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Abstract
Purpose To compare the visual and anatomical outcomes of two different treatment strategies (non-internal limiting
membrane (ILM) peeling and fovea-sparing ILM peeling) for retinoschisis with foveal detachment (FD) in highly
myopic eyes.
Design A retrospective cohort study.
Methods Ninety-five eyes from 92 highly myopic patients with retinoschisis with FD were divided into two groups,
including 44 eyes from 43 patients who received 23-gauge, 3-port vitrectomy without ILM peeling (group A) and 51 eyes
from 49 patients who received vitrectomy with fovea-sparing ILM peeling (group B). All eyes also underwent cataract
surgery.
Results There were no significant differences between the two groups in terms of sex, age, diopters, axial length (AL), or
central foveal thickness (CFT) before surgery (P > 0.05). One month after surgery, foveoschisis and FD were resolved in
74.47% of the eyes in group B and in only 12.50% of those in group A. Six months after surgery, foveoschisis and FD were
resolved in 96.08% of the eyes in group B and in only 72.73% of those in group A (P < 0.05). There were no significant
differences between the two groups in terms of BCVA 6 months after surgery. The postoperative complication was macular
holes, which were found in seven eyes (15.90%) in group A and in one eye (1.96%) in group B (P < 0.05).
Conclusion Highly myopic eyes with FD that underwent fovea-sparing ILM peeling appeared to obtain a better anatomical
outcome than those that did not undergo non-ILM peeling. The two procedures obtained similar results in terms of visual
function.

Myopic retinopathy is one of the most common causes of
irreversible visual impairment and blindness due to the high
incidence rate of high myopia [1]. Myopic foveoschisis
(MF), a common finding in the macula of highly myopic
eyes [2], is one of the major causes of poor vision in eyes

with pathologic myopia. Based on optical coherence
tomography (OCT) images of the macular region, MF can
be divided into three stages: isolated retinoschisis, reti-
noschisis with foveal detachment (FD), and retinoschisis
with a macular hole (MH) [3]. Patients with isolated reti-
noschisis may have stable vision for a long time. However,
when retinoschisis progresses to FD or FD progresses to
MH, the patient’s visual acuity drops sharply, and MH
retinal detachment may easily develop [4]. Thus, stage II
(retinoschisis with FD) is the best time to start surgical
treatment.

At present, the mainstream treatment for retinoschisis
with FD is vitrectomy. Studies have shown that vitrectomy
could result in good anatomical and visual outcomes in
highly myopic eyes [5–15]. However, how to address the
ILM remains controversial. Some studies proposed vitrect-
omy without ILM peeling and showed that the prevalence
of postoperative MH was much lower than that in ILM
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peeling cases, but the recovery rate may not be satisfactory
[12, 16]. In contrast, people who promote ILM peeling
believe that it can increase the recovery rate but that post-
operative MH may occur (8–18%) [17, 18] and result in
poor postoperative VA. Recently, some researchers have
proposed a fovea-sparing ILM technique to reduce the risk
of iatrogenic MH formation [19–24]. Could fovea-sparing
ILM peeling increase the anatomic resolution and reduce
the incidence of postoperative MHs in FD patients at the
same time? Comparing non-ILM peeling with fovea-sparing
ILM peeling, which procedure is better? For these purposes,
we designed this study. This study analyzed 95 eyes from
92 patients with MS and FD treated with PPV without ILM
peeling or with ILM peeling that avoided the foveal area to
determine which procedure is better for treating this disease.

Methods

This retrospective interventional case series included all
patients who presented with decreased visual acuity due to
retinoschisis with FD in highly myopic eyes and underwent
vitrectomy from July 2011 to November 2017. From July
2011 to December 2015, the patients underwent vitrectomy
without ILM peeling. From December 2015 to November
2017, the patients underwent vitrectomy with ILM peeling
that avoided the foveal area. The Medical Ethics Committee
of the Beijing Tongren Hospital approved the study proto-
col, and all participants gave informed consent. A refractive
status, the best corrected visual acuity (BCVA), A-mode
ultrasonography, color fundus photography (Topcon TRC-
50, Tokyo, Japan), and retinal OCT (Stratus OCT; Carl
Zeiss Meditec, Dublin, CA, USA) were routinely performed
for each patient pre- and post-operation. FD was identified
by OCT. All patients followed up for at least 6 months.

This clinical interventional study included all patients
who presented with a loss in visual acuity because of FD in
highly myopic eyes with an axial length (AL) of >27.0 mm.
Patients with stage I and III MF, who were <30 years old,
who had a history of vitrectomy, or who had any other
fundus or system diseases were excluded.

Patients were divided into two groups according to their
operative method. Forty-four eyes from 43 patients in group
A were treated with a standard 23-gauge, 3-port pars plana
vitrectomy (PPV) without ILM peeling, and 51 eyes from
49 patients in group B were treated with PPV with ILM
peeling that avoided foveal area. All eyes also underwent
cataract surgery. All procedures were performed by the
same surgeon (ALD).

A standard 23-gauge PPV, combined with phacoe-
mulsification and intraocular lens implantation, was per-
formed. After cataract surgery, 0.1–0.2 mL of triamcinolone
acetonide (20 mg/mL) was injected into the vitreous cavity

to visualize the vitreous. A core vitrectomy was performed,
and the posterior hyaloid membrane was removed from the
macular surface by aspiration with the vitrector or a flute tip
needle. The ILM was not peeled in the cases in group A
(Video 1). The ILM was visualized by indocyanine green
and peeled off with forceps in a donut-like shape (fovea
sparing, ~1 PD) in group B (Video 2). Finally, fluid–gas
exchange was carried out, and gas or silicone oil was
applied as padding (the tamponades were mainly inert gas,
though two cases had silicone oil and some cases had air
because there had been no inert gases in the TR eye center
since November 2017). All patients were kept in a prone
position for at least week after surgery.

At the postoperative follow-up examinations, measure-
ment of visual acuity and OCT were routinely performed.
All patients completed more than 6 months of follow-up.

Statistical analysis was performed using a commercially
available statistical software package (SPSS for Windows,
version 23.0, IBM-SPSS, Chicago, IL). The measurements
of BCVA were converted into the logarithm of the mini-
mum angle of resolution (logMAR). The parameters are
presented as the means ± standard deviations. Mean age,
refractive error, AL, central foveal thickness (CFT) and
visual acuity were analyzed with Student’s t test. Differ-
ences in the incidence rates of OCT findings were analyzed
by corrected chi-square test. A P value < 0.05 was con-
sidered statistically significant.

Results

The present study included 95 eyes from 92 patients. All
eyes had a posterior staphyloma. Patients in group A and
group B did not differ significantly (all P > 0.05) in
age (49.93 ± 10.36 years vs. 51.45 ± 9.95 years; t=−0.94,
P= 0.46), refractive error (−16.56 ± 4.79 D vs. −14.88 ±
3.52 D; t= 1.75; P= 0.59), AL (29.92 ± 1.75 mm vs.
29.56 ± 1.49 mm; t=−1.01, P= 0.32), CFT (634.37 ±
132.42 µm vs. 613.88 ± 184.05 µm; t=−1.26, P= 0.21), or
preoperative BCVA (0.90 ± 0.52 logMAR vs. 1.07 ± 0.39
logMAR; t=−1.02; P= 0.32) (Table 1).

Postoperatively, anatomic success was defined as a CFT
decrease of more than 90%. One month after surgery,
74.47% of eyes in group B and 12.50% in group A achieved
anatomic success (P= 0.02) (Figs. 1 and 2). Six months
after surgery, 96.08% of eyes in group B and 72.73% of
eyes in group A achieved anatomic success (P < 0.01).
There were no significant differences between the two
groups in terms of the change in BCVA 6 months after
surgery (P= 0.81) (Table 2).

Tamponades included air, inert gases (C2F6, C3F8, and
SF6), and silicon oil. The details of the tamponades are
shown in Table 3. There was no significant difference in the
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proportion of the three tamponades between the two groups
(P > 0.05).

The postoperative complication was MH, which was
found in seven eyes (15.90%) in group A and in one eye
(1.96%) in group B (P= 0.02). All eight eyes underwent a
second operation. The ILM in the foveal area was peeled
and packed into the MH. Four eyes were filled with C3F8,
and the others were filled with silicone oil (because there
were no inert gases at that time). MHs in six eyes were
resolved after the second operation.

Discussion

This surgical interventional case series study showed that
patients with myopic retinoschisis with FD can be suc-
cessfully treated by PPV combined with fovea-sparing ILM
peeling with better anatomical outcomes and fewer post-
operative complications than those treated with non-ILM
peeling.

PPV is the mainstream surgery for MF. It can alleviate
vitreous traction to the retina. When MF develops into FD,
there are usually very few retinal tissues remaining and
covering the top of the retinal detachment area. A degrading
retina leads to MHs being easily formed in highly myopic
eyes. Less irritation and injury are necessary to maintain the
stability of the macular area and avoid postoperative MH
formation. In previous studies, PPV with ILM peeling has
been shown to easily cause iatrogenic MHs [1].

In this study, two procedures (non-ILM peeling/fovea-
sparing ILM peeling) were compared, and the results
showed that these two methods have their own advantages.
While non-ILM peeling is easy and shortcuts may bring less
injury to the macula, fovea-sparing ILM peeling can
achieve better healing and fewer postoperative complica-
tions (i.e., MHs). In this study, 1 month after surgery,
74.47% of eyes in group B exhibited healing of foveoschisis
and FD, whereas only 12.50% in group A did. Six months

after surgery, foveoschisis and FD were completely
resolved in 96.08% of eyes in group B and in only 72.73%
of those in group A. The recovery rate in group B was
higher than that in group A in both the short and long term.

The two procedures obtained similar results in terms of
visual function. The postoperative BCVA was improved in
both groups. The increasing extent of BCVA had no sig-
nificant differences between group A and group B. The
results for visual recovery were similar to those of previous
studies: the final VA appears to not be affected by the ILM
processing method in the macular area. Many properties
may impact postoperative BCVA in highly myopic patients
with FD, such as baseline BCVA, choroid membrane
atrophy of the macular area, duration of macular detach-
ment, phacoemulsification, age. The operation procedure is
not the only determinant.

Some doctors invented the fovea-sparing ILM peeling
technique to avoid postoperative MHs. In support of their
technique was Seppey et al. [19] who analyzed six patients
with MF. All patients underwent fovea-sparing ILM peeling
and a 23% SF6 tamponade. Both BCVA and CFT were
significantly improved after surgery. No patient developed
an MH. They believed that this surgical technique may
reduce the risk of MH formation. Lee et al. [9] reviewed ten
MF eyes that received vitrectomy with fovea-sparing ILM
peeling. After surgical intervention, the MF resolved in all
ten eyes. The mean BCVA and CFT were both significantly
improved. None of the ten eyes developed MHs. They
thought that this technique minimized the traction force
over the extremely thinned foveal tissue and brought good
anatomic and visual results in highly myopic eyes. Jin et al.
[20] performed fovea-sparing ILM peeling using multiple
parafoveal curvilinear peels in 20 eyes with MF. Both the
postoperative BCVA and CFT were better than the pre-
operative BCVA and CFT. Postoperative OCT examina-
tions showed that full-thickness MHs did not develop in any
case. They thought fovea-sparing ILM peeling using mul-
tiple parafoveal curvilinear peels prevented the develop-
ment of postoperative full-thickness MHs in eyes with MF.
In addition, some doctors compared total ILM peeling with
fovea-sparing ILM peeling in MF patients. Elwan et al. [21]
compared vitrectomy with whole macula ILM peeling and
fovea-sparing ILM peeling in 28 MF patients. There was
statistically significant improvement in the final BCVA
within each group. CFT significantly decreased post-
operatively within each group. However, there were no
significant differences in the final BCVA and CFT between
the two groups. No MHs were recorded in either group.
They believed vitrectomy with complete ILM peeling
resulted in comparable outcomes to those achieved with
preservation of the epi-foveal membrane in treating MF
cases. Shimada et al. [22] compared vitrectomy with whole
macula ILM peeling and fovea-sparing ILM peeling in 45

Table 1 Comparison of preoperative characteristics in two groups.

Group A Group B t P

Eyes 44 51

Patients 43 49

Sex F: 23; M: 20 F: 28; M: 21

Age 49.93 ± 10.36 51.45 ± 9.95 −0.94 0.35

Refractive error (D) −16.56 ± 4.79 −14.88 ± 3.52 1.75 0.59

Axial length (mm) 29.92 ± 1.75 29.56 ± 1.49 −1.01 0.32

CMT (µm) 634.37 ±
132.42

613.88 ±
184.05

−1.26 0.21

Preop BCVA
(LogMAR)

0.90 ± 0.52 1.07 ± 0.39 −1.02 0.32

F female, M male, CMT central macular thickness.
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FD patients. MHs developed in 16.7% of eyes in the
complete ILM peeling group and in no eyes in the fovea-
sparing ILM peeling group. The postoperative BCVA was
significantly better than the preoperative BCVA in the
fovea-sparing ILM peeling group but not in the complete
ILM peeling group. They considered that fovea-sparing
ILM peeling resulted in better visual and anatomic

outcomes for the treatment of FD and reduced the devel-
opment of a full-thickness MH. Ho et al. [23] reviewed 19
eyes with MF and divided them into two groups according
to the extent of ILM peeling and followed them for more
than 3 years. MHs developed in 28.6% of eyes in the total
ILM peeling (TP) group and in none of the fovea-sparing
group. Long-term CFT thinning and decreased vision were
found in the TP group but not in the fovea-sparing group.
The inner segment/outer segment line recovered better in
the fovea-sparing group. They thought that fovea-sparing
ILM peeling correlated with better anatomical and visual
results than total peeling, prevented long-term foveolar
retinal thinning, and successfully saved the fovea from MH
formation. Previous studies compared fovea-sparing ILM
peeling with total ILM peeling. However, no study focused
on non-ILM peeling and fovea-sparing ILM peeling. Non-
ILM peeling is also a popular choice to treat FD.

Some controversies remain regarding the choices of
tamponade in patients with MF. In our study, the tampo-
nade included air, inert gas (C2F6, C3F8, and SF6) and
silicone oil. The lack of inert gas in China affected our

Fig. 1 Right eye of a 38-year-old woman with high myopia
(−19.50 D) in group A. The axial length was 28.63 mm. An OCT
image showed foveoschisis and FD (left). One month after surgery, the

OCT image showed that the FD had reattached (right). BCVA
increased from 0.7 logMAR to 0.4 logMAR.

Fig. 2 Right eye of a 46-year-old woman with high myopia
(−20.25 D) in group B. The axial length was 31.16 mm. An OCT
image showed foveoschisis and FD (left). One month after surgery, the

OCT image showed that the FD had reattached (right). BCVA
increased from 0.6 logMAR to 0.4 logMAR.

Table 2 Comparison of postoperative characteristics in two groups.

Group A Group B P

VA change (LogMAR) −0.52 ± 0.38 −0.55 ± 0.39 0.81

RAR in 1 month (%) 12.5 74.47 0.02

RAR in 6 months (%) 72.73 96.08 <0.01

Rate of postoperative MH (%) 15.9 1.96 0.02

RAR rate of anatomical resolution.

The bold value is emphasized that although the recovery duration
between two groups were different (P < 0.05), the post-operative
BCVA in two groups had no significant differences (P = 0.81).
Different surgical methods had no effects on the final visual acuity of
patients.
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choice for tamponade. When there was no inert gas, we
could only fill eyes with room air or silicone oil. The
principle of gas selection was as follows: for eyes with
serious FD, an inert gas was chosen that could remain in the
eyes a long time. The ratio of air tamponade was 13.6% in
group A and 15.7% in group B. The ratio of inert gas
tamponade was 86.2% in group A and 80.4% in group B.
The ratio of silicone oil tamponade was 0.0% in group A
and 3.9% in group B. There was no significant difference in
the proportion of the three tamponades between the two
groups. We believe that the use of these tamponades did not
affect our results. Meng et al. [24] conducted a meta-
analysis study about ILM peeling and gas tamponade for
MF, and nine studies that included 239 eyes were selected.
They found that the proportion of foveoschisis resolution
between the tamponade group and the non-tamponade
group was similar, and they conjectured that gas tamponade
had no significant impact on either the resolution of MF or
visual acuity. Ma et al. [25] conducted an intravitreal
injection of 0.2–0.3 mL C3F8 as an initial treatment for FD
patients and found that FD resolved completely in 70% of
eyes. They believed that injection of inert gas (C3F8) into
the vitreous cavity alone could cure FD in most patients.

MF is more likely to occur in eyes with a posterior sta-
phyloma [26]. Posterior staphyloma in combination with an
increase in the length of the vitreous cavity generally leads
directly and indirectly to increased vitreofoveal traction and
vitreoretinal arterial traction, which has been considered a
possible cause of MF [27–29]. In the present study, since all
patients enrolled in the two groups had posterior staphy-
loma, we were not able to evaluate whether this con-
founding factor could influence the result, and this needs
further investigation in the future.

The limitations of the current study include the follow-
ing: first, this was not a randomized study. The differences
in the composition of the two groups, even if not statisti-
cally significant, may have influenced the statistical analy-
sis. Second, the present study focused on the controversy
between non-ILM peeling and fovea-sparing ILM peeling.
Concerning the controversy between total ILM peeling and
fovea sparing, this study is not able to clarify this issue.

In conclusion, fovea-sparing ILM peeling in association
with PPV, compared with PPV without ILM peeling,
resulted in a shorter recovery time, higher recovery rate, and
fewer postoperative complications in highly myopic eyes
with MF and FD. The postoperative retinal function
recovery was similar.

Summary

What was known before

● Myopic foveoschisis with foveal detachment had been
treated by vitrectomy without ILM peeling as well as
foveal sparing ILM peeling in an attempt to reduce the
occurrence of postoperative complications.

What this study adds

● We performed this retrospective study to assess which is
the best method for improving anatomical and func-
tional outcomes, and to reduce the incidence of
postoperative macular holes.
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