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ABSTRACT
Background: The effectiveness of internal limiting membrane (ILM) peeling in the surgical treatment of 
tractional diabetic macular edema (DME), although widely examined, remains controversial. This study aimed 
to assess the efficacy of pars plana vitrectomy (PPV) in the management of tractional DME and to highlight any 
benefits of additional ILM peeling.
Methods: This was an open-label, prospective, comparative, and interventional study that enrolled 50 eyes with 
tractional DME that underwent PPV and allocated each to one of two groups: group A consisted of 25 eyes that 
had no ILM peeling and group B consisted of 25 eyes that underwent ILM peeling. Postoperative assessments 
of best-corrected distance visual acuity (BCDVA) in the logarithm of minimal angle of resolution (logMAR) 
notation and central macular thickness (CMT) were performed at 1, 3, and 6 months postoperatively. 
Results: At baseline, the two groups were comparable in terms of sex ratios, phakic status, insulin use, coexistence 
of hypertension, and mean (standard deviation [SD]) age, BCDVA, CMT, duration of diabetes mellitus, and 
glycosylated hemoglobin (HbA1c) levels. In group A, the mean (SD) BCDVA improved significantly from 
0.89 (0.12) logMAR preoperatively to 0.64 (0.24) logMAR (P < 0.001), and the mean (SD) CMT declined 
significantly from 471.28 (80.83) μm to 228.20 (26.45) μm (P < 0.001), at the 6-month postoperative assessment. 
Likewise, in group B, the mean (SD) BCDVA improved significantly from 0.83 (0.10) logMAR preoperatively 
to 0.58 (0.24) logMAR (P < 0.001), and the mean (SD) CMT decreased significantly from 496.84 (89.82) 
μm to 226.20 (18.04) μm (P < 0.001), after 6 months. There were no significant differences between groups A 
and B in the changes in BCDVA (Delta BCDVA) or CMT (Delta CMT) at 1, 3, and 6 months postoperatively 
with respect to the baseline values (all P > 0.05). Postoperative complications were comparable between the 
two groups. A significant negative correlation was detected between the preoperative HbA1c level and BCDVA 
improvement in all participants (r = - 0.82; P < 0.001). 
Conclusions: PPV is an effective treatment for tractional DME. Additional ILM peeling was not significantly 
associated with functional and anatomical benefits over a short period. Long-term glycemic control plays a role 
in vision gain after vitrectomy in patients with diabetes. Further long-term studies are required to verify our 
findings.
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INTRODUCTION

Diabetes mellitus (DM) is presently one of the most challenging public health issues in almost all communities 
[1]. In the year 2010, DM affected approximately 285 million individuals. The International Diabetes Federation 
anticipates a jump in the number of diabetic patients to approximately 550 million by 2030 [2]. Diabetic 
retinopathy (DR) is one of the leading causes of vision loss worldwide [3]. In 2010, DR affected more than 
93 million individuals worldwide, 28 million of whom experienced vision-threatening DR (VTDR). VTDR is 
defined as severe non-proliferative DR (NPDR), proliferative DR (PDR), or diabetic macular edema (DME). 
The prevalence of DR increases from nearly 20% to approximately 50% when glycosylated hemoglobin (HbA1c) 
levels rise from ≤ 7.0% to > 9.0% [4].

Eyes with DME and complete posterior vitreous detachment (PVD) are less likely to require treatment 
during follow-up than eyes with DME and without complete PVD [5]. Several authors have confirmed the 
benefits of pars plana vitrectomy (PPV) in DME combined with tangential hyaloid traction caused by taut 
thickened posterior hyaloid [6-8].

The internal limiting membrane (ILM) is the Müller cells’ basement membrane, which is stiffer than the 
underlying retinal layers and can easily bend and change its shape [9]. Müller cells may move to the inner side 
of the ILM, forming a membranous layer that can contract tangentially [10]. The ILM is an optimal medium 
for fibrocellular proliferation, which is usually entangled in the vitreomacular interface disorders [11]. Many 
studies have examined the value of ILM peeling during surgical treatment of DME. Some studies have shown 
that ILM removal has additional anatomical and visual advantages that prevent recrudescence of the epi-macular 
membrane (EMM) [12-14]. In contrast, others reported that ILM peeling did not lead to visual improvement or 
differences in anatomical and functional outcomes [15-17].

This study aimed to assess the efficacy of PPV in treating tractional DME and to highlight any benefits of 
additional ILM peeling.

METHODS

This open-label, prospective, interventional, and comparative study included 50 eyes of Egyptian patients who 
underwent PPV for tractional DME between January 2018 and May 2022 in the Ophthalmology Department at 
Al-Azhar University Hospitals, Cairo, Egypt. The study was approved by the Al-Azhar Medical Research Ethical 
Committee, observed the tenets of the Helsinki Declaration, and was presented to all patients before surgery. All 
participants provided informed consent after receiving an explanation of the study procedures. 

Preoperatively, we randomly assigned eyes to group A or group B using the random number generator 
within Microsoft Excel (Microsoft Corp., Redmond, WA, USA) (Figure 1). Group A included 25 eyes with no 
additional ILM peeling, and group B comprised the remaining 25 eyes, all of which underwent ILM peeling. The 
inclusion criteria were (1) presence of type 1 or 2 DM; (2) presence of PDR; (3) age ≥ 40 years; (4) Snellen 
chart best-corrected distance visual acuity (BCDVA) better than 20/300 in the study eye; and (5) EMM causing 
tangential traction with resultant tractional DME detected by spectral domain optical coherence tomography 
(SD-OCT). The exclusion criteria included tractional retinal detachment; macular holes; angiographic evidence 
of macular ischemia; history of macular photocoagulation, intravitreal corticosteroid treatment, or anti-vascular 
endothelial growth factor injection within 3 months before PPV; cataract surgery within 3 months before PPV; 
previous PPV or glaucoma surgery; presence of iris or angle neovascularization; history of trauma or uveitis; 
presence of corneal opacification; dense cataract or vitreous hemorrhage preventing imaging of the retina; and 
uncontrolled hypertension (blood pressure > 190/100 mmHg).

We collected preoperative patient data, including detailed medical history, Snellen BCDVA (auto chart 
projector CP 670; Nidek Co., Ltd., Gamagori, Japan) and converted to approximate logarithm of minimal angle 
of resolution (logMAR) equivalents for statistical calculations, detailed slit-lamp examination (Photo-Slit Lamp 
BX 900; Haag-Streit, Koeniz, Switzerland) of the anterior segment, intraocular pressure (IOP) measurement 
using the Goldmann applanation tonometer (AT900, Haag-Streit, Koeniz, Switzerland), gonioscopy using the 
Goldmann 3-mirror lens (Volk Optical, Mentor, OH, USA) to ensure the absence of iris neovascularization, 
and fundus examination using a slit-lamp with a + 78 D indirect lens (Volk Optical). All examinations were 
performed by a single experienced ophthalmologist who was blinded to the group assignments.
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We performed fluorescein angiography using a Topcon TRC-50DX retinal fundus camera (Topcon Co., 
Tokyo, Japan) to exclude macular ischemia and to assess PDR. We informed the patients of the potential risks 
associated with the procedure before dye injection.

We performed SD-OCT (Heidelberg Engineering, Heidelberg, Germany) to document central macular 
thickness (CMT), the configuration of tractional macular edema, and the EMM. We defined CMT as the 
distance between the initial signal recorded from the vitreoretinal interface and the signal received from the 
outer border of the retinal pigment epithelium at the central fovea [18]. OCT images were generated using a 
fast-volume scan: 20°×20° (6×6 mm) raster scans consisting of 25 horizontal slices. All imaging procedures were 
performed by a single technician who was blinded to the patient group assignments.

We requested consultation from internal medicine physicians and performed preoperative laboratory tests 
(complete blood count, bleeding profile, liver and kidney functions, random blood glucose, and HbA1c).

One surgeon (M. M. A.) performed the standard 23-gauge PPV using a DORC vitrectomy machine (DORC 
International, The Netherlands) for all included eyes. The BIOM system (Oculus Insight BIOM, Oculus Inc., 
Wetzlar, Germany) attached to a surgical microscope (Leica M844, Leica Microsystems, Wetzlar, Germany) 
was used to allow visualization of the posterior segment without contact lenses. Membrane-Blue-Dual (DORC 
International) was used to visualize and ensure complete removal of the posterior hyaloid and EMM. Brilliant 
Blue G dye (DORC International) was injected to stain the ILM. In group A, the ILM was left without peeling 
after staining, whereas in group B, ILM peeling was circularly achieved by laminorrhexis using intraocular end-
gripping ILM forceps. The ILM peeling area was nearly two discs in diameter, extending from the upper to 
the lower arcades centered on the fovea. Endo-laser pan-retinal photocoagulation was performed in all eyes. 
Intraoperatively, all eyes required surgically induced PVD, as a taut posterior hyaloid was present. The vitreous 
cavity was left fluid-filled. In the presence of clinically significant cataracts, phacoemulsification and intraocular 
lens implantation were performed prior to PPV. Combined phacovitrectomy was performed in 13 eyes: 7 in 
group A and 6 in group B.

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Patient allocation into group A (non-ILM peeling( or group B (ILM peeling(. 
Abbreviations: N, number of eyes; PPV, pars plana vitrectomy; ILM, internal limiting membrane. 
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Figure 1. Patient allocation into group A (non-ILM peeling) or group B (ILM peeling). Abbreviations: N, number of eyes; PPV, pars 
plana vitrectomy; ILM, internal limiting membrane.
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On the first postoperative day, we performed a detailed slit-lamp examination to rule out early complications. 
We then examined the patients at 1 week, 1 month, 3 months, and 6 months after surgery. The procedures 
included anterior segment examination, fundus examination, intraocular pressure measurement, and Snellen 
chart BCDVA assessment. We measured CMT using SD-OCT at the first, third, and sixth months after surgery. 

A specialized statistician performed statistical analyses using the Statistical Package for the Social Sciences 
(IBM SPSS Statistics for Windows, version 23.0; IBM Corp., Armonk, NY, USA). Kolmogorov–Smirnov and 
Shapiro–Wilk tests were used to investigate the normality of data distribution. Depending on the normality of 
distribution, parametric or non-parametric statistical tests were used for data analyses. Quantitative variables are 
presented as mean (standard deviation [SD]) and ranges, and qualitative variables as numbers and percentages. 
Furthermore, we measured and compared changes in BCDVA values (Delta BCDVA) and changes in CMT 
(Delta CMT) between groups A and B at 1, 3, and 6 months postoperatively with respect to their corresponding 
baseline values. The Pearson product-moment correlation coefficient was used to determine the correlation 
between BCDVA at the final follow-up and baseline HbA1c. P-values < 0.05 were considered significant, and 
P-values < 0.001 were considered highly significant.

RESULTS

We performed surgeries in 50 eyes with tractional DME. Table 1 shows the preoperative demographic and 
baseline characteristics of the participants, which were comparable between the two groups.

Preoperatively, 13 eyes had significant cataracts and underwent combined phacovitrectomy (7 eyes in group 
A and 6 eyes in group B) (P = 0.749).

The mean (SD) preoperative BCDVAs in the total of 50 eyes, group A, and group B were 0.86 (0.11) 
logMAR, 0.89 (0.12) logMAR, and 0.83 (0.10) logMAR, respectively (group A versus group B, P = 0.243). At 1 
month postoperatively, the mean (SD) BCDVAs in the total of 50 eyes, group A, and group B were significantly 
improved compared to those at baseline (P < 0.05), measuring 0.74 (0.14) logMAR, 0.76 (0.16) logMAR, and 
0.72 (0.12) logMAR, respectively (group A versus group B, P = 0.411). At 3 months, the mean (SD) BCDVAs 
displayed significant improvement compared to baseline measurements (P < 0.05) in the total of 50 eyes, group 
A, and group B, reaching 0.65 (0.20) logMAR, 0.68 (0.19) logMAR, and 0.62 (0.20) logMAR, respectively 
(group A versus group B, P = 0.198). Likewise, at 6 months, the mean (SD) BCDVAs displayed highly significant 
improvement compared to baseline measurements (P < 0.001) in the total of 50 eyes, group A, and group B, 
reaching 0.61 (0.24) logMAR, 0.64 (0.24) logMAR, and 0.58 (0.24) logMAR, respectively (group A versus 
group B, P = 0.204). This improvement was comparable between the two groups at all time points (Table 2 and 
Figure 2).

The functional outcomes were comparable between the two groups at 1, 3, and 6 months postoperatively (all 
P > 0.05) (Table 3).

There was a highly significant negative correlation between BCDVA improvement after 6 months and 
preoperative HbA1c level in all study participants (r = -0.824; P < 0.001). By the end of the study, BCDVA 

Table 1. Comparison of demographic and baseline data between study groups

Characteristics Group A (n = 25) Group B (n = 25) P-value

Sex (Male / Female), n (%)  10 (40.0) / 15 (60.0) 9 (36.0) / 16 (64.0) 0.771  ⃰

Age (y), Mean ± SD (Range) 55.12 ± 4.27 (48 to 62) 54.00 ± 4.97 (46 to 62) 0.397 ⃰  ⃰ 

Phakic status (Pseudophakic / Phakic), n (%) 7 (28) / 18 (72) 9 (36) / 16 (64) 0.548  ⃰

Duration of DM (y), Mean ± SD (Range) 8.32 ± 2.08 (5 to 12) 9.12 ± 2.37 (5 to 13) 0.229 ⃰  ⃰  ⃰

Insulin use (Yes / NO), n (%) 13 (52.0) / 12 (48.0) 16 (64.0) / 9 (36.0) 0.390  ⃰

HbA1c level (%), Mean ± SD (Range) 7.51 ± 0.57 (6.1 to 8.8) 7.76 ± 0.66 (6.1 to 8.7) 0.158 ⃰  ⃰  

Coexistent hypertension (Yes / NO), n (%) 11 (44.0) / 14 (56.0) 12 (48.0) / 13 (52.0) 0.777  ⃰
Abbreviations: n, numbers; %, percentage; y, years; SD, standard deviation; DM, diabetes mellitus; HbA1c, glycosylated hemoglo-
bin; PPV, pars plana vitrectomy; ILM, internal limiting membrane. Notes: Group A, eyes with tractional diabetic macular edema 
that underwent PPV without ILM peeling; Group B, eyes with tractional diabetic macular edema that underwent PPV with ILM 
peeling ( ⃰ the chi-square test was used; ⃰  ⃰ the independent sample t-test was used;  ⃰  ⃰  ⃰ the Mann–Whitney U test was used). 
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Figure 2. Mean BCDVA (logMAR) before PPV and at 1 month, 3 months, and 6 months after the operation in the two groups. 
Abbreviations: BCDVA, best-corrected distance visual acuity; logMAR, logarithm of minimal angle of resolution; PPV, pars plana 
vitrectomy; ILM, internal limiting membrane. Note: Group A, eyes with tractional diabetic macular edema that underwent PPV 
without ILM peeling; Group B, eyes with tractional diabetic macular edema that underwent PPV with ILM peeling. A highly significant 
improvement was seen in group A after 1 month (P < 0.001) along with a significant improvement in group B (P = 0.047). A highly 
significant improvement was seen in group A after 3 months (P = 0.001) along with a significant improvement in group B (P = 0.024). 
The improvement in BCDVA in both groups after 6 months was highly significant (P < 0.001( (the Wilcoxon signed-rank test was used). 
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Table 2. Comparison of functional and anatomical outcomes in all 50 included eyes over the follow-up periods

Variable Follow-up points

Pre-op 1-month post-op 3-month post-op 6-month post-op

BCDVA (logMAR), Mean ± SD 0.86 ± 0.11 0.74 ± 0.14 0.65 ± 0.20 0.61 ± 0.24

P0 P = 0.007 P < 0.001 P < 0.001

Significance between periods - P1 = 0.011, P2 = 0.001, P3 = 0.368

CMT (µm), Mean ± SD 484.06 ± 85.55 306.36 ± 57.18 254.80 ± 26.73 227.20 ± 22.43

P0 - P <0.001 P <0.001 P < 0.001

Significance between periods - P1 <0.001, P2 <0.001, P3 < 0.001
Abbreviations: Pre-op, preoperative; post-op, postoperative; BCDVA, best-corrected distance visual acuity; logMAR, logarithm 
of minimal angle of resolution; SD, standard deviation; CMT, central macular thickness, µm, micrometer. Notes: P-values < 0.05 
are shown in bold (the paired t-test was used). P0, P-value for comparison between baseline and each postoperative measurement; 
P1, P-value between 1-month and 3-month postoperative measurements; P2, P-value between 1-month and 6-month postoperative 
measurements; P3, P-value between 3-month and 6-month postoperative measurements. 

Table 3. Comparison of groups A and B according to Delta BCDVA and Delta CMT

Change between Group A (n = 25) Group B (n = 25) P-value ⃰

Baseline-1month BCDVA (logMAR),
Mean ± SD (Delta)

-0.13 ± 0.02 (-14.61) -0.11 ± 0.03 (-13.3) 0.082

Baseline-3months BCDVA (logMAR),
Mean ± SD (Delta)

-0.21 ± 0.03 (-23.6) -0.21 ± 0.04 (-25.3) 0.142

Baseline-6months BCDVA (logMAR),
Mean ± SD (Delta)

-0.25 ± 0.04 (-28.09) -0.25 ± 0.05 (-30.12) 0.256

Baseline-1month CMT (µm),
Mean ± SD (Delta)

-178.84 ± 54.94 (-37.9) -176.56 ± 54.82 (-35.5) 0.816

Baseline-3months CMT (µm),
Mean ± SD (Delta)

-223.88 ± 64.59 (-47.5) -234.64 ± 81.47 (-47.2) 0.712

Baseline-6months CMT (µm),
Mean ± SD (Delta)

-243.08 ± 66.64 (-51.6) -270.64 ± 87.00 (-54.5) 0.282

Abbreviations: n, number of eyes; BCDVA, best-corrected distance visual acuity; logMAR, logarithm of minimal angle of resolu-
tion; SD, standard deviation; CMT, central macular thickness; µm, micrometer; PPV, pars plana vitrectomy; ILM, internal limiting 
membrane. Notes: Delta, is a change in BCDVA or CMT of each postoperative measurement with respect to its corresponding 
baseline value. Group A, eyes with tractional diabetic macular edema that underwent PPV without ILM peeling; Group B, eyes with 
tractional diabetic macular edema that underwent PPV with ILM peeling ( ⃰ the Mann–Whitney U test was used).



Tractional diabetic macular edema and internal limiting membrane peeling

Med Hypothesis Discov Innov Ophthalmol. 2022; 11(3) 115

had improved (two or more lines in the Snellen chart) in 17 eyes (68%) in group A compared with 19 eyes 
(76%) in group B. Four eyes (16%) in group A had no improvement in BCDVA, or had less than two lines of 
improvement, compared to three eyes (12%) in group B. Four eyes (16%) had worsened BCDVA in group A, 
compared to three eyes (12%) in group B (P = 0.820).

The mean (SD) preoperative CMTs in the total of 50 eyes, group A, and group B were 484.06 (85.55) μm, 
471.28 (80.83) μm, and 496.84 (89.82) μm, respectively (group A versus group B, P = 0.296). At 1 month 
postoperatively, the mean (SD) CMTs in the total of 50 eyes, group A, and group B showed highly significant 
decreases compared to baseline values (P < 0.001), measuring 306.36 (57.18) μm, 292.44 (61.34) μm, and 
320.28 (50.09) μm, respectively (group A versus group B, P = 0.085). After 3 months, the mean (SD) CMTs 
in the total of 50 eyes, group A, and group B were 254.80 (26.73) μm, 247.40 (28.35) μm, and 262.20 (23.25) 
μm, respectively (group A versus group B, P = 0.049). After 6 months, the mean CMTs were highly significantly 
decreased compared to baseline values (P < 0.001); in the total of 50 eyes, group A, and group B, measurements 
were 227.20 (22.43) μm, 228.20 (26.45) μm, and 226.20 (18.04) μm, respectively (group A versus group B, P = 
0.756). This decrease in CMT was comparable between the two groups at all time points (Table 2 and Figure 3).

According to Delta CMT, anatomical outcomes were comparable between the two groups at 1, 3, and 6 
months postoperatively (all P > 0.05) (Table 3).

By the end of the study, 17 eyes (68%) in group A had a reduction in CMT of much more than one-half 
compared with 23 eyes (92%) in group B. A CMT reduction of less than 50% was detected in 8 eyes (32%) in 
group A and 2 eyes (8%) in group B (P = 0.321). Only 1 eye in group A and 2 eyes in group B had an iatrogenic 
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vitrectomy; ILM, internal limiting membrane. Note: Group A, eyes with tractional diabetic macular 
edema that underwent PPV without ILM peeling; Group B, eyes with tractional diabetic macular 
edema that underwent PPV with ILM peeling. There was a highly significant reduction in CMT at 
all postoperative time points in both groups (all P < 0.001, paired t-test(.  
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Figure 3. CMT (μm) before PPV and at 1 month, 3 months, and 6 months after surgery in the two groups. Abbreviations: CMT, 
central macular thickness, µm, micrometer; PPV, pars plana vitrectomy; ILM, internal limiting membrane. Note: Group A, eyes 
with tractional diabetic macular edema that underwent PPV without ILM peeling; Group B, eyes with tractional diabetic macular 
edema that underwent PPV with ILM peeling. There was a highly significant reduction in CMT at all postoperative time points in 
both groups (all P < 0.001, paired t-test). 

Table 4. Comparison of postoperative complications between group A and group B 

Postoperative Complications Total (n = 50) Group A (n = 25) Group B (n = 25) P-value ⃰

Complications (Yes / NO), n (%) 16 (32.0) / 34 (68.0) 7 (28.0) / 18 (72.0) 9 (36.0) / 16 (64.0) 0.762

Cataract, n (%) 5 out of 21 phakic eyes 
(23.8)

2 out of 11 phakic 
eyes (18.2)

3 out of 10 phakic eyes 
(30.0)

0.641

EMM, n (%) 1 (2.0) 1 (4.0) 0 (0.0) 0.317

Glaucoma, n (%) 1 (2.0) 0 (0.0) 1 (4.0) 0.317

Vitreous hemorrhage, n (%) 6 (12.0) 2 (8.0) 4 (16.0) 0.389

Iridocyclitis, n (%) 3 (6.0) 2 (8.0) 1 (4.0) 0.556
Abbreviations: n, number of eyes; %, percentage; EMM, epi-macular membrane; PPV, pars plana vitrectomy; ILM, internal limit-
ing membrane. Notes: Group A, eyes with tractional diabetic macular edema that underwent PPV without ILM peeling; Group B, 
eyes with tractional diabetic macular edema that underwent PPV with ILM peeling ( ⃰ the chi-square test was used).
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break (P = 0.556). These eyes were treated intraoperatively using endolaser photocoagulation. Complications 
were detected in 16 eyes but did not prevent follow-up and OCT imaging; 7 eyes were in group A and 9 eyes were 
in group B (P = 0.762) (Table 4).

DISCUSSION

In this study, we observed functional and anatomical improvement (decrease in CMT and improvement in 
BCDVA) in the two groups at 1, 3, and 6 months after PPV. However, we found no significant difference in these 
changes (Delta BCDVA or Delta CMT) attributable to ILM peeling.

For DME caused by tractional EMM, PPV with or without ILM peeling remains the mainstay of therapies to 
relieve vitreomacular abnormalities and restore normal central retinal contour [16], as we found in the current 
study. Additional ILM peeling may have positive effects on vision and macular thickness. The ILM may form a 
scaffold that promotes formation of the EMM [13]. In diabetic eyes, abnormal fibril cross-links cause strong 
connections between the posterior hyaloid and the ILM. The ILM contributes to DME because of its rigidity, 
and removing it releases the tangential tractional forces [19]. The dense ILM found in diabetic patients also 
retards oxygen diffusion from the vitreous into the retinal tissue [20]. The main goal of surgery is to isolate the 
posterior hyaloid from the macula, and ILM peeling ensures that all hyaloidal elements are released [21]. Some 
researchers believe that ILM peeling does not add additional benefits to PPV for DME treatment. Others believe 
that ILM peeling can cause retinal damage, especially in pathological retinas [22]. Our study did not detect 
functional or anatomical benefits when ILM peeling was added to PPV in the management of tractional DME.

In the current study, the mean BCDVAs improved by approximately 14%, 24%, and 29% after 1, 3, and 
6 months, respectively, after PPV with or without ILM peeling in all the included eyes. Several studies have 
shown that PPV in the presence of tractional DME improves BCDVA in more than half of cases. The degree of 
BCDVA improvement in our study was comparable with those of Pendergast et al., who found an improvement 
of nearly 33% [23]; Yamamoto et al., who found approximately 57.5% improvement in group A with eyes having 
PVD and EMM and approximately 53.5% improvement in group C with eyes having EMM without PVD [24]; 
the Diabetic Retinopathy Clinical Research Network (DRCR.net) vitrectomy study results, which reported 
improvement ranging from 28% to 49% [7]; Kim et al., who found a nearly 24% improvement after 3 months, 
approximately 30% after 6 months, and 42% after 12 months [25]; and Someya et al., who found approximately 
37% improvement after 6 months [26]. Jackson et al. studied PPV for vitreomacular traction and reported 
similar results. The diabetic group analysis showed that the median BCDVA improved from 0.7 logMAR at the 
time of surgery to 0.5 logMAR at 6 to 12 months post-surgery, with a 33% improvement in BCDVA and at least 
0.3 logMAR (approximately two Snellen lines) [27].

In our study, the mean CMT in the total of 50 eyes decreased by approximately 37%, 47%, and 53% after 
1, 3, and 6 months, respectively, after PPV with or without ILM peeling. According to several studies, PPV can 
lead to a significant decrease in CMT in most cases. Pendergast et al. found a decrease in CMT in 81.8% of cases, 
and DME exhibited complete resolution over 4.5 months [23]. Yamamoto et al. found decreases in CMT of 
approximately 46.9% in group A and 50% in group C [24]. Kim et al. found a decrease in CMT of approximately 
28% after 12 months in a tractional DME group [25]. Someya et al. found a nearly 45% decrease in CMT after 
12 months in a tractional DME group [26].

Improvement in BCDVA and reduction in CMT were greater in group A, without ILM peeling, at the 
beginning of follow-up (1 month after PPV); however, the differences between the two groups were not 
statistically significant. The improvement was nearly the same after 3 months, and group B, with ILM peeling, 
improved after 6 months. This may be related to damage [22] caused by the ILM gripping forceps and slightly 
more time for peeling.

In a meta-analysis of diabetic eyes that underwent PPV and ILM peeling versus eyes with PPV only, Rinaldi et 
al. [28] found no significant differences in postoperative BCDVA, BCDVA change, CMT, or CMT change between 
the two groups. They concluded that additional ILM peeling in PPV did not significantly improve the visual or 
anatomical results [28]. In a systematic review and meta-analysis, Nakajima et al. [17] examined the impact of 
combining ILM peeling with PPV in DME. Compared to the non-peeling group, the postoperative BCDVA in the 
ILM peeling group was superior by 0.04 logMAR, and the BCDVA change was enhanced by 0.04 logMAR, yet both 
results were statistically insignificant. There was no discernible difference in postoperative CMT or CMT reduction 
between the two groups. They concluded that there was no significant difference in visual acuity results between 
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PPV with ILM peeling and without ILM peeling [17]. Likewise, we found no significant difference in visual or 
anatomical outcomes between eyes undergoing PPV with and without ILM peeling. 

Flaxel et al. collected prospective data from 241 eyes that underwent PPV for DME. They reported that ILM 
peeling showed superior anatomical outcomes but was not associated with enhanced BCDVA improvement after 
PPV [15]. In contrast, Hu et al., in a meta-analysis of 14 studies involving 857 eyes, suggested that PPV was 
successful for DME and could be improved by peeling the ILM, without increasing the incidence of complications 
[14]. In the current study, according to the Delta BCDVA and Delta CMT, functional and anatomical outcomes 
were comparable between the ILM peeling group and the non-peeling group at 1, 3, and 6 months postoperatively. 
We found no significant difference between groups A and B in these changes attributable to ILM peeling.

We found a significant negative correlation between BCDVA improvement and long-term blood glycemic 
control. This finding is consistent with that of Kumagai et al., who studied the long-term results of PPV for DME 
and reported a negative correlation between preoperative HbA1c level and postoperative BCDVA [29]. Yamada et 
al. also studied the relationship between preoperative systemic or ocular factors and BCDVA or CMT, before and 6 
months after the surgical procedure, in 44 eyes that underwent PPV with ILM peeling. Although BCDVA and CMT 
were related to ocular factors before surgery, they were also related to long-term glycemic control after surgery [30].

Our study was limited by its relatively old argument. However, this issue has not yet been fully resolved. 
The study failed to assess the extent and intensity of macular edema and the size of the foveolar avascular zone 
at baseline and during follow-up. The points of strength in the study were that it was conducted at the same 
location within the same ethnic group, and one surgeon performed all operations with uniform steps, except for 
the ILM peeling in group B. All vitreous cavities were left fluid-filled. The surgeon did not administer intravitreal 
steroids during any PPV. Instead, he used a double-staining technique with vital dyes. Further double-blinded, 
multicenter, clinical trials involving more patients and longer follow-up periods are necessary to address the 
actual benefit of additional ILM peeling during PPV in eyes with tractional DME. 

CONCLUSIONS

Vision significantly improved in both groups, with no significant anatomical or functional differences attributable 
to ILM peeling. Postoperative BCDVA was poorer in patients with inadequate glycemic control and high 
preoperative HbA1c levels. Further multicenter, randomized, controlled trials with long-term follow-up are 
needed to verify or disprove our findings.
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