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Editorial

Diabetic macular edema
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ABSTRARACT: Retinal edema is defined as any increase of walter in retinal tissue resulting in
an increase in its volume. This increase may be initially intracellular or extraceltular. In the
first case, there is cytotoxic edema. ln the second, vasogenic edema, direclly associated
with an alteration of the blood-retinal barrier (BR8).
Relinal thickness can now be measured, using the retinal thickness analyser (RTA). Simi-
larly, local breakdown of the BRB can now be mapped using the retinal leakage analyser
(RLA). The application of these methods lo diabetic macular edema has shown that both
' types of retinal retinopathy edema occur in the initial stages of diabelic retinal disease.
These observations sugges! a role for neuroprotective and vasoprotective agents in the
management of diabetic retinal disease, (Eur J Ophthaimol 1398, 8: 127-30)
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Diabetes is the leading cause of new cases of legal
blirdness among working-age Americans. Type | car-
ries a higher risk of ocular complications, but because
thcre are so many more Type Il patients, they make
up a substantial proportion of patients with blinding
sequelae.

One of the two major causes of visual loss due to
diabetes is macular edema. It has been estimated
that each. year in thc U~ited Stales there are aimost
75,000 new cases of diabetic macular edema. These
numbers are iikely to rise, since it is expected that
by the year 2010, 10% of the USA population will
suffer from diabetes, especially the non-insuJlin de-
pendent type (1).

Basic concepls of retinal edema

ir 1985, Ferris and Patlz (2) detined diabetic macu-
lar edema as “an abnormal collection of extracellular
fluid in the retina”. A sersitive assessment is given by
ihe presence of ircreased fluorescence in the late stages
of fluorcscein angiography. In the same year, we stat-
ed that edema develops when fluid accumulates with-
in the retina, increasing retinal volume, and we intro-

duced the concept of retinal compliance, an imoortant
factor in controling the rate of fluid accumulation in
the retina (3).

However, like brain edema, retinal edema must ¢lear-
ly be defined as any increase of water in the retinal
tissue resultingin anincrease inits volume, i.e., thick-
ness. This increase may initially be intracellular or ex-
trace'tylar. In the first case - cytotoxic edema - the
cell ionic exchanges are altered, with an excess of
Na+ inside the ce!l. In the second case - vasogenic
edema - there is a predominantly extracellular accu-
mufation of fluid, directly associated with an alteration
of the blood-retina’ barrier (BRB) permeability to pro-
teins. In this latter situation any loss of equilibrium be-
tween hydrostatic, oncotic and osmotic pressure gra-
dients across the BRB contribute 1o further water move-
ments and edema.

Cytotoxic edema is initially not a true edema but or-
ly a redistribution of water into the cell from its nor-
mal extracellufar location, leading to cel damage and
release of vasoactive substances which may induce
vasogenic edema by altering the BRB. The initial al-
teration may be a lack of ATP* with depolarizetion of
the cell membranes, aiteration of the cell ionic pumps
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and an increase of extracellular K*, with glutamate
release and increase of intracellular Ca‘® (4). Cyte-
toxic edema may also result from excitatory release
of glutamate oriactic acidosis, activating Na*/H* trans-
port and causing accumulation of intracellular Na .

Vasogenic edema results from a breakdown of the
BRB with extracellular deposition of macromolecules.
The primary defect is in the BAB and fluid accumula-
tion is extracellular. In this situation, the “torce” driv-
ing water across the capiilary wallis a hydrostatic pres-
sure difference, AP, and an effective osmotic pres-
sure difference, Axg. The equation is therefore:

(driving force) = Lp [(Pprasma = Pssue) -

-G (nprasma - Myissue)]

where Lp is the hydraulic conductivity or membrane
permeability of the BRB and ¢ an osmotic reflection
coefficient, P plasma is the blood pressure, P tissue
is the retinal tissue pressure represented by its co-
hesiveness and compliance, n plasma is blood osmotic
pressure and n tissue the tissue osmotic pressure.

The loss of equilibrium between these pressure gra-
dients is important only after alteration of the BRE and
then contributes to water movements.

Anincrease in AP contributing to refinal edema may
arise from an increase in Pp,qma OF @ decrease in P
sue. OF DOl An increase in Py.,~. due to increased
systemic blood pressure does not normally cause reti-
nal edema because of the autoregulation of retinal blood
flow and the structural characteristics of the BRB. A
decreasein P. .. may be due to loss of cohesiveness
of the retinal tissue, associated with vitreous traction,
aging or retinal disease, thus increasing ratinal com-
pliance. A decrease in P, .. allows for faster fluid ac-
cumulation within its limits, and tacilitates the ‘ncrease
in retinal thickness.

A decrease in Ar, contributing to retinal edema, may
be due-to increased protein accumulation in the reti-
na after breakdown of the BRB. A reduction in plas-
ma osmolarity only contributes to edema formation in
the brain if it is rapid and in the order of 35 mosmols.
After a breakdown of the BRB the progression of reti-
naledema depends on the gradient between intravascular
and tissue hydrostatic pressures. Tissue compliance
then becomes more important, influencing the rate ot
edema progression.

A few notions must be briefly recapitulated. Retinal

edema may initially be exclusively intracellular or ex-
tracellular. Inthe first case, it may occur without break-
down of the BRB. In the second case, BRB breakdown
must occur. Intracelislar cytotoxic retinal edema may
resultin the production of a variety of vasoactive agents,
such as free radicals or nitric oxide which, in turn, in-
duce breakdown of the BRB and the subsequent va-
sogenic edema.

Clinical evaluation of relina edema

The clinica: evaluation of macular edema is always
difficult. Direct and indirect ophthalmoscopy may re-
veal nothing but zn alteration of the foveal reflexes.
Stereoscopic fundus photography and slit-lamp mi-
croscopy have played an important role in showing
changesinretinal volume in the macular area but they
are dependent on the observer and do not measurce
the volume change. In the Early Treatmen: Diabetic
Retinopathy Study, the ophthalmologists agreed that
the following characteristics indicate “clinically sig-
nificant macular edema™:

1) thickening of the retina (as seen either by slit lamp
biomicroscopy or by stereo fundus photography) at or
within 500 microns of the center of the macula;

2) hard exudates at or within 500 microns of the cen-
ter of the macula, with thickening of the adjacent ret:-
na {(but not residual hard exudates remaining after dis-
appearance of retinal thickening); and

3) a zone(s) of retinal thickening one dis¢ in area or
larger, any part of which is within one disc diameter
of the center of the macula.

This definition has proved its usefulnpess but needs
further clarification. It was proposed to take involve-
ment of the center of :ne macula and its relationship
with visual loss into special consideration.

We have seen thal retinal edema means there is an
increase in retinal volu.me. This involves an increase
in retinal thickness because of the anatomical archi-
tecture of the retina. There is now one technique avail-
able that objectively measures overall retinal thick-
ness, the retina! thickness analyser (RTA) (5).

We have also seen that there are two rain types of
retinal edema: cytotoxic oriniracellular, and vasogenic
or extracelislar. The first may be present without break-
down of the BRB whereas the second is directly as-
sociated with BRB breakdown. Ciinically, BRB permeability
may be measured by vitreous fluorometry. Anincrease
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Fig. 1a - Composite information from the same area of the mac-
via of a diabelic eye {¢cm) with no r2tinopsihy (LE - lell eye)
Upper tefl - fluorescein angiography

Upper right - retinal leakage analyser (RLA) - map of fluorcs-
cein leakage (bidimensional)

Lower left - Retinal thichness analyser (RTA) - map of relinal
thickness

Lower right - RLA - map of fluorescein leakage (threedimensional)
Not all zones with increased thickness correspond (o sites of in-
creased fluorescein leakage.

in vitreous fluorometry values is directly associated
with visual .0ss in well-detined cases of diabetic reti-
nal edema. In a study using fundus photography, f.-
orescein angiography and vitreous fluorometry, the lat-
ter was the best predictor of visual loss in diabetic
mac.'ar edema (8).

Recently, we developed a new mathod for local mea-
surements of BRB permeability, the retinal leakage
analyser (RLA), based on a confocal scanning laser
ophthalmoscope (7). This method has been tested in
normal individuals, diabetic paticnts, before and after
photocoagulation, and in a variety of other sitvations,
in which it had very good resolution, both axial and
lateral. This method can be used to map retinal leak-
age and simultaneously image the retina. The alter-
ations of the BRB are quantified and can be directly
correlated with changes in retinal morphology.

Retinal edema in diabetes
In the evalua:ion of diabetic edema these new meth-

ods have shown that both types, cytotoxic and vaso-
genic, occur in the diabetic retina before the devel-

Fig. 1b - Composite information from the same area of the mac-
ula of a drabelic eye (og) with minimal retinopathy (LE-left eye).
Upper lelt - fluoresccin 2ngiography

Upper right - RLA - map of fluorescein leakage

Lower left - RTA - map of retinzl thickness

Lower right - RLA - map ol fluorescein leakage (threedimen-
sional)

All the images are obtained from the same area of the retina.
The zone with more increased thickness does not correspond
to the site of more fluorescein leakage.

opment of clinically significant macular edema. Pre-
liminary results have shown that in diabetic eyes with-
out vascular pathology visible on ophthalmoscopic ex-
amination there may be localized areas of increased
retina, thickness in the posterior pole without break-
down of the BRB (Fig. 1a). In the same eyes, howev-
er, in other sites of the —acula there are areas of in-
creased thickness associated with increased fluores-
cein leakage and breakdown of the BRB (f-ig. 1b).

In the diabetic retina, therefore, the two types of reti-
nal edema appear to arise together from the initial steps
of the disease. Cytotoxic edema may well first occur in
the diabetic retina. Recent results from our laboratory
indicate that the retinal vessels keep transporting glu-
cose into the retina at even higher rates in the pres-
ence of hyperglycemia, creating an excessive accumulation
of glucose in the inner retina (8). These high glucose
levels in the retina in diabetes raise retinal levels of
sorbitol ang triose phosphates and increasc lactate and
fructose production. The increase in the lactate: pyru-
vate ratio is similar to that induced by hypoxia.
Wiltiamson and co-workers (9) called ta s a sitvation o°
hyperglycemia-induced “pseudo-hypoxia”. Intracellular
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edema is a natural autcome, with the resulting cell ion-
ic changes and excessive glutamate release.

A functional alteration of the BRB involving its out-
ward transport can be expected immediately. Later pro-
gressive retinal cellular damage would result in the
re.ease of vasoactive substances such as nitric oxide
and free radicals, inducing vascular damage and break-
dowr: of the BRB with protein leakage and extracel-
lular (vasogenic) edema.

Studies of the earliest stages of retinal involvement
in diabetes using the RTA and the RLA simultaneously,
together with optical coherence tomography (OCT) wiil
certainly offer new insights into diabetic retina: dis-
ease, particularly edema. Better management of dia-
betic macular edema will be an important result.

The reasoning behind laser photocoagulation treat-
ment for diabetic retinal edema needs to be reviewed
and analysed. Should only focal trea*ment of leakage
sites be done to correct the alteration of BRB? Should
damaged retinal tissue be destroyed to prevent the
formation of vasoactive substances? Or, finally,
shouid just a mild scatter be done over the posterior
pole looking for activation of the outer BRB?

Medical therapy of diabetic retinal edema should be
targeted better in the near future. Medica! therapies
for retinal edema have included corticosteroids, non-
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steroid anti-inflammatory agents, carbanic anhydrase
inhibitors and hyperoxic therapy. In diabetic macular
edema, it may be more effective to establish which
type of retinal edema predominates, cytotoxic or va-
sogenic, and select neuroprotective or vasoprotective
agents accordingly. Potentially useful neuroprolective
agents include calcium-channel blockers, glutamate
receptor antagonists and antioxidants. Vasoprotective
agents that offer promise are nitric oxide synthetase
inhibitors, advanced glycation endproduct (AGE) for-
mation inhibitors and angiotensin conversion enzyme
(ACE) inhibitors.

These drugs may be used in the near future to pro-
tect the retinal cells and the BRB from the damage
caused by the increased, abnorma! glucose metabo-
lism in the diabetic retina, and thus delay the devel-
opment of retinopathy.
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