multicenter, con-
trolled clinical trial, demonstrated that an intensive-treat-
ment policy in type-2 diabetes with the goal of meticulous
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vlvcemic control decreased diabetic complications includ-
ing retinopathy. A total of 5,102 subjects with newly diag-
nosed type-2 diabetes were enrolled. Retinopathy was
assessed by four-field fundus photography performed al
baseline and every 3 vears. The intensive-treatment group
achieved a median HbA ¢ of 7.0 versus 7.9% in the con-
ventional-treatment group. Patients assigned to intensive
treatment had a significant 25% sk reduction in micro-
vascular endpoints compared with conventional treat-
ment, most of which was duc to fewcr cases of retinal pho-
tocoagulation for which there was a significant 29% risk
reduction.

The current glvcemic recommendations of the Amert-
can Diabetes Association (ADA) appear in their ‘Stan-
dards of Medical Care for Patients with Diabetes Melli-
tus’ [19]. The goal is, ideally, for a fasting plasma glucose
of <110 mg/dl and a HbA ¢ of <7% (normal range about
3.0-6.0%). The ADA uses the term “action suggested’ to
define another category which mighit also be defined as
‘unacceptable glycemic cor:rol’. that is a fasting plasma
glucose of > 140 mg/dl and a HbA ¢ of >8%.

Contemporary diabetes management is based on the
concept of ‘targeted glycemic control’. Therapy, based on
glycemic goals, utilizes progressive, stepwise additions of
whatever treatment modality is necessary to achieve gly-
cemic goals. Medical nutritional therapy and promotion
of physical activity are fundamental and needed for all
patients, as well as basic diabetes education.

Intensive insulin therapy is mandatory in type-!l dia-
betes. This 1s accomplished, as in the DCCT, with insulin
administered either as a continuous subcutaneous infu-
sion with a pump or by muliiple daily injections; frequent
self-monitoring of blood glucose, and meticulous atten-
tion to balancing the imsulin dose, food intake, and energy
expenditure.

In type-2 diabetes progressive pharmacologic therapy
1s required, the specific choice is based on disease severity
and glycemic targets, and should include insulin secreta-
gogues (e.g. sulfonylureas and repaglinide) which stimu-
late insulin production.

Insulin sensitizers (e.g. biguanides and thiazolidine-
diones) which enhance muscle glucose uptake and de-
crease hepatic glucose production, a-glucosidase inhibi-
tors which retard carbohvdrate absorption, and, finally,
when necessary replacement of nsulin deficiency with
insulin or insulin analogs.
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Blood Pressure Control

For long time epidemiologic studies have suggested a
relationship between blood pressure elevation and pro-
gression of retinopathy.

The Hypertension in Diabetes Study (HDS) was em-
bedded in the UKPDS by using a factorial design [20, 21].
The HDS was conducted in 20 centers with 1,148 patients
who had 1ype-2 diabetes and coexisting hypertension. The
design was a randomized controlled trial comparing
‘tight’ blood pressure control aiming for a blood pressurc
of <150/85 mm Hg with the use of an angiotensin-con-
verting enzyme inhibitor (capt.pril) or a B-blocker (ateno-
lol) as the main treatment, and ‘less-tight’ control aiming
for a blood pressure of <180/105 mm He. Median follow-
up was 8.4 years. The tight control group achieved a mean
blood pressure of 144/82 versus 154/87 mm Hg in the
less-tight control group (p < 0.0001). Patients assigned to
the tight control group had a significant 37% risk reduc-
tion in microvascular end points comprred with the less-
tight control group.

Blood pressure lowering with captopril or atenolol was
similarly effective in reducing the incidence of diabetic
complications. There was no evidence that either drug
had any specific beneficial or deleterious effect, suggest-
ing that blood pressure reduction in 1ilself may be more
important.

In patients with diabetes, current blood pressure rec-
ommendations of the ADA appear in their ‘Standards of
Medical Care for Patients with Diabetes Mellitus’ and in a
consensus statement on ‘Treatment of Hypertension in
Diabetes’, Similar recommendations are contained in
‘The 6th Report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure’ and elsewhere [22].

The primary goal of therapy for (non-pregnant) adults
(> 18 years of age) with diabetes is to decrease blood pres-
sure to, and maintain it at, <130 mm Hg systolic and
<85 mm Hg diastolic. For patients with an isolated sys-
tolic hypertension of >180 mm Hg, the initial goal of
treatment is a reduction of 20 mm Hg. If these goals are
achieved and well tolerated, further lowering to <140 mm
Hg may be appropriate.

The EURODIAB Controlled Trial of Lisinopril in
Insulin-Dependent Diabetes Mellitus, a randomized,
multicenter, controlied clinical trial, was conducted in
354 patients with type-1 diabetes aged 20-59 years in 15
European centers [12]. Patients were not hypertensive
and were either normoalbuminuric (85%) or microalbu-
minuric (15%). Patients were randomized at baseline and
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followced up for 24 rionths. Lisinopril decreased retinopa-
thy progression by two or more grades (73% risk reduc-
tion, p < 0.05) and progression to PDR (82% risk reduc-
tion, p < 0.03). In this study, patients with better glycemic
control had the most benefit from ACE inhibitors, sug-
gesting that the combination may be the best therapeulic
approach.

Dyslipidemic Control

Diabetic dyslipidemia, particularly in patients with
poor glycemic control, is characterized by increased levels
of total cholesterol, low-density lipoproteins (LDLs), and
triglycerides and by decreased levels of high-density lipo-
proteins (HDLs). Data from the ETDRS showed that ele-
vated total serum cholesterol and LDL cholesterol is asso-
ciated with a significant increase in the presence of retinal
lipid exudates [23]. ETDRS patients with total cholesterol
levels of >240 mg/dl were twice as likely to have retinal
lipid exudates than were those patients with serum choles-
terol levels of <200 mg/dl.

Data from the ETDRS suggest that treatment of hyper-
lipidemia may help stabilize the retinal status and possi-
bility visual acuity, However, there are no data 1o suggest
that visual acuity can be improved by the treatment of
hyperlipidemia. Moreover, whether such treatment has a
long-term beneficial effect on visual outcome is un-
known.

Experimental Medical Therapies

Platelet Inhibitors

Diabetes is associated with increased platelet aggrega-
biity. As a consequence, there have been a number of
investigations of various platelet-aggregation inhibitors,
including aspirin, dipyridamole, and ticlopidine.

The ETDRS included a double-masked, placebo-con-
trolled comparison of the effect of aspirin versus placebo
on the progression of DR and the incidence of vitreous
hemorrhage. There was no significant difference between
aspirin and placebo [24]. The ADA, however, recom-
mends considering aspirin therapy as a primary pre-
vention strategy in high-risk men and women with type-1
or type-2 diabetes.

Aspirin alone and aspirin plus dipyridamole were eval-
uated in a double-masked, placebo-controlled European
clinical trial, the Dipyridamole and Aspirin Microangi-
opathy of Diabetes Study [251. The effect of these drugs
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was quantified by macular microaneurysm counts in 475
patients with NPDR assigned randomly to aspirin alone,
aspirin plus dipyridamole, or placebo. The mean yearly
increase in microaneurysm count was less for the 2 treat-
ment groups (aspirin alone and aspirin plus dipyrida-
mole) than for the placebo group. This was true for
patients with type-1 or type-2 diabetes. The clinical signif-
icance of this finding remains uncertain.

In France, the Ticlopidine Microangiopathy of Dia-
betes Study Group evaluated another platelet-aggregation
inkibitor, ticlonidine, on the progression of microaneu-
rysm counts in patients with diabetes and NPDR [26].
Microaneurysm counts were obtained from fluorescein
angiography and included the macula as well as four
peripheral fundus fields. For insulin-treated patients, ti-
clopidine was associated with a 7-fold decrease in micro-
aneurysm count durirg 3 years of follow-up when com-
pared to placebo.

Aldose Reducrase Inhibitors

Aldose reductase inhibitors have been shown to pre-
vent diabetes-like retinal vascular changes in some animal
models. The Sorbinil Retinopathy Trial, a prospective,
randomized clinical trial, tested this hypothesis by com-
paring the aldose reductase inhibitor sorbinil (250 mg/
day) to placebo [27]. A total of 497 patients entered the
study and follow-up examinations ranged from (2 10 56
months. Retinopathy was assessed by standardized fun-
dus photography. There was no significant difference n
retinopathy progression between the treatment and con-
trol groups. There are no aldose reductase inhibitors cur-
rently on the market. Several remain in clinical develop-
ment.
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