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Abstract

Background
To study the effect of intraoperative internal limiting membrane(ILM)peeling on the macular vascular
structure in patients with diabetic epiretinal membrane (ERM).

Methods
Patients with diabetic ERM were divided into an ERM + ILM peeling group (18 eyes) and an ERM peeling
group (19 eyes), all of whom underwent standard vitrectomy and were followed up until 6 months
postoperatively. Best-corrected visual acuity(BCVA), Central macular thickness (CMT), Vessel density (VD)
and vessel length density (VLD) of the super�cial as well as deep retinal capillary plexus were compared
between the two groups.

Results
There was no signi�cant difference in BCVA (P > 0.05) and CMT (P > 0.05) between the two groups. In the
super�cial capillary plexus (SCP), the change in VD (p = 0.106) and VLD (p = 0.438) was not affected by
peeling the ILM, and there was no signi�cant difference in VD (p = 0.162) and VLD (p = 0.391) between
the two groups at month 6. For the deep capillary plexus (DCP), there was an effect of ILM peeling on the
changes in VD (p = 0.024) and VLD (p = 0.012); peeling of the ILM delayed the recovery time of the VD
and VLD, and the VD (p = 0.003) and VLD (p = 0.000)in the ERM + ILM peeling group at postoperative
month 6 were lower than those in the ERM peeling group.

Conclusion
Intraoperative peeling of the ILM in patients with diabetic ERM delayed the improvement of blood �ow
signal in the DCP but did not affect the recovery of postoperative BCVA and CMT.

Background
Epiretinal membrane (ERM) is a nonvascularized �brous cell tissue formed by the chemotaxis and
proliferation of cells at the vitreous-retinal junction, with a prevalence of approximately 7–11.8%; patients
are mostly over 50 years of age [1–2]. ERMs can cause structural disorders of the retina, vascular
leakage, retinal �ssures and even retinal detachment, causing clinical symptoms such as loss of visual
acuity and visual distortion in patients, and in severe cases, visual function cannot be restored [3].
According to the different pathogeneses, ERMs are divided into idiopathic and secondary types. For
idiopathic ERM, posterior vitreous detachment and rupture of the internal limiting membrane(ILM)are the
main pathogenic causes [4]. In contrast, secondary ERM is more often associated with intraocular
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in�ammation and/or retinal ischaemia, resulting in a large number of in�ammatory factors in the vitreous
cavity, such as nestin, nuclear protein Ki-67, and highly glycosylated type I transmembrane glycoproteins;
in addition, the expression of cytokines such as interleukin-6 and 8 and monocyte chemotactic protein-1
is increased in the ERM compared to the idiopathic ERM [5–6]. Diabetic retinopathy is an important cause
of secondary ERM [7].

The treatment of both idiopathic and secondary ERM is based on surgery, but whether to combine the
peeling of the ILM intraoperatively has been controversial. Some scholars believe that the combination of
ILM elimination during ERM peeling can ensure complete removal of the anterior membrane and thus
reduce the recurrence rate [8]. However, some studies have found that in diabetic ERM, ILM peeling does
not reduce the recurrence rate, and even if the ERM recurs, it does not affect the patient's visual acuity [9].
Intraoperative ILM peeling in diabetic ERM leads to increased glial �brillary acidic protein (GFAP)
secretion, which aggravates the intraoperative and postoperative in�ammatory response; at the same
time, ILM peeling causes mechanical damage to the retina, which may cause deep structural changes
and retinal cystoid oedema, in turn affecting the long-term visual quality of patients [10–12]. Compared
with idiopathic ERM, the deep avascular area of the macula is enlarged after ILM peeling in diabetic ERM
[13].However, there are few studies on the changes of blood �ow signals.

Optical coherence tomography angiography (OCT-A) allows detailed observation of the retinal vascular
plexus, permitting us to compare changes in the blood �ow signal before and after diabetic ERM surgery
[14–15]. In our study, we used OCT-A to observe the effect of the ILM peeling on the retinal blood �ow
signal in the macula in diabetic ERM patients at the vascular level to provide a clinical reference for the
treatment of diabetic ERM.

Methods

Patients
Medical records of a total of 37 eyes of 36 patients who visited our hospital and received surgical
treatment by the same surgeon from November 2020 to September 2021 were analysed. Systemic
medical histories, such as hypertension, cerebral infarction, and heart disease, were excluded, as well as
ocular medical histories, such as retinal vascular obstruction, macular �ssure, history of previous vitreous
surgery, and history of previous vitreous cavity anti-VEGF drug injections. Patients were 47–68 years old,
of either sex, with usually good glycaemic control and a degree of lens clouding that did not affect the
surgery. All patients were diagnosed with non-proliferative diabetic ERM after fundus angiography and
macular OCT. The ectopic inner foveal layer was below stage 2 with an intact ellipsoidal band, and the
indications for surgery were LogMAR BCVA greater than 0.3 and/or visual distortion.

Surgery
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Patients were randomized to the ERM + ILM peeling group (18 eyes) and the ERM peeling group (19 eyes),
and the procedures were performed by the same surgeon, who had more than 10 years of experience in
vitrectomy surgery. Using a 25G vitrectomy device (Alcon Co., Ltd. Huremberg, Switzerland), a standard 3-
channel procedure was performed. For the ERM + ILM peeling group, a 27-gauge blunt needle was used to
administer a drop of the con�gured (20% dextrose injection 4 ml + sterilized water for injection 6 ml + 
indocyanine green for injection 25 mg) indocyanine green stain for injection (Dandongyichuang Co., Ltd.
Donggang, China) above the posterior pole so that the stain completely covered the macular area and
then was slowly peeled off the ERM and the ILM with forceps. The peeling range was as follows: nasal
side near the optic papilla, temporal side to 2DD-3DD outside the central macular recess, and upper and
lower to the vascular arch (Fig. 1A). In the ERM peeling group, a drop of triamcinolone acetonide injection
(Jida Co., Ltd. Kunming, China) was dropped above the posterior pole using a 27-gauge blunt needle, and
the ERM was peeled in the same way (Fig. 1B). Some patients had intraoperative local retinal traction due
to tight adhesion of the ERM, the vitreous cavity was �lled with �ltered sterile air after surgery, and the
patients were instructed to rest in the prone position for 3–5 days after surgery. No iatrogenic retinal tears
were produced intraoperatively, and intraoperative retinal haemorrhage did not affect the surgical
operation.

Data collection
The ectopic intraocular layer grade and the integrity of the ellipsoidal band were identi�ed using optical
coherence tomography [16]. BCVA was determined using the Snellen visual acuity chart, and the Snellen
visual acuity was converted to the logarithm of the angle of minimum resolution (logMAR). The presence
or absence of dysmorphopsia was �rst determined by the patient's subjective perception and then veri�ed
using the M-CHARTS table. OCT-A (Carl Zeiss Co., Ltd. Oberkochen, Germany) was used to acquire the
retinal blood �ow in a 6*6 mm area centred on the fovea of the patient, and FastTrac image tracking
software was used to reduce the signal noise generated by eye movements. The target images were
opened in ImageJ v1.8 software (National Institutes of Health, USA), the Vessel J plug-in was imported
into the software, and the images acquired by OCT-A were imported and converted to 8-bit format for
analysis of vascular density (VD) [17].The target images were opened in AngioTool software, and the
vessel length density (VLD) was analysed [18] (Fig. 2).

Statistical analysis
Statistical software SPSS 22.0 (IBM SPSS Inc., Chicago, IL, USA) was used. Data are expressed as the
mean ± standard deviation (—x±s). The effect of peeling or non-peeling of the ILM on VD and VLD was
analysed using two-factor repeated-measures ANOVA. Two-way comparisons of VD, VLD, BCVA, and MCT
thickness were performed using the Mann–Whitney U test for data that did not satisfy a normal
distribution and the t test for two independent samples for data that satis�ed a normal distribution.
GraphPad Prism 8 (GraphPad Software Inc., San Diego, USA) was used for data plotting.
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Results
A total of 37 eyes of 36 patients were treated with vitrectomy, and there was no signi�cant difference
between the two groups in terms of baseline information (Table 1). (Relevant data is available at
https://�gshare.com/s/aa22c3d20a9ce3cda341) 

 
Table 1

Clinical characteristics of the two groups of patients ± s

  Total ERM + ILM peeling ERM peeling p between

  (n = 37) (n = 18) (n = 19) two groups

Male/Female 14/22 8/10 6/12 1.000

Age(years) 58.77 ± 6.00 59.64 ± 5.93 57.90 ± 6.11 0.394

BCVA(logMAR) 0.83 ± 0.20 0.80 ± 0.21 0.84 ± 0.18 0.292

SCP        

VD 0.55 ± 0.09 0.52 ± 0.11 0.57 ± 0.07 0.153

VLD 0.15 ± 0.03 0.15 ± 0.03 0.16 ± 0.03 0.759

DCP        

VD 0.58 ± 0.06 0.58 ± 0.06 0.58 ± 0.06 0.902

VLD 0.19 ± 0.03 0.19 ± 0.03 0.19 ± 0.02 0.847

BCVA gradually increased in both groups after surgery, with a statistically signi�cant difference between
the ERM + ILM peeling group (P = 0.001) and the ERM peeling group (P = 0.000) at 1 month
postoperatively compared with preoperatively, there was no difference in BCVA between the two groups at
6 months postoperatively (P = 0.916). CMT gradually decreased in both groups after surgery, with a
statistically signi�cant difference between the ERM + ILM peeling group (P = 0.001) and the ERM peeling
group (P = 0.000) at 1 month postoperatively compared with preoperatively, there was no difference in
CMT between the two groups at 6 months postoperatively (P = 0.118) (Table 2). (Relevant data is
available at https://�gshare.com/s/aa22c3d20a9ce3cda341)
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Table 2
BCVA and CMT before and after surgery in the two groups ± s

  Pre-
operatin

Week 1 Month 1 Month 3 Month 6 F p

BCVA              

ERM + ILM
peeling group

0.80 ± 
0.21

0.65 ± 
0.24

0.55 ± 
0.20

0.51 ± 
0.20

0.50 ± 
0.19

0.431 0.516

ERM peeling
group

0.87 ± 
0.18

0.75 ± 
0.18

0.60 ± 
0.18

0.50 ± 
0.17

0.49 ± 
0.16

CMT              

ERM + ILM
peeling group

420.83 ± 
48.38

404.22 ± 
47.13

379.11 ± 
43.98

353.33 ± 
36.83

322.06 ± 
33.47

2.517 0.122

ERM peeling
group

402.16 ± 
36.09

384.63 ± 
36.26

358.16 ± 
37.58

334.05 ± 
34.62

304.32 ± 
31.34

Peeling the inner limiting membrane had no effect on the changes of BCVA (p = 0.516) and CMT (p = 
0.122) in the two groups

For the super�cial capillary plexus (SCP), ILM peeling did not make a difference in VD changes between
the two groups (P = 0.106) (Table 3) (Relevant data is available at
https://�gshare.com/s/aa22c3d20a9ce3cda341); VD in both groups decreased after surgery and
gradually rebounded with time (Fig. 3A). ILM peeling did not make a difference in VLD changes between
the two groups (P = 0.438) (Table 3) (Relevant data is available at
https://�gshare.com/s/aa22c3d20a9ce3cda341); VLD in both groups decreased after surgery and
gradually rebounded with time (Fig. 3B).
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Table 3
VD and VLD before and after surgery in the two groups ± s

  Pre-
operatin

Week 1 Month 1 Month 3 Month 6 F p

VD of SCP              

ERM + ILM peeling
group

0.52 ± 
0.11

0.46 ± 
0.10

0.47 ± 
0.09

0.53 ± 
0.08

0.59 ± 
0.09

2.754 0.106

ERM peeling group 0.57 ± 
0.07

0.50 ± 
0.08

0.52 ± 
0.07

0.57 ± 
0.06

0.63 ± 
0.05

VLD of SCP              

ERM + ILM peeling
group

0.15 ± 
0.03

0.14 ± 
0.03

0.14 ± 
0.03

0.15 ± 
0.03

0.16 ± 
0.03

0.616 0.438

ERM peeling group 0.16 ± 
0.03

0.15 ± 
0.03

0.15 ± 
0.03

0.16 ± 
0.03

0.17 ± 
0.03

VD of DCP              

ERM + ILM peeling
group

0.58 ± 
0.06

0.54 ± 
0.05

0.53 ± 
0.05

0.52 ± 
0.05

0.57 ± 
0.05

5.595 0.024

ERM peeling group 0.58 ± 
0.06

0.57 ± 
0.06

0.57 ± 
0.06

0.59 ± 
0.05

0.62 ± 
0.05

VLD of DCP              

ERM + ILM peeling
group

0.19 ± 
0.03

0.17 ± 
0.03

0.16 ± 
0.03

0.16 ± 
0.03

0.18 ± 
0.03

6.995 0.012

ERM peeling group 0.19 ± 
0.02

0.18 ± 
0.02

0.18 ± 
0.02

0.20 ± 
0.02

0.21 ± 
0.02

In SCP, the peeling of the ILM has no effect on the changes of VD (p = 0.106) and VLD (p = 0.438).In
DCP, the peeling of the ILM has an effect on the changes of VD (p = 0.024) and VLD (p = 0.012)

In the deep capillary plexus (DCP), peeling of the ILM had an effect on the changes of VD in the two
groups (P = 0.024), VD of the ERM + ILM peeling group was lower than that of the ERM peeling group at
month 6 after surgery (Table 3). (Relevant data is available at
https://�gshare.com/s/aa22c3d20a9ce3cda341); VD in both groups decreased after operation, and then
gradually rebounded, but the rebound time in the ERM + ILM peeling group was delayed compared with
the ERM peeling group (P = 0.000) (Fig. 4A). The peeling of the ILM had an effect on the changes of VLD
in the two groups (P = 0.012), VLD of the ERM + ILM peeling group was lower than that of the ERM
peeling group at month 6(Table 3) (Relevant data is available at
https://�gshare.com/s/aa22c3d20a9ce3cda341); VLD decreased in both groups after surgery, and then
gradually recovered, but the rebound in the ERM + ILM peeling group was delayed compared with the ERM
peeling group (Fig. 4B).
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Discussion
Transciliary pars plana vitrectomy combined with double membrane (ERM + ILM) peeling is currently the
most common surgical procedure for the treatment of idiopathic ERM [19], but the necessity of peeling
the ILM during secondary ERM surgery remains widely debated due to the different pathogeneses. Most
current studies suggest that peeling the ILM causes partial microscopic effects on macular function but
does not affect the recovery of �nal visual acuity. As OCT-A has been widely used in recent years to
investigate retinal blood �ow signals, we used OCT-A to observe the effect of diabetic ERM intraoperative
peeling or non-peeling of the ILM on the VD and VLD of the SCP and DCP. In this study, data analysis of
the acquired images was performed with the help of ImageJ and Anjio Toll software. After 6 months of
follow-up, we found no difference in VD and VLD in terms of SCP between the two groups, which
decreased in both groups in the �rst postoperative week and then gradually increased and exceeded the
preoperative level. The two groups showed different trends in DCP, the ERM + ILM peeling group showing
delayed recovery of VD and VLD compared to the ERM peeling group. The levels at postoperative month
6 were still lower than those preoperatively, while the ERM peeling group at postoperative month 6 had
levels above those preoperatively. The BCVA in both groups gradually improved after surgery, and the
difference was not statistically signi�cant at month 6. The CMT gradually decreased after surgery in both
groups, and the difference was not statistically signi�cant at month 6.

The formation of the ERM exposes the macula to anterior-posterior forces and tangential forces, the
anterior-posterior forces can lead to macular thickening, while tangential forces can cause vascular
dislocation in macular area. Although ILM peeling ensures complete removal of the cortical vitreous and
ERM, it has been shown that ILM peeling and intraoperative staining with indocyanine green decreases
retinal sensitivity [20]. We found by OCT-A, like idiopathic ERM, the blood �ow signals of the SCP and DCP
are also altered after surgery in the diabetic ERM [21]. Levels of VD and VLD re�ect the supply of the
retinal blood supply, so their changes cause subsequent changes in retinal function and structure. In both
the SCP and DCP, the VD and VLD decreased in both groups in the short-term postoperative period,
probably because the vessels that were crinkled in the OCT-A analysis area retreated to their original
position after the ERM peeling, and some vessels left the analysis area, resulting in a temporary decrease
in vessel density and length density. However, this was only for a short period of time, and then the VD
and VLD gradually increased in both groups, which we believe is due to the reopening of the occluded
microcapillaries caused by the ERM peeling [22]. Traction of the ERM increases the resistance to blood
�ow in the retinal veins, and peeling the ERM signi�cantly improves the retinal blood circulation [23].
However, in the DCP, the ERM + ILM peeling group took longer to recover their VD and VLD than did the
ERM peeling group and still did not recover to the preoperative levels by the �nal follow-up time. In
contrast, the ERM peeling group was shown to have exceeded the preoperative levels at the �nal follow-
up, which demonstrates that peeling of the ILM hindered the recovery of deep blood �ow signals after
surgery. We believe that Müller cells play a crucial role in this phenomenon, these cells secreting GFAP as
a bridge to the ILM, when ILM peeling, Müller cells secreting large amounts of GFAP, GFAP will reduce the
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blood �ow rate and oxygen permeability of the microcirculation, which is manifested as abnormal blood
�ow information in the deep retina [24–25]. Moreover, in a high-glucose environment, Müller cells secrete
increased GFAP, the peeling of the ILM can lead to anatomical changes in the deep retina [26–27].
Additionally, the deep retina, being the location of the 3 main oxygen-consuming sectors of the retina
(photoreceptor segment, outer plexiform layer, deep inner plexiform layer), has a much higher sensitivity
of the microcirculation to ILM peeling than the super�cial retina [28]. In the super�cial retina, the VD and
VLD did not differ between the ERM + ILM peeling group and the ERM peeling group, we speculate that
the reason for this may be that the super�cial retinal vessels are not directly affected by Müller cells, and
the super�cial retina has a higher perfusion pressure and oxygen supply, allowing for better vascular
tolerance [29–30].

Our study has some limitations. First, the presence of artefacts in OCT-A, an emerging tool for vascular
analysis, can interfere with the analysis of deep retinal blood �ow information, especially with a disturbed
macular structure. Furthermore, because the severity of diabetic retinopathy and the structure of other
parts of the macula can affect postoperative recovery [31], so we chose diabetic ERM cases with an
ectopic inner foveal layer grade less than or equal to grade II and an intact ellipsoidal band and in the
non-proliferative phase, which may have introduced selection bias.

Conclusions
Through this study, we found that although there was no difference in BCVA and MCT recovery after
surgery between the two groups, intraoperative peeling of the ILM in patients with diabetic ERM can have
a short-term inhibitory effect on deep retinal vascular recovery, which has clinical-reference implications
for the choice of surgical approach. Next, we will continue to analyze the mechanism of Müller cells
regulating microcirculation changes after ILM peeling.

Abbreviations
ILM: internal limiting membrane; ERM: epiretinal membrane; BCVA: best-corrected visual acuity; CMT:
central macular thickness; VD: vessel density; VLD: vessel length density; SCP: super�cial capillary
plexus; DCP: deep capillary plexus; GFAP: glial �brillary acidic protein; OCT-A: Optical coherence
tomography angiography
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Figures

Figure 1

Intraoperative peeling of the proliferating membrane using membrane forceps. A After indocyanine green
staining, peel off ERM+ILM (arrows). B After triamcinolone acetonide staining, the ERM (arrows) was
stripped
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Figure 2

SCP and DCP within 6*6mm centered on fovea. A In SCP, the red lines represent the vascular network, and
the blue dots represent the intersections between the vessels. B In DCP, the red lines represent the
vascular network, and the blue dots represent the intersections between the vessels
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Figure 3

In SCP, the change trend of VD and VLD in two groups of patients. A The change trend of VD in the two
groups of patients after surgery. B The change trend of VLD in the two groups of patients after surgery

Figure 4

In DCP the change trend of VD and VLD in two groups of patients. A The change trend of VD in the two
groups of patients after surgery. B The change trend of VLD in the two groups of patients after surgery


