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Background: To compare the therapeutic effects of vitrectomy (PPV) combined with the internal limiting
membrane (ILM) flap coverage and PPV in combination with ILM peeling on the idiopathic large macular
hole (MH), in order to better guide the treatment of large MH.

Methods: Scarching was conducted within PubMed, Web of Science, Embase, CNKI, and Wanfang
databases, and relevant pieces of literature between 2010 and 2020 published in English or Chinese were
included.

Results: A total of 11 studies including 667 patients and 667 affected eyes were included; the effective rate
of hole closure between the 2 groups were compared in 11 studies. Results exhibited 94.4% (286/303 eyes) in
the test group (PPV combined with ILM flap coverage) and 85.8% (313/364 eyes) in the control group (PPV
combined with ILM peeling) were closed. MH closure rates in the test group was superior to the control
group [odds ratio (OR) =3.36, 95% confidence interval (CI): 1.88-6.01, P<0.001]. All 11 studies compared
the preoperative and postoperative best corrected visual acuity (BCVA), with no significant difference in
the preoperative test control group [standardized mean difference (SMD) =-0.18, 95% CI: -0.42 to 0.06,
P=0.149]. The BCVA after surgery was better in the test group compared with the control group (SMD
=-0.91, 95% CI: -1.43 to -0.40), P=0.001).

Discussion: Compared with PPV combined with ILM peeling, PPV combined with ILM flap coverage
can significantly improve the MH closure rate and postoperative BCVA.
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Introduction

A macular hole (MH) refers to a macular area neuroepithelial
defect of the retina. Idiopathic macular hole (IMH)
is the most common form of all MHs, accounting for
approximately 83% (1), and refers to MHs that occur in the
absence of associated primary diseases of the eye such as
trauma and vitreoretinopathy (2). It mainly causes clinical
manifestations such as decreased visual acuity and visual
deformation. While mainly occurring in people older than
65 years, it affects 0.1-0.8% of adults over 40 years of age (3).
About two-thirds of IMH patients are female, and 80%
of them have monocular disease (4,5). The most common
treatments for IMH are pars plana vitrectomy (PPV, known
simply as vitrectomy), posterior vitreous detachment,
internal limiting membrane (ILM) peeling, and gas filling of
the vitreous cavity (6). In most MH surgeries, ILM peeling
has become an essential step. The combination of PPV with
ILM peeling is a very safe and effective procedure that can
achieve MH closure in up to 98% of cases (7). The ILM
flap coverage is an effective surgical technique for large,
full-thickness idiopathic MHs and myopic MHs treatment.
It was first reported in 1999 that the MH closure rate can
be improved by the application of ILM peeling, after which
Michalewska et al. demonstrated that refractory large MHs
can be closed using ILM flap coverage (8). In recent years,
the optimal surgical approach for the treatment of IMH
has been controversial, with some papers supporting ILM
flap coverage (9,10), and others arguing that ILM flap
coverage is not different from traditional ILM peeling for
the treatment of IMH (11,12). Despite the high rate of
anatomical closure in both procedures, there is no consensus
on whether the anatomical efficacy and functional outcome
of internal limiting flap coverage is more favorable than
that of complete stripping of the ILM technique. In this
study, we comprehensively and quantitatively compared the
advantages and disadvantages of PPV combined with ILM
peeling and PPV combined with ILM flap coverage in IMH
treatment and explored the optimal surgical method for the
treatment of large MH.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-871).

Methods

Literature search methods

Searching was conducted within PubMed, Web of
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Science, Embase, CNKI, and Wanfang databases with
the search terms “Inverted internal Limiting membrane
flap technique” OR “Inverted ILM flap technique” AND
“Internal limiting membrane peeling” OR “ILM peeling”
OR “Internal limiting membrane removal” OR “Removing
the ILM” OR “ILM peel” AND “idiopathic macular hole”
OR “IMH?”. The search terms “vitrectomy, internal limiting
membrane peeling, internal limiting membrane avulsion,
internal limiting membrane flap coverage, idiopathic
macular hole” were searched in Chinese databases such
as China National Knowledge Infrastructure (CNKI) and
Wanfang, and the possible selected articles were screened
by a second search of the references of relevant articles, as
well as conference papers and abstract articles. The search
time was set from 2010 to 2020.

Inclusion and exclusion criteria of literatures

According to the participants, intervention measures,
comparison, results, and study design (PICOS) protocol,
we used the following criteria: (I) participants (participants):
diagnosed with IMH and a minimum diameter of the hole
>400 pm; (II) Intervention measures (control, participants):
the experimental group: participants chose PPV combined
with ILM flap coverage, the control group: participants
chose PPV combined with ILM peeling; (III) outcome
measures: including the effective rate of MH closure
[according to optical coherence tomography (OCT)
detection], preoperative and postoperative best corrected
visual acuity (BCVA); (IV) study design: all clinical studies
on the efficacy of PPV combined with ILM peeling and
PPV combined with ILM flap coverage in IMH treatment.
The exclusion criteria were as follows: (I) combination with
severe cataract, glaucoma, myopia, retinal detachment,
ocular inflammation, and a history of ocular surgery; (II)
follow-up time less than 1 month; (IIT) did not provide the
data required for this meta-analysis, and did not yield such
information upon request, as well as the original text of
the literature obtained by the method; (IV) poor quality of
literature, missing data, duplicate reports; (V) case reports,
systematic reviews, and animal experiments.

Literature data extraction

Literature evaluation and data extraction were
independently performed by 2 investigators, who screened
the articles according to the inclusion and exclusion criteria,
and discussed and negotiated with a third researcher in case
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Meeting abstracts (n=3)
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Y

Y

Studies included in meta
analysis (n=116)

Figure 1 Characteristics of included literatures.

of data extraction disagreement. Data extraction content
included: first author, publication year, country, real sample
size of trial combination control, follow-up time, and so on.

Statistical analysis

Statistical analysis was performed using Statal6.0 software
(StataCorp. LLC, College Station, TX, USA). Cochrane
q test and I’ statistics were used to assess heterogeneity of
included studies. The random-effects model was utilized
when P<0.05 and I’>50%, for meta-analysis. If this was not
the case, the fixed-effects model was applied. Dichotomous
variable data results were stated as odds ratio (OR) with a
95% confidence interval (CI), of numerical variable data
outcomes were recorded as standardized mean difference
(SMD) and a 95% CI. Differences were considered
statistically significant at P<0.05. Sensitivity analysis was
used to verify whether the conclusion of the meta-analysis
was robust and credible. Funnel plots, Begg’ test, and
Egger’s test was applied to evaluate if results had potential
publication bias, and the test level a was taken as 0.10.

Results
General information of the involved studies

The included literature processed in this meta-analysis is
shown in Figure 1. Initially, 116 articles were redeemed with
46 selected after excluding 70 unqualified articles based on
the title, abstract, and full text. The full text was further
read; 3 conference proceedings, 17 unrelated articles, 2 case
reports, and 13 duplicate studies were excluded, and finally
11 studies met the meta-analysis selection criteria (7,11-20).
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Among them, there were 4 Chinese articles and 7 in
languages other than Chinese, with a total of 667 patients
and 667 affected eyes. Seven hundred and twenty-eight
cases were present in the test group and 731 in the control
group. The characteristics of the included articles are
displayed in 7able 1.

Meta-analysis results

Effective rate of hiatal closure

A sum of 11 studies made a comparison between the 2
groups on the effective rate of hiatal closure with combined
data showing a small (I’=0.00%, P=0.552) heterogeneity
in each study, using the fixed-effect model. Meta-analysis
showed that 94.4% (286/303 eyes) in the test group (PPV
combined with ILM flap coverage) and 85.8% (313/364 eyes)
in the control group (PPV combined with ILM peeling)
were closed. A statistically significant difference was
observed in the MH closure rate between the 2 groups.
The MH closure rate in the test group was superior when
compared to the control group (OR =3.36, 95% CI: 1.88-
6.01, P<0.001) (Figure 2).

Best corrected visual acuity pre- and post-surgery

A total of 11 studies compared preoperative BCVA
(converted to logMAR visual acuity for recording), and
11 studies compared postoperative BCVA, (converted to
logMAR visual acuity for recording). After data merging,
a great heterogeneity was revealed in preoperative BCVA
(I’=54.00%, P=0.017) and postoperative BCVA (I’=89.10%,
P<0.001) in each study; therefore, the random effects model
was used. The results showed that an absence of significant
difference was observed in preoperative BCVA between
the control group (SMD =-0.18, 95% CI: -0.42 to 0.06,
P=0.149) (Figure 34). The BCVA (SMD =-0.91, 95% CI:
-1.43 to -0.40, P=0.001) in the test group was better when
compared to the control group (Figure 3B).

Sensitivity analysis

Sensitivity analysis outcomes showed that following
modification of the inclusion criteria, eliminating inferiority
studies, taking away maximum weights and erasing
minimum weights of literature. The shared outcomes of
hiatal closure efficiency of excluded literature showed no
alterations from the original collective results. Thus, low
sensitivity was shown (Figure 4). Additionally, the combined
preoperative and postoperative BCVA results of each article
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68.5+6.1 68.5+6.1 NP NP Retrospective

60/105

2018 Feb 2011 to Jan 2016 Japan

9  Toshifumi Yamashita

6

58.5+71.5 60.7+74.5 6/9 12/13 Retrospective

15/25

10 Federico Peralta Iturburu 2019 Jan 2013 to Jan 2018 Spain

12

6/11 Retrospective

6/18

67.58 +8.04

69.12+9.75

24/17

Italy

2020 Jan 2008 to Dec 2017

11 Ferdinando Bottoni

Treat, treatment; Con, control; RCT, randomized controlled trial; NP, not reported.
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showed no alterations from the original combined results,
with low sensitivity (Figure 5A,B). The outcomes established
that the products of this meta-analysis were robust and
credible.

Publication bias

The possibility of publication bias in the included
articles was detected using funnel plots. In regards to the
standardized error (SE, logOR) and logOR of the effective
rate of hiatal closure, the scatter diagram principally
exhibited left-right symmetry about the symmetry axis
with no significant publication bias in each study (Figure 6).
The results of Begg’s test (Z=0.93, P=0.350) and Egger’s
test (t=1.00, P=0.345) for closure effectiveness showed
no publication bias. From the BCVA before and after
surgery funnel plot, the scatter principally presented left-
right symmetry about the axis of symmetry, indicating
no significant publication bias present in each study
(Figure 7A4,B). Further analysis showed that Begg’s test
(2=0.62, P=0.533) and Egger’s test (t=-0.60, P=0.563) were
performed for preoperative BCVA, respectively, and the
results showed that there was no publication bias. Begg’s
test (£=2.02, P=0.043<0.10) and Egger’s test (t=-2.70,
P=0.025<0.10) were performed for postoperative BCVA,
respectively, and the results showed that there may have
been some publication bias.

Discussion

The IMH is a common fundus macular disease. With
the gradual deepening of knowledge about IMH and
the continuous innovation and improvement of various
treatment options, there have been gradual improvements
in MH closure after IMH surgery. Patients with small MHs
can be followed up for observation; for small and medium-
sized MH, intravitreal injection of Ocriplasmin has some
clinical efficacy. However, for large MHs, surgical treatment
is the only available option (21). However, there is still
controversy surrounding the choice of treatment options
for IMH, which need to be further explored. A sum of 11
studies was integrated into this meta-analysis, with similar
study methods and high comparability. The visual acuity
improvement of IMH was compared between the 2 groups
to better guide the treatment of MH.

Eleven studies in total made comparisons of the effective
rate of hole closure between the 2 groups, and in almost all
studies, the MH closure rate was high in 2 different surgical
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Figure 2 The effective rate of IMH closure in the 2 groups Forest map. IMH, idiopathic macular hole; OR, odds ratio; CI, confidence

interval.

methods: PPV combined with ILM peeling and PPV
combined with ILM flap coverage. Meta-analysis results
showed a closure rate of 94.4% in the test group (PPV
combined with ILM flap coverage) and 85.8% in the control
group (PPV combined with ILM peeling). Test group MH
closure rate was superior to the control group (OR =3.36,
95% CI: 1.88-6.01, P<0.001). The possible mechanism
for the higher closure rate of MHs with ILM coverage is
that ILM peeling can first completely remove the cortical
vitreous, release macular traction, and stretch the retina,
which could result in IMHs closure promotion and retinal
reattachment (22). On this basis, ILM covering can further
induce glial cell proliferation, resulting in MHs being filled
with proliferating cells, thereby strengthening the degree
of closure, can greatly improve the closure rate, and allow
photoreceptors to reattach and localize directly close to the
fovea (8), so ILM covering has a better closure effect.

11 studies in total additionally assessed the preoperative
and postoperative BCVA. The results exhibited an absence
of significant variation in the preoperative BCVA between
the test group and control group (SMD =-0.18, 95% CI:
-0.42 to 0.06, P=0.149), while the postoperative BCVA
in the test group (SMD =-0.91, 95% CIL: -1.43 to -0.40,
P=0.001) was superior to that in the control group. The
lack of difference in BCVA between the 2 groups before

© Annals of Palliative Medicine. All rights reserved.

surgery indicated that the baseline levels of the 2 groups
were well-balanced and comparable. The possible reason
for the difference in BCVA between the 2 groups after
surgery could be that according to the relevant literature,
during the surgical operation, the retinal surgeon used the
treatment method of ILM peeling “the more the better”,
resulting in extensive ILM peeling after surgery. Excessive
ILM peeling predisposes to anatomical changes during
follow-up, such as progressive separation of the optic nerve
fiber layer, reduced macular papilla distance, and macular
asymmetric displacement (23). Conversely, MHs closed
after conventional ILM peeling are more likely to present a
V-shaped, W-shaped, or flat/open closed pattern. Although
they are good closure patterns, they may result in persistent
loss of the photoreceptor layer (irregularities), retinal
pigment epithelial defects, and loss of foveal tissue, which
may be associated with poor visual recovery and the need for
reoperation (24). In addition, there have been many reports
in the literature on the relationship between postoperative
MH closure and the occurrence of complications in patients
with IMH. Modi et al. found that patients had already been
impacted by irreversible damage to foveal photoreceptor
cells, such as chorioretinal atrophy and staphyloma, before
primary PPV (25). Ganglionic cells and the inner plexiform
layer are the most vulnerable layers to manipulation and

Ann Palliat Med 2021;10(5):5474-5482 | http://dx.doi.org/10.21037/apm-21-871
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Figure 3 Forest map of BCVA before and after surgery. (A) Forest map of BCVA before surgery; (B) Forest map of BCVA after surgery.

BCVA, best corrected visual acuity.
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Figure 6 Funnel plot of the effective rate of IMH closure in the 2
groups. IMH, idiopathic macular hole.
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show significant damage in large areas around the fovea
due to endarterectomy due to them being the ones that
solely show thinning in the medial and temporal regions.
Hayashi e a/l. found that the foveal photoreceptor layer
has a possibility of being long destroyed and could not be
recovered during ILM coverage, although the retina was
reattached by coverage after surgery (26).

Of course, this meta-analysis still had some limitations.
First, these studies had small sample sizes and insufficient
follow-up times, which may have resulted in certain
selection and information biases. Second, due to insufficient
information obtained, the effects of various confounding

Ann Palliat Med 2021;10(5):5474-5482 | http://dx.doi.org/10.21037/apm-21-871



Annals of Palliative Medicine, Vol 10, No 5 May 2021

Begg's funnel plot with pseudo 95% confidence limits

A

14

5481

Begg's funnel plot with pseudo 95% confidence limits

°
° o o
°

4

-6 |

0 0.1

T
0.2 0.3 0.4
s.e. of: SMD

0 0.2 0.4 0.6
s.e. of: SMD

Figure 7 Funnel plot of BCVA before and after surgery. (A) Funnel plot of BCVA preoperatively; (B) funnel plot of BCVA postoperatively.

BCVA, best corrected visual acuity.

factors such as age, stains, and intravitreal filling substances
could not be analyzed. In the analysis, various studies
tried to unify the baseline and correct the influence of
age, gender, and other factors if it was possible. Finally,
MHs of different grades may have corresponding optimal
treatments, but we did not perform a detailed classification
analysis of the severity of large holes.

In summary, the results of this meta-analysis showed
that compared with traditional PPV combined with ILM
peeling, PPV combined with ILM covering can significantly
improve the MH closure rate and postoperative BCVA,
while improving the functional effect and anatomical effect
of IMH, with clinical application value.
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