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Abstract

Background: To evaluate the effects on vitrectomy with internal limiting membrane (ILM) peeling versus vitrectomy
with inverted internal limiting membrane flap technique for macular hole-induced retinal detachment (MHRD).

Methods: Pubmed, Cochrane Library, and Embase were systematically searched for studies that compared ILM peeling
with inverted ILM flap technique for macular hole-induced retinal detachment. The primary outcomes are the rate of
retinal reattachment and the rate of macular hole closure 6 months later after initial surgery, the secondary outcome is
the postoperative best-corrected visual acuity (BCVA) 6 months later after initial surgery.

Results: Four studies that included 98 eyes were selected. All the included studies were retrospective comparative
studies. The preoperative best-corrected visual acuity was equal between ILM peeling and inverted ILM flap technique
groups. It was indicated that the rate of retinal reattachment (odds ratio (OR) = 0.14, 95% confidence interval (C1).0.03
to 0.69; P = 0.02) and macular hole closure (OR = 0.06, 95% Cl:0.02 to 0.19; P < 0.00001) after initial surgery was higher
in the group of vitrectomy with inverted ILM flap technique than that in the group of vitrectomy with ILM peeling.
However, there was no statistically significant difference in postoperative best-corrected visual acuity (mean difference
(MD) 0.18 logarithm of the minimum angle of resolution; 95% Cl —0.06 to 043 ; P = 0.14) between the two surgery
groups.

Conclusion: Compared with ILM peeling, vitrectomy with inverted ILM flap technique resulted significantly higher of
the rate of retinal reattachment and macular hole closure, but seemed does not improve postoperative best-corrected
visual acuity.

Keywords: Macular hole-induced retinal detachment, Vitrectomy, Internal limiting membrane peeling, Inverted internal
limiting membrane flap technique, Meta-analysis
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Background

Macular hole-induced retinal detachment (MHRD) often
cause severe visual impairment, it occurs mainly in older
with highly myopic eyes exist posterior staphyloma [1, 2].
The onset and progression of MHRD might be related to
tangential traction due to the epiretinal membrane and
posterior vitreous cortex complex, atrophy of the retinal
pigment epithelium, disorder of internal limiting mem-
brane (ILM), and vertical traction by the retina that can-
not stretch after staphylomatous elongation of the globe
[3—5]. Various surgical methods have been attempted to
achieve improvement of anatomic and functional for
MHRD, including macular buckling, pars plana vitrec-
tomy, vitrectomy with scleral imbrications, vitrectomy
with ILM peeling [6-9], among which vitrectomy with
ILM peeling was thought to one of the most effective sur-
gical procedures for MHRD, which achieved in a relatively
high initial retinal reattachment rates ranging from 42% to
93%, but a relatively poor initial macular hole closure rates
ranging from 10% to 70% [10-13]. An open macular hole
in the eye with highly myopic induce the risk of recurrent
retinal detachment, which may injure central vision in the
future [14]. In addition, The peeling of the ILM seems
contribute little to the improvement of visual acuity for
MHRD (15, 16]. Recently, The inverted ILM flap tech-
nique was first described by Michalewska et al [17] has
been extend used for treating MHRD, contributed to a
relatively high macular hole closure rates [18, 19]. Is the
inverted ILM flap technique a preferable option for
MHRD? There have been comparisons of the inverted
ILM flap technique and ILM peeling for MHRD, but the
results are contradictory. Thus, we conducted a meta-
analysis to compare the effects of vitrectomy with ILM
peeling vs vitrectomy with inverted ILM flap technique
for MHRD, the rate of retinal reattachment, the rate of
macular hole closure 6 months later after initial surgery
and the postoperative BCVA 6 months later after initial
surgery are used to compare the effects of the two surgery
groups.

Methods

Search strategy

Pubmed, Cochrane Library and Embase were cautiously
searched, the terms used for systematic search were “in-
ternal limiting membrane peeling”, “inverted internal limit-
ing membrane flap technique”, “ILM flap”, “inverted
internal limiting membrane insertion”, “internal limiting
membrane repositioning”, these terms were connected with
“or”. We also manually collected reference lists of original
studies and review articles, there were no language or pub-
lication year restrictions, the final search was performed on
May 2017. The titles and abstracts were assessed, and stud-
ies that did not compare surgical outcomes between pa-
tients of MHRD who had vitrectomy with ILM peeling and
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those who had vitrectomy with inverted ILM flap technique
were excluded. Studies included cases with both macular
holes (MHs) and peripheral breaks, the outcomes and pa-
rameters of patients were not clearly reported were also
excluded. Full reports were retrieved and assessed for eligi-
bility after the initial screening.

Eligible criteria

All publications obtained from Internet-based searches
were screened by predefined selection criteria. Eligible
studies were randomized or nonrandomized studies
among patients who had MHRD, that compared the rate
of retinal reattachment, the rate of macular hole closure,
best-corrected visual acuity after initial surgery between
patients who had vitrectomy with ILM peeling and those
who had vitrectomy with inverted ILM flap technique.
Two reviewers (Y.L. And L.Z) completed the assessment
of search results to identify included studies.

Data extraction

The data on papers were independently extracted and
rechecked by two reviewers (J.L. And L.Z). Any disagree-
ment regarding eligibility during the extraction was re-
solved by discussion. The extracted information from
each study included the rate of retinal reattachment and
macular hole closure, the best-corrected visual acuity,
first author, year of publication, the study design, num-
ber of the patients, age, surgical procedures, length of
follow-up, baseline characteristics of the patients such as
axial length, status of posterior staphyloma, lens status,
dye used to visualize ILM, type of tamponade.

Qualitative and risk bias assessment

The quality of each included study was assessed accord-
ing to the methodological index for non-randomized
studies (MINORS) [20]. It specifically designed for non-
randomized noncomparative and comparative studies.
This validated index involves 12 items, items are scored
as 0 (not reported), 1 (reported but inadequate) and 2
(reported and adequate). 24 is the maximum score for
comparative studies. We cautiously evaluated each study
with a quality score and the score of 12 or more indi-
cated a higher quality study. Visual inspection of the
funnel plots and assess Egger’s regression test quantita-
tively were used to identify any potential publication
bias, the Egger’s regression test would not be conducted
if the included studies < 10 cases.

Statistical analysis

RevMan 5.3 software was used for statistical analyses. To
compare the rate of retinal reattachment and macular hole
closure, we estimated odds ratios (ORs) and 95% Cls using
Mantel-Haenszel method in a fixed effects model. For the
evaluation of BCVA, the mean differences (MDs) of
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preoperative and postoperative measurements between
the two methods were compared using weighted MDs
and 95% Cls estimated random effects models. The con-
tinuous data such as median and range values in included
studies were converted to the mean and standard devi-
ation by using the method reported by Hozo et al. [21]
Heterogeneity was assessed by calculating I* and the chi-
square statistic. I*>50% was considered to indicate consid-
erable heterogeneity among the studies included in a
meta-analysis. P<0.05 was considered statistically signifi-
cant on the test for overall effect.

Results

Selection of studies and quality assessment

Totally, 1249 articles were initially identified by the elec-
tronic searches. After screening all titles and abstracts of
potentially relevant articles, most of these articles were
excluded because of duplicates, case reports, review and
other study subjects irrelevant to our target. After read-
ing carefully of remaining potentially relevant articles,
Finally, a total of 4 studies, were selected for the meta-
analysis (Fig. 1) [22-25]. The methodologic quality of
the included trials is explained comprehensively in
Table 1. The scores of the included studies ranged from
16 to 18, In general, the quality of the studies was mod-
erate to good. All data were analyzed in accordance with
intention-to-treat principle.

Characteristics and baseline of the included studies
The characteristics of the included studies are list in Table 2.
In total, 98 eyes included with retinal detachment resulting
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from macular hole. The number of eyes that had vitrec-
tomy with ILM peeling was 52, and the number of eyes that
underwent vitrectomy with inverted ILM flap technique
was 46. Four studies are retrospective studies. The shortest
follow-up duration was 6 months in 3 studies [23-25], the
follow-up duration was 12 months in 1 study [22]. 25-
gauge vitrectomy was performed in 3 studies [22-24], 23-
gauge vitrectomy was performed in 1 study [25]. To
visualize ILM, brilliant blue G was used in 3 studies
[22-24], indocyanine green (ICG) was used in 1 study
[25]. C3Fg gas tamponade was applied in 4 studies,
SF¢ gas tamponade was used in 2 studies [22, 24], Silicone
oil tamponade was used in 1 study [22]. In order to
minimize the effect of Lens status on the postoperative
BCVA. Standard phacoemulsification and intraocular lens
implantation was performed on all phakic eyes prior to vi-
trectomy in two groups in 1 study [22]. Phacoemulsifica-
tion with intraocular lens implantation was performed in
eyes that had cataracts in two groups in 2 studies [23, 24].
Lens status kept same preoperative and postoperative in 1
study [25]. All the patients included in those 4 studies
who had gas as cavity tamponade were asked to maintain
a facedown or prone position postoperatively for at least
5 days. The baseline characteristics of each included study,
such as Lens status and axial length were found to be
equivalent between the two groups in all 4 studies.

The rate of retinal reattachment 6 months later after
initial surgery

Figure 2 shows the results of the meta-analysis comparing
the rate of retinal reattachment after initial surgery between

were searched

Pubmed, Embase, Cochrane library ’

1223 articles were excluded based
on titles and abstracts or

duplication

1249 records
screened

22 articles were excluded because:

no direct comparison ILM peeling and ILM
flap (n=21)

patients were macular hole but no retinal

assessed for eligibility detachment (n=1)

4 studies included
in meta-analysis

26 full-text articles ’

Fig. 1 Selection of studies
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Table 1 MINORS for assessing quality of included studies
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Methodological item for non-randomized studies

Matsumura et al [22]

Baba et al [23] Sasaki et al [24] Chen et al [25]

1. A clearly stated aim

2. Inclusion of consecutive patients

3. Prospective collection of data

4. Endpoints appropriate to the aim of the study

5. Unbiased assessment of the study endpoint

6. Follow-up period appropriate to the aim of the study
7. Loss to follow up less than 5%

8. Prospective calculation of the study size

9. An adequate control group

10. Contemporary groups

11. Baseline equivalence of groups

NN O N O NN O O NN

12. Adequate statistical analyses

(o)

Total score

NN O N O NN O NN O NN
NN O N O NN O N O NN
NN O NN O NN O N O NN

(o)
(o)
oo

the group of vitrectomy with ILM peeling and the group of
vitrectomy with inverted ILM flap technique. 4 studies of
98 eyes were included in this analysis. The rate of retinal re-
attachment after initial surgery had been evaluated after at
least 6 months in all eyes. In total, the rate of retinal re-
attachment after initial surgery was 82.0% (41/52 eyes) in
the vitrectomy with ILM peeling group and 97.8% (45/46
eyes) in the vitrectomy with inverted ILM flap technique
group. The rate of retinal reattachment in two groups were
relatively high, and the rate of retinal reattachment in the
vitrectomy with inverted ILM flap technique group was still
significantly higher than that in the vitrectomy with ILM
peeling group (OR =0.14, 95% CI: 0.03 to 0.69; P =0.02).
There was no statistical heterogeneity between the two
groups (heterogeneity I* = 0%).

The rate of macular hole closure 6 months later after
initial surgery

The rate of macular hole closure after initial surgery was
reported in all 4 studies including 98 eyes, and the rate
of macular hole closure after initial surgery had also

Table 2 Characteristics of studies included in this meta-analysis

been evaluated after at least 6 months in all eyes. There
was no statistical heterogeneity between the studies (het-
erogeneity I”=0%). Overall, the rate of macular hole
closure after initial surgery was 38.5% (20/52 eyes) in the
vitrectomy with ILM peeling group and 93.5% (43/46
eyes) in the vitrectomy with inverted ILM flap technique
group. The rate of macular hole closure after initial sur-
gery was significantly higher in the vitrectomy with
inverted ILM flap technique group than that in the vi-
trectomy with ILM peeling group (OR=0.06, 95%
CIL:0.02 to 0.19; P < 0.00001; Fig. 3).

Preoperative best-corrected visual acuity

Figure 4 shows the results of the meta-analysis compar-
ing preoperative BCVA between the group of vitrectomy
with ILM peeling and the group of vitrectomy with
inverted ILM flap technique. This analysis included all 4
studies with 98 eyes. There was no significant difference
between two surgical approaches in preoperative BCVA
(MD -0.03 logarithm of the minimum angle of reso-
lution; 95% CI-0.22 to 0.15; P=0.73). There was no

Study year country Study Group NO. Of  Agelyr) Duration of Axial length  Dye for ILM Tamponade agents
type eyes symptoms (mm) stained
(days)

Matsumura 2016 Japan Retro  ILM peeling 12 7530+870 NR 3040 + 1.60 brilliant blue G C5Fg/SFg/Silicone oil
[22] ILM flap 10 6770 £9.70 NR 2840 + 220 brilliant blue G C5Fg/SFg/Silicone oil
Baba et al [23] 2017 Japan  Retro ILM peeling 11 69.75 £91.70 NR 30.17 £ 168 brilliant blue G CsFg

ILM flap 10 7300 £ 9667 NR 2898 £ 1.31 brilliant blue G CsFg
Sasaki et al 2017 Japan Retro  ILM peeling 9 66.00 £ 125  79.1+£66.5 31.10 £ 1.95 brilliant blue G C5Fq
[24] ILM flap 6 7500 £ 640 47.6+406 3047 + 257 brilliant blue G CsFg
Chen et al 2016 Taiwan Retro ILM peeling 20 6053 +878 16160+1362 2935+ 188 ICG CsFg
[25) ILM flap 20 62.06 £ 890 587.0£1032.53 2840+ 194 ICG GsFg




Yuan et al. BMC Ophthalmology (2017)17:219

Page 5 of 11

g
ILM peeling ILM flap Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 insertion group

Baba 2017 10 1 10 10 141%  0.33[0.01,8.16]

Chen 2016 20 20 20 20 Not estimahle
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Total events 30 30
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Total events 11 15

Heterogeneity: Chi*=0.01, df=1 (P=0.93); F=0%

Test for overall effect: Z= 2.35 (P=0.02)

Total (95% CI) 52 46 100.0%  0.14[0.03,0.69] —~—

Total events 41 45

Heterogeneity: Chi*= 0.36, df= 2 (P = 0.83); = 0% t t t t
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Test for overall effect: Z=2.41 (P=0.02) ¥ § :

Testfor subaroun differences: Chi*= 0.36. df= 1 (P = 0.58). = 0% Favours (ILMflap] Favours [ILM peling]
Fig. 2 Meta-analysis comparing the rate of retinal reattachment between ILM peeling and ILM flap groups 6 months later after initial surgery.
Insertion group represent the inverted ILM flap was pushed into the macular hole; Cover group represent the inverted ILM flap was placed over
the macular hole. Odds ratio was calculated

statistical heterogeneity between the studies (heterogen-
eity I = 0%).

Postoperative best-corrected visual acuity 6 months later
after initial surgery

Figure 5 shows the results of the meta-analysis comparing
postoperative BCVA between the group of vitrectomy
with ILM peeling and the group of vitrectomy with
inverted ILM flap technique. For this analysis, all 4 studies
with 98 eyes were included. There was no statistically
significant difference in best-corrected visual acuity
(MD 0.18 logarithm of the minimum angle of reso-
lution; 95% CI -0.06 to 0.43; P=0.14) between the
group of vitrectomy with inverted ILM flap technique
and the group of vitrectomy with ILM peeling.

Heterogeneity was relatively high (heterogeneity I =
75%), after carefully read the included four studies, the
included studies were considered clinically similar, a
random effects model was used.

In order to eliminate the effect of ICG use on postop-
erative BCVA, a meta-analysis of the subgroup of three
studies in which only Brilliant Blue G was used to
visualize ILM during surgery was performed. However,
the postoperative BCVA (MD 0.29 logarithm of the
minimum angle of resolution; 95% CI 0.04 to 0.55; P =
0.02) was significantly better in the group of vitrectomy
with inverted ILM flap than that in the group of vitrec-
tomy with ILM peeling. The included three studies were
considered clinically similar, a random effects model was
used (heterogeneity I? = 64%) (Figs. 6, 7).

N
ILM peeling ILM flap Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 insertion group

Baba 2017 4N g 10 187%  014(0.02,1.03) —e——]

Chen 2016 720 20 20 462%  0.01(0.00,0.26 —@————

Subtotal (95% CI) 31 30 65.0% 0.05[0.01,0.23] —~a——

Total events 11 28

Heterogeneity: Chi*=1.82, df=1 (P=0.18); F= 45%

Test for overall effect: Z= 3.85 (P = 0.0001)

1.1.2 cover group

Matsumura 2016 4 12 9 10 230% 006(0.01,061]) ——*——

Sasaki 2017 5 9 6 6 121%  009[0.00,218) ————*——

Subtotal (95% CI) 21 16 35.0%  0.07[0.01,0.47] ——eeEEe—

Total events 9 15

Heterogeneity: Chi*= 0.07, df=1 (P=0.79); F=0%

Test for overall effect: Z= 2.74 (P = 0.006)

Total (95% CI) 52 46 100.0%  0.06 [0.02,0.19] i

Total events 20 43

Heterogeneity: Chi*= 1.84, df= 3 (P = 0.61); = 0% t t t t

0.005 01 10 200

Test for overall effect: Z=4.73 (P < 0.00001) ¥ § :

Testfor subaroun differences: Chi*= 0.06. df=1 (P = 0.81). F= 0% Favours (ILMflap] Favours [ILM peling]
Fig. 3 Meta-analysis comparing the rate of macular hole closure between ILM peeling and ILM flap groups 6 months later after initial surgery.
Insertion group represent the inverted ILM flap was pushed into the macular hole; Cover group represent the inverted ILM flap was placed over
the macular hole. Odds ratio was calculated
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ILM peeling ILM flap

2.1.1insertion group

Baba 2017 1.18 018 11 1.43 062 10 21.6%
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Subtotal (95% CI) 31 30 63.6%

Heterogeneity: Tau®= 0.03; Chi*=1.85, df=1 (P=0.17);, F= 46%
Test for overall effect: Z=0.30 (P = 0.76)
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Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 0.98), F=0%
Test for overall effect. Z=0.30 (P=0.77)

Total (95% CI) 52 46 100.0%
Heterogeneity: Tau®= 0.00; Chi*=1.86, df= 3 (P = 0.60), F=0%

Test for overall effect Z=0.35 (P=0.73)

Testfor subaroun differences: Chi*= 0.00. df=1 (P = 0.99). F= 0%

logarithm of the minimum angle of resolution
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Fig. 4 Meta-analysis comparing preoperative BCVA between ILM peeling and ILM flap groups. Insertion group represent the inverted ILM flap
was pushed into the macular hole; Cover group represent the inverted ILM flap was placed over the macular hole. Mean difference was calculated by

Mean Difference
IV, Random, 95% CI

Favours [ILM flap] Favours [ILM peeling]

Testing for publication bias

Three funnel plots of the retinal reattachment, the
macular hole closure rate, the preoperative BCVA in in-
cluding studies demonstrated symmetry, which all indi-
cated no serious publication bias (Figs. 8, 9, 10).

Discussion

In consider of macular hole-induced retinal detachment
is relatively uncommon, it seems difficult to perform
large scale studies or randomized studies to compare the
effect of two surgery groups. We conducted this system-
atic review of literature and meta-analysis to summarize
current evidence and compare the effect of vitrectomy
with inverted ILM flap technique versus vitrectomy with
conventional ILM peeling for MHRD. The result of this
meta-analysis indicated that the rate of retinal reattach-
ment and macular hole closure after initial surgery was
significantly higher in the surgery of vitrectomy with
inverted ILM flap than that in the surgery of vitrectomy
with ILM peeling. However, the postoperative BCVA
were similar between the two groups. Compared with
conventional ILM peeling, vitrectomy with inverted ILM

flap technique seems to improve the anatomical results
rather the functional results for MHRD.

The rate of retinal reattachment (OR 0.14) and macu-
lar hole closure (OR 0.06) after initial surgery was sig-
nificantly lower in the group of vitrectomy with ILM
peeling than that in the group of vitrectomy with
inverted ILM flap technique. The ILM peeling allows
total removal of the cortical vitreous, releases the macu-
lar traction and stretches the retina, which may promote
closure of macular hole and reattachment of retinas in
MHRD [26]. However, MHRD itself often accompanied
by posterior staphyloma, scleral elongation, atrophy of
retina and choroid, which made the ILM peeling cannot
eliminate the retinal tension completely and compensate
for retinal shortening, then affect the retinal reattach-
ment and macular hole closure. The relatively low rate
of macular hole closure in the conventional ILM peeling
group seem supported the hypothesis mentioned above.
The inverted ILM flap technique was effective for the
treatment of idiopathic large MHs and myopic MHs
through filling the hole after stimulation of glial cell pro-
liferation, thereby enhancing retinal reattachment and

ILM peeling ILM flap

2.1.1insertion group

Baba 2017 1.02 0.14 1" 09 017 10 31.9%
Chen 2016 117 039 20 132 001 20 26.0%
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Fig. 5 Meta-analysis comparing postoperative BCVA between ILM peeling and ILM flap groups 6 months later after initial surgery. Insertion group
represent the inverted ILM flap was pushed into the macular hole; Cover group represent the inverted ILM flap was placed over the macular hole. Mean
difference was calculated by logarithm of the minimum angle of resolution
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ILM peeling ILM flap

Baba 2017 1.18 018 11 1.43 062
Matsumura 2016 1.6 045 12 1865 045
Sasaki 2017 1 044 9 1.04 055
Total (95% CI) 32

Heterogeneity: Chi*= 0.63, df=2 (P=0.73), F=0%
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Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl

10 37.2% -0.25 [-0.65,0.15]

10 41.4% -0.05[-0.43,033]
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Fig. 6 Meta-analysis comparing preoperative BCVA between ILM peeling and ILM flap groups that only Brilliant Blue G was used to visualize ILM
during surgery. Mean difference was calculated by logarithm of the minimum angle of resolution
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=
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2

macular hole closure [17, 27]. In histopathologic find-
ings, the ILM serves as a scaffold for gliosis, that the
proliferated glial cells may fill the macular hole and
compensate for retinal shortening [28]. It may be ex-
plained to the relatively high rate of macular hole clos-
ure in the inverted ILM flap technique group. The low
closure rate for MHs has long been a problem in
MHRD. Unclosed MH after surgery may cause redetach-
ment of the retina in the future. Therefore, the inverted
ILM flap technique will reduce the risk of retinal rede-
tachment and the need for reoperation. Compared with
conventional ILM peeling, inverted ILM flap technique
can improve the anatomical results for MHRD.

It may contrary to expectation, the rate of macular
hole closure after initial surgery was significantly higher
in the group of vitrectomy with inverted ILM flap tech-
nique than that in the group of vitrectomy with ILM
peeling (OR 0.06). However, there was no clinically or
statistically significant difference in postoperative BCVA
between the two groups of eyes treated by different sur-
gical strategies (MD 0.18). Lam et al [8] and Ikuno et al
[14] reported that postoperative BCVA was significantly
better in eyes with macular hole closure than in those
without closure after vitrectomy. Nishimura et al [29]
and Nadal et al [30] reported no significant difference in
postoperative BCVA between the eyes with and those
without macular hole closure. The association between
macular hole closure and BCVA after vitrectomy in eyes
with MHRD were reported in several documents and
the results were contradictory. It is believed that irre-
versible damage of the foveal photoreceptor has already
occurred before the initial vitrectomy in MHRD eyes,
such as chorioretinal atrophy and posterior staphyloma.
The results of meta-analysis support the hypothesis that

there is no significant difference in postoperative BCVA
between the eyes with and those without macular hole
closure for MHRD. Michalewska et al [17] found the
inverted ILM flap technique improves not only the
macular hole closure rate but also postoperative visual
acuity. They hypothesized that the inverted ILM flap
technique induces glial cell proliferation, then producing
an environment for the photoreceptors to assume new
positions in direct proximity to the fovea, and improves
postoperative visual acuity. The microstructural changes
of retina after the two surgeries have been studied, Modi
et al [31] found that ganglion cell and inner plexiform
layer were the only layers to show thinning in medial
and temporal sectors signifying the fact that these are
the layers which bear maximum brunt of the maneuver
and show significant damage over a large area around
the fovea as a result of ILM peeling. Hayashi et al [32]
found that the foveal photoreceptor layer may be
destroyed and not recoverable although the retina is
reattached after surgical closure by the inverted ILM flap
technique. The results of this meta-analysis that no sig-
nificant difference in visual acuity between the ILM-
peeling group and the inverted ILM flap technique
group may support their hypothesis that the foveal
structure of the retinal outer layer may be unrecoverable
after vitrectomy for MHRD in highly myopic eyes.

The meta-analysis of the subgroup of three studies
[22-24] in which only Brilliant Blue G was used to
visualize ILM during surgery showed that the postopera-
tive BCVA (MD 0.29) was significantly better in the
group of vitrectomy with inverted ILM flap technique
than that in the group of vitrectomy with ILM peeling.
Compared with conventional ILM peeling, it seems that
inverted ILM flap technique can improve the functional

ILM peeling ILM flap

Study or Subgrou Mean SD Total Mean

Baba 2017 1.02 0.14 11 09 017 10 459%
Matsumura 2016 1.56 0.36 12 1.09 035 10 30.5%
Sasaki 2017 1.02 0.41 9 062 035 6 236%
Total (95% CI) 32 26 100.0%

Heterogeneity: Tau®= 0.03; Chi*= 5.56, df= 2 (P = 0.06), F=64%
Test for overall effect. Z=2.27 (P=0.02)

Mean Difference
SD_Total Weight IV, Random,95% Cl

Fig. 7 Meta-analysis comparing postoperative BCVA between ILM peeling and ILM flap groups that only Brilliant Blue G was used to visualize ILM
during surgery 6 months later after initial surgery. Mean difference was calculated by logarithm of the minimum angle of resolution

Mean Difference
IV, Random, 95% CI
Hil-

012 (0.01,0.25)

047 (0.17,0.77] —e
0.40 (0.01,0.79] [
0.29[0.04, 0.55] -

4
-1 1 2
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Fig. 8 A funnel plot for the result from the studies comparing the rate of retinal reattachment showing no significant publication bias. SE = standard
error, OR = odds ratio

results for MHRD when Brilliant Blue G was used. It
can also be speculated that the potential damage to
the retinal pigment epithelium and neurosensory ret-
ina caused by cytotoxicity of vital dyes by introducing
ILM tissue into the macular hole should be addressed.
The cytotoxicity of vital dyes could be the potential
reason for no difference in postoperative BCVA be-
tween the two surgery groups and the eyes with closed
macular hole and those with macular holes remaining
open.

According to the original report of the inverted ILM flap
technique, the inverted ILM flap was placed over the
macular hole to cover the surface of the hole [17]. Lai et al
[33] reported that the inverted ILM flap was pushed gently

into the macular hole so called internal limiting membrane
repositioning, they achieved 96% closure rates of macular
hole after initial surgery. In this meta-analysis, two studies
conducted the inverted ILM flap technique according to
the original report that the inverted ILM flap was placed
over the macular hole to cover the surface of the hole [22,
24]. The other two studies conducted the inverted ILM flap
technique that the inverted ILM flap was pushed gently
into the macular hole to fill the entire hole instead of cov-
ering the hole [23, 25]. In the subgroup analysis, when the
inverted ILM flap was pushed gently into the macular hole,
the rate of retinal reattachment is similar between the two
surgery groups (p = 0.52), the rate of macular hole closure
is still significantly higher in the inverted ILM flap

o SE(0GORD ,
A
N
KA
7 ! \
’ ! Ay
i I \
! i \
05T ’ 1 \
/ ' \
; ! \
II ! ‘\
! : \
II : ‘\\
)
1 // i (@] \‘
ll ! \\
/ I \
/ ! \
ll 1
’ 1 \\
151/ o i
/ e \
’ | Ay
/ 1 "
v ! \
/ i Y
, / - ) \ ) OR,
0.001 0.1 1 10 1000

Fig. 9 A funnel plot for the result from the studies comparing the macular hole closure showing no significant publication bias. SE = standard

error, OR = odds ratio
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Fig. 10 A funnel plot for the result from the studies comparing the preoperative BCVA showing no significant publication bias. SE = standard

0.5 1

[=]

technique group (p = 0.0001), there was no statistically sig-
nificant difference in postoperative BCVA between the two
surgery groups(p = 0.96); when the inverted ILM flap was
placed over the macular hole, the rate of retinal reattach-
ment and the macular hole closure were significantly
higher in the inverted ILM flap technique group(p = 0.02;
p = 0.006 respectively), the postoperative BCVA was signifi-
cantly better in the inverted ILM flap technique group
(p=0.0002). In consideration of potential toxicity of the
ICG used in 1 study [25], In the inverted ILM flap tech-
nique that whether the inverted ILM flap should be placed
over the macular hole to cover the surface of the hole or
should be pushed gently into the macular hole is contro-
versial. An inverted ILM insertion may decrease the risk of
the ILM flap reverting to the previous state and tearing off
during surgery, especially during fluid—air exchange. How-
ever, the inverted ILM insertion may disturb the migration
of glial cells and visual cells and interfere with the recovery
of the retinal layer. Gasini et al [34] conducted a study that
whether surgical manipulation steps of the ILM flap are
mandatory to obtain satisfactory outcomes for the repair of
large stage IV idiopathic macular hole using the inverted
ILM flap technique. And found that Internal limiting
membrane finishing, tucking, and massage may not be re-
quired to obtain surgical success. Michalewska et al [35]
reported that reducing the area of ILM peeling in the
inverted ILM flap technique is as effective as the classic
inverted ILM flap technique for the repair of large Stage IV
macular holes. May these modified inverted ILM flap tech-
niques will be extend used for treating MHRD in the fu-
ture, to simplify the procedures of the inverted ILM flap
technique, and improve the anatomical and functional re-
sults for MHRD.

The results of the meta-analysis should be inter-
preted with caution because of several limitations.
First, In this meta-analysis, a small number of patients
in included studies had a history of vitrectomy. Mylo-
nas et al [36] reported that patients with previous vi-
trectomy and membrane and ILM peeling often
develop macular edema after successful cataract sur-
gery. Another limitation is that all the studies available
for this meta-analysis were retrospective studies and
the number of included patients is relatively small, we
carefully evaluated patient selection, allocation, pro-
cedure equality, and definitions of outcome measures
to select eligible studies for the present meta-analysis.
However, significant heterogeneity among the studies
was detected when we examined postoperative BCVA.
Next one, converting non-normally distributed statis-
tics (median and range) to normally distributed statis-
tics (mean and SD) and publication bias that usually
existed in meta-analysis based on published studies
may be a cause of bias in this meta-analysis, in spite of
the funnels plot showed there were no serious publica-
tion bias.

Conclusion

In conclusion, apart from the limitations, Compared with
ILM peeling, inverted ILM flap technique is considered to
significantly improve the rate of retinal reattachment and
macular hole closure after initial surgery, without signifi-
cant adverse effects on postoperative BCVA. Larger ran-
domized and prospective studies would be necessary to
further confirm the effects of the inverted ILM flap tech-
nique for MHRD.
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