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PU R P O S E. To evaluate the effectiveness of pars plana vitrectomy (PPV) with removal of the
i n t e rnal limiting membrane (ILM) in diabetic patients with macular edema unresponsive to
grid laser photocoagulation.
ME T H O D S. In this randomized controlled study, 20 eyes of 10 patients with diabetic macular
edema unresponsive to grid laser photocoagulation were evaluated. PPV with ILM re m o v a l
was performed randomly in one eye each of 10 patients and taken as the study group; the
u n t reated fellow eyes were taken as the control group. Main outcome measures were foveal
thickness changes measured with optical coherence tomography and preoperative and post-
operative visual acuity. Mann-Whitney U, Wilcoxon, and chi-square tests were used in sta-
tistical analysis.
RE S U LT S. The mean age of the patients was 61.5±6 years (range 51 to 71). All patients were
followed up for 12 months. In the study group, mean foveal thickness was 391.3±91.6 µm
p reoperatively and 225.5±49.4 µm postoperatively (p=0.009). In the control group, mean
foveal thickness was 356.2±140 µm at baseline and 318.4±111.1 µm at 12-month follow-
up (p=0.138). Mean decrease in foveal thickness was 165.8±114.8 µm in the study group
and 37.8±71.2 µm in the control group (p=0.016). In the study group, best-corrected log-
MAR visual acuity was 0.71±0.43 preoperatively and 0.54±0.45 postoperatively (p=0.125).
In the control group, best-corrected logMAR visual acuity was 0.43±0.44 at baseline and
0.59±0.55 at 12-month follow-up (p=0.235). In the study group, visual acuity improved by
two or more lines in 4 eyes (40%) and remained stable in 6 eyes (60%). In the control group,
visual acuity improved by two or more lines in 1 eye (10%) and decreased by two or more
lines in 3 eyes (30%).
CO N C L U S I O N S. PPV with ILM removal appears to be an effective procedure for reducing dia-
betic macular edema unresponsive to grid laser photocoagulation. A further study with a
large number of patients is re q u i red to assess the effectiveness and safety of this proce-
d u re. (Eur J Ophthalmol 2006; 16: 5 7 3- 8 1 )
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INTRODUCTION

Diabetic macular edema is the major cause of visual
loss in diabetic patients and has been shown to occur in
approximately 29% of patients with duration of disease of
20 years or more (1). The Early Treatment Diabetic
Retinopathy Study Research Group has shown that focal
laser photocoagulation reduces the risk of moderate visu-
al loss by 50% in eyes with clinically significant diabetic
macular edema (2). In diffuse diabetic macular edema, it
has been reported that grid laser photocoagulation stabi-
lizes or improves best-corrected visual acuity in 75.4% of
eyes, while 24.6% of eyes experiences loss of vision after
3 years follow-up (3).

Since the observation that eyes with diabetic macular
edema have a significantly higher incidence of an at-
tached posterior vitreous than eyes without macular ede-
ma, several studies have suggested that pars plana vit-
rectomy (PPV) decreases macular edema and impro v e s
visual acuity (4-7). In recent studies, various authors have
performed PPV with removal of the internal limiting mem-
brane (ILM) and have reported diminution or resolution of
diabetic macular edema (8-11). However, controlled stud-
ies are required to establish the role of PPV with ILM re-
moval in the treatment of diabetic macular edema.

The purpose of this prospective controlled study was to
evaluate the effectiveness and safety of PPV with ILM re-
moval in diabetic macular edema unresponsive to grid
laser photocoagulation.

METHODS

In this prospective controlled study, 20 eyes of 10 pa-
tients with bilateral diabetic macular edema unresponsive
to grid laser photocoagulation were evaluated at Hay-
darpasa Numune Education and Research Hospital be-
tween March 2002 and December 2004. This study in-
cluded eyes that underwent prior grid laser
photocoagulation and had persistent macular edema bi-
laterally during 6 months follow-up. Eyes that met the fol-
lowing criteria were excluded: 1) with unilateral macular
edema; 2) treated with grid laser photocoagulation within
6 months; 3) treated with only focal laser photocoagula-
tion; 4) treated with panretinal photocoagulation within 12
months; 5) that underwent vitreoretinal surgery; 6) that un-
derwent cataract surgery within 12 months; 7) with trac-
tion retinal detachment, active neovascularization; 8) with

media opacity such as cataract or vitreous hemorrhage;
9) with evidence of vitreomacular traction (taut and thick-
ened posterior hyaloid or epiretinal membrane). None of
the eyes showed any evidence of vitreomacular traction in
p reoperative fundus and optical coherence tomography
(OCT, Humphrey Instruments, San Leandro, CA) examina-
tions. All patients gave their informed consent prior to in-
clusion in the study.

PPV with ILM removal was performed unilaterally in 10
eyes of 10 patients, and these eyes were defined as the
study group. The untreated fellow eyes were defined as
the control group. The eye to be operated on was ran-
domly selected.

P reoperative and postoperative best-corrected Snellen
visual acuities were recorded and converted into logMAR
(the logarithm of the minimum angle of resolution) units.
The visual acuity in all eyes was taken at the same place
and under the same conditions by the same investigator
who was masked to the study. All patients received an
anterior segment examination and biomicroscopic evalua-
tion with both fundus noncontact and contact lenses.
Foveal thickness was measured with OCT. Three vertical
and horizontal manually assisted OCT scans were ob-
tained at the center of the macula and analyzed fro m
each studied eye by the same experienced ophthalmolo-
gist who was also masked to the conditions of the pa-
tients.

All of the patients had type II diabetes mellitus. Mean
duration of diabetes was 12.9±7.5 years (range 6 to 30).
Four patients were treated with oral hypoglycemic med-
ication and 6 patients with insulin. There was no signifi-
cant diff e rence between the study and control gro u p s
preoperatively in terms of the type of diabetic retinopathy,
type of macular edema, the duration of visual impairment,
the length of time since the diagnosis of macular edema,
receiving macular laser photocoagulation, and the num-
ber of eyes that had received panretinal laser photocoag-
ulation (Tab. I). Both eyes of seven patients, which had
u n d e rgone one session of macular laser photocoagula-
tion, had been treated outside our institution, and details
concerning these treatments were not available. In these
eyes, extensive laser spots were observed in the macular
region. The remaining six eyes of three patients, which
had been treated in our institution, had undergone two
sessions of grid photocoagulation combined with focal
laser treatment. Total number of macular laser spots per
eye was 441, 354, and 293 (mean 363 spots) in the study
group and 390, 412, and 341 (mean 381 spots), respec-
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t i v e l y, in the control group. None of the patients under-
went intraocular surgery previously except one patient
who had bilateral cataract operation. 

Mean foveal thickness at baseline was 391.3±91.6 µm
in the study group and 356.2±140 µm in the contro l
g roup. The diff e rence between the two groups was not
significant (p=0.174, Mann-Whitney U test). Best-correct-
ed logMAR visual acuity was 0.71±0.43 in the study group
and 0.43±0.44 in the control group (p=0.084, Mann-Whit-
ney U test).

The surgical procedure performed by the same surgeon
(A.Y.) was a standard three-port PPV. After core vitrecto-
m y, posterior vitreous detachment was achieved with a
silicone-tipped cannula by active aspiration and then con-
tinued 360° peripherally. ILM that was stained with 0.1%
(1 mg/mL) indocyanine green (ICG) under intravitreal air
was peeled from the macula using intravitreal forceps. At
the end of the surgery, subconjunctival injections of dex-
amethasone (2 mg) and gentamicin (4 mg) were adminis-
tered.

Patients were examined postoperatively at 1 day, 3
days, 1 week, 1 month, 3 months, 6 months, 1 year, and
every 6 months there a f t e r. OCT measurements were
re c o rded postoperatively at 1 month, 3 months, 6
months, and 1 year. Topical prednisolone acetate was ad-
ministered six times a day in the first 2 weeks and then

TABLE I - C O M PARISON OF PREOPERATIVE CHARACTERISTICS BETWEEN THE STUDY AND CONTROL GROUPS

Study group C o n t rol group p

DR type, n (%)     
NPDR 6 (60) 6 (60)   
PDR 4 (40) 4 (40)   

ME type, n (%)   1.00*  
DME 7 (70) 8 (80)   
CME 3 (30) 2 (20)   

Duration of visual impairment (mo), mean ± SD 2 7 . 2 ± 1 8 . 4 25.4±17.8 0.667†  
Time since diagnosis of ME (mo), mean ± SD 2 8 . 3 ± 1 8 . 4 27.7±18.9 0.614†  
Time since macular laser (mo), mean ± SD 2 2 . 7 ± 1 4 . 9 22.4±15 0.848†  
Macular laser treatment, n (%)     

1 session 7 (70) 7 (70)   
2 sessions 3 (30) 3 (30)   

Mean number of macular laser 
spots/eye (grid/focal x 2) ‡ 363 3 8 1 §
P R P, n (%) 4 (40) 4 (40)   

* C h i - s q u a re test
†Mann-Whitney U test
‡Includes only three patients
§Statistical analysis was not performed because of small number of patients
DR = Diabetic retinopathy; NPDR = Nonproliferative diabetic retinopathy; PDR = Proliferative diabetic retinopathy; ME = Macular edema; 
DME = Diffuse macular edema; CME = Cystoid macular edema; PRP = Panretinal photocoagulation

four times a day for 6 weeks, ciprofloxacin six times a day
for 2 weeks, and tropicamide three times a day for 4
weeks. 

Mean outcome measures were preoperative and post-
operative visual acuity and foveal thickness changes in
the study and control groups as well as intraoperative and
postoperative complications. Mann-Whitney U, Wilcoxon,
and chi-square tests were used for statistical analysis.

RESULTS

Of the 10 patients, 4 were men and 6 were women.
Mean age was 61.5±6 years (range 51 to 71). All patients
w e re followed up for 12 months. Table II shows serial
m e a s u rements of foveal thickness for each patient. The
mean foveal thickness changes in the study and contro l
g roups are summarized in Figure 1. In the study gro u p ,
the mean foveal thickness was 391.3±91.6 µm preopera-
tively and 225.5±49.4 µm at postoperative 12 months
(p=0.009, Wilcoxon test), whereas in the control group it
was 356.2±140 µm at baseline and 318.4±111.1 µm at
12-month follow-up (p=0.138, Wilcoxon test).

At 12-month follow-up, the mean decrease in foveal
thickness was 165.8±114.8 µm (42.3%) in the study
g roup and 37.8±71.2 µm (10.6%) in the control gro u p .
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The diff e rence between the two groups was statistically
significant (p=0.016, Mann-Whitney U test). A decre a s e
by at least 20% in foveal thickness was shown with OCT
in 8 eyes (80%) of the study group and 4 eyes (40%) of
the control group. An increase by at least 20% in foveal
thickness was shown in 1 eye (10%) of the study group
and none of the control group.

In the study and control groups, the foveal thickness
changes between preoperative and postoperative 1
month, postoperative 1 and 3 months, postoperative 3
and 6 months, and postoperative 6 and 12 months are
shown statistically in Table III. In the study group, a signifi-
cant decrease of macular edema was observed at post-
operative first month, whereas the decrease during the
following months was not significant. In the control group,
non-significant changes were observed during the follow-
up period.

Table IV shows serial measurements of visual acuity for
each patient. In the study group, best-corrected logMAR
visual acuity was 0.71±0.43 preoperatively and 0.54±0.45
at postoperative 12 months (Fig. 2). The diff e rence was
not significant (p=0.125, Wilcoxon test). In the contro l
g roup, best-corrected logMAR visual acuity  was
0.43±0.44 at baseline and 0.59±0.55 at 12-month follow-
up (p=0.235, Wilcoxon test). In the study group, visual
acuity improved by two or more lines in 4 eyes (40%) and
remained stable in 6 eyes (60%). In the control group, vi-

TABLE II - SERIAL MEASUREMENTS OF FOVEAL THICKNESS FOR EACH PATIENT IN THE STUDY AND CONTROL
G R O U P S

Foveal thickness (µm)

Treated eye Fellow eye   

Follow-up (mo) Follow-up (mo)  

P a t i e n t A g e ,

number yr  B a s e l i n e 1st 3 rd 6 t h 12th  B a s e l i n e 1st 3 rd 6th 1 2 t h

1 7 1 3 5 5 3 0 1 2 8 2 2 5 7 2 6 1 3 0 8 2 9 6 3 5 6 2 4 4 2 2 1

2 6 0 3 3 0 — — 1 6 8 1 5 6 2 2 1 — — 2 2 3 2 5 7

3 5 8 2 6 0 2 9 0 2 8 3 3 1 7 3 2 6 3 0 4 2 9 0 2 0 2 3 1 7 3 3 7

4 6 6 5 4 4 3 8 8 1 9 6 2 9 7 2 3 5 3 9 2 5 0 6 2 9 0 2 7 0 2 7 4

5 6 5 2 5 9 1 1 5 2 0 2 1 8 9 2 3 6 2 4 9 3 0 5 2 3 6 1 7 5 2 1 6

6 6 6 4 4 2 2 5 1 2 3 5 2 2 3 1 9 2 7 1 5 6 5 4 5 9 5 5 3 0 5 6 5

7 5 5 4 4 8 3 7 2 — 3 1 2 2 2 9 2 7 0 4 2 5 — 3 4 2 1 9 6

8 6 5 3 8 5 3 2 4 1 5 5 1 7 5 1 5 9 3 4 4 3 8 4 2 2 9 4 1 2 3 7 7

9 5 8 4 2 5 2 7 0 — 2 5 7 2 2 7 4 1 9 3 1 1 — 3 9 7 3 5 6

1 0 5 1 4 6 5 2 5 2 2 6 4 2 8 0 2 3 4 3 4 0 3 6 4 3 9 6 4 2 5 3 8 5

M e a n 6 1 . 5 3 9 1 2 8 5 2 3 1 2 4 8 2 2 5 3 5 6 3 9 3 3 2 9 3 3 4 3 1 8

Fig. 1 - Changes in mean foveal thickness (µm) at baseline and dur-
ing follow-up period in the study and control groups.
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sual acuity improved by two or more lines in 1 eye (10%)
and decreased by two or more lines in 3 eyes (30%).

No major intraoperative complications were encoun-
t e red in any of the patients. In the study group, flat pe-
ripheral retinal tear was observed in 1 eye (10%) postop-
e r a t i v e l y. This tear remained attached after laser
photocoagulation during the follow-up period. One eye
(10%) in the study group showed a transient increase of
intraocular pressure. A moderate increase in nuclear scle-
rosis was observed in 7 (77.7%) of the phakic 9 eyes in
the study group and in 2 (22.2%) of the phakic 9 eyes in
the control group. Cataract surgery was delayed until after
the completion of the study.

DISCUSSION

Macular edema persists and visual acuity decreases in
some cases despite grid laser photocoagulation in diffuse
diabetic macular edema (3, 12). Although various tre a t-
ment modalities have been performed in these cases (8,
13-15), no broad consensus has yet been achieved on
which procedure is more effective.

In this prospective controlled study, a decrease by at
least 20% in foveal thickness was observed in 80% of the
eyes treated with PPV and ILM removal, and the decrease
(mean 166 µm, 42%) in foveal thickness was found to be

Fig. 2 - Scattergram showing logMAR visual acuity at baseline versus
at 12-month follow-up in the study and control groups.

TABLE IV - SERIAL MEASUREMENTS OF VISUAL ACUITY (LOGMAR) FOR EACH PATIENT IN THE STUDY AND
CONTROL GROUPS

B e s t - c o r rected visual acuity (log MAR)   

Treated eye Fellow eye   

Follow-up (mo) Follow-up (mo)  

P a t i e n t A g e ,

number yr  B a s e l i n e 1st 3 rd 6 t h 12th  B a s e l i n e 1st 3 rd 6th 1 2 t h

1 7 1 + 1 . 0 0 + 1 . 0 0 + 0 . 7 0 + 1 . 0 0 + 1 . 0 0 + 0 . 4 0 + 0 . 3 0 + 0 . 1 8 + 0 . 1 8 + 0 . 1 8
2 6 0 + 1 . 3 0 — — + 1 . 6 0 + 1 . 6 0 + 0 . 5 0 — — + 1 . 6 0 + 1 . 6 0
3 5 8 + 0 . 4 0 + 0 . 4 0 + 0 . 1 8 + 0 . 1 8 + 0 . 1 8 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0 + 0 . 5 0
4 6 6 + 0 . 4 0 + 0 . 1 8 + 0 . 1 0 + 0 . 3 0 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0 + 0 . 1 0
5 6 5 + 0 . 6 0 + 0 . 6 0 + 0 . 6 0 + 1 . 0 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 4 8 + 0 . 4 8 + 0 . 4 0
6 6 6 + 1 . 6 0 + 1 . 3 0 + 1 . 0 0 + 0 . 6 0 + 0 . 6 0 + 1 . 6 0 + 1 . 6 0 + 1 . 3 0 + 1 . 3 0 + 1 . 6 0
7 5 5 + 0 . 4 8 + 0 . 3 0 — + 0 . 1 8 + 0 . 1 8 + 0 . 1 0 + 0 . 1 0 — + 0 . 1 8 + 0 . 1 0
8 6 5 + 0 . 5 0 + 0 . 6 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 5 0 + 0 . 6 0
9 5 8 + 0 . 5 0 + 0 . 5 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 8

1 0 5 1 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 4 0 + 0 . 1 8 + 0 . 1 8 + 0 . 3 0 + 0 . 4 0 + 0 . 4 0
M e a n 6 1 . 5 + 0 . 7 1 + 0 . 5 8 + 0 . 4 8 + 0 . 6 1 + 0 . 5 4 + 0 . 4 3 + 0 . 4 2 + 0 . 4 2 + 0 . 5 2 + 0 . 5 9

TABLE III - S TATISTICAL ANALYSIS OF MEAN FOVEAL
THICKNESS CHANGES WITHIN EACH
G R O U P *

Study gro u p C o n t rol gro u p

P reoperative–postoperative 
1st month p = 0 . 0 1 1 p = 0 . 4 4 1
P o s t o p e r a t i v e 1 s t – 3 rd month p = 0 . 2 3 7 p = 0 . 0 9 1
Postoperative 3rd–6th month p = 0 . 3 1 0 p = 0 . 8 6 6
Postoperative 6th–12th month p = 0 . 0 9 3 p = 0 . 5 0 7

*Wilcoxon test
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significant. However, a decrease by at least 20% in foveal
thickness was observed in 40% of the untreated fellow
eyes, and the decrease (mean 38 µm, 11%) in foveal
thickness was found to be insignificant. These re s u l t s
suggest that PPV with ILM removal is effective in reducing
diabetic macular edema unresponsive to grid laser photo-
coagulation. A decrease or resolution of macular edema
has been reported in 78 to 100% of eyes treated with
PPV and ILM removal, as demonstrated by fluore s c e i n
angiography or biomicroscopy (8, 9, 16). In studies in
which macular anatomy has been assessed by an objec-
tive method (OCT), Recchia et al (11) and Yanyali et al (17)
have reported that foveal thickness decreases by at least
20% in 73% and 83%, respectively, of eyes that under-
went PPV with ILM removal for diabetic macular edema,
and mean foveal thickness is reduced by 43% and 50%,
respectively, at last follow-up (Tab. V).

Before enrollment in this study, 30% of patients had un-
dergone two sessions of macular laser photocoagulation,
while 70% of patients had undergone one session of
treatment. The eyes that had undergone only one session
of macular laser photocoagulation had fairly extensive
laser spots in the macular region. It is not the standard of
care to treat only once with laser photocoagulation if the
retina is still thickened. It has been reported that macular
edema decreases or resolves with supplemental macular
laser treatment; however, each additional laser photoco-
agulation causes a cumulative decrease in the paracentral
visual field (3, 18). Progressive enlargement of laser scars,
p remacular fibroplasia, and subretinal fibrosis have also
been reported in eyes treated with grid laser photocoagu-
lation (12, 19, 20). In addition, there is no common point
in the treatment of diabetic macular edema unresponsive

TABLE V - CLINICAL CHARACTERISTICS OF PATIENTS AND RESULTS OF PPV WITH ILM REMOVAL FOR DME WITH-
OUT EVIDENCE OF VITREOMACULAR TRACTION IN PREVIOUS STUDIES* AND IN THE PRESENT STUDY

Recchia et al Yanyali et al P resent study

No. of eyes 1 1 1 2 10  
Study design P rospective P rospective R a n d o m i z e d

c o n t rolled  
P revious grid laser, n (%) 11 (100) 0 10 (100)  
D e c rease by ≥20% in foveal thickness, n (%) 8 (73) 10 (83) 8 (80)  
Mean decrease in foveal thickness, µm (%) 193 (43) 219 (50) 166 (42)  
VA improvement ≥2 lines, n (%) 7 (73) 6 (50) 4 (40)  
Follow-up (mo) 6 6 1 2

*Includes only the studies in which optical coherence tomography examination was performed.
PPV = Pars plana vitrectomy; ILM = Internal limiting membrane; DME = Diabetic macular edema; VA = Visual acuity

to grid laser photocoagulation. Previous studies have
suggested that PPV with ILM removal is effective in re-
ducing macular edema unresponsive to grid laser photo-
coagulation (8-11). However, randomized controlled stud-
ies are warranted to determine the effectiveness of this
surgical procedure. Since our study design was random-
ized and controlled, and the eyes treated with only one
session of macular laser photocoagulation had fairly ex-
tensive laser spots in the macula, we did not perform any
supplemental macular laser photocoagulation in the fel-
low eyes.

Visual acuity improvement by two or more lines has
been reported in 43 to 92% of eyes that underwent PPV
with ILM removal (8-11, 16, 17). In our study, visual acuity
improved by  two or more lines in 40% of the eyes treated
with PPV and ILM removal and 10% of the untreated fel-
low eyes. Although we observed a significant decrease of
macular edema in eyes that underwent PPV and ILM re-
moval, the improvement of visual acuity was not signifi-
cant. This discrepancy between anatomic and visual out-
comes may be due to both the moderate increase in
nuclear sclerosis and the irreversible functional damage in
macula caused by grid laser spots and longstanding ede-
ma. Similarly, Dillinger and Mester have reported a de-
crease of diabetic macular edema in 93% of eyes treated
with PPV and ILM removal, but an improvement of visual
acuity by two or more lines in only 43% of eyes (9). In
their series, all eyes had a history of macular edema of at
least 6 months, and grid laser photocoagulation had been
performed previously in most eyes.

Since successful anatomic and functional results have
been achieved with PPV in diabetic macular edema with
thickened and taut posterior hyaloid membrane (5, 6, 21),
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there has been an interest in PPV as a treatment for dia-
betic macular edema without evident vitreomacular trac-
tion (7, 22-24). In studies in which macular anatomy has
been assessed by fluorescein angiography or biomi-
c ro s c o p y, it has been reported that macular edema de-
creases in 80 to 100% and visual acuity improves by two
or more lines in 48 to 80% of eyes that underwent PPV
alone (without ILM removal) for diabetic macular edema
without vitreomacular traction (Tab. VI) (22-24). In studies
in which macular anatomy has been assessed by OCT,
Otani and Kishi (7) have observed a significant decrease
in foveal thickness, whereas Massin et al (13) have ob-
served that visual acuity improvement and decrease in
macular edema are insignificant.

It has been observed that diffuse macular edema that
progresses despite PPV with posterior hyaloid and epireti-
nal membrane removal for nonresorbing vitreous hemor-
rhage resolves rapidly after ILM removal (8). This suggests
that after spontaneous detachment or surgical removal of
posterior hyaloid, tangential traction exerted by the resid-
ual cortical vitreous and ILM may play an important role in
macular edema. ILM thickening and cell abundance on
the vitreous side of the ILM has been observed in eyes
with diabetic maculopathy (25). Existence of the residual
cortical vitreous that remains attached to the macula after
removal of the posterior hyaloid has also been shown
during triamcinolone-assisted PPV (26). We observed that
ILM was not stained homogenously with ICG in some
cases that did not have an epiretinal membrane in preop-
erative OCT examination. This patchy pattern may be a
result of residual cortical vitreous that remains tautly at-
tached to ILM after removal of the posterior hyaloid. Peel-
ing of the ILM removes not only tangential traction exert-

ed by ILM but also residual cortical vitreous. More o v e r,
postoperative epiretinal membrane formation reported in
10.2 to 13.8% of eyes that underwent PPV (21, 24, 27)
has been observed in neither our study nor other studies
(8,11,17). It has been found in a retrospective study that
PPV effectively reduces diabetic macular edema, but eyes
with ILM removal present better results than those with-
out ILM removal (16). However, prospective studies with
long follow-up and large series comparing PPV alone with
PPV and ILM removal are re q u i red to determine which
procedure is more effective.

It has been reported that an intravitreal triamcinolone
acetonide injection reduces macular edema and improves
visual acuity in diabetic patients (28-30). However, a re-
currence tendency was observed in relatively short follow-
up periods and an intraocular pressure elevation was ex-
perienced in many eyes. Thus, further studies are required
to assess the long-term efficacy and safety, and the need
for retreatment.

The primary limitations of this study are the re l a t i v e l y
small number of patients and the use of the Snellen chart
for visual acuity measurements. Despite these limitations,
since we performed randomly PPV with ILM removal in
one eye and took the fellow eye as a control group, indi-
vidual systemic conditions that may affect macular edema
such as type and glycemic control of diabetes, age, blood
p re s s u re, serum lipid level, and nephropathy were elimi-
nated. In addition, there was no significant difference be-
tween the eyes in terms of type of diabetic re t i n o p a t h y,
the duration of visual impairment, the length of time since
the macular edema was diagnosed, receiving macular
laser photocoagulation, and presence of panretinal laser
photocoagulation. This allowed us to make an unbiased

TABLE VI - CLINICAL CHARACTERISTICS OF PATIENTS AND RESULTS OF PPV ALONE (without ILM re m o v a l) FOR
DME WITHOUT EVIDENCE OF VITREOMACULAR TRACTION IN PREVIOUS STUDIES

Ikeda et al Tachi and Ogino La Heij et al Otani and Kishi Massin et al

No. of eyes 5 5 8 2 1 7 8
Study design R e t ro s p e c t i v e P ro s p e c t i v e R e t ro s p e c t i v e P rospective contro l l e d R e t ro s p e c t i v e
P revious grid laser, n (%) 0 11 (19) 10 (48) 1 (14) 8 (100)
Mean decrease 
in foveal thickness, µm (%) N A N A N A 353 (57) 94 (18)
VA impro v e m e n t
≥2 lines, n (%) 4 (80) 31 (53) 10 (48) 4 (57) 2 (25)
Follow-up (mo) 8 1 2 1 1 6 1 8

PPV = Pars plana vitrectomy; ILM = Internal limiting membrane; 
DME = Diabetic macular edema; NA = Not available; VA = Visual acuity
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comparison between treated and untreated eyes.
In our study, a re c u r rence of macular edema was ob-

served in one eye (Patient 5) at postoperative 3 months
and in another eye (Patient 4) at postoperative 6 months.
The postoperative foveal thickness at 12 months re-
mained less than the preoperative foveal thickness in
these eyes despite the recurrence. We observed a periph-
eral retinal tear in 10%, moderate increase in nuclear
sclerosis in 77.7% of eyes postoperatively. Previously, the
incidence of peripheral retinal tears, postoperative rheg-
matogenous retinal detachment, and cataract formation
after PPV with or without ILM removal has been reported
to be 1.7–20.7%, 1.7–16.6%, 8.3–57.5%, respectively (8,
21, 24, 27). Postoperative epiretinal membrane and lamel-
lar macular hole formation, hard exudate deposits in the
center of the macula, and recurrent vitreous hemorrhage
have also been reported in recent studies, in which PPV
was performed on eyes with diabetic macular edema (21,

24, 27). None of these complications was observed in our
series.

In conclusion, macular edema persists and visual acuity
decreases in some cases despite grid laser photocoagu-
lation in diffuse diabetic macular edema. PPV with re-
moval of the ILM was observed to be an effective proce-
d u re for reducing diabetic macular edema unre s p o n s i v e
to grid laser photocoagulation. A further study with a large
number of patients is warranted to assess the eff i c a c y
and safety of this treatment. 
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