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Abstract
Background/Objectives To identify risk factors for glaucoma-related central visual field (VF) deterioration after vitrectomy
with internal limiting membrane (ILM) peeling for epiretinal membrane (ERM).
Subjects/Methods A prospective cohort study consisting of cases with or without glaucoma (33 eyes of 33 patients in each
group) who underwent vitrectomy with ILM peeling for ERM. Humphrey 10–2 VFs and ganglion cell complex (GCC)
thickness were measured at baseline and about 3, 6, and 12 months postoperatively. Longitudinal changes in VF indices and
factors associated with their postoperative changes were investigated using mixed-effects models, as was sectorwise total
deviation (TD) analysis using six sectors consisting of outer/inner arcuate and cecocentral sectors in each hemifield.
Results VF mean deviation significantly deteriorated postoperatively only in the glaucoma group (P < 0.001). Older age,
longer axial length, preoperative worse mean deviation, and thinner GCC were significant risk factors for postoperative
deterioration (coefficient ± standard errors: −0.139 ± 0.067, −0.740 ± 0.241, 0.16 ± 0.07, 0.050 ± 0.020; P= 0.038, P=
0.002, P= 0.024, P= 0.012, respectively). Sectorwise analysis revealed that TD in the superior/inferior outer arcuate sectors
significantly deteriorated only in the glaucoma group. Preoperative worse TD and thinner GCC were significant risk factors
for deterioration in the superior outer arcuate sector (0.65 ± 0.11, 0.08 ± 0.03; P < 0.001, P= 0.042, respectively).
Conclusions Central VF deterioration, especially in the outer arcuate sectors, found to be glaucoma-related changes after
vitrectomy with ILM peeling for ERM. Preoperative worse VF and thinner GCC were identified as risk factors for
postoperative VF deterioration.

Introduction

Pars plana vitrectomy (PPV) is the standard treatment for
epiretinal membrane (ERM) to restore visual function. The
time course for postoperative improvements has been
shown for various aspects of visual function including
visual acuity [1–3], metamorphopsia [1, 3], and aniseikonia
[2, 3]. However, the visual field (VF) may become impaired

after PPV for ERM especially when using internal limiting
membrane (ILM) peeling [4–6].

Glaucoma, one of the most common causes of blindness
worldwide, is sometimes found as a co-morbidity of
macular disorders. On the other hand, ERM is a common
macular pathology, and was reported to cause imaging
artefacts in optical coherence tomography (OCT) in eyes
with glaucoma [7]. Given that the global prevalence of
glaucoma is predicted to increase in the future [8], the
number of patients with glaucoma who undergo PPV for
ERM will continue to increase. The central VF, which is
often affected even in the early stages of glaucoma [9], has a
significant impact on vision-related quality of life [10].
Therefore, the influence of ERM surgery on central VFs in
eyes with coexisting glaucoma is an urgent issue to be
addressed.

Postoperative VF deterioration in glaucomatous eyes was
first reported in a small case series of patients with moderate
to advanced glaucoma who underwent PPV for ERM or
macular hole [11]. Recently, we also reported that PPV with
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ILM peeling for ERM or macular hole may cause VF
damage within the central 10° in glaucomatous eyes [12].
However, we used Humphrey 24–2 VFs, which has 54 test
points located in a 6° grid pattern in the central 24–30°, with
only 12 test points within 10°.

The purpose of this study was to identify risk factors for
glaucoma-related central VF deterioration after PPV with
ILM peeling for ERM by comparing eyes with and without
glaucoma using 10–2 VFs having 68 test points within 10°.
Furthermore, we adopted a new 6-sector analysis for 10–2
VFs to reveal topographical characteristics of postoperative
central VF changes.

Methods

Participants

This prospective cohort study (protocol ID:
UMIN000035354) enrolled patients with ERM who
underwent PPV with ILM peeling from May 2011 to June
2017 at Kanazawa University Hospital. The study protocol
was approved by the Institutional Review Board of Kana-
zawa University Hospital, and was performed in accordance
with the tenets of the Declaration of Helsinki. Written
informed consent was obtained from each subject.
Recruitment of patients with glaucoma started in May 2011,
while that of patients without glaucoma was added from
January 2015 in order to compare outcomes between two
cohorts. Eighteen patients in the glaucoma group and 25
patients in the control group were also included in our
previous study [12].

Ophthalmic examinations

ERM diagnosis was made by fundus examination, fundus
photos and OCT imaging. Patients with other vision
threatening diseases such as corneal diseases, visually sig-
nificant cataract, uveitis, diabetic retinopathy, and macular
degenerative diseases were excluded. Patients underwent
preoperative ophthalmic examinations including measure-
ment of best-corrected visual acuity (BCVA), slit-lamp
examination, intraocular pressure (IOP) measurements
using Goldmann applanation tonometry, axial length mea-
surements (OA-1000, TOMEY, Tokyo, Japan), dilated
fundus examination, fundus photography, VF tests (Hum-
phrey VF Analyzer II, 24–2 and 10–2 Swedish interactive
threshold algorithm, Humphrey-Zeiss instrument, Dublin,
CA), and spectral-domain OCT scans (RS-3000 Retina
Scan, Nidek Inc., Gamagori, Aichi, Japan). We did not
enroll patients with poor quality OCT images due to image
artefacts or low signal intensity in the preoperative
examinations.

Glaucoma diagnosis

The criteria for glaucoma diagnosis were: (1) normal ante-
rior segment with normal open-angle; (2) glaucomatous
appearance of the optic disc (enlarged cupping and neu-
roretinal rim thinning) associated with retinal nerve fiber
layer (RNFL) defects; and (3) reproducible VF defects in
24–2 VFs corresponding to the optic disc changes. Glau-
comatous VF defects were defined as follows: (1) a cluster
of three points with a probability <5% on a pattern deviation
map in at least one hemifield including at least one point
with a probability <1%; (2) glaucoma hemifield test results
outside normal limits; or (3) pattern standard deviation
<5%. Eyes in the control group had no glaucomatous optic
disc abnormalities. Glaucoma types included were normal-
tension glaucoma (IOP < 21 mmHg at all visits), primary
open-angle glaucoma (IOP > 21 mmHg at ≥1 visits), and
exfoliation glaucoma.

10–2 VF tests

The 10–2 VF tests were performed preoperatively and three
times postoperatively. Postoperative VF tests of the oper-
ated eyes were scheduled at 3, 6, and 12 months in the
control group, while the schedule was slightly modified in
the glaucoma group because VF tests of the fellow eyes
were also needed during the study periods in patients with
bilateral glaucoma. VF results with fixation loss <20%, false
positive error <15%, and false negative error <20% were
considered to be reliable. Prior to preoperative 10–2 VF
testing, all participants underwent 24–2 VF tests in both
eyes for glaucoma diagnosis and for reducing VF learning
effects [13]. When 10–2 VF results were unreliable or
obviously abnormal, 10–2 testing was repeated and the
second VF data were adopted.

For sectorwise VF analyses, total deviation (TD) was
averaged within each of six sectors (superior outer [S/O]
arcuate, superior inner [S/I] arcuate, superior cecocentral,
inferior outer [I/O] arcuate, inferior inner [I/I] arcuate, and
inferior cecocentral sectors; Fig. 1a). The six sectors were
created referring to previous reports based on the orientation
of the retinal ganglion cell (RGC) axon bundles toward the
optic disc [14–16]. The anti-logged TD values for indivi-
dual VF test points were averaged per sector then were
logged to convert back to a dB scale to calculate average
TD values [17].

OCT measurement

Patients underwent OCT examination at each VF session.
Macular raster OCT scans (128 vertical B-scans, each of
which had 512 A-scans, over a 30 × 30° square area) were
performed to measure ganglion cell complex (GCC; RNFL
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+ ganglion cell layer+ inner plexiform layer) thickness.
We reviewed B-scan images consisting of raster scans, and
manually corrected the segmentation lines for GCC as
needed at the retinal locations for GCC thickness mea-
surements. The segmentation line was set to the ERM
surface where ERM was tightly attached to the retinal sur-
face, while it was set to the retinal surface where ERM was
apparently detached from the retina. GCC thickness at the
retinal locations corresponding to each 10–2 VF test point,
accounting for RGC displacement, was measured using a
customized OCT software (Fig. 1b) [18, 19]. Sectorwise
GCC thickness was obtained by averaging GCC thickness
within each sector. We adopted only reliable OCT results
without image artefacts or a low signal strength index ≤6).
Using horizontal and vertical line scans across the fovea,
ERM was classified into four stages according to the staging
scheme [20]: stage 1, preserved foveal pit and well-defined
retinal layers; stage 2, absent foveal pit and well-defined
retinal layers; stage 3, an ectopic inner foveal layer and
well-defined retinal layers; stage 4, an ectopic inner foveal
layer and disrupted retinal layers.

Surgical procedures

PPV with small-gauge instruments was performed by a
single surgeon (TH) as described previously [12]. Triamci-
nolone acetonide (MaQaid®, Wakamoto Pharmaceutical,
Tokyo, Japan) was utilized in all cases. Briefly, the ERM
was directly grasped and peeled with end-gripping forceps.
All cases underwent ILM peeling. To visualize the residual
ILM after ERM peeling, triamcinolone acetonide was rein-
jected, and brilliant blue G (BBG; ILM-Blue®, DORC
International, Zuidland, The Netherlands) was used in recent
cases. After staining, the residual ILM was directly grasped
and peeled with end-gripping forceps within the area of ~10°

eccentricity from the fovea. ERM and ILM peeling were
usually initiated from the superior quadrant. Cataract surgery
using phacoemulsification with intraocular lens implantation
was combined with PPV in phakic patients.

Assessment of postoperative dissociated optic nerve
fiber layer (DONFL) appearance

A DONFL appearance, characterized by numerous arcuate
striae darker than the surrounding retinal surface [21], was
determined using blue-filtered fundus photographs and en
face OCT images obtained at all postoperative visits.

Statistical analyses

Preoperative demographic data were compared between two
groups (i.e., glaucoma vs. control groups) using standard
statistical procedures as indicated in Table 1. Linear mixed-
effects models with subject-specific random effects were
employed following analysis; sectorwise between-group
comparisons of preoperative 10–2 TD and GCC thickness,
longitudinal changes in BCVA, IOP, GCC thickness, 10–2
MD/PSD, and TD in each sector, relationship between GCC
thickness and 10–2 TD in each sector, and multivariate
analysis for factors associated with postoperative changes in
10–2 MD and sectorwise TD in each group. For the sec-
torwise analysis, values in different sectors of the same eye
were treated as repeated measurements, and the sector order
was included as a categorical variable in the interaction term
with other variables accounting for the possible intersectoral
correlation in the same eye [22]. The continuous variables
in the interaction terms were centered at their mean values.
To consider possible influence of the interval between
surgery and VF tests in the analysis of longitudinal changes
in variables, the interval was adopted as a covariate for
subject-specific random slopes, and was also included as an
independent variable in the multivariate analysis. The
independent variables included in the multivariate analysis
are shown in Supplementary Tables 1–3. Statistical analyses
were performed with Stata software (version 16.0; Stata-
Corp, TX) and SPSS (version 23.0; SPSS Inc., Chicago,
IL). The statistical significance level was set as P < 0.05,
and the Bonferroni correction for multiple comparisons was
applied as indicated. The sample size was set to detect a
difference of 0.5 standard deviations with an α error of 0.05
and a power of 80% for paired comparisons of preoperative
and postoperative VFs.

Results

Sixty-six eyes of 66 patients were included in this study (33
eyes in the control group and 33 eyes in the glaucoma

Fig. 1 Sectorwise analysis of Humphrey 10–2 test points. a Each
box indicates the 10–2 test points. The sectors are defined as follows:
(1) superior outer arcuate, (2) superior inner arcuate, (3) superior
cecocentral, (4) inferior outer arcuate, (5) inferior inner arcuate, and (6)
inferior cecocentral sector. b Retinal view of the 10–2 test points
adjusted for retinal ganglion cell displacement. The thickness of the
ganglion cell complex was measured for each point (circular area with
a radius of 0.8°). The outer circle shows the area of the central 10°
from the fovea.
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group). Patient characteristics in each group are shown in
Table 1. The number of normal-tension glaucoma, primary
open-angle glaucoma, exfoliation glaucoma was 25, 6, and
2, respectively. BBG was significantly more commonly
used in the control group than the glaucoma group due to
different enrollment periods for two groups. There were no
significant intraoperative or postoperative complications in
any cases. Two patients with exfoliation glaucoma had a
history of phaco-trabeculotomy before PPV. None of the
glaucomatous patients underwent additional glaucoma sur-
geries in the follow-up periods. The interval between sur-
gery and each postoperative VF session did not differ

significantly between two groups. Preoperative mean TD in
the S/O, S/I, and I/O arcuate sectors was significantly lower
in the glaucoma group than in the control group (P < 0.001
for each) (Supplementary Fig. 1A). Mean GCC thickness in
the S/O and S/I arcuate sectors was significantly thinner in
the glaucoma group than in the control group (P= 0.006
and P= 0.042, respectively) (Supplementary Fig. 1B).

DONFL was detected at the first postoperative visits in
all of eight cases; one patient each for stages 1, 2, and 4
ERM in the glaucoma group, and one patient with stage 2,
three patients with stage 3, and one patient with stage 4
ERM in the control group. The incidence rate of DONFL
was not statistically different between different ERM stages
(P = 0.36, Fisher’s exact test).

Regarding the longitudinal changes in parameters, BCVA
significantly improved postoperatively in both groups (P <
0.001). IOP in the control group significantly decreased
3 months after surgery (P= 0.046), then recovered to the
preoperative level thereafter. In the glaucoma group, IOP
significantly increased 12 months after surgery (P= 0.032).
GCC thickness significantly decreased in both groups (P <
0.001) (Supplementary Fig. 2). The 10–2 MD and PSD were
stable in the control group, but significantly deteriorated
postoperatively in the glaucoma group (P < 0.001) (Fig. 2).

Antiglaucoma medications were discontinued after surgery
for all patients in the glaucoma group, and were added in the
follow-up periods as needed. Therefore, medication score
decreased at the 1st postoperative visit (1.3 ± 1.3 vs. 0.9 ± 1.2,
P= 0.015), then returned to the baseline level thereafter.

Factors associated with 10–2 MD changes after PPV

In the multivariate analysis (Supplementary Table 1), MD
changes were significantly worse in eyes with DONFL than
in eyes without (P= 0.001), and preoperative worse 10–2
MD were significantly associated with MD improvement in
the control group (P= 0.001). In the glaucoma group, older
age, longer axial length, preoperative worse 10–2 MD and
thinner GCC were significant risk factors for MD dete-
rioration (P= 0.038, P= 0.002, P= 0.024, P= 0.012,
respectively). ERM stages, baseline IOP, combined cataract
surgery, and the interval between surgery and VF tests were
not associated with MD changes in either group. Pre-
operative medication score and BBG usage were not asso-
ciated with MD deterioration in the glaucoma group.

Sectorwise TD changes after PPV and their
relationships with preoperative GCC thickness or TD
values

In the glaucoma group, TD in the S/O arcuate sector was
significantly deteriorated at all postoperative visits (P <
0.001, each), while, in the I/O arcuate sector, TD showed a

Table 1 Comparison of factors between eyes with and without
glaucoma.

Factors Control
(n= 33)

Glaucoma
(n= 33)

P value

Male/female 9/24 12/21 0.60a

Age (years) 66.4 ± 6.3 68.3 ± 7.3 0.27b

Right/left eye 17/16 13/20 0.46a

Visual acuity (logMAR) 0.13 ± 0.19 0.17 ± 0.20 0.58c

Spherical equivalent (D) −1.9 ± 2.9 −2.9 ± 3.6 0.28c

Axial length (mm) 23.9 ± 1.2 24.4 ± 1.7 0.17b

Intraocular
pressure (mmHg)

14.4 ± 3.1 13.1 ± 2.4 0.06b

ERM stage 1/2/3/4 5/14/12/2 6/12/11/4 0.88a

24–2 MD (dB) −2.5 ± 1.3 −8.8 ± 6.1 <0.001c

24–2 PSD (dB) 1.8 ± 0.5 7.1 ± 4.5 <0.001c

10–2 MD (dB) −2.0 ± 1.4 −7.7 ± 5.6 <0.001c

10–2 PSD (dB) 1.4 ± 0.3 6.5 ± 4.7 <0.001c

GCC thickness (µm) 130.8 ± 19.3 117.9 ± 23.2 0.008c

Medication score 0 1.3 ± 1.3 <0.001c

Combined cataract surgery 29 28 1.00a

PVD induction 1 2 0.43a

FGX 3 3 1.00a

BBG usage 33 21 <0.001a

DONFL appearance 5 3 0.71a

1st 10–2 VF tests (months
after surgery)

3.2 ± 0.3 3.4 ± 1.8 0.80c

2nd 10–2 VF tests (months
after surgery)

6.2 ± 0.5 7.4 ± 3.8 0.25c

3rd 10–2 VF tests (months
after surgery)

12.2 ± 0.2 14.1 ± 5.2 0.58c

Data of numerical variables are presented as means ± standard
deviations.

logMAR logarithm of the minimal angle of resolution, ERM epiretinal
membrane, MD mean deviation, PSD pattern standard deviation, GCC
ganglion cell complex, FGX fluid-gas exchange, BBG brilliant blue G,
DONFL dissociated optic nerve fiber layer, VF visual field.
aFisher’s exact test.
bTwo sample t test.
cMann–Whitney U test.

922 S. Tsuchiya et al.



transient worsening at the first postoperative visit (P <
0.001). In contrast, the control group showed a small but
significant improvement in TD in the I/O and I/I arcuate
sectors (I/O sector, P= 0.01–0.045 at three postoperative
visits; I/I sector, P= 0.029 and P= 0.020 at 3 and
6 months, respectively) (Fig. 3).

The scatter plots for the relationship between post-
operative TD changes and baseline values of GCC thickness
or TD in all 10–2 VF sectors showed a TD decease of ≥5 dB

occurred only in the glaucoma group (Fig. 4). Of note, no
VF sectors with corresponding baseline GCC thickness of
≥150 µm had a TD decease of ≥5 dB, while even VF sectors
with almost intact baseline TD values did.

Factors associated with sectoral TD changes

Regarding factors associated with sectorwise TD changes
in the control group, preoperative TD was negatively

10

Fig. 2 Longitudinal changes in 10–2 visual field indices in eyes
with and without glaucoma. a 10–2 mean deviation, b 10–2 pattern
standard deviation. Estimated marginal mean from the linear mixed-
effects models with an interaction term of group (i.e., glaucoma vs.
control) and visual field session order as an independent variable was

plotted for each group at each postoperative session. Error bars= 95%
confidence interval. Solid and dashed lines indicate the control and
glaucoma groups, respectively. f/u follow-up session. *P < 0.05 after
Bonferroni correction.

Fig. 3 Longitudinal changes in sectorwise TD values in the central
10 degrees. a Superior outer arcuate, b superior inner arcuate,
c superior cecocentral, d inferior outer arcuate, e inferior inner arcuate,
and f inferior cecocentral sector. Estimated marginal means from the

linear mixed-effects models are plotted for each postoperative session.
Error bars= 95% confidence interval. Solid and dashed lines indicate
the control and glaucoma groups, respectively. f/u follow-up session.
*P < 0.05 after Bonferroni correction. TD total deviation.
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associated with postoperative TD changes in all sectors
(P < 0.001), indicating that worse preoperative TD is
linked with postoperative TD improvement. TD changes
in the inferior cecocentral sector were significantly worse
in eyes with DONFL than in eyes without (P= 0.042)
(Supplementary Table 2). In contrast, preoperative TD in
the S/O and I/I arcuate sectors and both superior and
inferior cecocentral sectors was positively associated with
postoperative TD changes in the glaucoma group (P <
0.001, P < 0.001, P= 0.03, P= 0.02, respectively), indi-
cating that worse preoperative TD is predictive of post-
operative TD deterioration. A thinner preoperative GCC
was a significant risk factor for postoperative TD wor-
sening in the S/O arcuate sector (P= 0.042, Supplemen-
tary Table 3).

Structure–function relationship in each sector

In the control group, GCC thickness in both preoperative and
postoperative examinations had no clear correlations with TD
in any sectors although some sectors showed significant but
very weak correlations postoperatively. The eyes in the
glaucoma group had more evident positive structure–function

relationship postoperatively than preoperatively especially in
the outer arcuate sectors (Supplementary Table 4).

Discussion

The present study demonstrated significant central VF
deterioration, as evidenced by worsening of 10–2 MD and
PSD, after PPV with ILM peeling for ERM only in eyes
with glaucoma. The results corroborated our previous ret-
rospective study using 24–2 VFs that showed the coex-
istence of glaucoma is a risk factor for postoperative central
VF deterioration [12], which confirmed that central VF
deterioration is a glaucoma-related adverse effect associated
with surgery. The association of aging and longer axial
length with 10–2 MD worsening in glaucomatous eyes was
also in agreement with our prior study [12]. The 6-sector
analysis revealed that outer arcuate sectors were the sites to
be damaged in eyes with glaucoma. Furthermore, both
worse VF and thinner GCC were the predictors of post-
operative worsening of MD and TD in the S/O arcuate
sector, indicating that eyes with advanced glaucoma are at
higher risk of postoperative central VF deterioration.

(A) (B)

(C) (D)

(dB)

(dB) (dB)

(dB)

(dB)(dB)

(µm) (µm)

Fig. 4 Relationship between postoperative TD changes and base-
line values of GCC thickness or TD in all 10–2 VF sectors: glau-
coma vs control groups. TD changes in all 10–2 VF sectors of all
patients at all postoperative sessions in the glaucoma (a, c) or control

(b, d) groups were plotted against preoperative GCC thickness at the
matched retinal locations (a, b) or baseline TD values (c, d). TD total
deviation, VF visual field, GCC ganglion cell complex.
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In this study, sectorwise VF analysis was performed
based on the orientation of the RGC axon bundles toward
the optic disc given that the greatest mechanical stress
generated by membrane peeling should be exerted on the
retinal surface (i.e., RNFL). Direct mechanical damage to
the RNFL caused by needles or forceps during membrane
peeling has been shown to contribute to postoperative
paracentral scotoma in eyes with macular hole [23]. We
found that 10–2 VF deterioration in glaucomatous eyes was
sector-dependent, and that the S/O and I/O arcuate sectors
were the susceptible locations. These sectors include the
macular area with thinner RNFL than other areas in healthy
eyes [24]. The thin RNFL may be associated with vulner-
ability to mechanical damage caused by membrane peeling.

Intriguingly, these sectors showed different patterns of
TD worsening, with sustained or transient worsening in the
S/O or I/O arcuate sectors, respectively. One difference
between these two VF sectors was that preoperative GCC
was significantly thinner in the S/O arcuate (i.e., inferior
macula) than in the I/O arcuate (i.e., superior macula, P=
0.02), while preoperative TD values in two sectors were
almost the same. In glaucomatous eyes, these two sectors
and the S/I arcuate sector had significantly lower TD values
(i.e., glaucomatous VF defects) than in nonglaucomatous
eyes. The S/O arcuate VF sector, which showed sustained
TD worsening, had a thinner GCC than the I/O and S/I
arcuate VF sectors, suggesting that inner retinal thickness
may be an important determinant of retinal sensitivity
deterioration by membrane peeling in the retinal area with
glaucomatous VF defects. The initiation site of ILM peeling
was in the I/O arcuate VF sector (i.e., superior macula). The
transient worsening of TD in the I/O arcuate sector, but not
in the S/I arcuate sector, indicates that the direct mechanical
stress caused by the initiation of membrane peeling may
cause reversible functional impairment of the RGCs.

ERM peeling without ILM peeling may be favorable for
the prevention of VF deterioration. In order to facilitate ILM
peeling, indocyanine green has commonly been used,
although it was reported to have adverse effects on retinal
sensitivity compared to BBG [25]. Even without indocya-
nine green, patients who underwent PPV with ILM peeling
for ERM were found to have significantly delayed recovery
of central retinal sensitivity and significantly greater number
of absolute microscotomas in the central VFs compared
with patients without ILM peeling [5]. A case series of ten
patients with ERM showed that patients with decreased
amplitudes in multifocal electroretinography after ILM
peeling had new clusters of contiguous test points with
increased threshold values in 10–2 VF testing [26]. How-
ever, it is rather difficult to remove an ERM while leaving
the ILM intact, given that an ILM was present in all ERM
specimens in this histological study [21]. Shimada et al.

reported that only 34% of cases showed total ILM
remaining after ERM peeling [27]. Furthermore, a meta-
analysis reported that ILM peeling significantly reduced
ERM recurrence without compromising the recovery of
visual acuity [6]. Our present results from the control group,
in which there was no significant deterioration of 10–2 VFs,
support ILM peeling for ERM without using indocyanine
green as a relatively safe and effective procedure, at least in
nonglaucomatous eyes.

DONFL was originally characterized by Tadayoni et al.
in a retrospective study showing that a DONFL appeared in
blue-filtered photographs in 43% of ERM cases after PPV
with ILM peeling [21]. Park et al. reported a DONFL
appearance after PPV in 10% of ERM cases as determined
by fundus photos and OCT B scans [28]. The incidence of
DONFL may depend on the detecting methods. Alkabes
et al. reported a 100% detection rate using en face OCT
scans after PPV with ILM peeling for macular hole [29]. In
the present study, a DONFL appearance was found in only
12% of cases even when using en face OCT scans at
comparable time points for DONFL evaluation to previous
studies [29–32]. Several studies have demonstrated that a
DONFL appearance did not alter retinal sensitivity, as
measured by microperimetry or 10–2 VF testing after PPV
with ILM peeling for macular hole [30, 31]. However,
Nukada et al. showed significant differences in retinal
sensitivities between the area on the DONFL and areas
away from it [32]. Although we found that postoperative
changes in MD and TD in the inferior cecocentral sector
were significantly worse in eyes with DONFL than in eyes
without in the control group, the differences were small.
Therefore, the negative effects of DONFL on postoperative
VFs may be clinically insignificant.

We utilized the ERM staging system developed by
Govetto et al. based on the existence of ectopic inner foveal
layers to investigate the relationship between the severity of
ERM and VF deterioration [20]. They demonstrated that the
stage progressed over time, and that advanced ERM stages
were associated with poor visual acuity preoperatively as
well as postoperatively [33]. In our study, the existence of
ectopic inner layers (i.e., stages 3 or 4) was not a significant
factor for postoperative VF changes in either group in the
multivariate analysis. However, more cases with stage 4
ERM may be needed to confirm our findings.

As for the structure–function relationship per sector,
glaucomatous eyes showed more evident relationship
postoperatively than preoperatively especially in the outer
arcuate sectors. This implies that ERM-induced retinal
thickening masked the glaucomatous structure–function
relationship. Although we did not find clear structure–
function relationship in the control group, a recent report
showed postoperative GCC thickness was significantly
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correlated with 10–2 TD in most of Early Treatment of
Diabetic Retinopathy Study (ETDRS) sectors in non-
glaucomatous eyes [34]. They showed significant TD
decrease and abnormal GCC thinning in some ETDRS
sectors in eyes treated with indocyanine green for ILM
staining (60% of cases) which may have adverse effects on
retinal sensitivity [25]. In contrast, we did not use indo-
cyanine green at all, and experienced no severe TD dete-
rioration in any patients in the control group. The use of
indocyanine green may be a reason for the controversial
results between two studies.

This study has several limitations. The sample size was
small, and the results were based on surgeries by a single
experienced surgeon performed in Japanese patients with or
without glaucoma, mainly normal-tension glaucoma. All
glaucomatous eyes already had a scotoma in 10–2 VFs
meeting the criteria proposed by Traynis et al. [9]. In their
study, a cluster of three contiguous abnormal points (5%,
5%, and 1% or 5%, 2%, and 2%) within a hemifield on
either TD or pattern deviation plots was regarded abnormal.
Therefore, the issue whether intact 10–2 VFs in glauco-
matous eyes deteriorate postoperatively more than those in
nonglaucomatous eyes remains to be clarified.

BBG was not available in glaucoma patients who were
enrolled in the early study phase, while it was used in all
nonglaucomatous cases. Given that BBG usage had no
influence on any results in the glaucoma group, the entry
timing and BBG usage were not major factors for post-
operative VF changes. Although there is no general con-
sensus regarding 10–2 VF sectorization, three sector models
for glaucomatous VF defects have been reported; ten sectors
derived from the interpoint correlation of cross-sectional TD
values [14], seven sectors based on pointwise VF progres-
sion at similar frequency and slopes [15], and four sectors
developed from the structure–unction map in the macula
taking into consideration RGC displacement [16]. Here, we
used six vertically symmetrical sectors to facilitate com-
parisons between the superior and inferior hemifields in
contrast to the vertically asymmetrical sectors used in the
previous three reports, which may affect sectorwise results.
Nonetheless, our sectorwise analysis successfully identified
the topographical characteristics of postoperative changes in
the 10–2 VFs.

The postoperative TD improvement in some sectors and
preoperative worse VF sensitivity as a significant factor for
postoperative VF improvement in the control group may be
explained by the learning effects which may have masked
postoperative VF deterioration, although all participants
had at least two 24–2 VF testing prior to 10–2 VF testing
which was repeated if unreliable or obviously abnormal.
Castro et al. reported both MD and PSD significantly
improved in the second session than in the first session in
24–2 VFs of healthy subjects with no perimetry experience

[35]. However, in our control group, 10–2 PSD did not
improve in the postoperative sessions. Furthermore, catar-
act surgery did not have any influence on VF changes.
Thus, postoperative VF improvement in the control group
may indicate a beneficial effect of ERM removal. In this
regard, eyes with ERM stages 3 and 4, but not stages 1 and
2, showed significant improvement in 10–2 MD post-
operatively in the univariate analysis (p= 0.008), indicat-
ing the presence of ERM-induced VF impairment in eyes
with advanced ERM.

Finally, the interval between surgery and VF sessions
was not a significant factor for VF changes during the 12-
month postoperative period. We set the period to examine
the direct effects of PPV on VFs. Within a shorter period,
three VF sessions may be difficult to perform, while VF
changes in a longer period may be more likely to be affected
by glaucoma progression. However, a longer study period
with more postoperative VF sessions is necessary to eluci-
date whether PPV with ILM peeling for ERM may accel-
erate glaucoma progression or not [36].

In conclusion, the central VF within 10 degrees, espe-
cially in the outer arcuate sectors, deteriorated after PPV
with ILM peeling for ERM in eyes with glaucoma, while it
remained stable in eyes without glaucoma. Eyes with
advanced glaucoma, having a thinner GCC and worse VF,
may be at greater risk for postoperative central VF
deterioration.

Summary

What was known before

● Pars plana vitrectomy (PPV) may cause visual field (VF)
loss due to various reasons.

● PPV with internal limiting membrane (ILM) peeling for
epiretinal membrane (ERM) may result in VF deteriora-
tion in patients with coexisting glaucoma.

What this study adds

● The central VF within 10 degrees, especially in the outer
arcuate sectors, deteriorated after PPV with ILM peeling
for ERM in eyes with glaucoma, while it remained
stable in eyes without glaucoma.

● Given that both worse VF and thinner ganglion cell
complex were the predictors of postoperative central VF
worsening, eyes with advanced glaucoma are at higher
risk of postoperative central VF deterioration.
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