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Outcomes of 23G vitrectomy and internal limiting
membrane peeling with brilliant blue in patients with
myopic foveoschisis from a retrospective cohort study
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Abstract. The aim of the present study was to investigate
whether internal limiting membrane (ILM) peeling in patients
with myopic foveoschisis (MF) treated with 23-gauge (23G)
vitrectomy improved the anatomical and visual outcomes. In
this retrospective cohort study, from March 2014 to August
2017 at the Department of Ophthalmology, The Second
Affiliated Hospital of Nanchang University (Nanchang,
China), 60 patients (60 eyes) with MF underwent 23G vitrec-
tomy. The patients were grouped according to whether they
underwent brilliant blue-assisted ILM peeling (peeling group)
or not (non-peeling group). Best-corrected visual acuity
(BCVA) and central macular thickness (CMT) on optical
coherence tomography were measured. There were 30 eyes
in each group and the baseline characteristics were similar
(all P>0.05). BCVA improved in 24 eyes (80%) in the peeling
group and 25 eyes (83.3%) in the non-peeling group (P=0.922).
Preoperative CMT was not significantly different between the
peeling and non-peeling group (458+62.2 vs. 460+61.1 ym,
respectively, P=0.229). However, postoperative CMT was
significantly different between the peeling and non-peeling
group (269.3+67.7 vs. 294.4+60.5 pum, respectively; P=0.015).
In the peeling group, MF was completely resolved in all 30
eyes, but only in 26 eyes in the non-peeling group (P=0.038).
Postoperative Amsler testing was positive in five eyes in the
peeling group and 13 eyes in the non-peeling group (P=0.024).
Complications were similar in both groups; postoperatively,
there were one and two cases of iatrogenic peripheral retinal
break, three and two cases of macular hole, and one and one
case of retinal detachment in the peeling and non-peeling
groups, respectively.23G vitrectomy combined with bril-
liant blue-assisted ILM peeling resulted in better visual and
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anatomical effects compared with 23G vitrectomy alone in
patients with MF.

Introduction

Myopic foveoschisis (MF) was first described in 1958 as a
posterior retinal detachment without macular hole (1). It is
a common complication in patients with myopia (2). It is
characteristic of a macular intraretinal cleavage in myopic
posterior staphyloma, and cannot be easily detected due
to the poor contrast between the myopic retina and the
choroid (3). However, hyporeflective splitting between the
thin and faint reflective outer retina and the thicker, more
reflective inner retina may be detected on an optical coher-
ence tomography (OCT) scan (4), and its existence has been
increasingly recognized with the arrival of OCT (5,6). The
estimated morbidity of MF ranges between 8 and 34% in
highly myopic eyes (7). The pathogenesis of MF is not clear.
However, vitreous traction, decreased elasticity of the ILM,
and a stretched retina due to staphyloma have been deemed
to be possible causes (8). MF may be formed prior to macular
retinal detachment and macular hole, and cause visual
impairment, particularly when it affects the premacular
structure (9,10). Thus, in order to prevent the deteriora-
tion of the anatomy and function of the retina, and vision,
surgical intervention is required for these patients (11). The
effectiveness of 20G vitrectomy for MF has previously been
demonstrated (12). The positive effect of vitrectomy also
demonstrates that vitreous traction serves an important role
in the development of MF. However, the surgical indications
and the treatment time are not yet clear. Zhang et al (13)
reported that MF and visual acuity (VA) deteriorated in 20
out of 29 eyes during a follow-up period of 31.2 months, and
visual prognosis and surgical success rates have been poor
following development of a macular hole in myopic eyes
with posterior staphyloma (14).

Recently, there have been reports about minimally inva-
sive vitrectomy surgery (MIVS) in treating MF (12). 23-gauge
(23G) vitrectomy is one type of MIVS (15). The advantage of it
is that the incision does not require suturing (16). The evidence
also demonstrates that MIVS results in less inflammation, less
discomfort, faster recovery of VA and, occasionally, a shorter
surgery time (12,17). The ILM can be more easily visualized
with brilliant blue (BB) staining to aid peeling (15).
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Removal of traction by ILM peeling is a key component of
numerous vitrectomy procedures (18). However, the evidence
supporting the requirement to peel the ILM is inconsistent. Studies
that indicate good outcomes following ILM peeling (15,19,20)
are countered by those that suggest that outcomes are improved
without ILM peeling, or by methods that reduce the peeling
area (21). However, the majority of these studies are case series
that do not directly compare the two methods (22,23), and those
that do, suggest that peeling the ILM may be preferable (24). The
present study hypothesized that 23G vitrectomy with BB-assisted
ILM peeling in the eyes of patients with MF may provide a better
outcome compared with 23G vitrectomy alone. Therefore, the
aim of the current study was to compare the anatomical and
visual outcomes of patients with MF treated by 23G vitrectomy
with and without ILM peeling.

Subjects and methods

Study design. The current retrospective cohort study included
data from patients treated with 23G vitrectomy for MF
between March 2013 and August 2016 in the Department of
Ophthalmology, The Second Affiliated Hospital of Nanchang
University (Nanchang, China).

Patients. Patients were included in the study according to
the following inclusion criteria: i) BCVA>0.4 (BCVA values
were obtained using the logMAR test); ii) presented with
metamorphopsia; iii) OCT examination revealed macular
retinoschisis or macular retinoschisis with macular traction;
and iv) refractive error >-6.0 diopters. The exclusion criteria
were as follows: 1) Eyes with an apparent macular hole; ii) eyes
with retinal detachment; iii) eyes with glaucoma; and iv) eyes
with choroidal neovascularization, macular degeneration or
submacular hemorrhage.

The present study was performed in accordance with the
tenets of the Declaration of Helsinki. The current study was
approved by the Ethics Committee of The Second Affiliated
Hospital of Nanchang University [approval no. (2012)095].
The requirement for written consent was waived by the Ethics
Committee.

The patients were grouped to the peeling and non-peeling
groups according to whether they received BB-assisted ILM
peeling during the vitrectomy procedure or not. A total of
60 eyes from 60 patients were included in the study, and there
were 30 eyes in each group.

Interventions.Patients in the peeling group underwent 23G pars
plana vitrectomy (ppv) and ILM peeling with gas tamponade
octafluoropropane (C3F8). Patients in the non-peeling group
underwent 23G ppv with gas tamponade (C3F8). In the two
groups, if patients had cataracts, phacoemulsification intra-
ocular lens implantation (IOL) was performed prior to the
posterior segment operation.

All operations were performed by the same experienced
surgeon. The procedure for patients in the peeling and
non-peeling groups was standard three-port 23G pars plana
vitrectomy. To avoid the effects of postoperative cataract devel-
opment, phacoemulsification with implantation of an intraocular
lens was performed in the phakic eyes. The vitrectomy proce-
dure consisted of core vitrectomy, creating a posterior vitreous
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detachment, peripheral vitrectomy and shaving of the basal
vitreous body, the entire vitrectomy procedure was performed
with the aid of Resight 700 non-contact wide-angle lenses
(+128 Diopters; Resight; Carl Zeiss AG, Oberkochen, Germany).
The residual posterior vitreous was identified using triam-
cinolone acetonide (Xudong Haipu Pharmaceuticals, Co., Ltd.,
Shanghai, China). The ILM was stained with 0.3 m1 BB (Fluoron
GmbH, Ulm, Germany) in all patients of the peeling group,
after entirely removing the posterior hyaloid membrane and
epiretinal membrane. After 60 sec treatment with BB, peeling of
the ILM was performed by 23G ILM forceps and a non-contact
wide-viewing lens (+60D) for an area of macular retinoschisis
within the major vascular arcade and staphyloma. To avoid
damage to the retina, the point of ILM peeling without inner reti-
noschisis was selected according to 3D analysis with visualization
software on OCT (CIRRUS™ HD 4000-3716-OCT; Carl Zeiss
Meditec, Inc., Dublin, CA). In 3D-OCT prior to vitrectomy, the
outer retinoschisis (indicated by the white arrow) was observed
in the macular area and inner retinoschisis (indicated by the
white star) was observed in the temporal area of the maculae
(Fig. 1A). The ILM was stained blue in the intraoperative camera
under a +60D non-contact wide-viewing lens. The point of ILM
peeling was selected in the nasal-inferior area of the maculae
(indicated by white arrow; Fig. 1B). In the intraoperative camera
under a +128D non-contact wide-viewing lens, no retinal break
or hemorrhage was observed in the maculae following ILM
peeling (indicated by white arrows; Fig. 1C).

After peeling ILM, air-gas (16% C3F8) exchange was
performed subsequent to liquid-air exchange. When leakage
was found at the point of sclerotomy, the wound was sutured
using 8-0 VICRYL® sutures (Johnson & Johnson, New
Brunswick, NJ, USA). Patients were asked to maintain a
face-down position for 1 week.

Evaluations. All patients underwent ophthalmic examinations,
including BCVA and CMT, at baseline and at the final visit.
The examinations were undertaken using the logMAR test,
Amsler test, indirect ophthalmoscopy, slit-lamp biomicroscopy,
color fundus photography, OCT (13,25) and axial length was
measured with an optical biometer (IOL Master; Carl Zeiss
AG). When OCT examination revealed no MF, the MF was
considered completely resolved; when OCT examination
revealed MF, and it was not considered to be as severe as the
preoperative diagnosis, the MF was considered partly resolved.
It was positive for Amsler's test when a vacancy or curve was
found by looking at the white spot in the center of Amsler's grid.

Statistical analysis. All statistical analyses were performed
with SPSS software (version 11.0; SPSS Inc., Chicago, IL,
USA). Qualitative data are presented as a value and quanti-
tative data are presented as the mean =+ standard deviation.
Qualitative data were analyzed using a * test or t-'s exact
test. Continuous variables were analyzed using either the
Wilcoxon signed-rank test or the Mann-Whitney test. P<0.05
was considered to indicate a statistically significant difference.

Results

Patient demographics. A total of 30 eyes from 30 patients were
included in each group (Table I). The baseline characteristics



EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 589-595, 2019

591

Figure 1. 3D-OCT-guided ILM peeling with brilliant blue staining. (A) 3D-OCT 1 week prior to vitrectomy. Outer retinoschisis (indicated by white arrow)
was observed in the macular area, and inner retinoschisis (indicated by white star) was observed in the temporal area of the maculae. (B) Intraoperative
camera under a +60D non-contact wide-viewing lens revealed that the ILM was stained blue. The arrow was used to indicate the blue staining of ILM. The
point of ILM peeling was selected in the nasal-inferior area of the maculae (indicated by white arrow). (C) Intraoperative camera under a +128D non-contact
wide-viewing lens revealed no retinal break or hemorrhage in the maculae following ILM peeling (indicated by white arrows). 3D-OCT, three-dimensional

optical coherence tomography; ILM, internal limiting membrane.

were similar between the two groups (all P>0.05). The mean
age of the patients was 43.8+8.0 years in the peeling group and
42 .8+7.8 years in the non-peeling group (P=0.774). The mean
axial length was 28.3+1.2 mm in the peeling group compared
with 28.5£1.2 mm in the non-peeling group (P=0.984). The
mean follow-up duration post-surgery was 16.5+2.0 months
in the peeling group and 16.7+1.9 months in the non-peeling
group (P=0.632). In the peeling group, 23 (76.7%) of the 30
eyes were phakic prior to surgery and seven (23.3%) eyes were
pseudophakic. In the non-peeling group, 20 (66.7%) eyes were
phakic prior to surgery, and 10 (33.3%) were pseudophakic.
The mean preoperative BCVA (logMAR) was 0.84+0.29 in
the peeling group and 0.81+0.30 in the non-peeling group.
The mean preoperative CMT was 458+62.2 ym in the peeling
group and 460+61.1 ym in the non-peeling group. A total of
10 eyes had posterior staphyloma in the peeling group, and
11 eyes in the non-peeling group.

Visual and anatomical outcomes. Postoperative Visual acuity
(logMAR) improved from the preoperative BCVA in the
peeling and non-peeling group; however, the differences were
not statistically significant (Table II). At the last follow-up, the
visual acuity was improved in 24 out of 30 eyes (80%) in the
peeling group and 25 eyes (83.3%) in the non-peeling group,
remained unchanged in four (13.3%) eyes in the peeling group
and three (10%) in the non-peeling group, and worsened in two
eyes (6.7%) in the peeling group and two eyes (6.7%) in the
non-peeling group. The overall difference was not significant
(P=0.922). CMT decreased to 269.3+67.7 ym in the peeling
group and 294.4+60.5 ym in the non-peeling group; this
result was significantly different between the groups, with a
greater improvement in the peeling group (P=0.015). In the
peeling group, the foveoschisis on OCT completely resolved
in all 30 eyes within 6 months, and this was only achieved in
26 eyes in the non-peeling group (Fig. 2). Significant differ-
ences were identified in the rate of CMT changes between the
peeling group and the non-peeling group (P=0.038; Table II).
Significant differences were also identified between the groups
in the Amsler test, which was positive in five eyes in the peeling
group and 13 eyes in the non-peeling group (P=0.024; Table II).

Postoperative complications. The complications were similar
between the two groups (Table II). No serious complications,
such as the iatrogenic macular hole, occurred during vitrec-
tomy. Aniatrogenic peripheral retinal break developed in one
eye from the peeling group and two eyes from the non-peeling
group during vitrectomy, and the breaks were closed by
intraoperative photocoagulation. A full-thickness macular
hole developed in three eyes from the peeling group and two
eyes from the non-peeling group postoperatively. A 0.3 cc
gas injection of 100% C3F8 was performed in combination
with the maintenance of facedown position for 1 week, and
the macular holes of the two eyes in the peeling group and
two eyes in the non-peeling group were closed; however, the
macular hole of one eye in the peeling group was not closed,
and fluid-air exchange was performed followed by air-gas
(10% C3F8) exchange to finally close it. Retinal detachment
developed in one eye of the peeling group and one eye of the
non-peeling group post-vitrectomy due to a peripheral retinal
break. The patients underwent the treatment with silicone oil
injection and removal after 3 months; the retina reattached and
the foveoschisis completely resolved. Due to leakage at scle-
rotomy, the wound was sutured in two eyes from the peeling
group and three eyes from the non-peeling group.

Discussion

The aim of the present study was to investigate whether peeling
the ILM during 23G vitrectomy was preferable to not peeling
the ILM for patients with MF. The results demonstrated that
BCVA improved in the peeling and non-peeling groups. CMT
decreased more significantly in the peeling group compared
with the non-peeling group. In the peeling group, MF
completely resolved in all eyes of the peeling group, and this
was only observed in 87% of eyes in the non-peeling group.
In addition, the postoperative Amsler test was positive in just
five eyes in the peeling group compared with 13 eyes in the
non-peeling group, suggesting that any metamorphopsia had
been resolved (26). Peeling the ILM led to no greater risk
for patients, as complications were similar in the two groups.
Therefore, it may be suggested that peeling the ILM may
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Table I. Baseline characteristics of the patients.
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Peeling Non-peeling
Characteristics group (n=30) group (n=30) P-value Test
Mean age + SD, years (range) 43.8+8.0 42.8+7.8 0.774 Mann-Whitney test
Gender (M/F) 11/19 12/18 0.792 > test
Mean AX + SD, mm (range) 28.3+1.24 28.5+1.21 0.984 Mann-Whitney test
Preoperative IOP 153455 15.0£5.2 0.912 Mann-Whitney test
Duration of MF + SD, months (range) 6+3.1 6+3.3 0.964 Mann-Whitney test
Preoperative BCVA in logMAR, mean + SD 0.84+0.29 0.81+0.30 0.822 Mann-Whitney test
Preoperative CMT, mean + SD 458+62.2 460+61.1 0.229 Mann-Whitney test
Amsler test positive, n 21 22 0.781 Mann-Whitney U test
Preoperative lens status, n 0.390 ¥ test
Phakic 23 20
Pseudophakic 7 10
Combined cataract surgery, n 18 16 0.594 Mann-Whitney U test
Duration of Follow-up + SD, months (range) 16.5+2.0 16.7+1.9 0.632 Mann-Whitney test
PS,n 10 11 0.994 Mann-Whitney U test

SD, standard deviation; M, male; F, female; AX, axial length; IOP, intraocular pressure; MF, myopic foveoschisis; BCVA, best-corrected visual
acuity; CMT, central macular thickness; PS, posterior staphyloma; logMAR, Logarithm of the Minimum Angle of Resolution.

Table II. Postoperative outcomes and complications.

Peeling group ~ Non-peeling group  P-value Statistics

Postoperative BCVA in logMAR, mean + SD 0.75+£0.26 0.72+0.25 0.863 Wilcoxon signed-rank test
BCVA changes, n 0.922 ¥ test

Improved 24 25

Unchanged 4 3
Worsened 2 2
Postoperative CMT, mean + SD 269.3+67.7 294.4+60.5 0.015 Mann-Whitney test
CMT changes, n 0.038 Fisher's exact t-test

Completely resolved 30 26

Partly resolved 0 4
Amslertest positive, n 13 0.024 ¥ test
Complications ¥ test

Iatrogenic peripheral retinal break 1 2 0.554

Macular hole 3 2 0.643

Retinal detachment 1 1 1.0
Wound suturation, n 2 3 10 ¥ test
Gas tamponade (C3F8), n 30 30 1.0 ¥ test

SD, standard deviation; BCVA, best-corrected visual acuity; CMT, central macular; logMAR, Logarithm of the Minimum Angle of Resolution.

provide better outcomes compared with not peeling the ILM
in 23-gauge vitrectomy.

Numerous surgical options for the treatment of foveo-
schisis have been reported (27). A number of studies have
suggested the benefits of vitrectomy for the resolution of
foveoschisis by removing vitreoretinal traction (28,29).
However, the evidence supporting the need to peel the ILM
is inconsistent. Sayanagi et al (30) performed vitrectomy and

ILM peeling for persistent MF following primary surgery that
did not include ILM peeling. Favorable anatomical and visual
outcomes were achieved, indicating that ILM peeling may
be crucial for the treatment of MF (31). A number of studies
have reported that vitrectomy combined with ILM peeling
results in better anatomical and visual effect compared with
vitrectomy alone (14,15,19,20,32). On the other hand, certain
studies have demonstrated the effect of vitrectomy without
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Figure 2. Representative OTC images for a case in the peeling group. Preoperative and postoperative OCT images are presented. The horizontal arrows
indicate the direction of the OCT scans. (A) 1 week prior to vitrectomy. OCT demonstrated foveoschisis. Outer retinoschisis was observed in the fovea; inner
retinoschisis was observed in the temporal area of the maculae. A columnar structure bridged the inner and outer retinal layers. VA was 1.40 logMAR. Central
macular thickness was 500 ym. (B) Image captured 1 month after vitrectomy. The fovea was attached. VA was 1.0 logMAR. CMT was 355 ym. (C) Image
capture 3 months after vitrectomy. The retina remained attached. VA was 0.9 logMAR. CMT was 300 ym. (D) Image captured 6 months after vitrectomy.
The retina remained completely attached. VA was 0.4 logMAR. CMT was 230 ym. OCT, optical coherence tomography; CMT, central macular thickness;
VA, visual acuity; logMAR, Logarithm of the Minimum Angle of Resolution; T, temporal; N, nasal.

ILM peeling (21,23,33). However, the majority of studies
that have investigated ILM peeling are either case series or
case reports (34), with very few studies comparing the two
methods (35). The results of the present study suggested that
ILM peeling may be the preferable method, and this result
is consistent with the study which compared vitrectomy
with and without ILM peeling by Taniuchi er al (24), which
additionally demonstrated that tractional macular detachment
developed more frequently in eyes without ILM peeling. To
the best of our knowledge, the current study was the first to
demonstrate improved rates of metamorphopsia resolution
following ILM peeling, which is a major benefit in terms
of the visual outcome. Although ILM peeling may be a risk
factor for iatrogenic macular hole in high myopia (36), it
ensures complete removal of all macular vitreous traction and
reduces retinal stiffness to better match the posterior staphy-
loma (27). The thin and semitransparent ILM makes surgical
visualization challenging in patients with ILM peeling. ILM
peeling results in iatrogenic retinal injury involves macular
hole irregularities of the nerve fiber layers and retinal micro-
bleeds (37).

Chromovitrectomy has been developed as a way to improve
the visibility of the ILM, in order to shorten the surgery dura-
tion and reduce iatrogenic retinal trauma (38). A variety of
dyes, including trypan blue, indocyanine green (ICG) and BB,
are used to dye the ILM (39). Though ICG was first used to peel
the ILM in macular surgery, potential side effects have been
reported (40). In the present study, BB, a relatively new type of
dye, was used to dye the ILM. It selectively stains the ILM and
has no toxicity (41-43). Furthermore, to avoid damage to the

retina, the point area without inner retinoschisis was selected
according to the 3D analysis with a 3D visualization software
following OCT.

The present study has certain limitations. The sample size
was quite small, and the patients were not randomized into
groups due to the retrospective nature of the study. Therefore,
there may have been certain bias in the patient selection. A
larger study would be able to provide further evidence for these
results and would allow the data to be analyzed according to
different patient characteristics to evaluate whether different
methods should be used in different patients. Vitrectomy
combined with ILM peeling may solve the issue of vertical
and tangent traction, although it cannot prevent the progress
of posterior staphyloma, which remains an important factor
in MF (27). Recently, a number of studies have shown that
posterior scleral reinforcement surgery in the treatment of
MF is effective; it may stabilize the eye axis and improve
visual acuity (44,45). Future studies may further investigate
the therapeutic effect of vitrectomy combined with posterior
scleral reinforcement on MF.

The current retrospective cohort study identified that 23G
vitrectomy with BB-assisted ILM peeling resulted in more
favorable visual and anatomical outcomes in patients with MF
compared with not peeling the ILM.
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