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Abstract

Background: The purpose of this study was to compare the anatomical and visual outcomes of inverted internal
limiting membrane (ILM) flap technique and internal limiting membrane peeling in large macular holes (MH).

Methods: Related studies were reviewed by searching electronic databases of Pubmed, Embase, Cochrane Library.
We searched for articles that compared inverted ILM flap technique with ILM peeling for large MH (> 400 pum).
Double-arm meta-analysis was performed for the primary end point that was the rate of MH closure, and the
secondary end point was postoperative visual acuity (VA). Heterogeneity, publication bias, sensitivity analysis and
subgroup analysis were conducted to guarantee the statistical power.

Results: This review included eight studies involving 593 eyes, 4 randomized control trials and 4 retrospective studies. After
sensitivity analysis for eliminating the heterogeneity of primary outcome, the pooled data showed the rate of MH closure
with inverted ILM flap technique group was statistically significantly higher than ILM peeling group (odds ratio (OR) =3.95,
95% confidence interval (Cl) = 1.89 to 827; P=0.0003). At the follow-up duration of 3 months, postoperative VA was
significantly better in the group of inverted ILM flap than ILM peeling (mean difference (MD) =—0.16, 95% Cl=—023 to
009; P < 0.00001). However, there was no difference in visual outcomes between the two groups of different surgical
treatments at relatively long-term follow-up over 6 months (MD =001, 95% Cl=—0.12 to 0.15; P=0.86).

Conclusion: Vitrectomy with inverted ILM flap technique had a better anatomical outcome than ILM peeling.
Flap technique also had a signifcant visual gain in the short term, but the limitations in visual recovery at a
longer follow-up was found.
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Background

Macular hole (MH) is an anatomical defect in the fovea
of retina that cause severe visual impairment. It was
regarded as an untreatable disease in poor prognosis
until the first describtion of vitrectomy to treat MH by
Kelly and Wendel [1] in 1991. The success rate of MH
surgery increased to 98% [2—4] of cases with the intro-
duction of internal limiting membrane (ILM) peeling by
Eckardt et al. [5], which was thought to be one of the
most effective surgical procedures [6]. However, the ana-
tomical success rate of MH that are larger than 400 um
is less likely to close and has been as low as 40% [7, 8],
regardless of whether the ILM has been removed or not
during vitrectomy. Michalewska et al. [9] first presented
a novel technique of inverted ILM flap for the treatment
of large MH, contributing to a relatively high MH clos-
ure rates. Recently, a number of clinical studies have
suggested that inverted ILM flap technique achieved bet-
ter anatomical and visual outcomes than ILM peeling
[10-15]. However because of lacking appropriate con-
trols, uncontrollable elements, or insufficient samples in
most of these studies, the reliable evidences to support
such a view were limited. As far as we know, double-
arm study to compare anatomical and visual outcomes
between these two methods in MH larger than 400 um
have not been systematically reviewed and published.
Thus, we conducted a comprehensive meta-analysis to
evaluate the efficacy of vitrectomy with inverted ILM
flap technique and ILM peeling.

Methods

Search strategy

We cautiously searched for studies that used inverted ILM
flap technique or ILM peeling to treat MH larger than
400 um. The Pubmed, Embase, Cochrane Library databases
were systematically searched for all articles including relevant
prospective and retrospective clinical trials published before
December 2018. The terms used for systematic search were:
(macular hole OR macula hole OR MH OR macular break
OR macular fissure OR retinal perforations OR retinal break
OR retinal hole OR retinal tear) AND (inner limiting mem-
brane OR internal limiting membrane OR ILM OR limiting
membrane) AND (peeling OR peel OR removal OR IP OR
SIP) AND (inverted OR inversion OR invert OR flap OR flap
technique OR IF OR IFT). Furthermore, We enlarged re-
trieval coverage and manually searched reference lists of ori-
ginal studies, gray literatures and records, without language
or publication year restrictions.

Inclusion and exclusion criteria

All abstracts, studies and citations were reviewed and
assessed. The inclusion criteria for eligibility were as fol-
lows: (1) double-arm studies; (2) studies included cases
among patients with MH larger than 400 um who had
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been treated with the inverted ILM flap technique or ILM
peeling; (3) anatomical hole closure rate and visual acuity
(VA) were observed after the treatments; (4) the relevant
statistics were provided, such as age, gender, duration of
disease, hole size, and follow-up time; (5) prospective ran-
domized control trial or retrospective case series. Exclu-
sion criteria were as follows: (1) non - controlled study; (2)
patients with macular retinoschisis, age-related macular
degeneration, retinal detachment, or proliferative diabetic
retinopathy; (3) treatments with modified inverted ILM
flap techniques; (4) short -term follow-up that less than
three months; (5) reviews or case reports.

Data extraction

Data were independently extracted and reviewed from
each included study by two reviewers (YS and XQL).
Any discrepancy between data extractions were resolved
by the discussion or consulted by the expert. The follow-
ing data were extracted: first author, year of publication,
type of trials, country, surgical procedure, number of
eyes involved, patient demographics, age, duration of
disease, minimum diameter of MH, hole closure rate,
preoperative and postoperative VA, and follow-up time.

Quality of assessment

This review included eight studies: 4 randomized control
trials (RCTs) and 4 retrospective case series. The included
RCTs were evaluated for quality in accordance with the
“risk of bias” tool recommended by the Cochrane Hand-
book 5.1.0 [16].Seven items were assessed: “random se-
quence generation,” “allocation concealment,” “blinding of
participants and personnel,” “blinding of outcome assess-
ment,” “incomplete outcome data,” “selective reporting,”
and “other bias.” According to whether the included stud-
ies fully meet the above criteria, we assessed the quality of
trials. The methodological quality of each study was
assessed based on the Newcastle-Ottawa Scale (NOS) [17]
(range, 0 to 9 stars) for quality of case control studies in
meta-analysis. Studies were rated in three areas, including
selection, comparability and exposure. Scores >5 indicated
that the quality of research were relatively high. All items
were independently assessed by two investigators (YS and
XQL), with consensus reached after discussion or expert
consultation.
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Statistical analysis

Data analysis was collated and analyzed by Review Man-
ager 5.3 software (RevMan 5.3, The Cochrane Collabor-
ation, Oxford, UK). For the rate of MH closure, odds
ratios (ORs) and 95% confidence intervals (Cl) were cal-
culated by using Mantel-Haenszel (M-H) method. To
compare the evaluation of VA, the mean difference
(MD) of preoperative and postoperative measurements
between the two surgical treatments were compared
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using weighted MD and 95% CI. The sofeware esti-
mated statistical heterogeneity among studies using
> statisticc. When I%>>50%, it suggested there was
significant heterogeneity. A random-effects model
was used for data synthesis in the presence of sig-
nificant heterogeneity, while a fixed-effects model
was used when there was no significant heterogen-
eity. The results of meta - analysis was visually ex-
amined by forest plot, and the potential publication
bias was showed by funnel plot. P<0.05 was consid-
ered statistically significant.
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Results

Selection of studies

Totally, 278 articles were initially searched from elec-
tronic databases. 206 studies were left for further ana-
lysis after duplications, case reports and reviews
removed. The titles and abstracts reviewed, and the
remaining 16 studies were retrieved for the next re-
view. Finally, after reading carefully of full-texts, We
included a total of 8 studies [4, 9-15], 4 RCTs [4, 9—
11] and 4 case series [12-15]. Fig. 1. depicts the
search process.

Records identified through
datebase searching
(n=278)
Pubmed: n=64 Embase: n=116
Cochrane library: n=98

Records after
duplicates removed
(n=213)

Records screened
(n=56)

Studies included
in quantitative
synthesis
(n=8)

Fig. 1 Flow diagram of the study selection process
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- non-standard surgery:
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Study characteristics

The main characteristics of the included studies are listed in
Table 1. This review included 8 studies, 4 RCTs and 4 case
series. It enrolled 578 patients with a total of 593 eyes, in-
cluding 325 in the ILM peeling group and 268 in the
inverted ILM flap group. Their mean age ranged from 59.37
to 69.9 years. The mean duration of symptoms varied from
3.06 to 20 months, and the average minimum diameter of
MH ranged from 493.8 to 803.33 pm. The shortest follow-up
duration was 3 months in 3 studies [4, 10, 12], the follow-up
duration >6 months in 5 studies [9, 11, 13-15].

Quality assessment

We assessed the quality of the 4 RCTs using
cochrane collaboration’s tool. Methodological quality
of eligible trials was moderate to good, and is ex-
plained comprehensively in Table 2. The included
RCTs had low risk of bias in general, which only had
1 or 2 items with” unknown risk of bias”, except the
study reported by Velez-Montoya et al. [4] that had
low risk of bias in all assessing criteria and was
assessed as a high-quality trial. Double-blinding and
reporting outcomes completely were not mentioned
in parts of trials, which suggested that the results
might be affected slightly by performance bias and se-
lective bias. Of the 4 case series included for quality
assessment based on NOS, all studies met 6 or more
stars out of 9. All participants included in the case
series measured the conditions in a standard and reli-
able manner. The selection of cases and comparability
between case and control trials were clearly reported.
The qualitative assessment of case series is presented
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The rate of macular hole closure rate analysis

All the included studies reported the rate of MH closure
after treated with ILM peeling or inverted ILM flap
technique. The rate of MH closure was 92.5% (248/268 eyes)
in the inverted ILM flap technique group and 87.4% (284/
325 eyes) in the ILM peeling group. These results suggested
that the MH closure rate wasn't significantly different be-
tween two groups (OR =223, 95% CI=0.80 to 6.22; P=
0.12; Fig. 2). However, there revealed a moderate heterogen-
eity between these studies (heterogeneity I* = 48%).

For further clarifying the source of heterogeneity, we
performed sensitivity analysis to determine whether
existing statistics were stable. Sensitivity analysis were
conducted by deleting each included study step by step,
and revealed that the trial reported by Iwasaki et al. [14]
produce the significantly affect the pooled result, which
was considered to be the source heterogeneity. When
this trial was removed, there was no statistical hetero-
geneity between all other studies (heterogeneity I* = 0%).
The meta-analysis of pooled data showed MH closure
with inverted ILM flap technique group was statistically
significantly higher than ILM peeling group (OR = 3.95,
95% CI = 1.89 to 8.27; P = 0.0003; Fig. 3).

Preoperative visual acuity analysis

One [9] of the eight trials didn’t report standard devi-
ation (SD) of preoperative VA after vitrectomy, thus the
remaining seven trials were included. The forest plots of
preoperative VA revealed that the differences were not
statistically significant between the inverted ILM flap
technique group and ILM peeling group (MD = - 0.03,
95% CI = - 0.09 to 0.02; P =0.23; Fig. 4). There was mild

in Table 3. statistical ~ heterogeneity = between  the  studies
Table 1 Study characteristics of eligible clinical studies
Study  Year Country  Trial tyoe Grou No. of ~ No. of . Duration of Minimm dianeter Hole closure  Pre-VA Post-VA  Follow up
St é Y aL P eye  patients ge MH (months) of MH (um) rate ()  logMARESD logMARESD  (month)
Michalewska A randonized ILM peeling 51 40(8m, 32f) 65 19 698 88 0.92 0.77 12
etal. 2010 Poland . MONCOTIEEC
[9] omrol THAL ynverted ILM flap 50 46(13m, 33f) 66 20 759 98 L1 0.55 12
Manasa S A randonized TIM peeling 48 48(22m, 26f) 60.95 12.58 657.5 87.5 1.14£0.28  0.86%0.19 3
et al. 2018 India c‘ont‘rol trial
[10] ' TInverted ILM flap 43 43(20m,23f) 63.41 11.39 673 95.35 0.9940.25  0.67+0.3 3
Kannan N B A randonized ILM peeling 30 30(17m, 13f) 6L 17+7.42 NA 759. 97+85. 01 76.7 0.79+0.24  0.65%0.25 6
etal. 208  India 0or i
[l I nverted TIM flap 30 30(1im, 19f) 59.37+6.71 NA 803. 33+120. 65 90 0.75+0.22  0.53%0.20 6
VelezMonto A rendonized TIM peeling 12 12 61.8+9.6 3.8541.8 522.22+82.73 91.67 0.92540.5  0.707+0.3 3
ya R et al. 2018  Mexico C‘Om‘rol trial
[4] Inverted TIM flap 12 12 64.2+6.7 3.06+1.8 608.89+213 91.67 0.953+0.2  0.616+0.2 3
Pak K Y o , ILM peeling 51 51(17m,34f)  66. 146.6 3.945.2 558.94106. 8 88.2 1.0040.33  0.63+0.29 3
etal. 2017 Korea  rotrospective
[12] case Series  jverted ILM flap 41 41(9m, 32f)  65.7+7.5 1.144.8 590.8+113.1 100 0.9240.26  0.48%0.22 3
Yamashita T A re . LM peeling 105 105 NA NA 5444119 92.4 0.94+0.31  0.4440.34 6
et al. 2018 japan A retrospective
[13] Case SerieS  qpyerted 1M flap 60 60 NA NA 6244128 100 0.98+0.30  0.5140.34 6
Twasaki M A retrospective ILM peeling 10 102, 8)  69.9%6.6 NA 551.1499.5 70 0.86+2.4  0.41+0.31  9.5+4.3
etal. 2018 Japan © LoONECH
[14] Case Serles  y.ierted ILM flap 14 14 (5m, 9f) 65.4+9.0 NA 655.2+112. 1 21.4 0.85+0.33  0.67+0.38  10.4+4.1
Narayanan R A retrospective LM peeling 18 18(8m 10f) 67.50+7.78 8.83 493.84170.5 7.8 0.98+0.22  0.82+0.23 6
et al. 2018 St Louis | Lotrospective
[15] case Series  ypverted ILM flap 18 18 (5m, 13£)  60. 22+12. 09 8.61 577.4+159. 4 88.9 1.1340.66  0.77+0.30 6

ILM internal limiting membrane, m male, f female, NA not available, MH macular hole, VA visual acuity, logMAR logarithm of minimal angle of resolution, SD

standard deviation
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Table 2 Summary of “risk of bias” assessment
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Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

The Cochrane “risk of bias” tool was used for quality assessment. Green for “yes” and yellow for “unclear

(heterogeneity I* = 2%), of which influence to the pooled
result could be neglected.

Postoperative visual acuity analysis

To analysis the results of comparing postoperative VA
between the group of inverted ILM flap technique and
ILM peeling, we included the seven trials all reported
the postoperative VA after surgery except one trial [9]
that didn’t mentioned SD of postoperative VA. There
was no statistically significant difference in postoperative

Table 3 Newcastle-Ottawa Scale table

VA between two groups (MD =-0.06, 95% CI=-0.16
to 0.03; P=0.19; Fig. 5). However, Heterogeneity was
relatively high (heterogeneity I* = 70%).

In order to eliminate the effect of follow-up time to
the result, We carried out the subgroup analysis
based on follow-up duration that divided the included
studies into follow-up duration at 3 months and
follow-up duration >6 months. In the subgroup ana-
lysis of follow-up duration at 3 months including 3
studies [4, 10, 12], postoperative VA was significantly

Newcastle—-Ottawa Scale (NOS) for assessment of case—control series

Study Selection Comparability Exposure Total
2P0a1k 7 K[ 1Y2] : 2 2 6
Y a2rlz)als8h i [tla3 ]T 3 9 1 6
ote T4 ’ 2 ! 6
Narayanan R 3 9 9 7

2018 [15]
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Inverted ILM flap ILM peeling
r I Even Total Even Total Weigh

Iwasaki M 2018 3 14 7 10 14.3%
Kannan N B 2018 27 30 23 30 17.4%
Manasa S 2018 41 43 42 48 15.8%
Michalewska 2010 49 50 45 51 12.3%
Narayanan R 2018 16 18 14 18 14.4%
Pak K'Y 2017 41 41 45 51 8.5%
Velez-Montoya R 2018 11 12 11 12 8.6%
Yamashita T 2018 60 60 97 105 8.7%
Total (95% CI) 268 325 100.0%
Total events 248 284

Heterogeneity: Tau? = 1.01; Chi? = 13.53, df = 7 (P = 0.06); I = 48%
Test for overall effect: Z = 1.54 (P = 0.12)

Odds Ratio Odds Ratio
M-H. Random % Cl M-H, Random % Cl
0.12[0.02, 0.75] S —
2.74[0.63, 11.82] B
2.93 [0.56, 15.36] e
6.53 [0.76, 56.39] N L —
2.29[0.36, 14.43] R
11.86 [0.65, 217.02]
1.00 [0.06, 18.08]
10.55 [0.60, 186.08]
2.23 [0.80, 6.22] A
0.005 0.1 1 10 200

Fig. 2 Forest plots of MH closure rate between inverted ILM flap and ILM peeling group
A\

Favours [experimental] Favours [control]

better in the group of inverted ILM flap than ILM
peeling (MD =-0.16, 95% CI=-0.23 to 0.09; P <
0.00001; Fig. 6). We observed no heterogeneity be-
tween 3 studies in the subgroup of follow-up duration
at 3months (heterogeneity I> = 0%). The analysis of a
subgroup with a longer follow-up period did not
show any statistically significant differences between
the group of inverted ILM flap technique and ILM
peeling (MD =0.01, 95% CI=-0.12 to 0.15; P=0.86;
Fig. 6). Moreover, there was still high heterogeneity
between these trials in the subgroup of follow-up dur-
ation >6 months (heterogeneity 1> = 68%). After read-
ing the included four studies [11, 13—15] carefully, a
random effects model was used in the later subgroup.

Publication bias analysis

Two funnel plots of the rate of MH closure, the pre-
operative VA showed that the scattered points of the in-
cluded studies were distributed in the middle and top of
the baseline, and most points were located in the range
of inverted funnel. It suggested that there was no serious
publication bias and the conclusion is relatively reliable
(Figs. 7, 8).

Discussion

We conducted this systematic review and double arm
meta-analysis of literature to summarize current evi-
dence and compare the anatomical and visual outcomes
of vitrectomy with inverted ILM flap technique and ILM
peeling. After pooling the results of the rate of MH clos-
ure in these included studies, we performed sensitivity
analysis to find the source of heterogeneity. This study
[14] was considered to be remove, because its limitations
included small sample size, non-standardized measure-
ments, the presence of multiple surgeons, the utilization
of multiple OCT machines, and so on. After eliminating
the interference of heterogeneity, the result indicated
that the rate of MH closure was significantly higher in
vitrectomy with inverted ILM flap than that in vitrec-
tomy with ILM peeling.

In histopathologic findings, when the margins of the
ILM were left attached to the edges of the hole, it served
as a gap-free natural scaffold for gliosis, and provided a
basement membrane for proliferateglial glial cells to
maintain anatomic structure of the foveola [9, 10].
Shiode et al. showed that the neurotrophic factors and
basic fibroblast growth factors (bFGF) on the surface of
the ILM flap promoted the proliferation and migration

Inverted ILM flap ILM peeling Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed., 95% Cl
Iwasaki M 2018 3 14 7 10 0.0% 0.12[0.02, 0.75]
Kannan N B 2018 27 30 23 30 26.8% 2.74[0.63, 11.82] T
Manasa S 2018 41 43 42 48 21.5%  2.93[0.56, 15.36] -
Michalewska 2010 49 50 45 51 104%  6.53[0.76, 56.39] T —
Narayanan R 2018 16 18 14 18 18.1% 2.29[0.36, 14.43] -1 -
Pak K'Y 2017 41 41 45 51 5.6% 11.86[0.65, 217.02]
Velez-Montoya R 2018 1 12 1 12 10.7% 1.00 [0.06, 18.08]
Yamashita T 2018 60 60 97 105  6.8% 10.55[0.60, 186.08]
Total (95% Cl) 254 315 100.0%  3.95[1.89, 8.27] -
Total events 245 277 ) . . .
Heterogeneity: Chi? = 2.78, df =6 (P = 0.84); 1> = 09 ! ! ! !
Test fo? overzll effect: Z = 55.65 (P(= 0.0003)), "’ 0.005 01 ) ! 10 200
Favours [experimental] Favours [control]
Fig. 3 Forest plots of MH closure rate between inverted ILM flap and ILM peeling group after removing Iwasaki's study
J
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Inverted ILM flap ILM peeling
r r Mean D Total Mean D Total Weigh
Iwasaki M 2018 0.85 0.33 14 086 24 10 0.1%
Kannan N B 2018 0.75 0.22 30 0.79 0.24 30 20.7%
Manasa S 2018 0.99 0.25 43 1.1 0.28 48 23.7%
Narayanan R 2018 1.13 0.66 18 0.98 0.22 18  27%
Pak K'Y 2017 0.92 0.26 41 1 0.33 51 19.4%
Velez-Montoya R 2018  0.953 0.2 12 0925 05 12 3.0%
Yamashita T 2018 0.98 0.3 60 0.94 0.31 105 30.3%
Total (95% CI) 218 274 100.0%

Heterogeneity: Chiz =6.13, df =6 (P = 0.41); 2 =2%
Test for overall effect: Z = 1.21 (P = 0.23)

preoperative VA due to the SD of preoperative VA was not given
A

Fig. 4 Forest plots of preoperative VA between inverted ILM flap and ILM peeling group. Michalewska's study was not included in the analysis of

Mean Difference Mean Difference

IV, Fix % Cl IV, Fixed. 95% CI
-0.01[-1.51, 1.49] * >
-0.04 [-0.16, 0.08] —
-0.11 [-0.22, -0.00] ——

0.15 [0.17, 0.47]

-0.08 [-0.20, 0.04] —

0.03 [0.28, 0.33]

0.04 [0.06, 0.14] ——
-0.03 [-0.09, 0.02] ‘r

02 01 0 01 02

Favours [experimental] Favours [control]

of the Miiller cells, contributing to fill the MH and en-
hance closure [11]. Activated Miiller cells also produced
neurotrophic factors and growth factors that may pro-
mote the survival of retinal neurons [18]. Moreover, the
ILM flaps create a closed compartment enabling the
RPE to pump out fluid and keep hole dry [10]. These
findings explained to the better anatomical results in the
inverted ILM flap technique group.

As for the outcomes of visual functions, the preopera-
tive and postoperative VA were observation indexes in
this review. There were not significant in the preopera-
tive VA between the two groups, which reduced pre-
intervention effects to postoperative VA. Considering
the heterogeneity in postoperative VA between these tri-
als, the included studies divided into two subgroups
based upon follow-up duration to observe the short and
long-term visual efficacy. Compared with ILM peeling,
postoperative VA was better in the group of inverted
ILM flap technique at the follow-up of 3 months. It
seemed that flap technique had a signifcant visual gain
in the short term. It was believed that the ILM flaps was
also a bridge leading photoreceptor to migrate into the
retina defect [19]. Michalewska et al. [9] found that glial
cells proliferated and produced an environment to transfer
light from the retinal surface to the photoreceptor cell
layer. In the cases after the surgery of inverted ILM flap

technique, retinal tissue regenerated from the external
limiting membrane (ELM), then regrowth of the ellipsoid
layer was observed over the next few months [4, 20].

However, contrary to expectation, our results indicated
no difference in functional outcomes between the two
groups of different surgical treatments at relatively long-
term follow-up over 6 months. Hayashi et al. [21] sug-
gested that the photoreceptor layer of fovea might be
destroyed and had irreversible damage. Ota et al. [22]
showed the fovea losed its original stratified structure
in large MH. The IS/OS and ELM would returned
gradually after surgery, but not completely or in all
cases. The improvement of the foveal structure did
not include the restoration of the normal layered
structure of retina. There were no significant differ-
ences in structural changes over time after inverted
ILM flap technique or ILM peeling. Moreover, the
differences in the baseline characteristics such as MH
size related to the results [14, 22]. These findings
might explain the limitations in visual recovery after
vitrectomy with inverted ILM flap technique at a lon-
ger follow-up.

For all we know, double-arm study to compare the
efficacy in large MH after treatments between inverted
ILM flap technique and ILM peeling was reviewed and
analyzed firstly in this meta-analysis. However, several

Inverted ILM flap ILM peeling

r r Mean D Total Mean D Total Weigh
Iwasaki M 2018 067 0.38 14 041 0.31 10 7.7%
Kannan N B 2018 0.53 0.2 30 0.65 0.25 30 16.7%
Manasa S 2018 0.67 0.3 43 0.86 0.19 48 17.4%
Narayanan R 2018 0.77 0.3 18 0.82 0.23 18 12.6%
Pak K'Y 2017 048 0.22 41 0.63 0.29 51 17.4%
Velez-Montoya R 2018  0.616 0.2 12 0.707 0.3 12 10.9%
Yamashita T 2018 051 0.34 60 044 034 105 17.2%
Total (95% CI) 218 274 100.0%
Heterogeneity: Tau? = 0.01; Chi? = 19.79, df =6 (P = 0.003); I> = 70%
Test for overall effect: Z = 1.31 (P = 0.19)

of postoperative VA due to the SD of postoperative VA was not given

Mean Difference
1V, Random, 95% CI

Mean Difference
IV, Ran % Cl
0.26 [-0.02, 0.54]
-0.12[-0.23, -0.01]
-0.19[-0.29, -0.09]
-0.05[-0.22, 0.12]
-0.15 [-0.25, -0.05]
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Fig. 5 Forest plots of postoperative VA between inverted ILM flap and ILM peeling group. Michalewska’s study was not included in the analysis
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Inverted ILM flap ILM peeling
Study or Subgroup Mean SD_Total Mean SD Total Weight
3.2.1 Follow-up at 3 months
Manasa S 2018 0.67 0.3 43 0.86 0.19 48 17.4%
Pak K'Y 2017 048 0.22 41 0.63 0.29 51 17.4%
Velez-Montoya R 2018  0.616 0.2 12 0.707 0.3 12 10.9%
Subtotal (95% CI) 96 111 45.8%
Heterogeneity: Tau? = 0.00; Chi2 = 0.79, df = 2 (P = 0.67); 1> = 0%
Test for overall effect: Z = 4.54 (P < 0.00001)
3.2.2 Follow-up = 6 months
Iwasaki M 2018 0.67 0.38 14  0.41 0.31 10 7.7%
Kannan N B 2018 0.53 0.2 30 0.65 0.25 30 16.7%
Narayanan R 2018 0.77 0.3 18 0.82 0.23 18  12.6%
Yamashita T 2018 0.51 0.34 60 044 034 105 17.2%
Subtotal (95% CI) 122 163 54.2%

Heterogeneity: Tau? = 0.01; Chi2 = 9.51, df = 3 (P = 0.02); I1> = 68%
Test for overall effect: Z=0.17 (P = 0.86)

Total (95% CI) 218 274 100.0%
Heterogeneity: Tau? = 0.01; Chi2 = 19.79, df = 6 (P = 0.003); I = 70%

Test for overall effect: Z = 1.31 (P = 0.19)

Test for subgroup differences: Chiz =4.97, df =1 (P = 0.03), I =79.9%

\

Fig. 6 Forest plots of postoperative VA based on follow-up duration in the subgroup analysis. The subgroup analysis based on follow-up duration
that divided the included studies into follow-up duration at 3 months and follow-up duration = 6 months. Michalewska’s study was not included
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limitations were inevitable and should be taken into ac-
count when citing the results of the meta-analysis. First,
the number of included studies and available data were
limited. Second, this systematic review included not only
RCTs but also retrospective studies, which might have
potential sources of selection bias. Third, significant het-
erogeneity among the studies was detected in the com-
parison of primary and secondary end points. We
alleviated but not eliminated completely the heterogen-
eity through sensitivity analysis and subgroup analysis.

The pooled data were from the relative long-term
follow-up durations of the studies, introducing a poten-
tial heterogeneity. Follow-up durations in the included
trials were not long enough for better observations of
VA recovery in long term. Furthermore, other influence
factors, such as dye for ILM stained or the specific forms
of inverted ILM flap technique among the studies might
serve as the points of heterogeneity. Due to the defi-
ciency of these available data, we did not perform sub-
group analysis.
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Fig. 7 Funnel plot analysis of MH closure rate. SE standard error, OR odds ratio
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Fig. 8 Funnel plot analysis of preoperative VA

Conclusions

Our meta-analysis indicated that vitrectomy with inverted
ILM flap technique had a better anatomical outcome than
ILM peeling in large MH. Flap technique had a signifcant
visual gain in the short term, but the limitations in visual
recovery at a longer follow-up was found. Moreover, there
is an urgent need for long follow-up duration and large
prospective randomized study to further confirm the effi-
cacy of inverted ILM flap technique and ILM peeling.
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