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Abstract
Purpose To evaluate the effect of vitrectomy with inverted internal limiting membrane (ILM) flap for the treatment of
macular hole retinal detachment (MHRD) in high myopia compared with that of ILM peeling.
Methods PubMed, EMBASE, Web of Science, MEDLINE, Ovid, Wan Fang and CNKI were systematically reviewed. The
primary outcome parameters were the MH closure rate, retinal reattachment rate and postoperative BCVA. Secondary
outcome parameters, included intraoperative or postoperative complications.
Results Seven retrospective comparative studies including 228 eyes were selected. No significant difference was detected in
either postoperative BCVA (MD −0.07; 95% CI: −0.17 to 0.03; p= 0.16) or the improvement in postoperative BCVA (MD
−0.17; 95% CI: −0.50 to 0.16; p= 0.32) between the ILM flap group and ILM peeling group. The retinal reattachment rate
using inverted ILM flap was not significantly different from that using ILM peeling (odds ratio (OR) 2.24; 95% CI:
0.75–6.73; p= 0.15). The MH closure rate was higher with inverted ILM flap than with ILM peeling (OR 11.86; 95% CI:
5.65 to 24.92; p < 0.00001). There was no significant difference in intraoperative or postoperative complications, including
concomitant cataract rate (OR 1.22; 95% CI: 0.42–3.58; p= 0.71).
Conclusion The inverted ILM flap technique could contribute to a higher MH closure rate than ILM peeling, but visual
improvement was similar. Both surgical methods could obtain a high-retinal reattachment rate with fewer intraoperative and
postoperative complications.

Introduction

Macular hole retinal detachment (MHRD) in patients with
high myopia is an intractable problem for ophthalmolo-
gists. In patients with MH myopia, the incidence of RD
increased as myopia worsened (97.6% RD in myopia over
−8.25 D, 67.7% RD in myopia between −8.0 and −3.25 D

and 1.1% RD in myopia under −3.0 D) [1, 2]. High
myopia is often associated with posterior staphyloma and
retinal pigment epithelium atrophy, increasing the tan-
gential macular traction of the vitreoretinal interface, likely
causing RD and MH. Various surgical methods have been
compared in MHRD, including pars plana vitrectomy
(PPV) with or without ILM removal, episcleral macular
buckling, scleral imbrication and the posterior episcleral
buckle procedure [3–9]. In some studies, vitrectomy with
ILM peeling contributed to successful retinal reattachment
and MH closure, representing an effective treatment for
MHRD in high myopia [10–13]. Others have indicated that
MH closure is difficult to attain, although ILM removal
eases tangential macular traction. In addition, the final
visual acuity seldom increased, especially in patients with
high myopias [14, 15]. Recently, Michalewska proposed
using an inverted ILM flap technique for the treatment of
MH with diameters greater than 400 μm [16]. Next, this
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technique was applied to myopic MHRD [17, 18]. There-
fore, this meta-analysis was used to determine whether the
inverted ILM flap technique improved the anatomic and
functional outcomes of MHRD in high myopia compared
with the ILM peeling technique.

Methods

Search strategy

PubMed, EMBASE, Web of Science, MEDLINE, Ovid,
Wan Fang and CNKI were searched. All related articles
were published before 14 February 2018 in Chinese or
English.

The following search terms were used: (‘macular hole’
OR MH) AND (‘retinal detachment’ OR RD) AND
(‘myopic’ OR ‘myopia’) AND (‘vitrectomy’) AND
(‘internal limiting membrane peeling’ OR ‘inverted internal
limiting membrane flap’ OR ‘inverted internal limiting
membrane insertion’ OR ‘internal limiting membrane
repositioning’ OR ‘ILM peeling’ OR ‘ILM flap’).

Inclusion and exclusion criteria

All studies included in this meta-analysis followed the
inclusion and exclusion criteria.

Inclusion criteria includes the following: (1) patients with
high myopia and MHRD; (2) a comparison of the ILM flap
technique and ILM peeling technique; (3) records of reat-
tachment rate, MH closure rate and BCVA and (4) a follow-
up time of no less than 6 months.

Exclusion criteria includes the following: (1) previous
history of PPV; (2) presence of peripheral retinal break or
proliferative vitreoretinopathy or trauma before the primary
surgery and (3) use of scleral buckling, including macular
buckling in the primary study.

Data collection and risk of bias assessment

Two reviewers independently extracted the data and eval-
uated the quality. If the two reviewers disagreed, a third
reviewer analysed the data and quality.

The following variables were extracted from each study:
first author, publication year, design, postoperative follow-
up time, sample size, ILM staining, tamponade and mea-
sured outcomes. The main measured outcomes were BCVA
(converted to logarithm of the minimum angle of resolution
(logMAR) for clarity and statistical comparison purposes),
MH closure rate and retinal reattachment rate. The sec-
ondary measured outcomes included intraoperative or
postoperative complications.

All included studies were assessed by the Newcastle-
Ottawa scale, which provided a score from a possible total
of nine stars [19, 20].

Publication bias was assessed using a funnel plot of the
data and Egger’s test.

Data synthesis and analysis

We used the Q-statistic test and I2 statistic test to assess the
heterogeneity between studies. A p value < 0.1 was con-
sidered statistically significant for the Q-statistic test.

I2 ranges from 0 to 100% (a value of 0% represents no
heterogeneity, 0% < I2 < 25% represents mild, 25% ≤ I2 <
50% represents moderate, 75% ≤ I2 represents great het-
erogeneity) [21, 22]. If there was significant heterogeneity
between studies, a random-effect model was employed.
Otherwise, a fixed-effect model was used.

The results of individual studies were pooled using
Review Manager software (V.5.3, the Cochrane Colla-
boration, Oxford, England). In addition, subgroup analyses
with dyes and tamponades were used for the study of het-
erogeneity. A p value < 0.05 was considered a statistically
significant difference between studies. The sensitivity ana-
lysis was performed using Stata software (V.12.0; Stata,
College Station, TX, USA).

Results

Search results

A total of 438 relevant studies were identified through our
initial search, and 316 studies remained after removing
duplicates. By screening titles and abstracts, 241 studies
were excluded. After assessing the full-text articles, 7 of
these studies [23–29] were eligible for inclusion (Fig. 1).

Characteristics of the included studies

The summary characteristics and quality assessment of
7 studies are explained in Table 1. A total of 228 eyes
underwent PPV with the inverted ILM flap technique (110
eyes) or ILM peeling technique (118 eyes) [23–29]. Four
studies [23–25, 29] stained the ILM with BBG and other
three studies [26–28] stained it with ICG. For the tam-
ponades, gas was used in four studies [23–26] and silicone
oil was used in one study [28]. The other two studies
[27, 29] used gas or silicone oil. All studies were con-
sidered retrospective comparative studies. The follow-up
time was at least 6 months (6–36 months). The Newcastle-
Ottawa scale was used to present the risk of bias for the
included studies (Supplementary Table 1). The scores
ranged from 6 to 9. The quality of the studies was medium
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to good. There was no significant difference in pre-
operative BCVA between the ILM flap group and the
ILM peeling group (MD −0.03; 95% CI: −0.16 to 0.09;
p= 0.60; Fig. 2a).

Outcomes

Main outcomes

No significant difference was detected in either post-
operative BCVA (MD −0.07; 95% CI: −0.17 to 0.03; p=
0.16; Fig. 2b) or the improvement in postoperative BCVA
(MD −0.17; 95% CI: −0.50 to 0.16; p= 0.32; Fig. 2c)
between the ILM flap group and ILM peeling group. The
retinal reattachment rate using inverted ILM flap was not
significantly different from that using ILM peeling (odds
ratio (OR) 2.24; 95% CI: 0.75–6.73; p= 0.15; Fig. 2d). The
MH closure rate was higher with inverted ILM flap than
with ILM peeling (OR 11.86; 95% CI: 5.65–24.92; p <
0.00001; Fig. 2e).

In the subgroup analysis, whether using BBG or ICG
staining ILM, there was no statistical difference in either
postoperative BCVA (p= 0.07; p= 0.56; Fig. 2b) or the
retinal reattachment rate (p= 0.50; p= 0.16; Fig. 2d)
between the ILM flap group and ILM peeling group. And
the MH closure rate was still significantly higher in the
ILM flap group (p < 0.0001; p < 0.00001; Fig. 2e). The
subgroup analysis of the tamponades revealed that whether

it was filled with gas or filled with silicone oil, no
significant difference was detected in either postoperative
BCVA (p= 0.62; p= 0.48; Supplementary Fig. 3b) or the
retinal reattachment rate (p= 0.11; p= 0.38; Supplemen-
tary Fig. 3c) between the two surgery groups and the MH
closure rate was also significantly higher in the inverted
ILM flap group (p < 0.00001; p= 0.005; Supplementary
Fig. 3d).

Secondary outcomes

There was no significant difference in intraoperative
or postoperative complications, including concomitant
cataract rate (OR 1.22; 95% CI: 0.42–3.58; p= 0.71;
Fig. 2f).

No MH reopening was reported in three studies
[25, 26, 29]. Four included studies [25–28] reported
recurrence rates of RD, and only two cases occurred in the
ILM peeling group in a study by Shen et al. [27]. Regarding
the chorioretinal atrophy rate, two cases occurred in the
ILM flap group and one in the ILM peeling group in a study
by Takahashi et al. [29], while none were reported in a
study by Xu et al. [25].

Publication bias

Publication bias of the main outcomes was assessed by
using a funnel plot of the data or Egger’s test. No significant
publication bias was observed (Supplementary Fig. 1).

Records identified through database searching
               (n=438)

Records after duplicates removed
           (n=316)

Records screened
(n=75)

Full-text articles assessed for eligibility
(n=41)

Studies included in quantitative synthesis(meta-analysis)
(n=7)

Records excluded (n=241)
Title/abstract/reviews/letters/case 
reports/sugical techniques

Records excluded (n=34)
Not compare ILM flap with ILM peeling 
(n=26)
MHRD patients with no highly mopic..  (n=7)
Highly mopic MH patients with no RD.  (n=1)

Fig. 1 Selection of studies
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Sensitivity analysis

Stata software was used to conduct sensitivity analysis
(Supplementary Fig. 2).

Studies on the MH closure rate and postoperative BCVA
had good stability. However, the sensitivity analysis of the
retinal reattachment rate indicated that the result depended
on the inclusion of one study [29]. When this study [29]
was excluded from the meta-analysis, the retinal reattach-
ment rate of the ILM flap technique was higher than that of
the ILM peeling technique, and the difference was statisti-
cally significant.

After the inclusion of the study [29], the difference was
not statistically significant.

In addition, the improvement in postoperative BCVA
showed that when this study [26] was excluded, a sig-
nificant difference between the two groups appeared.

Discussion

Outcomes analysis

To the best of our knowledge, this meta-analysis is the
first to assess the efficacy and safety of inverted ILM flap
versus ILM peeling for patients with high myopia MHRD.
We reviewed seven comparative studies involving a total
of 228 eyes that underwent PPV with inverted ILM flap
or ILM peeling. The pooled outcomes from this meta-
analysis indicated that the ILM flap group achieved a
higher MH closure rate. However, no significant difference
was detected between the two groups in the improvement
in postoperative BCVA and retinal reattachment rate after
initial surgery. In addition, intraoperative and postoperative
complications showed no significant differences.

Retinal reattachment

All the included studies reported the success rate of pri-
mary retinal reattachment. In this meta-analysis, both the
inverted ILM flap and ILM peeling groups had high-
reattachment rates (97.3% and 91.5%, respectively), with
no significant difference identified [23–29]. Also, in the
subgroup analyses of dyes and tamponades, there was no
statistical difference in retinal reattachment rate between
the ILM flap group and ILM peeling group. However,
sensitivity analysis suggested that the results were affected
a lot by the study [29], and the studies on retinal reat-
tachment rate were unstable. This might be because the
postoperative retinal reattachment rate of ILM flap tech-
nique was lower than that of ILM peeling technique in the
study of Takahashi et al. [29], whereas in the other six
studies included, the retinal reattachment rates of ILM flapTa
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technique were not lower than those of ILM peeling
technique. The opposite study [29] accounted for a certain
weight in the meta-analysis, leading to different statistical

results. In the study of Takahashi et al. [29], three intra-
vitreal tamponades were used, including C3F8, SF6 and SO
(silicone oil). In the other included six studies, four studies
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[23–26] used non-expansive gases (C3F8 or SF6), one
study [28] used SO and the other [27] used gas/SO.
One study [26] showed prolonging the filling time of
SO might help overcome the weakening of the chorior-
etinal adhesion and result in a high anatomical success
rate. However, our subgroup analysis of tamponades
revealed whether it was filled with gas or filled with
silicone oil, no significant difference was detected in ret-
inal reattachment rate between the ILM flap group and
ILM peeling group.

Considering the number of cases in each subgroup was
small, especially in the silicone oil group, the influence of
different tamponades on the rate of retinal reattachment was
controversial.

Macular hole closure

The studies included in our meta-analysis showed that
the MH closure rate in the inverted ILM flap group
ranged from 75 to 100%, while it ranged from 25 to 88.9%
in the ILM peeling group. In addition, the inverted ILM
flap group had a significantly higher MH closure rate
than did the ILM peeling group [23–29], although the dyes
and intravitreal tamponades used in the included studies
were different.

Michalewska proposed that inverted ILM flap provided
scaffolding for the proliferation of glial cells. Moreover, this
flap was beneficial to the repair of MH [16, 18].

According to Kuriyama et al. [30], a high-MH closure
rate and successful anatomic reduction were attained in
MHRD myopic eyes by PPV with the inverted ILM flap
technique. This report and our meta-analysis confirmed
that compared with the ILM peeling technique, the inverted
ILM flap technique significantly improved the MH closure
rate for MHRD high-myopia eyes.

Postoperative BCVA

Both groups showed improvement in postoperative visual
acuity to a certain extent.

This improvement was related to the success of MH
closure and macular anatomy recovery. In contrast to
expectations, there was no statistical difference in visual
acuity improvement, even though the inverted ILM flap
group had a higher MH closure rate than did the ILM
peeling group [23–29]. And the subgroup analyses of meta-
analysis showed the result of postoperative BCVA was not
affected by the differences of dyes or intravitreal tampo-
nades. Whether using BBG or ICG to stain ILM, no sta-
tistical difference was detected between the two surgery
groups. However,the subtotal mean difference (MD) of
postoperative BCVA (logMAR unit, mean ± SD) using
BBG (MD=−0.19) was much smaller than that using ICG
(MD=−0.03). It seemed that the dyes might have effects
on the recovery of postoperative BCVA and BBG was
probably superior to ICG. In the subgroup analysis of
tamponades, whether it was filled with gas or filled with
silicone oil, the ILM flap technique showed no statistically
significant difference in postoperative BCVA with ILM
peeling technique.

The subtotal MD in SO group(MD=−0.09)was slightly
less than that in gas group (MD=−0.06). Whether SO was
more beneficial to vision recovery than gas required more
clinical studies to confirm.

The lack of a difference in postoperative BCVA may be
related to the following reasons. High myopia is often asso-
ciated with chorioretinal atrophy, and the foveal photo-
receptor layer may have been destroyed before surgery. Thus,
the foveal structure of the outer retinal layer may be unrec-
overable after surgery [31]. In addition, an inverted ILM flap
could lead to excessive activation of glial cells in the foveal
centre, which is not beneficial to the recovery of visual
function [32, 33]. We cited some OCT images (Supplemen-
tary Figure 4) [24, 29]. MH and RD could be seen from
preoperative OCT. After the inverted ILM flap surgery,
postoperative OCT showed the retina was reattached and the
MH closed. Postoperative BCVA improved to different
degrees (Supplementary Fig. 4a and b) [24, 29]. Postoperative
OCT demonstrated structures that could be observed during
the closure of MH, including external limiting membrane,
ellipsoid zone, the outer nuclear layer (ONL) and hyperre-
flective bridging tissue with or without retinal layers (Sup-
plementary Fig. 4c–f) [24, 29]. In a study by Takahashi et al.,
the spectral domain-OCT and swept source-OCT images of
eyes treated with the inverted ILM flap technique suggested
that the closed MH comprised tissues that had migrated into
the MH. In the inverted group, the ONL was detected in 50%
of the closed MH. This finding could indicate that ILM tissue
may help photoreceptor cells translocate to the closed MH,

Fig. 2 Forest plot. a Forest plot comparing the preoperative BCVA
(logMAR) between the inverted ILM flap group and ILM peeling
group in high myopia with MHRD. BBG group represented BBG was
used to stain ILM; ICG group represented ICG was used to stain ILM.
b Forest plot comparing the postoperative BCVA (logMAR) between
the inverted ILM flap group and ILM peeling group in high myopia
with MHRD. BBG group represented BBG was used to stain ILM;
ICG group represented ICG was used to stain ILM. c Forest plot
comparing the improvement in postoperative BCVA (logMAR)
between the inverted ILM flap group and ILM peeling group in high
myopia with MHRD. d Forest plot comparing the retinal reattachment
rate between the inverted ILM flap group and ILM peeling group in
high myopia with MHRD. BBG group represented BBG was used to
stain ILM; ICG group represented ICG was used to stain ILM. e Forest
plot comparing the MH closure rate between the inverted ILM flap
group and ILM peeling group in high myopia with MHRD.BBG group
represented BBG was used to stain ILM; ICG group represented ICG
was used to stain ILM. f Forest plot comparing the concomitant cat-
aract rate between the inverted ILM flap group and ILM peeling group
in high myopia with MHRD
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leading to visual improvement. In 17% of the closed MH,
hyperreflective bridging tissue was found. This finding could
indicate that the MH was closed with scarred tissue or
migrated glial tissue, including collagen components derived
from the inverted ILM or Müller cells. This tissue blocked the
recovery of the foveal structure and may cause central visual
disturbances, scotomas, or distorted vision [29, 34]. It sug-
gested that the improvement of postoperative visual acuity
might be related to the recovery of the structural level of the
macular area. Moreover, the presence of ILM in the hole
inevitably increased dye retention. Dye, especially ICG, could
have toxic effects on retinal tissue, such as RPE atrophy
[35, 36]. Additionally, a short follow-up time may result in
incomplete repair of the macular structure, and the recovery of
visual function was insufficient. Moreover, the duration of the
RD or MH was an important prognostic factor in the treat-
ment of patients with MHRD high myopia [14, 37].

Intraoperative and postoperative complications

No serious complications, such as endophthalmitis and
intraocular haemorrhage, were reported in the included stu-
dies. Other intraoperative and postoperative complications,
such as recurrence of RD, reopening of MH, concomitant
cataract and chorioretinal atrophy, showed no significant
differences between the two groups at the final follow-up.

Limitations

A total of 7 retrospective studies involving 228 eyes were
eligible under our strict inclusion and exclusion criteria. No
significant publication bias was observed. We carefully
compared the selection bias and the influence of con-
founders among the included studies. No significant dif-
ference was detected in the preoperative BCVA.

Considering the possible effects of different dyes and
tamponades on our results, the subgroup analyses were
performed. However, the articles included in the meta-
analysis lacked specific data of OCT and the correlation
analysis between OCT and visual acuity. Further clinical
studies were needed to provide more OCT related data for
statistical analysis to confirm the relationship between
OCT performance and vision recovery. The follow-up time
in each study was also different and not long enough,
which could lead to differences and corresponding devia-
tions. In addition, data on the improvement in post-
operative BCVA were obtained from only three studies,
and significant heterogeneity was detected. This issue
might limit the reliability of this finding and affect the
interpretation of the results. In addition, the sensitivity
analysis of the retinal reattachment rate indicated that the
result depended on the inclusion of one study [29]. When
this study [29] was excluded from the meta-analysis, a

significant difference between the ILM flap and ILM
peeling groups appeared.

Moreover, this study was limited to published articles,
and other studies may be ongoing or unpublished at the peer
review stage.

Prospects for the future and improvement

More standard-designed studies with prospective rando-
mised control that incorporate larger sample sizes and
longer follow-up times are needed to provide more reliable
evidence in evaluating the effect of the ILM flap on macular
function. The residual ICG in the inverted ILM flap may be
potentially toxic to the retina; thus, using a safer dye (such
as BBG) is necessary. To prevent the displacement of the
ILM flap, Lai et al suggested using autologous blood clots
[38]. These authors reported that the MH closure rate was
96% and only required patients to remain in a facedown
position for a short time. However, the introduction of
foreign blood may increase the possibility of infection.
Additionally, perfluorocarbon liquid was used before
fluid–air exchange in a study by Shi et al to ensure that the
inverted ILM flap completely covered the MH [33].

High myopia is usually accompanied by a long axial
length and posterior staphyloma, leading to retinal thinning
and increased fragility. The process of peeling the ILM and
reversing the flap or stuffing the MH was technically dif-
ficult. Therefore, future studies are needed to provide
improved surgical methods for better safety and efficacy for
MHRD in high myopia.

Conclusions

The inverted ILM flap technique could contribute to a
higher MH closure rate than ILM peeling, whereas visual
improvement was similar between these techniques.

Both surgical methods could obtain a high-retinal reat-
tachment rate with fewer intraoperative and postoperative
complications. The inverted ILM flap technique may
become the standard treatment for patients with MHRD
high myopia in the future with improvements in surgical
methods.

Summary

What was known before

● The treatment for MHRD in patients with high myopia
is not obvious.

● Both the inverted ILM flap and ILM peeling techniques
can be used for MHRD in high myopia, whereas the
comparison between the two treatments is unknown.
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What this study adds

● The inverted ILM flap technique contributed to a higher
MH closure rate than did ILM peeling, whereas visual
improvement was similar for MHRD high myopia.

● Both surgical methods could obtain a high retinal
reattachment rate with less intraoperative and post-
operative complications for MHRD high myopia.

● The inverted ILM flap technique is a useful treatment for
MHRD high myopia.
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