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INTRODUCTION

Patients with type 1 diabetes mellitus experience a
high incidence of severe ocular complications and are
more likely to have significant ocular problems dur-
ing their lifetimes. Patients with type 2 diabetes mel-
litus (DM2), however, make up the majority of clini-
cal cases with diabetic eye disease because of the high-
er incidence of DM2.

Diabetic retinopathy is a highly specific vascular
complication of both type 1 and type 2 diabetes melli-
tus. It remains one of the commonest causes of visual
loss in people of working age in developed countries.
Both duration of diabetes and glycaemic control are
significant risk factors for the development of retin-
opathy. After 20 years of diabetes, nearly all patients
with type 1 diabetes mellitus, and more than 60% of
patients with type 2 diabetes mellitus, have some de-
gree of retinopathy. Although at present there is no
known cure for diabetic retinopathy and diabetic mac-
ular oedema, laser surgery and other therapeutic
modalities help minimize the risk of mild and severe
visual loss from these conditions and, in some cases,
restore useful vision for those patients who have suf-
fered significant visual loss. These therapeutic modal-
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ities, particularly laser treatment, are most effective
when initiated at the time a person is at high-risk for
proliferative diabetic retinopathy or before visual acu-
ity is lost from diabetic macular oedema'.

The 5-year risk of severe visual loss from untreat-
ed high-risk proliferative diabetic retinopathy may be
as high as 60%, and the risk of mild visual loss from
diabetic macular oedema may be as high as 25 to 30%.
Since proliferative diabetic retinopathy and diabetic
macular oedema may cause no ocular or visual symp-
toms when the retinal lesions are most amenable to
treatment, the overriding concern is to identify eyes
at risk of visual loss and ensure that the patients re-
ceive referral for laser surgery at the most appropri-
ate time. Even minor errors in diagnosing the level of
retinopathy can result in a significant increase in a
person’s risk of visual loss.

Furthermore, collateral health and medical prob-
lems present a significant risk for the development
and progression of diabetic retinopathy. These fac-
tors include pregnancy**, chronic hyperglycaemia®®, hy-
pertension’, renal disease’, hyperlipidemia'®" and car-
diovascular autonomic neuropathy'”. Patients with
these conditions require careful medical evaluation
and follow-up for identification of diabetic retinopa-
thy.

DIAGNOSIS AND CLASSIFICATION OF DIABETIC
RETINOPATHY

Diabetic retinopathy is broadly classified as non-
proliferative diabetic retinopathy and proliferative
diabetic retinopathy (Table 1). Diabetic macular oede-
ma can occur with either non-proliferative diabetic
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Table 1. Classification of retinal lesions of diabetic retinopathy.

A. Non-proliferative (Background diabetic retinopathy)
Microaneurysms
Intraretinal haemorrhages
Hard exudates

B. Pre-proliferative diabetic retinopathy
Intraretinal microvascular abnormalities (IRMAs)
Venous dilatation, venous beading, loop formation
Soft exudates (Cotton-wool spots)
Deep round haemorrhages

C. Proliferative diabetic retinopathy
Neovascularization at the optic disc
Neovascularization elsewhere at the retina
Preretinal haemorrhage or vitreous haemorrhage
Preretinal fibrosis =+ tractional retinal detachment

retinopathy or proliferative diabetic retinopathy (back-
ground diabetic retinopathy) and is discussed sepa-
rately.

A precise definition of a patient’s “diabetic retin-
opathy level” is critical because there is a varying risk
of progression to proliferative diabetic retinopathy
depending on the specific non-proliferative “diabetic
retinopathy level”.

The first clinical signs of diabetic retinopathy are
microaneurysms, which are saccular outpouchings of
retinal capillaries (Figure 1). Ruptured microaneu-
rysms, decompensated capillaries and intraretinal
microvascular abnormalities (IRMAs) result in intr-
aretinal haemorrhages. Hard exudates are depositions
of lipid-rich proteins within the retina after the break-
down of the blood-retinal barrier.

Intraretinal microvascular abnormalities (Figure
2) represent either new vessel growth within the reti-
na or, more likely, pre-existing vessels with endothe-
lial cell proliferation that become “shunts” through
areas of nonperfusion. IRMAs may be seen adjacent
to soft exudates (cotton-wool spots). Multiple IRMAs
mark a severe stage of non-proliferative diabetic ret-
inopathy, and frank neovascularization is likely to
appear on the surface of the retina or optic disc with-
in a short time.

Venous calibre abnormalities are indicators of se-
vere retinal hypoxia. These abnormalities can be
venous dilatation, venous beading, or loop formation.
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Figure 1. A black-white picture of an eye during Fluorescein an-
giography. The fluorescent background is blocked by an inferior vit-
reous haemorrhage (mask effect) (large arrows). Small bright white
spots all around the fundus represent microaneurysms that gather
the flourescein dye and fluorescent more than surrounding tissues
(small arrows). New vessels on the disc and the periphery leak the
fluorescein dye to the vitreous cavity (white circles).

Figure 2. Fluorescein angiography of a diabetic fundus with intra-
retinal microvascular abnormalities (IRMAs) (white circle) that leak
(black arrows). New vessels that also leak are seen at the periphery
(white arrow).

There are often large areas of nonperfusion adjacent
to these veins. Cotton-wool spots are fluffy white spots
in the inner retina that represent infarcts of the nerve-
fibre layer.

Proliferative diabetic retinopathy is marked by
proliferating endothelial cell tubules. The rate of
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growth of these new vessels is variable and they grow
either at or near the optic disc (neovascularization of
the disc) (Figures 3a, 3b) or elsewhere in the retina
(neovascularization elsewhere) (Figures 1, 2). Trans-
lucent fibrous tissue often appears adjacent to the new
vessels. This fibroglial tissue appears opaque and be-
comes adherent to the adjacent vitreous.

Figure 3a. Colour fundus picture of an eye with Proliferative Dia-
betic Retinopathy. Neovascularisation of the disc together with fi-
brin tissue (large arrows) shows a not well-controlled diabetic eye
disease due either to a late start of the panretinal laser photocoagu-
lation [yellowish spots with dark center (small arrows)], or to insuf-
ficient laser treatment during the therapy sessions. This eye needs
additional laser treatment.

Figure 3b. With a fluorescein angiography, the neurovascularisa-
tion of the disk is more evident (arrows). Black spots represent the
laser scars.

DIABETIC MACULAR OEDEMA

Diabetic macular oedema may be present at any
level of retinopathy and alters the structure of the
macula, significantly affecting its function. Lesions of
diabetes on the macula include:

1. Macular oedema, i.e., a collection of intraretinal
fluid in the macula with or without lipid exudates
and with or without cystoid changes.

2. Nonperfusion of parafoveal capillaries with or with-
out intraretinal fluid.

3. Traction in the macula by fibrous tissue prolifera-
tion causing dragging of the retinal tissue, surface
wrinkling or detachment of the macula.

4. Intraretinal or preretinal haemorrhage in the ma-
cula.

5. Lamellar or full-thickness retinal hole formation.

6. Any combination of the preceding.

THE ROLE OF FLUORESCEIN ANGIOGRAPHY
IN THE DIAGNOSIS AND CLASSIFICATION
OF DIABETIC RETINOPATHY

Fluorescein angiography of the macula in the pres-
ence of diabetic macular oedema is fundamental for
the detection of treatable lesions. However, its use to
identify lesions such as neovascularization elsewhere
or neovascularization of the disc is not necessary, since
such lesions should be clinically evident.

Although abnormalities detected by fluorescein
angiography provide additional prognostic informa-
tion, the colour fundus photographic grading of ret-
inopathy levels of both eyes gives the same prognos-
tic results'*. Therefore, the increase in power to pre-
dict progression from non-proliferative diabetic ret-
inopathy to proliferative diabetic retinopathy by fluo-
rescein angiography is “not of significant clinical im-
portance to warrant routine fluorescein angiogra-
phy7>]4.

Periodic follow-up retinal examinations, however,
are absolutely necessary. The retinal level of diabetic
retinopathy derived from colour fundus photography
is predictive enough to establish frequency of follow-
up, whereas fluorescein angiography classification
cannot identify all cases destined to progress. Initia-
tion of scatter (panretinal) laser photocoagulation
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should be considered as diabetic retinopathy ap-
proaches (before or just as it reaches) the high-risk
stage. Hence “periodic follow-up of all patients with
diabetic retinopathy continues to be of fundamental
clinical importance™™.

Optical Coherent Tomography (OCT) is a new
imaging technique that provides more adequate in-
formation for the early diabetic macular oedema. The
current standard of care for early diabetic macular
oedema detection, slit-lamp examination of the fun-
dus, is less sensitive than OCT for detection of the
oedema. Therefore, OCT may be beneficial in early
detection and treatment of early diabetic macular
oedema’™"’.

MANAGEMENT OF DIABETIC RETINOPATHY

1. Argon laser photocoagulation

It is crucial to consider scatter (panretinal) laser
surgery as retinopathy approaches or reaches the high-
risk stage of proliferate retinopathy. An eye is con-
sidered to be approaching the high-risk stage when
there are retinal signs of severe or very severe non-
proliferative diabetic retinopathy, with or without new
vessels, or extensive new vessels, not fulfilling the def-
inition of high-risk retinopathy associated with any
level of non-proliferative diabetic retinopathy.

Two or more sessions of scatter laser photocoagu-
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lation will provide stabilisation and regression of the
lesions at this stage. Every laser session includes sev-
en to eight hundred laser spots in a scatter mode at
the mid-retinal periphery®.

The baseline level of retinopathy indicates the risk
of progression from the non-proliferative diabetic re-
tinopathy stage to early proliferative diabetic retin-
opathy and to high-risk proliferative diabetic retin-
opathy. At this stage an extensive laser photocoagu-
lation should be applied in multiple sessions all around
the retinal periphery in order to eliminate the retinal
damages and visual loss'.

Focal laser surgery for diabetic macular oedema
consists of either direct laser treatment or grid laser
treatment, or a combination of direct laser to focal
leaks and grid laser treatment to diffuse leakage or
thickened avascular zones.

2. Vitrectomy for proliferative diabetic
retinopathy

Standard laser cannot be performed in eyes with
vitreous haemorrhage precluding visualization of the
retina (Figures. 4a, 4b).

Removing dense, nonclearing vitreous haemor-
rhage remains an important indication for vitrectomy
in diabetics'.

Progressive fibrovascular proliferation in diabetes

Figures 4a and 4b. Colour fundus picture and fluorescein angiography (FA) picture of an eye with more advanced proliferative diabetic
retinopathy and mild absorbing vitreous haemorrhage (small arrows), neurovascularisation of the disk (large arrows) and block retinal vessels
due to endothelial cell pathology (vertical arrows). This vessel appears white in contrast with the red colour of the functioning retinal vessels.
The same vessel does not show in the FA picture. The vessel is blocked and does not allow the blood to pass through the vessel (vertical

arrows).
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Figure 5. Very severe proliferative diabetic retinopathy with vitre-
ous haemorrhage (large arrows), a huge fibrovascular membrane
(small arrows) that causes traction retinal detachment (white ar-
TOWS).

can lead to traction retinal detachment (Figure 5).
Surgery should be performed promptly because de-
generative changes in the detached retina will pre-
vent visual recovery after reattachment (Figure 6).
Vitrectomy can also be beneficial in the management
of the macular oedema.

The goals of vitrectomy in diabetic retinopathy are
simple in concept. One major objective is to remove
media opacities, either vitreous haemorrhage or cat-
aract. The second objective is to relieve vitreous trac-

Figure 6. Traction retinal detachment involving the fovea. a. Preop-
erative photograph illustrates extensive neovascularization emanat-
ing from the disc with traction detachment. Visual acuity is 20/400.
b. Postoperative photograph after vitrectomy shows retinal reattach-
ment and removal of neovascular tissue. Visual acuity is 10/40.

tion causing detachment, distortion or displacement
of the fovea, either transvitreal traction from anteri-
or vitreous to posterior attachments or tangential trac-
tion from proliferative tissue adherent to the retinal
surface'™". As dissection is performed, it is important
to obtain haemostasis to preserve visualization and
allow for effective endophotocoagulation. The final
goal is to perform retinal ablation, usually by laser, to
prevent subsequent neovascular proliferation®.

Vitrectomy and peeling of the internal limiting
membrane of the retina at the macular area has been
proved beneficial in the management of the diabetic
macular oedema. The main objective here is to re-
lieve the traction of the internal limiting membrane
on the macular area leaving the retinal tissue free to
settle and absorb the oedema®?".

Recent studies have shown that the use of Triam-
cinolone acetonide (TA) during the vitrectomy, or
even as an intravitreal injection alone, provides a short-
term regression of the oedema and improvement of
the vision. Intravitreal injection of TA after six months
or less provides a prolonged beneficial improvement
of the vision™>.

This review has concentrated on the ophthalmolo-
gist’s approach in the management of diabetic retin-
opathy. Nevertheless, it must be stressed that differ-
ent medical modalities have also given encouraging
results.

PREVENTION OF RETINOPATHY

The Diabetes Control and Complications Trial
(DCCT)* and the United Kingdom Prospective Dia-
betes Study (UKPDS)** demonstrated the beneficial
effect of tight control of glycaemia and blood pres-
sure on the development and progression of retinop-
athy.

Thus, the DCCT study showed an association be-
tween glycaemia and the progression of microvascu-
lar complications in patients with type 1 diabetes. In
the primary-intervention cohort, intensive therapy
reduced the adjusted mean risk of the onset of retin-
opathy by 76% during the course of the study, as com-
pared with the conventional therapy. The reduction
in risk increased with time. In the secondary-inter-
vention cohort, the patients in the intensive-therapy
group had a higher cumulative incidence of sustained
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progression of retinopathy by three steps or more
during the first year than did those in the convention-
al-therapy group, but a lower cumulative incidence
beginning at 36 months and continuing for the rest of
the study. Intensive therapy reduced the average risk
of such progression by 54% during the entire study
period. Intensive therapy reduced the adjusted risk of
proliferative or severe non-proliferative retinopathy
by 47% (P= 0.011) and that of treatment with photo-
coagulation by 56% (P= 0.002).

The UKPDS assessed the effect of tight glycaemic
control and blood pressure control on diabetic com-
plications in type 2 diabetic patients. It showed that
each 1% reduction in haemoglobin A, was associat-
ed with a 37% decrease in the risk for microvascular
complications (nephropathy, retinopathy, neuropa-
thy). No threshold of glycaemia was observed for a
substantive change in risk for any of the clinical out-
comes examined. The lower the glycaemia, the lower
the risk of complications. The study also showed that
tight blood pressure control reduced the risk of pro-
gression of diabetic retinopathy by 34% and deterio-
ration in visual acuity by 47%, suggesting that tight
blood pressure control prevented the development of
diabetic maculopathy which is the main cause of visu-
al impairment in type 2 diabetes.

These studies emphasize the need for optimal,
persistent diabetic control of patients with type 1 and
type 2 diabetes.

PERSPECTIVES

Exciting developments have been achieved in the
understanding of the underlying causes of vasoprolif-
erative retinopathy and macular oedema. In 1948,
Michaelson and colleagues postulated that retinal is-
chaemia activated a vasoproliferative factor in the
retina, resulting in proliferative retinopathy”. Stud-
ies have now demonstrated that vascular endothelial
growth factor (VEGF) probably has a major role in
mediating proliferative retinopathies®*. VEGF is an
angiogenic protein and a potent vasopermeability fac-
tor that stimulates retinal endothelial cell growth in
vitro through activation of protein kinase C* and has
been identified in ocular fluids of patients with diabe-
tes and other ocular disorders**’. Concentrations of
VEGF are higher in patients with active proliferative
disease and lower in patients with inactive disease af-
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ter scatter laser photocoagulation or spontaneous re-
mission of proliferative retinal disease®. The concen-
tration of VEGF is also increased in the anterior seg-
ment of eyes with active rubeosis iridis”. Additional-
ly, VEGF action increases retinal vascular permeabil-
ity in vivo, with obvious implications for diabetic mac-
ular oedema®.

Inhibitors of VEGF used in animal models of is-
chaemia-induced retinal neovascularization reduced
the neovascular response®**'*. Pharmaceutical sup-
pression of VEGF activity is a potential novel treat-
ment for diabetic retinopathy®?. Clinical trials are
now being initiated to test pharmaceutical action of
oral and local anti-VEGF agents with the hope of pre-
venting retinal neovascularization, diabetic macular
oedema and other vasoproliferative retinopathies,
without the retinal destruction inherent in current
therapeutic regimens.

Studies by Smith et al’’*® have shown that interac-
tions between IGF-1 and the IGF-1 receptor are nec-
essary for induction of maximal neovascularization by
VEGF. Therefore IGF-1 plays an essential role in
angiogenesis as a permissive agent. Previous con-
trolled clinical trials showed that pituitary ablation
could improve diabetic retinopathy and indicated that
therapeutic success was correlated with the magnitude
of GH decrease®. In order to avoid the high rates of
morbidity and mortality from hypopituitarism and
because the beneficial effects of hypopituitarism might
be due to the cessation of GH secretion, therapies to
block the actions of GH were initiated. A small-scale
trial of octreotide, a somatostatin analogue, showed
that at high doses, the agent may retard the progres-
sion of the vision-threatening disease®. A larger trial,
involving 30 clinical centres, is in progress. Another
three-month, open-label trial with pegvisomant did not
cause regression of the new retinal vessels in patients
with ‘non-high-risk’ proliferative diabetic retinopathy,
although plasma levels of IGF-1 decreased by 50%"".

GENERAL GUIDELINES

Until modalities are in place to prevent or cure
diabetic retinopathy, the emphasis must be on excel-
lent diabetic control and on early identification, care-
ful follow-up and timely laser photocoagulation or vit-
rectomy, or both, in patients with diabetic retinopa-
thy. Proper care will result in reduction of personal
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suffering for those involved, as well as substantial cost
savings for the patients and their families.

All diabetic patients should be informed of the
possibility of the development of retinopathy with or
without symptoms and the associated threat of visual
loss. The natural course and treatment of diabetic re-
tinopathy should be discussed and the importance of
routine examination stressed. Patients should be in-
formed of the possible relationship between the level
of control of diabetes and the subsequent develop-
ment of ocular and other medical complications. Pa-
tients should be informed that diabetic nephropathy,
as manifested by proteinuria, requires aggressive early
treatment to avoid superimposed retinopathy (and the
possible associated risk of neovascular glaucoma). The
association of joint contractures, hypertension, car-
diovascular disease, elevated lipid levels and neurop-
athy with onset and progression of diabetic retinopa-
thy should be discussed.

Diabetic women contemplating pregnancy should
have a complete eye examination before conception.
Pregnant women with diabetes should have their eyes
examined early and in each trimester of pregnancy
and should have a postpartum examination 3 to 6
months after delivery. Since pregnancy may exacer-
bate existing retinopathy and may be associated with
hypertension, careful medical and ocular observation
during pregnancy is crucial. Retinopathy status may
have an impact on the method of delivery, and close
communication among the various members of the
medical team is essential.

Patients with diabetic retinopathy, even in its mild-
est form, must be informed of the availability and ben-
efits of early and timely laser photocoagulation ther-
apy in reducing the risk of visual loss

CONCLUSIONS

In its earliest stages, diabetic retinopathy usually
causes no symptoms. Visual acuity may be excellent
and, on evaluation and diagnosis, a patient may deny
the presence of retinopathy. It is crucial at this stage
for a patient’s physician to initiate a careful pro-
gramme of evaluation, education and follow-up of any
ocular condition.

Great progress has been made in improving the
outcome of patients with diabetic retinopathy. It must

be underlined, however, that the key for substantial
further improvement of the outcome lies in its early
detection and proper management and an excellent
control of hyperglycemia.
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