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Purpose: To investigate the relationship between ophthalmic parameters—including optical coherence tomography (OCT)
and OCT angiography findings—and foveal pit restoration in eyes that had undergone vitrectomy for idiopathic epiretinal
membrane (iERM) removal.

Methods: This study retrospectively analyzed data of patients who underwent pars planar vitrectomy for the removal of
epirentinal membrane. Only eyes with iERM above stage 2 with a follow-up over 6 months were included. Baseline data
and changes in ophthalmic parameters were analyzed from 3 months before to 12 months after surgery. Additionally, we
stratified iERM patients into two groups (foveal pit restoration and no restoration group). Longitudinal comparison analyses
between the two groups were done in best-corrected visual acuity (BCVA), central foveal thickness (CFT) and foveal avascular
zone (FAZ) areas measurements using swept-source OCT and OCT angiography.

Results: Forty-three patients with a mean age of 75 + 5 years were enrolled. After surgery, BCVA, FAZ, and CFT showed
improvements over time (all p < 0.002). Thirty-one patients were designated into the foveal pit restoration (R) group and 12
patients into the no restoration (NR) group. Differences in BCVA and FAZ area in both groups existed up to 6 months. How-
ever, BCVA improved and FAZ expanded (R, 0.20 + 0.05 vs. NR, 0.18 * 0.04) in both groups showing no statistical difference
12 months postsurgery. The CFT decreased in both groups, but the R group was thinner at every point compared to the NR
group (all p < 0.05).

Conclusions: The removal of epirentinal membrane in pars planar vitrectomy significantly improves BCVA, decreases the CFT
and expands the FAZ. Foveal pit restoration improves BCVA, CFT, and FAZ area possibly at a faster rate in the early months

but long-term improvements could be achieved regardless of the status of foveal pit restoration.
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Idiopathic epiretinal membrane (iIERM) is one of the
most common retinal diseases in older adults, character-
ized by proliferation of fibrocellular tissues over the inter-
nal limiting membrane [1-3]. Traction forces caused on the
retinal surface by the epiretinal membrane (ERM) results
in the loss of foveal depression, disturbance of the inner
and outer layers of the retina as well as retinal vessel

This is an Open Access journal distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/li-
censes/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

44


http://crossmark.crossref.org/dialog/?doi=10.3341/kjo.2021.0114&domain=pdf&date_stamp=2022-02-05

movements [4-6]. These anatomic changes may cause de-
creased vision, metamorphopsia, and aniseikonia [1,4,5].

According to previous studies, the integrity of the ellip-
soid zone is a prognostic factor in the visual acuity of pa-
tients with iERM [7]. The inner-retinal irregularity index
has been suggested as a prognostic factor for iERM [§],
but it could be difficult to measure in low-resolution opti-
cal coherence tomography (OCT) images, including
time-domain OCT demanding a multi-step process in ob-
taining its value [8]. Thus, it might be complicated and
time-consuming to use intuitively in real-world clinics.

Alternatively, anatomical recovery is the most intuitive
hallmark of success in ERM surgery. However, despite
successful ERM removal not all eyes regain foveal depres-
sion. Few studies exist on the recovery of foveal depression
and surgical functional outcome. Mathews et al. [2] report-
ed that in many of the patients (83%) loss of foveal depres-
sion persists after surgery. Twenty-seven out of 43 eyes did
not recover foveal contour after surgery in a study done by
Lim et al. [9]. Controversies exist in whether such foveal
morphology has an impact on functional improvement.
Some observed a faster visual acuity improvement in the
anatomic recovery group, while others claim that an ab-
sence of foveal depression does not necessarily mean com-
promised visual acuity [2,9].

With the recent advancement of OCT angiography
(OCTA), a noninvasive imaging technique that allows ac-
quisition of high-resolution depth-resolved images of the
retinal vascular layers [10], further investigation beyond
the anatomic change is available. Studies on retinal diseas-
es are being conducted based on the parameters of OCTA,
which can clearly describe the complexities of the vessels
at the edge of the foveal avascular zone (FAZ) [11]. In cases
of patients with ERM, FAZ should be analyzed carefully,
as ERM may disrupt the layered structure of the retina and
distort FAZ owing to the architectural changes in the peri-
foveal capillary network [11]. Although there have been
studies analyzing OCTA features after iERM surgery, few
have studied OCTA features between different anatomic
recovery groups (restoration vs. no restoration) to the best
of our knowledge. Therefore, in this study we investigated
the relationship between ophthalmic parameters—includ-
ing OCT and OCTA findings—and anatomic recovery in
eyes that had undergone vitrectomy for idiopathic ERM
removal.

BJ Bae, et al. Foveal Pit Restoration and FAZ in ERM Surgery

Materials and Methods

Subjects

We reviewed the medical records of patients who under-
went pars planar vitrectomy (PPV) for removal of ERM
between January 2019 and December 2019 at the Veterans
Health Service Medical Center. The inclusion criteria were
patients who had unilateral iERM above stage 2 according
to the Govetto et al. [12]’s classification, which is defined
by an absence of the foveal pit and disorganization of the
retinal layers in the stages beyond. Patients with at least 6
months’ follow-up, preoperative and postoperative OCTA
images obtained with sufficiently high quality for analysis
were included. Those with recurrent ERM, diabetic reti-
nopathy, retinal vessel occlusion, age-related macular de-
generation, retinal break, or a history of vitrectomy sur-
gery in the study eye, or any retina-associated pathology in
the unaffected contralateral eye were excluded.

Surgery was performed by a single experienced vitreo-
retinal specialist. All patients underwent 25 G PPV, ERM
removal, and internal limiting membrane peeling assisted
with triamcinolone staining (40 mg/mL) (Constellation;
Alcon Laboratories, Fort Worth, TX, USA). Phacoemulsi-
fication and posterior chamber lens implantation were per-
formed during surgery in patients with phakic eyes.

Baseline data—age, gender, diabetes, hypertension, lens
status, duration of ERM, best-corrected visual acuity
(BCVA; logarithm of the minimum angle of resolution)—
were obtained. Duration of ERM was calculated as the
time between the initial day of diagnosis at our clinic (if
medical record did not indicate otherwise) to the day of
surgery. This study adhered to the tenets of the Declaration
of Helsinki and was approved by the institutional review
board of the Veterans Health Service Medical Center (No.
2019-02-005) in South Korea. Written informed consent
was waived due to the retrospective nature of this study.

OCT and OCTA analysis

We used the swept-source OCT and OCTA system (DRI
OCT Triton; Topcon, Tokyo, Japan) for the preoperative
and postoperative examinations. OCT and OCTA images
of both eyes were acquired at 3 and 0 months presurgery
and 1, 3, 6, and 12 months postsurgery. Images taken 3
months before surgery were included in the analysis to
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weigh the effects of progression of retinal wrinkling caus-
ing potential OCTA segmentation errors.

OCT images were obtained as a three-dimensional mac-
ular (7 x 7 mm) scan, scan size 512 X 256 mm. For CFT,
the distance between the inner limiting membrane and the
inner surface of the retinal pigment epithelium on the cen-
tral fovea was manually measured on the horizontal
cross-sectional image, using the built-in scale of the OCT
software. In addition, ellipsoid zone (EZ) disruption and
inner-retinal irregularity index [8] were examined on OCT
as prognostic factors. EZ was considered as a disruption if
there was a discontinuity in the horizontal and vertical fo-
veal B-scan. The inner-retinal irregularity index is defined
as the length of the inferior border of the inner plexiform
layer divided by the length of the retinal pigment epitheli-
um. It was measured using a “frechand line” tool in the
Image J software (National Institutes of Health, Bethesda,
MD, USA) within a 3,000 um Early Treatment Diabetic
Retinopathy Study inner circle. To reduce error, the aver-
age inner-retinal irregularity index of three measurements
was taken. In the OCTA volume scans of a central 6 X 6
mm area, initial retinal vasculature en-face image of su-
perficial capillary layer was obtained via automated layer
segmentation. All automated segmentations were re-evalu-
ated for any layer segmentation errors and adjusted manu-
ally if present. The superficial capillary network was de-
termined to be between 3 um below the internal limiting
membrane and to 15 pm below the inner plexiform layer.
The FAZ area was defined as the central capillary-free
area and measured using a “freehand selection” tool in Im-
age J software (National Institutes of Health). The FAZ
area in the superficial capillary layer and central foveal
thickness (CFT) were independently measured by two in-
dividuals (BJB and YJC). The repeatability of the mea-
surements between the two examiners was good for both
the superficial capillary layer FAZ area (intraclass correla-
tion coefficient = 0.95) and CFT (intraclass correlation co-
efficient = 0.99).

Defining foveal pit restoration

To assess the effect of the foveal pit contour on ophthal-
mic parameters, subjects were divided into two groups (the
foveal pit contour “restoration [R]” and “no restoration
[NR]” groups) according to postsurgical foveal pit chang-
es. Foveal pit contour recovery was defined as reappear-

46

ance of a depression of the fovea relative to the surround-
ing macula with the pit reaching the inner nuclear layer
level. If the foveal pit recovered at any point after the oper-
ation, it was considered a recovery. The contour on OCT
was independently evaluated by two individuals (BJB and
YJC) and a third evaluator (NKR) adjudged when there
was a discrepancy between two observers.

Statistical analysis

The Wilcoxon signed-rank test and paired #-test were
used to compare the preoperative characteristics between
the operative and contralateral fellow eyes. Two-sample
t-tests and Mann-Whitney U-tests were used to compare
the baseline characteristics, including BCVA, FAZ, CFT,
EZ disruption, and inner-retinal irregularity index between
foveal pit R and NR group. Changes in BCVA, FAZ, and
CFT over time were analyzed using a repeated measures
analysis of variance. Multiple linear regression analysis
was performed with preoperative parameters to determine
the factors associated with the postoperative FAZ area,
CFT, and BCVA. All statistical analysis was performed
using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY,
USA). For all tests, a p-value of <0.05 was used to reject
the null hypothesis.

Results

Of the 149 patients who underwent vitrectomy for iERM
removal, 48 patients were excluded due to previously diag-
nosed retinal diseases either in the surgical or contralateral
eye, and the other 58 patients were excluded because of a
poor OCT/OCTA quality or an insufficient follow-up peri-
od. As a result, 43 patients with iERM were enrolled. Table
1 shows the baseline characteristics and comparison be-
tween the operative and contralateral eyes. The mean age
of the patients were 75.07 = 4.80 years. The mean period of
ERM duration was 344.05 + 238.72 days. The mean BCVA
was worse in the iIERM eyes (0.38 + 0.31) than in the con-
tralateral eyes (0.16 £+ 0.14, p < 0.001). The mean preopera-
tive FAZ area was smaller (0.10 + 0.05 vs. 0.32 + 0.07 mm’,
p < 0.001) and mean preoperative CFT thicker (445.88 +
49.94 vs. 220.81 + 50.93 pm, p < 0.001) in the eyes with
iERM than that in the contralateral unaffected eyes.

During the preoperative 3 months period, BCVA and



FAZ slightly decreased and CFT increased in eyes with
iERM (Supplementary Table 1). However, after surgery,
BCVA (preoperative 0.38 + 0.31 to postoperative 0.12 +
0.10), FAZ (0.10 £ 0.05 to 0.19 + 0.05 mm®) and CFT (445.88
+ 49.94 to 369.73 + 71.25 um) showed statistically signifi-
cant improvements over time (p = 0.002, p < 0.001, p <
0.001, respectively) (Supplementary Table 1). Pearson cor-
relation analysis was performed to detect any association
between preoperative and postoperative FAZ and CFT at 1,
3, and 6 months (Fig. 1). Preoperative and postoperative
FAZ areas (Fig. 1A-1C) and CFT (Fig. ID-1F) had a posi-
tive association (p < 0.05). Preoperative FAZ was negative-
ly correlated with postoperative CFT (Fig. 1G-11). The de-
gree of correlation shown as correlation coefficient on the
plot decreases as time progresses after surgery. Addition-
ally, the association between the FAZ and the BCVA was
statistically significant only in the preoperative FAZ area
and preoperative BCVA (all p = 0.013) (Fig. 1J, IK).
According to postsurgical foveal pit changes, subjects
were divided into two groups (the foveal pit contour R and
NR groups) (Fig. 2A-2H, 3A-3H). Among the 43 patients,
31 showed foveal pit restoration and 12 remained as no res-
toration (Table 2). In addition, 31 patients in the foveal pit
restoration group were analyzed separately according to
the time of restoration. Based on the time of initial recov-
ery, 23 patients recovered 1 month after surgery. There
were three, four, and one patients who first recovered at 3,
6, and 12 months after surgery, respectively. When com-
paring the ophthalmic parameters, including BCVA and
FAZ areas, between the early foveal pit restoration group

BJ Bae, et al. Foveal Pit Restoration and FAZ in ERM Surgery

(within 1 month of surgery) and the late restoration group
(at least 1 month after surgery) no statistically significant
difference existed between the two groups (data not
shown).

Baseline characteristics, such as age, diabetes, and hy-
pertension, exhibited no significant differences in the fo-
veal pit R and NR groups. Preoperative BCVA, FAZ area,
contralateral FAZ area, contralateral CFT, preoperative EZ
disruption, and inner-retinal irregularity index also had no
significant difference. However, the mean preoperative
CFT was thinner in the R group (429.55 + 34.78 um) than
the NR group (485.33 = 59.92 um, p = 0.003). Duration of
ERM was longer in the R group than the NR group (373.26
+ 243779 vs. 268.58 £ 216.49 days, respectively; p = 0.034)
with marginal significance.

Longitudinal changes of BCVA, FAZ, and CFT after
ERM surgery up to 1 year were compared between the R
and the NR groups (Table 3). The BCVA significantly im-
proved in both R and NR group over time (p = 0.003, p =
0.014, respectively) (Table 3). No difference in the degree
of improvement in BCVA existed between the two groups
(p = 0.619) (Table 3). The mean BCVA was better in the R
group at | month and 6 months postoperatively (p = 0.004
and p = 0.02, respectively) (Table 3). However, BCVA re-
covered to 0.12 + 0.11 in the R group and 0.12 + 0.07 in the
NR group, showing no statistical difference at 12 months.
The FAZ area also significantly increased over time in
both R and NR group (p < 0.001 and p < 0.001, respective-
ly). There was no difference in the increment of FAZ area
between the two groups (p = 0.139) (Table 3). Differences

Table 1. Preoperative baseline characteristics between the operative and contralateral eyes

Characteristics Operative eye (n = 43) Contralateral eye (n = 43) p-value
Age (yr) 75.07 £ 4.80 75.07 + 4.80 -
Sex (male : female) 36:7 36:7 -
Diabetes mellitus 15 (34.88) 15 (34.88) -
Hypertension 33 (76.74) 33 (76.74) -
Pseudophakia 9(20.93) 11 (25.58) -
Duration of epiretinal membrane (day) 344.05 £238.72 - -
BCVA (logMAR) 0.38+0.31 0.16 +0.14 <0.001"
Foveal avascular zone (mm®) 0.10 £ 0.05 0.32+0.07 <0.001"
Central foveal thickness (um) 445.88 +49.94 220.81 +50.93 <0.001"

Values are presented as mean + standard deviation, number, or number (%).
BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution.

"Wilcoxon signed-rank test; "Paired #-test.
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Fig. 1. Pearson correlation analysis between preoperative and postoperative parameters. (A-C) Preoperative and postoperative foveal
avascular zone (FAZ) areas, (D-F) preoperative and postoperative central foveal thickness (CFT) and (G-I) preoperative FAZ area and
CFT at 1, 3, and 6 months after surgery were significantly correlated. (J,K) Preoperative and postoperative FAZ area, and preoperative
and postoperative best-corrected visual acuity (BCVA) (logarithm of the minimal angle of resolution) were significantly associated only
in the preoperative FAZ area and preoperative BCVA (p = 0.013).
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Fig. 2. Representative optical coherence tomography (OCT) an-
giography (OCTA) and OCT images of the foveal pit restoration
(R) group. (A) Preoperative OCTA image of the R group. The
best-corrected visual acuity (BCVA) is 0.22. The superficial fo-
veal avascular zone (FAZ) area is 0.09 mm”, shown in white. (B)
Postoperative OCTA image of the superficial layer. The BCVA
and the FAZ area are 0.05 and 0.20 mm’, respectively. (C) Preop-
erative OCT, absence of the foveal pit is noted. (D) Postoperative
OCT, the foveal pit is restored. (E) Another preoperative OCTA
image of the superficial layer in the R group. The BCVA and the
FAZ area are 0.22 and 0.09 mm’, respectively. (F) Postoperative
OCTA image of FAZ area in the R. The BCVA and the FAZ area
are 0.05 and 0.13 mm’, respectively. (G) Preoperative OCT, ab-
sence of the foveal pit is noted. (H) Postoperative OCT, the foveal
pit is restored.

in the FAZ area was significant between the two groups up
to 6 months postoperatively (p = 0.019), however insignifi-
cant at 12 months (p = 0.158) (Table 3). The CFT was thin-
ner in the R group at every point compared to the NR
group (all p <0.05) (Table 3). The R group showed statisti-
cally significant improvement in CFT over time (p = 0.002)
(Table 3). The CFT also continuously decreased in the NR
group—from preoperative 485.33 + 59.92 um to 416.71 +
43.05 um at 12 months—with marginal significance (p =
0.053) (Table 3). However, the decrement of CFT between

BJ Bae, et al. Foveal Pit Restoration and FAZ in ERM Surgery

Fig. 3. Representative optical coherence tomography (OCT) angi-
ography (OCTA) and OCT images of the foveal pit no restoration
(NR) groups. (A) Preoperative OCTA image of the NR group.
The best-corrected visual acuity (BCVA) is 0.10. The superficial
foveal avascular zone (FAZ) area is 0.09 mm”’, shown in white. (B)
Postoperative OCTA image of the superficial layer. The BCVA
and the FAZ area are 0.05 and 0.13 mm’, respectively. (C) Pre-
operative OCT, absence of the foveal pit is noted. (D) Postoper-
ative OCT, NR of the foveal pit is detected. (E) Another preop-
erative OCTA image of the superficial layer in the NR group.
The BCVA and the FAZ area are 0.40 and 0.06 mm’, respectively.
(F) Postoperative OCTA image of FAZ area in the NR group.
The BCVA and the FAZ area are 0.05 and 0.11 mm”, respective-
ly. (G) Preoperative OCT, absence of the foveal pit is noted. (H)
Postoperative OCT, no restoration of the foveal pit is detected.

the two groups was not statistically different (p = 0.378)
(Table 3).

In addition, preoperative EZ disruption was significantly
associated with worse BCVA at 1, 3, 6, and 12 months
postoperatively (p = 0.023, p = 0.03, p = 0.001, and p =
0.019, respectively). Postoperative EZ disruption was also
significantly correlated with worse BCVA at 1, 3, and 6
months postoperatively (p = 0.019, p = 0.025, and p = 0.011,
respectively), whereas preoperative and postoperative EZ
disruptions were not correlated with foveal pit restoration

49



Korean J Ophthalmol Vol.36, No.1, 2022

Table 2. Preoperative baseline characteristics between the R and NR groups

Characteristics R group (n=31) NR group (n=12) p-value
Age (yr) 74.52 +4.43 76.50 + 5.58 0.219°
Sex (male : female) 26:5 10:2

Diabetes mellitus 12 (38.71) 3 (25.00) 0.492"
Hypertension 6 (66.67) 26 (78.79) 0.698"
Pseudophakia 6 (19.35) 4(33.33) 0.427
Duration of epiretinal membrane (day) 373.26 £ 243.79 268.58 +£216.49 0.034"
BCVA (logMAR) 0.34 +0.30 0.47 +0.34 0.228°
FAZ (mm?) 0.11 +0.05 0.09 +0.03 0.144"
CFT (um) 429.55 +34.78 485.33 +£59.92 0.009"
Contralateral FAZ (mm?) 0.32+0.07 0.29 +0.05 0.243"
Contralateral CFT (pum) 221.93 £ 55.83 218.00 +37.94 0.477°

Values are presented as mean + standard deviation, number, or number (%).
R = restoration; NR = no restoration; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution;

FAZ = foveal avascular zone; CFT = central foveal thickness.
Mann-Whitney U-test; "Two-sample #-test.

Table 3. BCVA, foveal avascular zone area, and central foveal thickness after epiretinal membrane surgery according to foveal pit

restoration
Variable Preé)lzg gi[ive Preg[:ﬁ fﬁ:ive 1 mon 3 mon 6 mon 12 mon p-value’
BCVA (IogMAR) 0.619
R group 0.33+0.29 0.34 +0.30 0.17+0.16 0.16+0.17 0.14+0.14 0.12+0.11  0.003
NR group 0.42+0.26 0.47 +0.34 0.33+0.18 0.23+0.15 0.25+0.17 0.12+0.07  0.014'
p-value* 0.151 0.228 0.004* 0.076 0.020° 0.576
Foveal avascular 0.139
zone (mm®)
R group 0.11 +0.05 0.11 +0.05 0.14 + 0.06 0.17+0.06 0.19 + 0.06 0.20+0.05 <0.001"
NR group 0.10+ 0.04 0.09 +0.03 0.11+0.04 0.13+0.05 0.15 + 0.04 0.18+£0.04 <0.001"
p-value* 0.697 0.144 0.097 0.023* 0.019* 0.158
Central foveal 0.378
thickness (pm)
R group 422.19+£37.92 429.55+34.78 365.19+95.57 355.82+92.87 345.52+88.60 355.43+72.60 0.002°
NR group 494.67+58.57 48533+£59.92 471.00+50.16 45727+4571 446.58+49.88 416.71+43.05 0.053
p-value* 0.002* 0.003* <0.001* 0.001* <0.001* 0.031

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; R = restoration; NR = no restoration.
Repeated measures ANOVA p-value; 'Statistically significant; ‘Mann-Whitney U-test.

(p = 0.41 and p = 0.367, respectively). Alternatively, 6
months postoperative inner-retinal irregularity index was
significantly associated with foveal pit restoration (R
group, 1.030 £+ 0.008 vs. NR group, 1.040 + 0.010; p =
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0.001). Furthermore, BCVA was significantly better in the
R group than the NR group (R group, 0.14 + 0.14 vs. NR
group, 0.25 = 0.17; p = 0.02). However, preoperative in-
ner-retinal irregularity index was not correlated with fove-



al pit restoration (R group, 1.139 + 0.19 vs. NR group, 1.165
+ 0.029; p = 0.243). Likewise, postoperative 12 months in-
ner-retinal irregularity index was not correlated with fove-
al pit restoration (R group, 1.017 £ 0.006 vs. NR group,
1.017 + 0.019; p = 0.618). Its BCVA was not associated with
foveal pit restoration (R group, 0.12 £ 0.11 vs. NR group,
0.12 £ 0.07; p = 0.576). Preoperative inner-retinal irregular-
ity index was not correlated with postoperative BCVA (all
p > 0.05).

Discussion

This study investigated the relationship between oph-
thalmic parameters—such as BCVA, CFT, FAZ area, EZ
disruption, and inner-retinal irregularity index—and ana-
tomic recovery in eyes that had undergone vitrectomy for
idiopathic ERM removal. The primary objective was to
evaluate whether postsurgical foveal pit changes had any
predictive or prognostic factors.

Removal of epiretinal membrane significantly decreases
the CFT and increases the superficial FAZ area. The ex-
pansion of FAZ was significant after surgery, however re-
mained smaller than the contralateral unaffected eye. It
may be possible that before ERM surgery, strong centripe-
tal contractions act on the FAZ, and after ERM removal,
centrifugal expansion occurs. In addition, the preoperative
FAZ area was significantly correlated with the postopera-
tive FAZ area. These results are consistent with previous
reports [13-15].

In normal eyes, a lower CFT is associated with a larger
FAZ area [13,16]. However, in this study, preoperative CFT
and FAZ areas were not correlated (p > 0.05, data not shown),
while the postoperative CFT and FAZ areas were significant-
ly associated by Pearson correlation analysis at any point.
This is probably because, before ERM surgery, the strong af-
ferent contraction of the ERM and anteroposterior traction
by the vitreous act on the FAZ, disrupting the normal FAZ
morphology. The preoperative FAZ area showed negative
correlation with postoperative CFT at 1, 3, and 6 months (all
p < 0.05). Yoon et. al. [14] also reported this negative correla-
tion between superficial FAZ area and CFT.

This study verified that the preoperative FAZ arca was
negatively correlated with preoperative BCVA (all p =
0.013). A smaller FAZ may have more severe ERM con-
traction and foveal retinal structure abnormalities than a
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larger FAZ [17]. Therefore, preoperative BCVA could be
worse in ERM with a smaller preoperative FAZ area. This
result is consistent with the findings of Yoshida et al. [18].

Preoperative and postoperative EZ disruption were sig-
nificantly correlated with worse BCVA after surgery,
which is consistent with the previous reports [7,8]. More-
over, the inner-retinal irregularity index was significantly
lower in the R group than the NR group 6 months after
surgery, and its BCVA was significantly better in the R
group than the NR group. However, there was no signifi-
cant difference in the inner-retinal irregularity index or
BCVA between the two groups 12 months after surgery.
The conflicting results between the two time points could
be explained as follows: the inner nuclear layer, which
plays an important role in the visual prognosis of the ERM
[8], can be restored by removing the tangential traction af-
ter ERM surgery. Meanwhile, there might be a difference
in the recovery velocity of the inner nuclear layer between
the R and NR groups, which possibly affected the visual
acuity at 6 months postoperatively. Subsequently, with a
gradual decrease in the velocity effect, there was no dif-
ference in the visual acuity between the two groups at 12
months postoperatively.

Few studies exist which analyze the effect of the postsur-
gical foveal pit restoration in eyes with iERM. In our study,
the BCVA was significantly better in the R group than in
the NR group 1 month postoperatively (p = 0.004); howev-
er, after 12 months, the BCVA in both groups improved
compared to the preoperative BCVA without a significant
difference (p = 0.576). This means that even if the foveal pit
contour does not recover, long-term visual acuity improve-
ment can be achieved, which supports the finding of a pre-
vious study that the absence of postoperative foveal depres-
sion does not imply failure to improve the BCVA [2].
Additionally, majority of the R group recovered within one
month of surgery (23 out of 31). We also found that this ear-
ly foveal pit restoration group within 1 month of surgery did
not exert any benefit in visual acuity improvement than the
late restoration group. According to a previous study by
Lim et al. [9], unlike our study, the degree of BCVA im-
provement was greater in patients who showed rapid foveal
pit recovery within 1 month after surgery than in patients
who did not show foveal pit recovery after surgery. Howev-
er, although the recovery group showed faster BCVA im-
provement after surgery than the non-recovery group, there
was no significant difference in the BCVA between the two
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groups 12 months postoperatively, as in our study.

No significant differences existed in the preoperative
FAZ area in both R and NR group. However, after vitrec-
tomy, FAZ area increased and differences between the two
groups were evident at 3 and 6 months. Unlike continuous
and immediate improvement of CFT, it is thought that su-
perficial FAZ is more exposed to traction and mechanical
stress caused by ERM, which delays its restoration after
surgery [14]. Dubis et al. [19] reported that in normal eyes
the degree of foveal depression may be positively correlat-
ed with the size of FAZ. We can speculate that since most
of our restoration group recovered within 1 month the de-
gree of foveal depression increased and the FAZ expanded
in a delayed manner during the following months resulting
in such significant difference up to 6 months. However, as
FAZ genuinely enlarges after epiretinal membrane remov-
al regardless of the state of foveal depression, the velocity
effect wears off and the difference becomes insignificant
at 12 months.

ERM tends to aggravate with time [1,9]. However, unlike
our expectation, the duration of ERM does not seem to
have an impact on anatomic restoration. When compared
between the R and NR group, the duration of ERM was
longer in the R group. Nonetheless, since duration of ERM
could only be estimated with medical record based on the
time of presentation of the patient to the clinic and not the
generation of ERM itself, careful interpretation is required.

This study is unique in that we analyzed all features not
only immediate to the operation day, but 3 months prior to
the surgery. OCTA image quality tends to be inaccurate in
patients with severe retinal degeneration due to ERM [6],
and ERM may disrupt the retina’s layered structure; hence
segmentation errors may exist in FAZ analysis [18]. Ac-
cording to Bontzos et al. [20], the iERM period is signifi-
cantly related to segmentation errors in OCTA. As such,
there may be increased measurement errors in the OCTA
image immediate to surgery; therefore, in this study, to
overcome the inherent limitation of OCTA analysis, OCTA
images taken 3 months before surgery, expecting relatively
little disruption of the retinal layer, were also analyzed.
However, there were no significant differences between
the two image measurements (p = 0.90). In other words, as
long as manual adjustment is applied for segmentation er-
rors, FAZ area may be reliable without significant discrep-
ancy at any point before surgery.
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Although studies exist which evaluates the OCTA fea-
tures after vitrectomy in iERM, this study is the first,
within our knowledge, to investigate OCTA features be-
tween different anatomic recovery groups (R vs. NR).
However, the retrospective nature and small sample size
remain as a limitation of this study. Future studies with
larger sample size, and longer follow-up period may be
beneficial.

In conclusion, the removal of epiretinal membrane in
PPV significantly decreases the CFT and expands the su-
perficial FAZ and improves BCVA. Foveal pit restoration
improves BCVA, CFT and FAZ area possibly at a faster
rate in the early months but the change becomes insignifi-
cant at 12 months and long-term improvement could be
achieved regardless of the status of foveal pit restoration.
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