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The effect of photocoagulation on visual acuity in diabetic
patients suffering from diabetic macular edema and diabetic

retinopathy
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Abstract: The aim of the study was to evaluate the effect of photocoagulation and range of treatment on visual
acuity (VA) in patients with diabetic macular edema.

Material and method: 56 patients with type |l diabetes mellitus — 109 eyes were divided into four groups de-
pending on the type of treatment. The evidence of macular edema based on biomicroscopic evaluation or
fluorescein angiography was the criterion of the need to start with photocoagulation. VA was evaluated every
6 months up to 3 years after the treatment.

Results: In the first group, 54 eyes were treated by focal photocoagulation. VA was stabilized in 45 (83.3 %),
improved in 3 (5.6 %), and in 6 (11.1 %) eyes became worse. In the second group, 7 eyes were treated by grid
photocoagulation. VA was stabilized in 6 (85.7 %) eyes, and 1 (14.3 %) eye got worse. In the third group, 29
eyes were treated with combination of the direct treatment in macular region with panretinal photocoagulation
(PRP). In the latter group, VA was stabilized in 22 (75.9 %) eyes, improved in 3 (10.3 %), and in 4 (13.8 %) eyes
it got worse. In the fourth group, 19 eyes were treated with a combination of grid photocoagulation and PRP.
VA was stabilized in 16 (84.2 %), improved in 2 (10.5 %) eyes, and got worse in 1 (5.3 %) eye.

Conclusion: Results of this study affirm the benefit of photocoagulation for keeping the visual acuity. Reasonable
range and correct timing of treatment are indispensable (Fig. 6, Tab. 2, Ref. 21). Full Text (Free, PDF) www.bmj.sk.
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Diabetic retinopathy is a late complication of diabetes melli-
tus. There are two causes for vision deterioration or blindness —
diabetic maculopathy and complications accompanying the ori-
gin and the development of diabetic retinopathy (DR) (15).

The accumulation of fluid in nerve fiber layer and inner
nuclear layer of retina due to disruption of inner haematoretinal
barrier causes the diabetic macular edema.

Fluid and macromolecules from plasma pass from intravas-
cular to extravascular space. These changes bring about an ac-
cumulation of hard exudates. The hard exudates are primarily
accumulated in inner and outer plexiform layers; i.e. in deeper
parts of retina during final stages of disease. The presence of
hard exudates is accompanied by degeneration of photorecep-
tors. Retinal pigment epithelium becomes irregular. This hae-
matoretinal external barrier provides balance to fluid transport
in retina. The general status is important, namely hypertension,
cardial or renal insufficiency, dislipidemia and fatness (6, 8, 14,
19, 20, 21).
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The edema can occur as focal or diffuse. The ischemic
maculopathy has poor prognosis; it is based on areas of non-
perfusion.

The focal edema reveals with the rapid and diffuse leakage
of the contrast substance (fluorescein) from capilaries. Good
capillary perfusion is present on fluorescein angiography (FA).
Diffuse edema reveals with diffuse leakage of fluorescein from
huge areas of capillary network in the posterior pool. The cystic
spaces are filling with fluorescein at the area of cystoid macular
edema. The areas of non-perfusion are present in the area of is-
chemic maculopathy (1, 19).

Retinal findings in FA improve the accuracy and the range
of photocoagulation (1, 8, 9, 11, 16). The benefit of photocoagu-
lation is in the increasing of oxygenation of retina, improvement
in hemodynamics and transport of fluid in retina (3, 7).

The aim of the study is to evaluate the effect of treatment by
photocoagulation in patients with diabetic macular edema. The
study is based on the comparison of central visual acuity before
and after the photocoagulation.

Methods
The group of 56 patients with type II diabetes mellitus was

evaluated in a retrospective study. 109 eyes were treated with
photocoagulation for macular edema. The time from the start of
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Tab. 1. Groups of eyes according the type of photocoagulation.

Type of photocoagulation Number of eyes %
Focal photocoagulation 54 49.54
Grid photocoagulation 7 6.42
Focal photocoagulation and PRP 29 26.61
Grid photocoagulation and PRP 19 17.43
Total 109 100

Tab. 2. Visual acuity after photocoagulation.

Characteristics of VA stabilised VA improved VA worsed
photocoagulation

focal 45 (83 %) 3 (5.6 %) 6 (11 %)
grid 6 (85.7 %) 0 1 (14.3 %)
focal + PRP 22 (75.9 %) 3 (10.3 %) 4 (13.8 %)
grid + PRP 16 (84.2 %) 2 (10.5 %) 1 (5.3 %)

photocoagulation varied from six months to three years. The evi-
dence of macular edema based on biomicroscopic evaluation or
fluorescein angiography was the criterion for starting with pho-
tocoagulation. In case of focal macular edema, leaking micro-
aneurysms (MA) were present on FA. A clinically significant
macular edema, which is the criterion for starting with photoco-
agulation is characterised by the following signs:
— thickening of the retina at or within 500 microns of the center
of the macula,
— hard exudates in this region, if associated with thickening of
adjacent retinae,
— a zone or zones of retinal thickening 1 disc area or larger, any
part of which is within 1 disc diameter of the center of macula.
The focal photocoagulation of leaking MA was done for the
first time in treatment of nonproliferative diabetic retinopathy
(NPDR), in distance of 1000 um from the centre and farther. The
argon — green laser burns of 100 microns (514 nm) were used
with duration of 0.1 s or less, with adequate power to obtain
whitening or darkening of MA. The areas of diffuse leakage or
nonperfusion at nonproliferative DR were treated in the grid pat-
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Fig. 1. VA before and after focal photocoagulation of diabetic macu-
lar edema.
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Fig. 2. VA before and after grid photocoagulation of diffuse macular
edema.

tern. The burns in size of 200 microns were placed 500 to 3000
microns from the center of macula. The goal of treatment is to
produce a burn of light to moderate the intensity. Sequence
panretinal photocoagulation (PRP) was done in patients with
severe NPDR or proliferative diabetic retinopathy (PDR). Blue-
green laser of 488 nm, burns of 200—300 microns, duration of
0.1 s were used to obtain light whitening of retina.

Results

The group of 109 eyes, 56 patients, was divided to 4 groups
according to the type of photocoagulation (Tab. 1). Visual acuity
(VA) was evaluated before and after the treatment on Snellen
optotypes. Change in VA by one line was regarded as stabiliza-
tion. Improvement or worsening of VA was considered when
VA was changed by 2 or more lines of optotypes. Table 2 shows
VA before and after the treatment categorized according to type
of photocoagulation.

The first group, i.e. 54 eyes with nonproliferative diabetic
retinopathy (NPDR), with clinically significant macular edema,
was treated by focal photocoagulation. The VA was stabilized in
45 (83.3 %), improved in 3 (5.6 %) and deteriorated in (11.1 %)
eyes. 33 eyes had VA of 1.0—0.8 before treatment, and 35 eyes
after the treatment. VA of 0.63—0.4 before treatment was present
in 17 eyes. VA less than 0.25 was present in 5 eyes.

In the second group, 7 eyes with NPDR with diffuse macular
edema were treated with grid photocoagulation. VA was stabi-
lized in 6 (5.7 %) eyes and deteriorated in 1 (14.3 %) eye. In this
group, VA of 0.4—0.25 before treatment was in 2 eyes, after the
treatment in 5 eyes. 2 eyes with VA of 0.1-0.16 got better to 0.4—
0.25. 2 patients had VA of 0.1 or less before and after the treatment.

In the third group, 29 eyes treated for severe NPDR with
clinically significant macular edema were treated with a com-
bination of focal and panretinal photocoagulations. 22 eyes
(75.9 %) were stabilized, 3 (10.3 %) eyes were improved and 4
(13.8 %) eyes deteriorated. 19 eyes had VA 1.0-0.8 before as
well as after the photocoagulation. VA of 0.63—0.4 before treat-
ment was present in 8 eyes, and after treatment, in 6 eyes. VA of
0.1 or less was present in 2 eyes.

In the fourth group, 19 eyes with severe NPDR or PDR with
diffuse macular edema were treated with a combination of grid
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Fig. 3. VA before and after focal photocoagulation for focal diabetic

macular edema and PRP for severe diabetic retinopathy.
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Fig. 4. VA before and after grid photocoagulation for diffuse macu-

lar edema and PRP for severe diabetic retinopathy.

Fig. 5. Hard exudates at clinically significant macular edema. a) before photocoagulation, b) disappearance of hard exudates six months
after photocoagulation.

and panretinal photocoagulations. VA was stabilized in 16 eyes
(84.2 %), improved in 2 eyes (10.5 %) and one eye (5.3 %) got
worse. VA in this group was 0.4 or less. Figure 1-4 shows
changes in VA in these four groups.

Disappearance of hard exudates was recorded after the laser
treatment. Figures 5 a and b shows hard exudates before and six
month after the focal treatment of the macular edema.

Discussion

Diabetic maculopathy remains a permanent therapeutic and
social problem despite advances in the therapy of diabetes mel-
litus. Previous studies suggested that photocoagulation might be
beneficial in the treatment of diabetic macular edema (1, 3, 4, 5,
12, 15, 16, 18). Results of this study can confirm these findings.
When deciding whether to use photocoagulation it is necessary
to consider some factors in respect of the development and prog-
nosis of macular edema. A clinically significant macular edema
based on biomicroscopic evaluation and the risks of VA deterio-
ration are indications for laser treatment (13, 16).

In the first group, the focal photocoagulation was done in
patients with NPDR with clinically significant macular edema.
There were patients with good VA, in whom retinal changes were

endangering the center of macula. VA was stabilized in 45
(83.3 %), improved in 3 (5.6 %), and in 6 (11.1 %) eyes it be-
came worse. A deterioration by more than 3 lines did not occur.
Boguszakova et al reached stabilisation in 62.2 % of patients,
and improvement in 28.9 % of patients (1). Rehak et al observed
stabilisation in 77 % of patients, improvement in 17 %, and wors-
ening of VA in 6 % of patients in two years following focal pho-
tocoagulation (16). Early Treatment Diabetic Retinopathy Study
presents stabilisation in 65 % patients 1 year after the focal treat-
ment despite the worsening in 63 % patients who were not treated
(3). The disappearance of hard exsudates was recognised in our
group of patients after the focal laser treatment. This condition
remains stabilized after 3 following years (Fig. 5 a, b).

The results achieved in the second group correlate with ad-
vanced changes in macular region. These findings confirm that
long-term edema damages the photoreceptors, and causes dys-
trophic changes in retinal pigment epithelium. This is the cause
of permanent deterioration of visual acuity. Dystrophic changes
in central macula must be differentiated from other etiologies,
for example age-related macular degeneration.(15) In case of
diffuse macular edema, panretinal photocoagulation was needed
frequently. Stabilisation of VA was recorded in 6 (85 %) eyes
and deterioration in 1 eye (14.3 %). Stefaniotou et al demon-
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strate the favourable effect of grid photocoagulation on the dif-
fuse macular edema (18). Stabilisation in 74 % and improve-
ment in 20 % after one-year follow-up is described in the study of
Olk and co-authors (13). Boguszakova illustrates stabilisation of
diffuse edema in 37 % and improvement in 29.6 % of patients (1).
In the third group of 9 eyes with NPDR with clinically signifi-
cant macular edema treated with combination of focal and
panretinal photocoagulation, stabilisation was achieved in 22 (75.9
%) eyes, improvement in 3 (10.3 %) and deterioration in 4 (13.8
%) eyes. VA at the start of treatment was 1.0—0.8. No worsening
by 3 or more lines occured. These outcomes confirm the results of
EDTRS study, which demonstrates the favourable impact of focal
fotogoaulation of macular region in patients in need of PRP (3).
The fourth group of 19 eyes with severe NPDR or PDR with
diffuse macular edema was treated by grid and panretinal pho-
tocoagulation. The initial VA was 0.4 or less. Stabilisation of VA
was achieved in 16 (84.3 %) eyes, improvement in 2 eyes (10.5 %),
and one eye got worse. The severity of diabetic retinopathy re-
flects the duration and compensation of diabetes mellitus. The
Wisconsin Epidemiologic Study of Diabetic Retinopathy dem-
onstrates the effects of age, type and duration of diabetes melli-
tus, level of hyperglycemia (measured by glycosylated haemo-
globin), blood pressure and proteinuria (2, 9, 13).
The implication of this finding is as follows:
1) Focal treatment can stabilize VA.
2) Photocoagulation in early stage maintains the initial VA.
3) Regular examinations of diabetic patients are crucial. In-
tervals between controls should shorten with the duration
of diabetes mellitus in order to survey the early stages of
diabetic retinopathy.
4) VA does not improve significantly after the resolution of
several diffuse macular edemas.

Conclusion

The results of presented collection of patients show a favour-
able influence of photocoagulation on preservation of visual acu-
ity providing the range is sufficient and timing correct. The
biomicroscopic evaluation and the fluorescein angiography are
appropriate indicators of the need to start with therapy. FA is
suitable also for the monitoring of the success of therapy. Macu-
lar edema advances slowly, but early treatment is effective against
loss of vision. The aim of photocoagulation is to preserve the
visual acuity recorded at the beginning of therapy. Good com-
pensation of diabetes mellitus (controlled by the level of
glycosylated haemoglobin), treatment of primary diseases as
hypertension and hyperlipidemia are crucial for long-term stabi-
lization of diabetic maculopathy. Glycemia and hypertension were
treated by an internist and they were not assessed in the group
characteristics of patients.
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