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Abstract
Background: To investigate the results of internal limiting membrane (ILM) peeling in patients with
resistant diabetic macular edema (DME). 

Methods: In this randomized, controlled and prospective clinical study, the patients with resistant DME
due to proliferative diabetic retinopathy were divided into two groups. Both groups underwent 23 gauge
pars plana vitrectomy (PPV). Additionally ILM peeling was performed only to the cases in Group 2. During
follow-ups, complete ophthalmological examinations, optical coherence tomography and fundus
�uorescein angiography were performed. After PPV, intravitreal dexamethasone implant injection was
performed for DME treatment when necessary. The patients were followed for 1 year. 

Results: A total of 40 eyes of 37 patients were included in the study. The average age was 57.5 ± 5.4 and
56.9 ± 5.8 years, and the ratio of male:female was 9:11 and 6:14 in Group 1 and Group 2, respectively (p
>0.05). The improvement level in BCVA was more evident especially in the �rst and third months
postoperatively in both groups (p <0.01). Improvement in BCVA in the �rst and third months
postoperatively was statistically more signi�cant in Group 2 than Group 1 (p <0.05) 

Conclusion:

PPV is bene�cial in the management of resistant DME, and ILM peeling seems to be useful for macular
function and may accelerate improvement in visual acuity.

Background
The internal limiting membrane (ILM) is the structural border between the neurosensory retina and the
vitreous body, formed by the footplates of Müller cells, and its thickness is 1,5 µm in peripheral fovea (1).
It is postulated that this translucent membrane serves many basic essential functions such as a landing
stage for the proliferation of myo�broblasts, �brocytes and retinal pigment epithelial cells (2).

ILM peeling was �rst performed for macular hole surgery in 1996 to ensure complete removal of all
possible tangential tractional components (3). With surgical removal, it was thought that the scaffolding
task created by ILM would be eliminated for cellular proliferation that may occur later on the anterior
surface of retina (4). Although the positive effects of ILM peeling on the anatomical and functional
structure of the macula have not been proven, today it is frequently performed by most vitreoretinal
surgeons during macula surgery including diabetic macular edema (5–8).

Although there are many studies in the literature claiming that ILM peeling is bene�cial in the presence of
vitreomacular traction (VMT) in patients with diabetic retinopathy, the bene�t of performing this
procedure in the absence of VMT is controversial (9–16). There are some randomized studies
demostrated that ILM peeling had unfavourable outcomes, such as statistically signi�cant absolute
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microscotomas within the central retinal area (17). In this clinical study, we aimed to investigate the
effect of ILM peeling on the prognosis and management of resistant diabetic macular edema (DME).

Methods
This prospective and randomized study was approved by the Institutional Ethics Committee of University
of Health Sciences, Turkey (Study number: 17073117-050.99-2786) and was organized and carried out in
accordance with the principles and recommendations of the Helsinki Declaration. Informed consent was
obtained from all patients who participated in the study. Patients who applied to our clinic between
January 2018 and January 2020 who underwent pars plana vitrectomy (PPV) for resistant DME were
included in this study. The cases were divided into two groups. ILM peeling was applied to patients in
Group2, but not to Group 1.

Cataract surgery was made by phacoemulsi�cation technique 3 weeks before vitreoretinal surgery. Three-
piece acrylic hydrophobic monofocal intraocular lens (Acrysof, MA60AC, Alcon, USA) was implanted into
the bag in cataract surgery. Cases that developed important complication (posterior capsule rupture,
vitreus loss, lens dislocation) during cataract surgery were not included in the study. Cases with epiretinal
membrane, vitreomacular traction, macular ischemia, intense vitreous hemorrhage, retinal detachment,
previous macular laser treatment, type I diabetes mellitus, glaucoma, amblyopia, corneal pathology,
uveitis and history of intraocular surgery were excluded from the study.

Resistant DME was de�ned as the minimal improvement in central retinal thickness (< 15%) to at least 4
treatments (three of which were anti-VEGF injection) in last 6 months (18). The same ophthalmologist
(AA) performed all vitreoretinal operations and at least 2 retina specialist evaluated whole fundus
�uorescein angiography (FFA) and optical coherence tomography (OCT) images. All cases received
intravitreal anti-VEGF (Lucentis) drug injection 3 days before PPV operation. The missed panretinal
photocoagulation procedure was completed in all cases during the vitreoretinal surgery that made under
retrobulbar anesthesia with same machine (Constellation, Alcon, USA). ILM was dyed with brillant blue G
(BBG) to increase visibility in eyes in Group 1. BBG with the concentration of 0.05 mg/mL (19) was
applied for 2 seconds on macula. During macula surgery, the illumination power of microscope and
endoillumination were set to 100% and 45%, respectively.

During the follow-up period intravitreal dexamethasone (IVD) implant (Ozurdex®, Allergan Inc, Irvine, CA,
USA) injection was performed for the management of resistant DME. The patients were followed up for 1
year. During follow-ups, complete ophthalmological examinations, OCT and FFA were performed, the
need for additional intravitreal injection was noted.

The distribution of variables was measured by Kolmogorov simirnov test. In the analysis of quantitative
independent data, Mann-Whitney U test was used. Wilcoxon test was used to analyze dependent
quantitative data. Chi-square test was used in the analysis of qualitative independent data. SPSS 26.0
program was used in the analysis and signi�cance level was set at less than 0.05.
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Results
A total of 40 eyes of 37 patients were included in the study. All patients had Caucasian ethnicity. There
were 20 eyes of 18 patients in Group1, and 20 eyes of 19 patients in Group 2. The average age was 57.5 
± 5.4 and 56.9 ± 5.8 years, and the ratio of male:female was 9:11 and 6:14 in Group 1 and Group 2,
respectively. All patients were individuals with type II diabetes melllitus disease and Caucasian race.
There were no signi�cant differences between the groups in terms of age and gender (p > 0.05) (Table 1).

Table 1
Demographic characteristics of patients in groups

    Group 1

(ILM non-peeled)

  Group 2

(ILM peeled)

p

  Mean ± SD/n-% Mean   Mean ± SD/n-% Mean  

Age (year) 57.5 ± 5.4 57.0   56.9 ± 5.8 56.0 0.924 m

Gender Male 9   45.0%     6   30.0%   0.327 X²

Female 11   55.0%     14   70.0%  

m Mann-Whitney u test / X² Chi-square test / SD standard deviation / n number / ILM internal limiting
membrane

 
The mean number of intravitreal anti-VEGF injections before PPV was 3.85 ± 0.81 and 4.00 ± 0.86 in
Group 1 and Group 2, respectively. The mean number of IVD implant injections before PPV was 1.25 ± 
0.79 and 1.35 ± 0.67 in Group 1 and Group 2, respectively. There was no statistically signi�cant difference
between the mean number of anti-VEGF and IVD implant injections before PPV (p > 0.05). The mean
number of IVD implant injections needed in the postoperative period was 0.55 ± 0.69 and 0.10 ± 0.31 in
Group 1 and Group 2, respectively, and that was statistically signi�cantly lower in Group 2 (p < 0.05)
(Table 2).
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Table 2
The number of intravitreal drug injections to groups

    Group 1

(ILM non-peeled)

  Group 2

(ILM peeled)

p

  Mean ± SD/n-% Mean   Mean ± SD/n-% Mean  

Before PPV anti-VEGF
(n)

3.85 ± 0.81 4.00   4.00 ± 0.86 4.00 0.549 m

Before PPV IVD (n) 1.25 ± 0.79 1.00   1.35 ± 0.67 1.00 0.695 m

Postoperative IVD (n) 0.55 ± 0.69 0.00   0.10 ± 0.31 0.00 0.012 m

m Mann-Whitney U test / n number / VEGF vascular endothelial growth factor / IVD intravitreal
dexamethasone / PPV pars plana vitrectomy / ILM internal limiting membrane

 

 

In both groups, a statistically signi�cant improvement in BCVA developed at the �rst, third, sixth, ninth
and twelfth months compared to the pre-PPV period. The improvement level in BCVA was more evident
especially at the �rst and third months postoperatively in both groups (p < 0.01). Improvement in BCVA at
the �rst and third months postoperatively was statistically more signi�cant in Group 2 than Group 1 (p < 
0.05) (Table 3) (Fig. 1).
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Table 3
The best corrected visual acuity (BCVA) of the groups

    Group 1

(ILM non-peeled)

  Group 2

(ILM peeled)

p

  Mean ± SD/n-% Mean   Mean ± SD/n-% Mean

BCVA (LogMar)                      

Before PPV 0.88 ± 0.29 1.00   0.90 ± 0.27 1.00 0.822 m

Postoperative 1st month 0.69 ± 0.15 0.69   0.38 ± 0.14 0.39 0.000 m

Postoperative 3rd month 0.52 ± 0.17 0.52   0.37 ± 0.14 0.35 0.004 m

Postoperative 6th month 0.32 ± 0.15 0.30   0.24 ± 0.18 0.15 0.023 m

Postoperative 9th month 0.25 ± 0.09 0.22   0.15 ± 0.07 0.15 0.000 m

Postoperative 12th
month

0.22 ± 0.09 0.22   0.14 ± 0.06 0.15 0.000 m

m Mann-whitney u test / SD standard deviation / n number / PPV pars plana vitrectomy / ILM
internal limiting membrane

 

 

Discussion
Diabetes mellitus (DM) is an important a health problem that threatening societies today. It is estimated
that 463 million people have DM in 2019 and could reach 578 million by 2030 and 700 million by 2045
(20). DME is a common loss of vision in diabetic patients and develop in 7% of patients (21). Risk factors
for the development of DME are generally similar to those of diabetic retinopathy (22).

The most widely accepted priority treatment for DME today is injection of intravitreal anti-vascular
endothelial growth factor (anti-VEGF) drugs (23). As the availability of more user-friendly microsurgical
instruments and high incision speed devices increases, there is a tendency for surgical intervention to
diabetic retinopathy and DME in earlier stage. PPV surgery is thought to have positive effects on DME
therapy by reducing VEGF concentration in the eye and increasing oxygenation or nutrient diffusion of the
retina (24, 25).

In Academy, the bene�t of ILM peeling for the patients undergoing PPV for DME is still a dilemma (26,
27). In terms of visual acuity, there are publications that argue ILM peeling is bene�cial (28), useless (8,
11) and harmful (15) in DME. Khurieva-Sattler et al. compared ILM peeling or intravitreal triamcinolone
acetonide (IVTA) injection in addition to PPV in patients with diffuse DME in a non-randomized
prospective study and reported more permenant results in terms of visual and anatomical improvement
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in the group whose ILM was peeled after the 4th month (28). Figueroa et al. investigated the surgical and
anatomic results of PPV in patients with diffuse nontractional DME. They compared ILM peeling and
IVTA injection in patients undergoing PPV and reported that the anatomical and functional success
achieved in the early period in both groups did not continue in the long term and there was no statistically
signi�cant difference between the groups (8). In a controlled clinical study, Kumar et al. compared ILM
peeling or grid laser application in addition to PPV in patients with diffuse DME. Although there was no
difference between the groups in the �rst 6 months, they reported that the decrease in foveal thickness
and macular volume was statistically signi�cantly higher in the group with ILM peeling in the following
period (15). Aboutable reported in a study on patients with diffuse DME without epimacular membranes,
ILM peeling reduced foveal thickness and did not improve visual acuity improvement compared to non-
peeling (11). Bahadir et al. reported in their randomized controlled study that ILM peeling did not cause a
signi�cant improvement in visual acuity compared to non-peeling in patients who underwent PPV for
DME treatment (16). The results of our study indicate that ILM peeling during PPV is useful for macular
function and may accelerate improvement in visual acuity. One-year results of our study showed that the
improvement in BCVA in the �rst and third months was higher and the need of IVD implants
postoperatively was lower in eyes with ILM peeling.

Clinical studies in recent years have shown that frequent anti-VEGF injection therapy in the treatment of
DME patients rebust e�cacy and safety (29–31). There is limited evidence today about the bene�t and
risk of continuous injections of anti-VEGF in eyes that have not responded adequately to anti-VEGF
therapy before (32). However, it is still unclear in academy how many times anti-VEGF injection had to be
made in order to talk about resistance in DME management. In our study was de�ned resistant DME as
the minimal improvement in central retinal thickness (< 15%) to at least 4 treatments (three of which were
anti-VEGF injection) in last 6 months (18). In patients with proliferative diabetic retinopathy, the risk of
intraoperative and postoperative hemorrhage has been reported to be reduced with intravitreal anti-VEGF
treatment 3 days before the operation (33–35). For these reasons, we also applied intravitreal anti-VEGF
injection 3 days before PPV to all cases in our study.

In our study, we preferred IVD implant injection in the treatment of resistant DME. IVD implant nowadays
could be used for the treatment of pathologies that may have in�ammation in the pathogenesis such as
central retinal vein occlusion, posterior non-infectious uveitis and macular edema due to diabetic
retinopathy (36, 37). In�ammation could play a critical role in the pathogenesis of DME. Many studies
have shown that in patients with DME, proin�ammatory mediators (cytokines, chemokines, growth
factors) can be found in higher concentrations in aqueous humor and vitreous gel (38, 39). These
�ndings may explain the effectiveness of IVD implant with anti-in�ammatory properties in the treatment
of DME. There are publications in the literature reporting that IVD implant injection in eyes that had
previously undergone PPV was not associated with an increased risk (39–42). There are studies report
that combined application of vitrectomy and IVD implant is safe and effective in terms of anatomical and
functional improvement in DME treatment (43, 44). We have never faced any uncontrolled increase of
intraocular pressure in our patients. Castro-Navaro et al. reported that IVD implant is effective even in
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resistant cases in DME treatment (45). The results of our study also support this situation. After PPV
operation IVD implant injection alone was successful in almost all cases with resistant DME.

Other than DME, ILM peeling is often applied to reduce the force of tangential traction on the retinal
surface for the treatment of macular hole or pucker. In recent years, many clinical studies have been
published in the literature reporting that ILM peeling might be harmful for macula. Halfter et al. showed
that the absence of ILM triggered irreversibly retraction of the endfeet of the neuroepithelial cells from the
inner surface of the retina and the formation of an irregularly thickened ganglion cell layer (46). In a
controlled randomized study conducted by Ripandelli et al. investigated the anatomical and functional
results of ILM peeling in patients with idiopathic macular pucker. At the end of the one-year follow-up
period, they reported that, the mean retinal sensitivity in the central region was higher and showed faster
recovery in the non-peeling group, but the absolute number of microscomas was higher in the peeling
group (14). In our study, the improvement in BCVA in the �rst and third months in the ILM peeled group
was statistically signi�cantly higher than ILM non-peeled group. In addition, the mean IVD requirement
was statistically signi�cantly higher in the ILM non-peeled group. Our �ndings oppose the hypothesis that
ILM peeling may damage the anatomy and function of the macula with resistant DME.

LIMITATION

This study has some limitations. Firstly, small sample size and short follow-up time can be meaningful.
Second, considering ‘resistant DME’ as non-responding to 4 consecutive treatments alone is a
controversial subject. Long-term randomized clinical trials with comprehensive outcomes are needed to
evaluate the safety and effectiveness for the treatment of resistant DME.

Conclusion
Vitrectomy is bene�cial in the management of resistant DME, and ILM peeling seems to be necessary and
harmless for macular function and visual acuity.
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Figure 1

Change in the best corrected visual acuity (BCVA) of the groups
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