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Abstract
Purpose:  To evaluate the clinical outcome of macular grid laser photocoagulation in the treatment of diffuse
diabetic macular edema and improving visual acuity compare to anatomical improvement by OCT.
Methods:  In this prospective study included 30 consecutive patients (33 eyes) who were treated by macular
grid laser photocoagulation for diffuse diabetic macular edema. Examinations that included slit-lamp exami-
nation, assessment of visual acuity and central macular thickness (CMTs) using optical coherence tomogra-
phy (OCT) were performed pre-treatment and at 1 month, 3 and 6 months after treatment
Results:  Mean age of the patients was 58.9+8.4 years. Mean best-corrected visual acuity (BCVA) for
distance (using ETDRS charts) improved from 31.5+14.7 (range, 3-55) pretreatment to 35.2+14.8 (range, 5-55)
(P=0.137), 37.2+16.5 (range, 5-65) (P=0.035), 38.6+15.6 (range, 5-60) (P = 0.005) letters at 1 month, 3 months,
6 months after treatment.  Six months after treatment, eighteen (54.5%) eyes improved in visual acuity by
two or more lines. Thirteen (39.4%) experienced no change, or changed by only one line; two eyes (6.1%)
experienced a decrease in visual acuity by two or more lines. Mean central macular thickness decreased
significantly from 356.7+165.3 pre-treatment to 329.6+145.6 (P=0.026), 317.8+141.6 (P=0.013), 292.1+126.7,
(P<0.001) microns at 1 month, 3 months and 6 months after treatment respectively.  Nine of 33 eyes had
recurrence macular edema and 3 eyes were repeated grid laser treatment at 1 month after the first treatment.
After 6 months of grid treatment, the mean foveal thickness showed 18.1% (-64.6 μm) reduction from the
initial value. Twenty-seven eyes that has decreased central macular thickness, fourteen (51.9%) eyes
improved in visual acuity, eleven (40.7%) experienced no change, or changed by only one line. two eyes
(7.4%) experienced a decrease in visual acuity.
Conclusion: Grid laser treatment in diabetic macular edema led to a significant improvement in mean
macular thickness confirmed by OCT and visual acuity in some patients with diabetic macular edema.  These
findings suggest that quantitative retinal thickness measurement provides an objective assessment of the
degree of macular edema and can be useful for monitoring the efficacy of grid laser treatment in reducing
the thickening and relating the latter to visual outcome. Thai J Ophthalmol 2008; July-December 22(2):
97-103.
Keywords: central macular thickness, optical coherence tomography (OCT), grid laser, diabetic macular
edema
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Introduction
Macular edema is recognized as the most com-

mon cause of vision loss in diabetic eyes.1-2  Macular
edema is clinically significant, as defined by the Early
Treatment Diabetic Retinopathy Study (ETDRS) pro-
tocol, if retinal thickening or hard exudates associ-
ated with adjacent retinal thickening is observed within
500 μm of the center of the foveal avascular zone.3

Reports from the ETDRS   indicated that focal laser
grid pattern photocoagulation for clinically signifi-
cant macular edema was effective in reducing the
risk of progressive visual loss in 50% of patients
with diabetes.3-5

The mechanism causing the resolution of the
edema after laser treatment is still debated. Laser
treatment could open new pathways for metabolic
exchange between the subretinal space and chorio-
capillaries by altering the barrier function of the
retinal pigment epithelium, or grid pattern photoco-
agulation might improve the malfunctioning retinal
pigment epithelium cells that are unable to maintain
an effective outer blood-retinal barrier.6  Another pos-
sible explanation is that grid pattern photocoagula-
tion simply destroys the population of photorecep-
tors, which are high oxygen consumers and need
adequate retinal blood flow, and the elimination of
them leads to an increase in the level of inner retinal
oxygen, a reduction of retinal blood flow, and vascu-
lar leakage.7,13,19

Objectives
The purpose of this study was to evaluate the

clinical outcome of macular grid laser photocoagula-
tion in the treatment of diffuse diabetic macular edema
which included anatomical and functional success
rate.  Before and after the treatment, visual acuity by
ETDRS chart, and retinal thickness by optical cohe-
rence tomography (OCT) were measured to estimate
the efficacy of this treatment with a follow-up time

of 6 months.

Patients and Methods
In this prospective interventional clinical study,

33 eyes of 30 consecutive patients with diabetes
who had clinically significant macular edema were
studied between March 2006 and December 2006.
Fourteen patients were women and 16 were men.
Three patients had bilateral and 27 had unilateral
diffuse diabetic macular edema (19 right eyes and 8
left eyes).  Patientsû ages ranged from 43 to 82 years
with a mean of 58.9+8.4 (mean+standard deviation
[SD]) years. (Table 1) The possible merits and risks
of treatment were explained to the patients, and an
informed consent was obtained before inclusion in
the study. Institutional Review Board approval and
Research Ethics Committees, Faculty of Medicine
Research Fund, Chiangmai University was required
for this study.

The onset of diffuse diabetic macular edema
ranged from 1 week to 12 months with a mean of
6.7+5.8 months. (Table 1)

     Laser Treatment

Total no.of eyes 33
No. of male patients 16  (53.3%)
No.of phakic eyes 29  (87.9%)
Duration of DME (mo) (SD) 6.7+5.8
Mean age (yrs) (SD) 58.9+8.4

Table 1. Baseline Demographic Data of 30 Patients in
the study

DME = diabetic macula edema; SD = standard deviation

All of the patients had no history of panretinal
photocoagulation and grid laser for macular edema
before this study.  Patients who had subfoveal exu-
dates, initial examination macular edema less than
200 μm, severe diffuse macular edema, tractional
component and who had undergone intraocular sur-
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gery within 3 months prior to the beginning of this
study were excluded.

After informing the patients of the purpose of
this study and the possible outcomes, informed con-
sents were obtained from all patients prior to the
intervention.

All patients received a comprehensive ocular
examination before and 1, 3, 6 months after treat-
ment.  Diffuse diabetic macular edema was defined
as ETDRS criteria.  Indirect ophthalmoscopy and slit-
lamp biomicroscopy of the posterior segment with a
+78 D non-contact lens (Volk, Mentor, OH) were
performed to establish the presence of diffuse dia-
betic macular edema. Fundus photographs and op-
tical coherence tomography (OCT) were taken prior
treatment and 1, 3, 6 months after the treatment.

The best-corrected visual acuity (ETDRS let-
ters) on a standard ETDRS chart, the foveal thick-
ness by OCT scanner (Zeiss-Humphrey Systems,
Dublin,CA,USA), were determined at prior treatment
and 1, 3, 6 months after the treatment.  Eyes were
classified as improved (final visual acuity improved
by more than 2 lines), unchanged (final visual acuity
change within 2 lines), or worsened (final visual
acuity decreased by more than 2 lines).

OCT images for determining the thickness of
the central macular region were obtained by making
vertical and horizontal scans through the fovea, and
the average foveal thickness of the two images was
taken as the foveal thickness.  The thickness was
determined by measuring the distance between the
vitreoretinal interface and the anterior boundary of
the red reflective layer corresponding to the retinal
pigment epithelium. The thickness of  vertical and
horizontal axis were within 10 μm in all eyes.
According to previous reports, retinal thickness by
OCT measurement had the reproducibility of +5% to
+6%.8,14,18  Thus, retinal thickness was altered more
than 10% from its original thickness (at the initial

measurement), defined as an increase or decrease
of the thickness or otherwise unchanged.

Patient Characteristics
Grid pattern laser treatment was performed by

two experienced ophthalmologists.  The spots were
100 μm in size, non-confluent, and placed around
the fovea. The mean power used was 112.0+24.1
(range, 80-150) mW, and the mean spot numbers
was 98.5+25.9 (range, 49-145) spots. No laser spots
were placed within 500 μm of the center of the fovea.
Double frequency neodymium: yttrium-aluminium-
garnet laser (Laserex Technologies, SA, Australia) was
used and a gray-white appearance of the retina was
produced.  Each spot was produced by 100-150
mW, duration 0.1 seconds. Topical anesthesia was
used in all cases.

Statistical Analyses
The statistical significance of the differences

between the pre and post-treatment data were
assessed by Friedman test and Wilcoxon Signed
Rank test (non-parametric) and repeated ANOVA
(para-metric).

Results
One month after treatment, only 8 eyes had

improved visual acuity, 24 had unchanged visual
acuity, and 1 had worse visual acuity.  Three months
after treatment, 12 eyes had improved, 18 remained
the same, and 3 had worsened. Six months after
treatment, 18 eyes had improved, 13 remained the
same, and 2 had worsened. The initial mean best-
corrected visual acuity (BCVA) for distance (using
ETDRS charts) was 31.5+14.7 letters (range, 3-55).
Six months after treatment, the mean BCVA had
improved to 38.6+15.6 letters (range 5-60), an im-
provement of 7.1+0.9 letters.  Statistically, there was
a significant difference of BCVA between the initial
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and the final measurements. (P=0.005). (Table 2)
At the initial examination, the mean foveal thick-

ness in all 33 eyes was 356.7+165.3 μm., 329.6 +/-
145.6 (P=0.026), 317.8 +/- 141.6 (P=0.013), 292.1 +/-
126.7 at 1 month, 3 months and 6 months after
treatment. The foveal thickness decreased in 23 eyes
by 1 month after treatment and 22 eyes by 3 months
after treatment. The difference between the visual
acuity was no longer significant at 1 month because
of the recurrence of macular edema in 9 of 33 and 3
of  9 eyes had repeated grid laser treatment at 1
month after the first treatment. At 6 months, twenty-
seven eyes that had decreased central macular thick-
ness, fourteen (51.9%) eyes improved in visual
acuity, eleven (40.7%) experienced no change, or
changed by only one line, two eyes (7.4%) experi-
enced a decrease in visual acuity.  Six months after
treatment, the mean foveal thickness in all eyes was
292.1+126.7 μm, which corresponded to a 18.1%
(-64.6 μm) decrease.  Statistically, there was a sig-
nificant difference in foveal thickness between the
initial and the final measurements (P <0.001).  (Table
2)

Discussion
The beneficial effects of grid pattern photoco-

agulation in reducing visual loss in patients with dif-
fuse diabetic macular edema have been reports.3,9

Our results showed that the visual acuity in 31 of 33

eyes (93.9%) with diffuse diabetic macular edema
was maintained or improved for at least 6 months
after grid pattern photocoagulation. These results
confirmed the usefulness of grid pattern treatment
for diffuse diabetic macular edema.

The macular thickness was decreased in 26 of
33 eyes (78.8%). With the use of OCT, the mean
foveal thickness of eyes with diffuse diabetic macu-
lar edema has been reported to be 415 μm8 and 368
μm10 which is significantly thicker than the mean
foveal thickness of 147 μm in normal subjects.8 In
our subjects with diffuse diabetic macular edema,
the mean foveal thickness was 356.7+165.3 μm be-
fore treatment, which was comparable to the thick-
ness reported earlier.8 The mean thickness was
reduced to 292.1+126.7 μm at 6 months after  treat-
ment, indicating a significant improvement but still
an incomplete recovery of the macular edema. How-
ever, çclinically significant macular edemaé represents
a relatively late, severely advanced pathological state,
and the retinal swelling must exceed 30% to 50% of
the normal thickness before it can be detected.11 At
that point, there is already significant cellular injury.

Thus in our study, 82% decreases from the
initial foveal thickness indicated that this treatment
is effective. Twenty-seven of 33 eyes that has
decreased central macular thickness, 51.9% eyes
improved in visual acuity. The visual outcome after
grid pattern photocoagulation was not correlated with

Mean BCVA  (letters) P value Mean central macular P value
Using ETDRS  charts thickness  (micron)

Initial 31.5 +/- 14.7 356.7 +/- 165.3
1 month. 35.2 +/- 14.8 NS 329.6 +/- 145.6 0.026**
3 months. 37.2 +/- 16.5 0.035* 317.8 +/- 141.6 0.013**
6 months. 38.6 +/- 15.6 0.005* 292.1 +/- 126.7 <0.001**

Table 2. Visual acuity and foveal thickness values before treatment and during the 1st, 3rd, and 6th months of treatment

*  Repeated ANOVA.
** Wilcoxon Signed Rank Test
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either the initial visual acuity or the initial retinal thick-
ness. The mechanism of this positive correlation
between the initial mean deviation and visual im-
provement has not been clarified.  As previously dis-
cussed by some investigators,6,7,20-24 the mechanism
of grid pattern photocoagulation might be an open-
ing of new pathways of the retinal pigment epithe-
lium barrier to allow fluid transportation between the
retina and choriocapillaries, a decrease in the popu-
lation of photoreceptors to reduce the demand of
oxygen, leading to the reduction of blood flow, or
both and having severe damage to the retina; thus it
is possible that there is no improvement of visual
function even if the macular edema is improved.

Significant abnormalities of macular function
have been found in eyes with clinically significant
macular edema even when the visual acuity was
normal, and none of the functions were normalized
by the laser treatment.12 This unusual situation can
also sometimes be found in patients who have un-
dergone photocoagulation and claim an improvement
in their vision despite the absence of a recordable
change in visual acuity. Thus, it is difficult to judge
both the subjective and objective reports of the
improvement of visual function before and after treat-
ment.

We recognize that our study did not have
adequate controls for statistical comparison, but more
than 54.5% (18 of 33) of the patients stated their
satisfaction with their visual function.  We conclude
that grid laser treatment in diabetic macular edema
led to a significant improvement in mean macular
thickness confirmed to OCT and visual acuity in
patients with diabetic macular edema. These find-
ings suggest that quantitative retinal thickness mea-
surement provides an objective assessment of the
degree of macular edema and can be useful for
monitoring the efficacy of grid laser treatment in

reducing the thickening and relating the latter to vi-
sual outcome.
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