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Abstract

Background: Myopic foveoschisis (MF) is among the leading causes of visual loss in high myopia. However, it
remains controversial whether internal limiting membrane (ILM) peeling or gas tamponade is necessary treatment

option for MF.

Methods: PubMed, EMBASE, CBM, CNKI, WANFANG DATA and VIP databases were systematically reviewed.
Outcome indicators were myopic foveoschisis resolution rate, visual acuity improvement and postoperative

complications.

Results: Nine studies that included 239 eyes were selected. The proportion of resolution of foveoschisis was
higher in ILM peeling group than non-ILM peeling group (OR = 2.15, 95% Cl: 1.06-4.35; P = 0.03). The proportion
of postoperative complications was higher in Tamponade group than non-Tamponade group (OR = 10.81, 95%
Cl: 1.26-93.02; P = 0.03). However, the proportion of visual acuity improvement (OR = 1.63, 95% Cl: 0.56-4.80;

P = 0.37) between ILM peeling group and non-ILM peeling group and the proportion of resolution of foveoschisis
(OR =1.80, 95% Cl: 0.76-4.28; P = 0.18) between Tamponade group and non-Tamponade group were similar.

Conclusions: Vitrectomy with internal limiting membrane peeling could contribute to better resolution of
myopic foveoschisis than non-peeling, however it does not significantly influence the proportion of visual
acuity improvement and postoperative complications. Vitrectomy with gas tamponade is associated with
more complications than non-tamponade and does not significantly influence the proportion of visual acuity

improvement and resolution of myopic foveoschisis.
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Background

Myopic foveoschisis (MF) is among the leading causes
of visual loss in high myopia. It has been named shal-
low detachment of the macula, foveal retinoschisis,
macular retinoschisis or posterior retinoschisis [1]. The
optical coherence tomography (OCT) presentation of
retinoschisis was firstly described in detail using time
domain OCT in 1999 [2]. Since then, OCT scanning
has become the predominant tool for the diagnosis of
MEF because of its reliability. The prevalence of MF is
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reported up to 34% [2-5]. However, the current preva-
lence figure of MF may indicate an underestimation not
only in the whole population but also in stratified
population based on age or refractive error because of
the absence of uniformly adopted diagnostic criteria
and large-scale studies exploring spectral domain op-
tical coherence tomography (SD-OCT) for MF [6].

The pathogenesis of MF still remains unclear. Different
factors are related to the occurrence and development of
MF [6]. Anomalous or incomplete posterior vitreous
detachment as well as contraction of attached cortical
vitreous are considered to be the major factors. And other
factors, for instance, excessive rigidity or poor elasticity
of the internal limiting membrane (ILM), progressive
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posterior staphyloma, and stiffness of retinal vessels
might play a part in the pathogenesis of MF as well
[2, 6-11].

Vitrectomy has been proved to be an effective treatment
for MF in many studies [11-18]. However, it remains
controversial whether ILM peeling or gas tamponade is
necessary treatment option for MF, and a consensus of the
validity of this topic has not been reached [8, 19-26]. So
we carried out a meta-analysis to evaluate the evidence
available for the validity and safety of the following
treatments for MF: vitrectomy with ILM peeling versus
vitrectomy without ILM peeling, and vitrectomy with gas
tamponade versus vitrectomy without gas tamponade.
Our primary outcome to determine efficacy was reso-
lution of macular hole. We also evaluated visual acuity as
a secondary efficacy outcome.

Methods

We performed a systematic review and a meta-analysis
according to the recommendations of the Cochrane
Handbook and reported according to the PRISMA State-
ment for meta-analyses and systematic reviews [27].

Search strategy

We conducted a literature search to tell all the studies
relevant that contrasted outcomes of vitrectomy with
or without ILM peeling/gas tamponade for MF.
PubMed, EMBASE, CBM, CNKI, WANFANG DATA
and VIP databases were retrieved with no language re-
strictions from the inception to December 2016. The
selected key words were used as free words, truncations
and subject morphology. Detailed search strategy was
shown in Additional file 1. We manually searched the
reference lists of all retrieved articles for potentially eli-
gible articles.

Inclusion and exclusion criteria

All publications were screened by two people according
to predefined selection criteria. Any disagreement was
discussed by the two people and resolved. Inclusion cri-
teria were as follows: (1) randomized or nonrandomized
studies that evaluated proportion of resolution of MF,
visual acuity improvement and postoperative complica-
tions after vitrectomy with ILM peeling versus vitrectomy
without ILM peeling, and that after vitrectomy with gas
tamponade versus vitrectomy without gas tamponade for
MF; (2) refered to no less than one of the outcome indica-
tors mentioned above; (3) if a study was reported in dupli-
cate, the version with the most comprehensive content
was included in this analysis.

The following listed were exclusion criteria: (1) non-
comparative studies, single-arm studies, animal studies,
case reports; (2) abstracts, letters, editorials and confer-
ence proceedings without original data or if from the
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published results, it was impossible to obtain proper
data; (3) studies included cases with macular holes or
retinal detachment.

Data extraction

The extraction of data from each study was performed by
two reviewers independently. Any disagreement was dis-
cussed by the two reviewers and resolved. The extracted
information included year of publication, first author, study
location, design, operation mode, follow-up time, number
of eyes, age of patients, refractive errors, axial length.

Assessment of study quality

Bias risk assessment tool is recommended in the Cochrane
Handbook [28]. It has clear structure and is easy to use.
In this meta-analysis, two people used this tool for
assessment of study quality. Any disagreement was
discussed by the two people and resolved. The follow-
ing items were included: (1) allocation concealment
(selection bias); (2) generation of random sequence
(selection bias); (3) outcome assessment blinding
(detection bias); (4) participants and personnel blinding
(performance bias); (5) incomplete data (attrition bias);
(6) reporting selectivity(reporting bias); (7) other bias.

Outcome indicators of interest

The following outcome indicators were used to compare
ILM peeling group and non-ILM peeling group, and to
compare Tamponade group and non-Tamponade group.
(1) Data of efficacy, includes the proportion of resolution
of MF and the proportion of visual acuity improvement;
(2) data of safety, includes the proportion of postoperative
complications such as recurrence, macular hole, retinal
detachment, hemorrhage, transient rise of intraocular
pressure and cataract.

Statistical analysis

Data analyses were conducted using RevMan 5.1. We ana-
lyzed dichotomous variables by means of estimation of
ORand 95% CI. Heterogeneity was assessed by calculating
the I> and performing the chi-square test (to assess
the P value) with I* > 50% and P < 0.05 suggesting signifi-
cant heterogeneity. We applied fixed effects model if there
was no apparent heterogeneity. However, if there was any
heterogeneity, we would use random effects model for
meta-analysis. The funnel plot was applied for evaluation
of publication bias.

Results

Selection of studies

Initially, a total of 269 literature were retrieved. But the
majority of these studies were not fit for this meta-analysis
because they were non-comparative studies, single-arm
studies, duplicates studies or case reports having noting
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to do with oursubject. After looked through all the ti-
tles, abstracts as well as full text, 259 articles were cut
out in accordance with selection criteria and finally
altogether 9 studies [8, 19-26] were included for our
meta-analysis (Fig. 1).

Characteristics of the included studies

In total, 9 studies that included 239 eyes were included.
One study was prospective study, one was retrospective
study, and the other studies were considered randomized
controlled studies. Among them, 6 studies, [21-26] 186
eyes (86 eyes in ILM peeling group, 100 eyes in non-ILM
peeling group) were included in the meta-analysis of vi-
trectomy with ILM peeling versus that without ILM peel-
ing for the treatment of MF. And 4 studies, [8, 19, 20, 24]
109 eyes (53 eyes in Tamponade group, 56 eyes in non-
Tamponade group) were included in the meta-analysis of
vitrectomy with gas tamponade versus that without gas
tamponade. In Table 1 and Table 2 were the characteris-
tics of these studies summarized. The baseline characteris-
tics of each included study, for instance, age, axial length
and refractive error turned out to be comparative between
two compared groups. In Additional file 2 were the types
of outcomes measured such as visual acuity, macular hole
resolution, complications.

Assessment of quality
The quality assessment of the studies incorporated was
described comprehensively in Additional file 3.
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Resolution of myopic foveoschisis

The proportion of resolution of MF was reported in 5
studies including 153 eyes in ILM peeling group
compared with non-ILM peeling group. No statistical
heterogeneity was found between the studies (P = 0.09,
I> = 47%). It turned out by fixed effects model that the
proportion of resolution of MF was higher in ILM
peeling group than that in non-ILM peeling group
(OR = 2.15, 95% CI: 1.06—4.35; P < 0.05) (Fig. 2a). How-
ever, patients undergoing vitrectomy with gas tampon-
ade experienced a similar resolution of MF with those
undergoing vitrectomy with no tamponade (4 studies
including 109 eyes). No significant heterogeneity was
found (P = 0.90, I = 0%). It turned out by fixed effects
model that the regard of the two groups was of no sig-
nificant differences (OR = 1.80, 95% CI: 0.76-4.28;
P > 0.05) (Fig. 2b).

Visual acuity improvement

Visual acuity was displayed in decimal. If visual acuity
was displayed in logMAR, each 0.1 logMAR unit repre-
sent 1 line. And visual acuity which improved more than
1 lines was considered effective [29]. The consolidated
data from 3 studies containing 94 eyes indicated that the
ILM peeling group had a similar visual acuity improve-
ment proportion than the non-ILM peeling group
(OR = 1.63, 95% CI: 0.56—4.80; P > 0.05) and no statisti-
cally significant heterogeneity was found between the
two groups (P = 0.77, 2 = 0%) (Fig. 3). However, the
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Fig. 1 a Flowchart of selection process in the comparison of ILM peeling group and non-ILM peeling group. b Flowchart of selection process in
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Test for overall effect. Z= 212 (P =0.03)
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Fig. 2 a A forest plot showing the proportion of resolution of MF between ILM peeling group and non-ILM peeling group. b A forest plot
showing the proportion of resolution of MF between Tamponade group and non-Tamponade group. Song®, Song®: two sets of data in the

M-H, Fixed, 95% CI
1.11[0.24,5.14] ——

Favours [non-Tamponade]) Favours [Tamponade)

meta-analysis of vitrectomy with gas tamponade versus
vitrectomy with no tamponade could not be achieved
because all the patients had visual acuity improvement
in both two groups in two [19, 20] among three included
studies [8, 19, 20].

Postoperative complications

Four studies [21-23, 26] reported postoperative compli-
cations such as recurrence, hemorrhage, macular hole,
retinal detachment, cataract and transient rise of intra-
ocular pressure in the topic of vitrectomy with ILM
peeling versus vitrectomy without ILM peeling. How-
ever, the meta-analysis could not be achieved because
three studies [21-23] had no complications in both two

groups. Two studies fitted into the meta-analysis of
vitrectomy with gas tamponade versus vitrectomy with-
out tamponade. No statistically significant heterogeneity
was found between the trials (P = 0.61, I = 0%). It is
suggested by a fixed effects model that the postoperative
complications proportion was higher in the group of vi-
trectomy with gas tamponade than vitrectomy with no
tamponade (OR = 10.81, 95% CI: 1.26-93.02; P < 0.05)
(Fig. 4).

Publication bias

The proportion of resolution of MF revealed symmetry
on a funnel plot. This suggested that there was no publi-
cation bias (Fig. 5).

ILM peeling non-ILM peeling
Study or Subgroup  Events Total Events
Cai 2011 3 14 2 11 33.9%
Li 2007 1 4 2 7 21.0%
Liu 2014 9 16 5 14 450%
Total (95% ClI) 34 32 100.0%
Total events 13 9
Heterogeneity. Chi*=0.52, df=2 (P=0.77), F=0%
Test for overall effect: Z=0.89 (P = 0.37)

Total Weight M-H, Fixed, 95% CI
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1.63 [0.56, 4.80] e
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Fig. 3 A forest plot showing the proportion of visual acuity improvement between ILM peeling group and non-ILM peeling group

1.23[0.17,9.02]

Favours [non-ILM peeling] Favours [ILM peeling]
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Tamponade non-Tamponade Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H,. Fixed, 95% CI
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Fig. 4 A forest plot showing the proportion of postoperative complications between Tamponade group and non-Tamponade group
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Discussion

Vitrectomy is considered as a helpful therapeutic
method for MF [12, 18, 30]. However, there remains de-
bate on this operation process, with regard to the es-
sentiality of gas tamponade or ILM peeling. It has been
proved that vitrectomy with ILM peeling resulted in
the resolution of MF and postoperative vision enhance-
ment in more than 70% of the patients within 6 months

[8, 9, 15-17, 31, 32]. But many other researchers con-
sidered that vitrectomy with no ILM peeling may also
lead to favorable anatomic and functional outcomes,
which was equivalent to the operation mode of ILM
peeling only [11, 14, 18]. As a therapeutic method for
ME, gas tamponade has been used in clinical, and it can
induce retinal reposition via pushing back the retina.
Yet further study is needed to confirm whether gas
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tamponade is absolutely necessary in the treatment pre-
scription of MF [9, 31].

Our meta-analysis summarizes the evidence available
for the validity and safety of ILM peeling group versus that
of non-ILM peeling group, and the validity and safety of
Tamponade group versus that of non-Tamponade group
for the treatment of MF. The results indicate that ILM
peeling could contribute to better resolution of foveoschi-
sis outcome but it does not significantly improve post-
operative visual acuity than non-ILM peeling in
patients with MF. Though there are few complications
in ILM peeling group and non-ILM peeling group, the
proportion of postoperative complications is proximate.
This study also shows that vitrectomy with gas tampon-
ade does not significantly improve resolution of MF
and even has higher postoperative complications propor-
tion than vitrectomy without gas tamponade. Though
there is improvement of visual acuity in both two groups,
the proportion of this outcome is similar between the two
groups.

It has been reported that the separation of retinal
layers in MF might be the result of inward pull, which
was brought about by the relative resistance to a trac-
tion of the progressive ectasia of sclera and the inner
retinal structures [2, 6, 33—36]. Histologic study of ex-
cised ILM from the eyes with MF found that fibroblast
proliferation and the existence of cell debris or collagen
fibres on the inner surface of peeled ILM was postu-
lated to produce effects in the pathogenesis of MF [35].
And Wu et al. found that chorioretinal atrophy, the sta-
tus of vitreoretinal interface and axial length more than
31 mm were related to the existence of MF in high my-
opia [37]. However, axial length in high myopia tends
to be stable before 30-year-old, yet the occurrence of
MF is much later. Therefore, it is more credible that
the formation of MF are mainly owing to abnormal de-
tachment of posterior vitreous as well as shrinkage of
posterior cortical vitreous [33-35, 38].

With or without ILM peeling, pars plana vitrectomy
(PPV) has been extensively accepted as the treatment
standard for MF in highly myopic eyes, so ILM peeling
may be not so important under this circumstance. How-
ever, it ensures complete elimination of tractional factors,
for instance, premacular glial cells and vitreous cortex
plaques on the ILM’s surface. Besides, via reducing the
rigidity brought about by ILM, this can lead to better
conformation of retina to staphyloma [12, 15, 39]. Never-
theless, complications such as macular hole, macular
haemorrhage, ocular hypertension or retinal breaks can
occur, especially in pathological myopia because of retinal
thinning. Furthermore, vision enhancement is not always
achieved after the reattachment of macula. No significant
difference was found concerning the proportion of post-
operative complications between ILM peeling group and
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non-ILM peeling group. We thought that the application
of the dye when ILM peeling or the improvement of
surgical skills avoided the adverse consequences of ILM
peeling. Besides, in our study, ILM peeling group could
have better resolution of foveoschisis outcome but pa-
tients in this group did not have significantly improved
postoperative visual acuity than non-ILM peeling group.
This gives us a hint that anatomical repositioning of the
foveoschisis should been considerd before the damage of
photoreceptor to achieve better recovery of function.

Some studies used gas in the final stage of vitrectomy
to flatten the retina and weaken the vitreoretinal trac-
tion. It is not totally clear how this filling could better
anatomical restoration in MF, though a few factors may
be correlated with this mechanism. Above all, the gas is
able to reduce the detachment by making retinal pig-
ment epithelium (RPE) and retina together. Once sub-
retinal fluid is expelled out of the submacular area,
healthier RPE cells can pump it out with ease [40—42].
Other researchers consider that gas can generate a rela-
tive dry environment in macular lutea, which may have
some effect on promoting the reabsorption of the resi-
dent fluid. And this conversely benefits the transport of
oxygen and metabolites to external layer of the retina
[11, 40]. However, the mechanical action of the gas
could sustain only for one or two months. Nevertheless,
the resolution of foveoschisis needs more than this time
in many cases, which increases the difficulty in under-
standing the accurate mechanism of gas tamponade [8].
It has been reported in a few studies that the gas tam-
ponade could accelerate anatomical resolution of MF
[7, 8]. But Kumagai et al. reported that although there
was a tendence of preferable visual outcome for eyes
with gas tamponade, gas tamponade was not signifi-
cantly related to final best corrected visual acuity [9]. In
the current meta-analysis, gas tamponade does not im-
prove the proportion of resolution of MF and the visual
acuity, and even it has higher postoperative complica-
tion proportion than non-tamponade. This may be as-
sociated with the toxicity of the filler to the retina.

Our meta-analysis has several limitations which should
be given a caution. Firstly, all the studies available for the
meta-analysis had short-term follow-up periods and in-
cluded small number of eyes or studies especially in the
topic of gas tamponade. This may have lower representa-
tion and introduce observer bias. Secondly, the existing
studies were based on Asians, so the ethnic background
may affect the extrapolation of our results. Further pro-
spective and randomized controlled clinical trials from
other parts of the world especially Europe and the United
States are necessary for deciding the optimal operation
mode for the treatment of MF. Thirdly, successful surgical
procedure depends on individual experiences of the sur-
geons. Therefore, the efficacy and safety outcomes such as
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the proportion of resolution of myopic foveoschisis, vis-
ual acuity improvement and postoperative complica-
tions might be affected to some extent. In addition,
some surgeons might deal the eyes which had higher
refractive error and/or longer symptom duration with
simple operation such as no ILM peeling when doing
vitrectomy to avoid postoperative complications or no
gas tamponade to avoid toxicity to the retina. This may
introduce evident selection bias. Finally, although the
funnel plot demonstrated no publication bias and fixed
or random effects model was used to test heterogeneity
in our meta-analysis, it should be noticed that publica-
tion bias and heterogeneity usually presented due to
few studies.

Conclusions

In conclusion, the meta-analysis shows that vitrectomy
with ILM peeling could contribute to better resolution of
foveoschisis as compared to vitrectomy without internal
limiting membrane peeling, although no significant differ-
ences were found in the outcomes of the visual acuity
after operation as well as complications. In addition, our
study finds that vitrectomy with gas tamponade may cause
more complications as compared to vitrectomy without
tamponade, although no significant differences were found
in the outcomes of the visual acuity after operation as well
as resolution of foveoschisis. However, our findings need
to be confirmed by more randomized and prospective
studies with longer duration of follow-up.
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