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Abstract
Purpose To investigate changes in choroidal thickness fol-
lowing vitrectomy in eyes with epiretinal membrane (ERM)
and macular hole (MH)
Methods Choroidal thicknesses at the fovea and at 1 and
3 mm superior, inferior, temporal, and nasal to the fovea were
measured using enhanced-depth imaging optical coherence
tomography (EDI-OCT) before and 1 week, 1, 3, 6, and
12 months after vitrectomy. In 95 eyes with ERM and 56 with
MH, the thicknesses were compared between baseline and
each postoperative visit. The postoperative thickness changes
from baseline were compared between the ERM and MH
groups. Clinical factors associated with choroidal thickness
change were also evaluated.
Results All choroidal thicknesses were significantly increased
1 week after vitrectomy compared to baseline in the ERM
group (i.e. mean subfoveal choroidal thickness increased from
218 to 233 μm, P<0.001). In the MH group, the increase was
statistically significant only for inferior choroidal thicknesses.
Such significant increase in choroidal thicknesses was not
observed from 1 month postoperative in both groups.
Postoperative SFCT change was significantly associated with

combined cataract extraction (P=0.026) and surgical indica-
tion (P=0.010) at 1 week postoperative and with baseline
SFCT at all postoperative visits (all P<0.05).
Conclusions Choroidal thickness may temporarily increase
following vitrectomy at the early postoperative period and
subsequently decrease to the baseline value. Compared to
the ERM group, the MH group showed location-dependent
choroidal thickness change at early postoperative period,
which might be explained by position-dependent tamponading
effect of gas.

Keywords Choroidal thickness . Epiretinal membrane .

Macular hole . Optical coherence tomography . Vitrectomy

Introduction

The choroid, which constitutes the middle vascular ocular
layer between the outermost sclera and the innermost retina,
plays an important role in the pathogenesis of many diseases
of the posterior segment of the eye. Traditional imaging mo-
dalities such as indocyanine green angiography and B-scan
ultrasonography have limited image resolution, but optical
coherence tomography (OCT) enhanced visualization of the
choroid. Choroidal thickness has been measured noninvasive-
ly in diverse retinal and choroidal diseases using enhanced-
depth imaging OCT (EDI-OCT) or swept-source OCT (SS-
OCT), which enables a more accurate measurement of the
thickness by providing much clearer choroidal images than
conventional time or spectral-domain OCT [1–5].

Changes in choroidal thickness have been observed in sev-
eral retinal and choroidal diseases, such as high myopia, cen-
tral serous chorioretinopathy, polypoidal choroidal vasculop-
athy, age-related maculopathy, and Vogt-Koyanagi-Harada
disease by using EDI-OCT [1, 3, 4, 6]. From these findings,
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several authors have suggested that choroidal thickness
changes are associated with changes in choroidal circulation
or inflammation [2, 4, 5, 7]. The changes of choroidal thick-
ness following retinal surgery was recently reported using
EDI-OCT by Kimura and associates [8]. They showed that
subfoveal choroidal thickness (SFCT) temporarily increases
after segmental scleral buckling surgery. Michalewska et al.
recently reported choroidal thickness change following vitrec-
tomy, no significant difference in early postoperative periods,
but significant decrease in the thickness at 3 months after
vitrectomy in eyes with epiretinal membrane (ERM) [9].
However, little is known about the long-term choroidal thick-
ness changes following vitrectomy, in which various surgical
procedures are performed depending on surgical indications,
and thus diverse factors may affect postoperative choroidal
thickness change.

In the present study, we investigated the postoperative
changes of choroidal thickness up to 12 months following
vitrectomy for ERM and macular hole (MH), in which surgi-
cal procedures and operating times are similar among cases,
compared to other surgical indications for vitrectomy. By
comparing choroidal thickness change between the ERM
andMH groups, we aimed to find a difference in the thickness
change between the two indications and also discuss the origin
of the difference.

Methods

Subjects

The medical records of 148 eyes of 144 consecutive patients
with ERM and 81 eyes of 80 consecutive patients with MH
who were (1) treated with pars plana vitrectomy (PPV) from
January 2012 to October 2013 and followed up for ≥6 months
were retrospectively reviewed. Patients were excluded if they
had a history of ocular trauma or intraocular surgery other than
cataract extraction (n=12 ERM and 7 MH), other coexistent
macular or retinal diseases such as retinal vein occlusion, di-
abetic retinopathy, and myopic foveoschisis (n=19 ERM and
7 MH), high myopia defined as refractive errors>−6 diopters
(D) and axial length >26.0 mm (n=16 ERM and 8 MH), or
poor-quality OCT images (n=6 ERM and 3 MH, respective-
ly). In total, 95 eyes of 93 patients with idiopathic ERM (ERM
group) and 56 eyes of 55 patients with idiopathic MH (MH
group) were included in this study (Fig. 1). Forty-four eyes
with ERM and 25 withMHwere followed up for ≥12months;
the data on choroidal thickness at 12 months postoperative
were obtained from the patients. This study was approved
by the Institutional review board (IRB) of the Seoul National
University Bundang Hospital, and the study was conducted
according to the tenets of the Declaration of Helsinki.

Surgical procedures

Vitrectomy for MH and ERM was performed by two experi-
enced retinal surgeons (S.J.Wand K.H.P.) using identical pro-
cedures. A 23-gauge transconjunctival sutureless vitrectomy
(TSV) was performed using the Accurus 800CS surgical sys-
tem (Alcon Surgical, Fort Worth, TX, USA) with a contact
lens system (Hoya Corp, Tokyo, Japan). In patients with a
visually significant cataract, phacoemulsification with implan-
tation of an intraocular lens was performed before TSV.
Peeling of the ERM or internal limiting membrane (ILM)
was carried out by using end-gripping forceps (Alcon, Fort
Worth, TX, USA). ILM peeling was performed for all eyes
with MH and 26 eyes with ERM after staining the ILM with
0.05 % indocyanine green (ICG, Dong In Dang
Pharmaceutical, Shiheung-Si, Kyunggi-Do, Korea). For gas
tamponade, 18 % sulfahexafluoride (SF6) was used in eyes
with MH. After the MH surgery, the patients were instructed
to maintain a facedown position for 1 week. Antibiotics and
steroid, 1 % prednisolone acetate (Pred Forte®; Allergan Inc.,
Irvine, CA, USA) and 0.5 % levofloxacin (Cravit; Santen,
Osaka, Japan), were topically instilled four times a day
postoperatively.

Examinations

Patients underwent comprehensive ophthalmologic examina-
tions, including best-corrected visual acuity measurements
using Snellen charts, slit-lamp examination, intraocular pres-
sure (IOP) measurement by noncontact tonometer (KT-500
automated tonometer, Kowa Co. Ltd., Tokyo, Japan), and in-
direct ophthalmoscopy, at the preoperative and postoperative
visits. The refractive errors were measured with the Topcon
KR8800 autorefractometer (Topcon Inc., Tokyo, Japan) and
axial length was measured in all patients with the IOL Master
500 (Carl Zeiss Meditec Inc., Jena, Germany) before vitrecto-
my. The IOP at the preoperative and 1-week, 1-, 3-, 6-, and 12-
month postoperative visits were reviewed and used for our
analyses.

OCT images obtained before the operation and at 1 week,
1, 3, 6, and 12 months after the surgery were reviewed for our
analyses. Full-thickness choroidal images were obtained with
the patient in an upright position by using EDI-OCT
(Spectralis; Heidelberg Engineering, Heidelberg, Germany)
with eye-tracking and image-averaging systems, as described
by Spaide et al. [10] OCT scans were performed by a single
trained examiner; the OCT camera was positioned close
enough to the eye to obtain an inverted image. Two high-
quality 10.5-mm horizontal and vertical line scans were ob-
tained through the fovea. The eye tracking system and auto-
matic software were used to detect and maintain the same
scanning position through the fovea and, in turn, to place
follow-up scans precisely on the same location. We confirmed
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the location and position of the scans with simultaneous real-
time scanning laser ophthalmoscope (SLO) infrared reflec-
tance images of the retina during the measurement of choroi-
dal thickness.

The choroid was defined as the layer between the outer
border of the retinal pigment epithelium and the inner border
of the sclera (Fig. 2), as described in previous studies [11, 12].
The thickness was measured by using the manual caliper pro-
vided by the software in the device. This was carried out at the
fovea (subfoveal choroid) and at points 1 mm and 3 mm su-
perior, inferior, nasal, and temporal to the fovea.

As our cases with MH were treated with short-acting gas
tamponade using SF6, choroidal thickness in eyes of the MH
group from 1 postoperative month, when intravitreal gas was
completely absorbed, could be measured. At 1 postoperative

week, however, the superior choroidal thickness 3 mm from
the fovea could not be measured because of remaining intra-
vitreal gas in eight of 56 (14 %) patients with MH. Subfoveal
and 1-mm temporal and nasal choroidal thicknesses could not
be measured for the same reason in three (5 %) patients at the
postoperative period and 1-mm superior thickness was not
measurable in four of 56 (7 %) patients.

The OCT measurements of thicknesses were independent-
ly performed twice in a masked fashion and the average values
of the two measurements were used for analysis. The
intraclass correlation coefficient (ICC) was used to examine
reproducibility, i.e., agreement between the two measure-
ments, in choroidal thickness measurements. Data regarding
the time of day at which SD-OCT was performed were also
collected.

Fig. 1 Flow chart showing the
selection process of the enrolled
eyes with idiopathic epiretinal
membrane and macular hole

Fig. 2 Enhanced-depth imaging optical coherence tomography images
showing the choroidal thickness at the subfovea, inferior, and superior
location at baseline and at 1 week and 1, 3, and 6 months after vitrectomy
in eyes treated with gas tamponade for macular hole (a) and without gas
tamponade for epiretinal membrane (b). The two eyes are matched

samples with respect to age (61 and 64 years old), sex (male),
preoperative subfoveal choroidal thickness (both 205 μm), and surgical
procedures except for gas tamponade (vitrectomy with internal limiting
membrane peeling)
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Statistical analyses

Descriptive statistics were performed for patient demo-
graphics, underlying disease, refractive error, and axial
lengths. The Student’s t test was used for comparing the base-
line characteristics and choroidal thicknesses between the
ERM and MH groups. The thicknesses at the subfoveal, su-
perior, inferior, temporal, and nasal choroid were compared
between the baseline values and those at subsequent postop-
erative visits by using the paired t test. The thickness changes
from baseline (thickness at follow-up minus that at baseline)
were compared between the MH and ERM groups by
using the Student’s t test. P values less than 0.05 were
considered statistically significant. Statistical analyses
were performed using SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA). Continuous values are presented as
mean±standard deviation.

Results

Demographic and clinical characteristics

The clinical characteristics of the patients included in our
study are presented in Table 1. The mean ages were 66.2±
8.7 years (range, 35–84) and 63.6±8.1 years (range, 44–83) in
the ERM and MH groups, respectively. Combined cataract

extraction and TSV was performed in 48 (51 %) and 34
(61 %) eyes with ERM and MH, respectively. Mean axial
length was 23.6±1.0 mm (range, 21.3-26.0) in the ERM
group and 23.6±1.2 mm (range, 21.8-26.0) in the MH group,
respectively. Myopia was present in 32 (34 %) and 22 (39 %)
eyes with ERM and MH, respectively. Mean time of day of
OCT image acquisition at baseline and postoperative visits
ranged from 11:38 AM to 12:52 PM in the ERM group and
from 11:26 to 12:40 PM in the MH group. There was no
significant difference in demographic and baseline clinical
characteristics between the two groups (Table 1). There were
no serious postoperative complications such as retinal detach-
ment or endophthalmitis following the macular surgery with
or without combined cataract extraction. Postoperative hypot-
ony (IOP<6 mmHg) was observed in one patient at week 1
and in none at subsequent postoperative periods.

Choroidal thicknesses following vitrectomy for ERM
and MH

The choroidal thickness measurements showed good repro-
ducibility, with the intraclass correlation coefficient (ICC)
ranging between 0.952 and 0.988. For example, the ICC of
SFCT was 0.988 [95 % confidence interval (CI), 0.983–
0.992] at baseline and 0.987 (95 % CI, 0.979–0.991) at
1 postoperative week.

Table 1 Demographic and
clinical characteristics of the
patients with epiretinal membrane
and those with macular hole
included in this study

Variable ERM group (n=95) MH group (n=56) P value

Age, years 66.2±8.7 63.6±8.1 0.081

Male: female 62:33 39:17 0.720

Diabetes* (%) 15 (16) 6 (11) 0.384

Hypertension (%) 29 (23) 15 (21) 0.625

Intraocular pressure (IOP), mmHg

Baseline 11.8±3.6 11.0±2.7 0.096

1 w 11.2±4.1 12.2±6.5 0.306

1 m 11.2±5.2 11.2±5.7 0.999

3 m 8.9±5.9 10.2±4.1 0.128

6 m 9.8±4.4 10.1±4.6 0.727

12 m 10.7±2.6 10.4±2.1 0.618

Spherical equivalent, diopters (range) 0.29±1.96 (−5.75–3.75) 0.13±1.77 (−5.25–3.25) 0.632

Axial length, mm 23.6±1.0 (21.3-26.0) 23.6±1.2 (21.8-26.0) 0.927

Myopia (%) 32 (34) 22 (39) 0.488

Phakia:pseudophakia 89:6 50:6 0.334

Combined cataract extraction (%) 48 (51) 34 (61) 0.225

Mean time of day of OCT image
acquisition, baseline/1 w/1/3/6/12 m

12:08/11:38/12:52/
12:33/12:41/12:43

11:48/11:26/11:59/
12:22/12:40/12:38

N/A

m = month(s); N/A = not applicable; OCT = optical coherence tomography; w = week

Continuous values are presented as the mean±standard deviation

*Diabetic patients without diabetic retinopathy
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Photographic examples showing choroidal thickness
changes following vitrectomy for ERM and MH in matched
patients are presented in Fig. 2. At 1 postoperative week, the
subfoveal and 1- and 3-mm superior choroidal thicknesses in
the MH group decreased (Fig. 2a); in contrast, those in the
ERM group all increased (Fig. 2b). In the photographic exam-
ples, the choroidal thickness at all locations decreased to
values that were similar to those of the baseline in both
ERM and MH groups from the 1-month visit and gradually
decreased up to the 6-month visit.

The temporal changes of the mean choroidal thicknesses at
multiple locations (subfoveal, temporal, nasal, superior, and
inferior choroid) are shown in Fig. 3 (subfoveal choroidal
thickness) and Fig. 4 (perifoveal choroidal thickness) and
Table 2. The thickness at baseline showed no significant dif-
ference at all measured locations between the ERM and MH
groups (all P>0.05). In both groups, similar temporal patterns
of choroidal thickness were noted in most choroidal locations
(Figs. 3 and 4); the thickness increased at 1 week and de-
creased subsequently. However, the superior 3-mm choroidal
thickness in the MH group showed a decreased choroidal
thickness at 1 postoperative week compared to baseline, al-
though statistically insignificant (Fig. 4 and Table 2).
Significant differences in choroidal thickness were observed
between baseline and 1 week postoperative visits for all cho-
roidal locations in the ERM group (all P<0.05) and only for
the inferior choroid in the MH group (P=0.040 and 0.023 for
1-mm and 3-mm inferior choroid, respectively). Between
baseline and 6 months, there were significant differences in
the subfoveal (P=0.007) and 1-mm temporal (P=0.010) cho-
roidal thickness in the ERM group and in the 1-mm temporal

(P=0.024) and nasal (P=0.001) and 3-mm superior (P=
0.005) thickness in the MH group.

The temporal changes of the mean choroidal thicknesses in
the eyes treated with and without combined cataract extraction
are shown in Supplementary Fig. 1. In the ERM group, both
the eyes with and without combined cataract surgery showed
temporary choroidal thickness increase at 1 week, which was
more remarkable in the eyes treated with combined cataract
surgery. The difference between baseline and 1-week thick-
ness was statistically significant in the subfoveal (P=0.048)
and 1-mm superior (P=0.013) and inferior choroid (P=0.014)
among the ERM eyes treated with vitrectomy only. In the MH
eyes treated with vitrectomy only, there was no significant
difference between baseline and 1-week thickness in any cho-
roidal location.

The mean choroidal thickness changes at early (1 week)
and late postoperative periods (6 months) are compared be-
tween the ERM and MH groups (Table 3). At the early post-
operative period, the changes were comparable between the
ERM and MH groups at the temporal, nasal, and inferior lo-
cations (all P>0.05). However, the subfoveal (13.7±26.5 μm
and 0.9±16.8 μm in the ERM and MH group, respectively)
and superior choroidal thickness change at 1 mm (17.9±
30.7 μm and 3.2±30.6 μm) and 3 mm (11.8±30.8 μm and
0.2±28.4 μm) were significantly different between the two
groups (P=0.001, 0.010, and 0.044 for the subfoveal, 1-mm
superior, and 3-mm superior thickness, respectively) at the
early postoperative period. At the late postoperative period,
however, the changes were comparable between the ERM and
MH groups at all choroidal locations.

Factors influencing subfoveal choroidal thickness change
following vitrectomy

The effect of clinical factors and surgical parameters, such as
surgical indication (ERM or MH), combined cataract extrac-
tion, age, sex, axial length, baseline SFCT, and IOP change
(follow-up minus baseline IOP), in postoperative SFCT
change was evaluated. SFCT change at 1 week was signifi-
cantly associated with surgical indication (regression coeffi-
cient B=−14.3, P=0.010), combined cataract extraction
(B=13.0, P=0.026), and baseline SFCT (B=−0.063,
P=0.047). The SFCT change was significantly associated
with baseline SFCT at 1 (B=−0.110, P=0.043), 3
(B=−0.111, P=0.019), and 6 months (B=−0.129, P=0.006).

Discussion

This study showed choroidal thickness changes following vit-
rectomy in two common indications of macular surgery, ERM
and MH. Overall, the two groups showed similar temporal
change over a 12-month postoperative period. The thickness

Fig. 3 Baseline and postoperative subfoveal choroidal thickness over
12 months following vitrectomy for epiretinal membrane (ERM group)
and macular hole (MH group). The ERM group shows a remarkable
increase in choroidal thickness at 1 postoperative week compared to the
MH group. The error bars in the left column denote the upper or lower
bound of the 95 % confidence interval. Data at 12 months were available
in 44 and 25 eyes for the ERM and MH groups, respectively
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increased at 1 postoperative week and subsequently decreased to
the baseline values. Interestingly, there were some discrepancies

in the changes at early postoperative period between the two
indications; the MH group showed no significant difference in

Fig. 4 Baseline and postoperative subfoveal choroidal thickness over
12 months following vitrectomy for epiretinal membrane (ERM group)
and macular hole (MH group) at multiple locations, including 1 mm (left)
and 3 mm from the fovea (right). The two groups show a remarkable

difference in superior choroidal thickness, especially 3 mm from the
fovea, at 1 postoperative week. Data at 12 months were available in 44
and 25 eyes for the ERM and MH groups, respectively

Table 2 Temporal change of choroidal thickness (mean±standard
deviation) following macular surgery for epiretinal membrane (ERM
group) and macular hole (MH group). The numbers within parentheses

denote P values obtained by paired t tests, which compared choroidal
thickness between baseline and postoperative visits. Boldface indicates
statistical significance

Location of choroid* ERM group (n=95) MH group (n=56)

Baseline 1 w 1 m 3 m 6 m Baseline 1 w 1 m 3 m 6 m

Subfovea, μm 213±97 244±100
(<0.001)

211±95
(0.758)

216±93 206±87
(0.007)

208±85 213±85
(0.693)

205±89
(0.415)

205±90 200±82
(0.249)

Temporal 1 mm, μm 210±90 230±94
(0.010)

202±83
(0.066)

208±76 203±84
(0.010)

208±81 219±80
(0.184)

203±79
(0.215)

188±83 189±71
(0.024)

Temporal 3 mm, μm 178±62 194±69
(0.026)

179±73
(0.635)

179±60 183±74
(0.415)

176±60 186±53
(0.135)

176±55
(0.794)

183±55 183±54
(0.843)

Nasal 1 mm, μm 193±98 215±102
(0.003)

191±95
(0.457)

195±94 191±90
(0.067)

192±82 192±70
(0.475)

187±77
(0.333)

185±78 176±69
(0.001)

Nasal 3 mm, μm 115±60 131±62
(0.006)

108±59
(0.011)

115±56 111±64
(0.071)

113±56 115±53
(0.996)

112±57
(0.973)

108±49 105±53
(0.124)

Superior 1 mm, μm 205±94 236±96
(<0.001)

209±91
(0.360)

209±84 208±90
(0.560)

206±74 213±75
(0.469)

204±75
(0.271)

205±80 200±69
(0.072)

Superior 3 mm, μm 218±86 240±88
(0.009)

212±80
(0.052)

216±78 219±86
(0.226)

197±75 196±71
(0.967)

190±66
(0.097)

191±63 182±70
(0.005)

Inferior 1 mm, μm 199±88 228±92
(<0.001)

198±87
(0.469)

196±81 200±89
(0.839)

189±74 201±78
(0.040)

188±74
(0.898)

190±75 191±71
(0.409)

Inferior 3 mm, μm 173±66 195±71
(0.001)

176±63
(0.784)

177±62 175±72
(0.210)

166±60 175±66
(0.023)

165±62
(0.743)

170±62 176±63
(0.355)

m = month(s); w = week

Boldface indicates statistical significance

* The superior choroidal thickness 3 mm from the fovea could not be measured because of remaining intravitreal gas in eight (14.3 %) of 56 patients in
theMH group. Subfoveal and 1-mm temporal and nasal choroidal thicknesses could not be measured in three (5.4 %) patients at the postoperative period
and 1-mm superior thickness was not measurable in four of 56 (7.1 %) patients for the same reason
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choroidal thickness except the inferior choroid between baseline
and 1 week after surgery, whereas the ERM group showed
significantly increased choroidal thickness at all the choroidal
locations 1 week after vitrectomy.

Several factors may affect postoperative choroidal thick-
ness following vitrectomy, although little is known about what
clinical/surgical factors may affect the thickness. To control
the effect of various surgical procedures on choroidal thick-
ness, ERM and MH were selected for the investigation of
choroidal thickness change following vitrectomy because (1)
the surgery for ERMandMHdoes not require the complicated
procedures of vitrectomy, and (2) in each indication, the pro-
cedures do not vary widely among the cases. It may minimize
the inter-individual variability in choroidal thickness changes
attributable to different surgical procedures among cases.
Furthermore, the baseline and demographic characteristics
were comparable between the two groups, which enabled
the comparison of postoperative choroidal thickness change
between two different surgical indications.

Remarkably, choroidal thickness at specific locations
showed significantly different postoperative change between
the ERM and MH groups at early postoperative period. For
example, postoperative change in choroidal thicknesses at
subfoveal and superior location showed significant difference
between the ERM and MH groups. We believe that the differ-
ence in choroidal thickness changes at week 1 between the
two groups may derive from the different surgical procedure
between ERM andMH surgery, gas tamponade, as (1) most of

the eyes with MH had intravitreal gas, mostly less than 50 %
volume of the vitreous cavity, only at the 1-week postopera-
tive visit in our study and (2) only at the early postoperative
period, there is significant difference in choroidal thickness
change between the two surgical indications. Further, differ-
ence in 1-week choroidal thickness was also observed be-
tween 41 patients with proliferative diabetic retinopathy treat-
ed by vitrectomy without gas tamponade and 28 with
rhegmatogenous retinal detachment treated by vitrectomy
with gas tamponade, who had surgery at our institution during
the same time period (Supplementary Fig. 3).

The gas in the vitreous cavity tamponades the retina and
may also compress the underlying choroid. As the choroid has
elastic properties [13], the intravitreal gas is expected to de-
crease postoperative choroidal thickness by exerting compres-
sive force on the choroid. Its effect on postoperative choroidal
thickness may depend on the choroidal location, with the
subfoveal and superior choroid showing greater effects than
other locations due to patients’ prone (as recommended for
early postoperative period) and upright (during OCT exami-
nation) positions, respectively. Thus, significant difference in
postoperative subfoveal and superior choroidal thickness
change between the ERM and MH groups may be partly ex-
plained by the effect of gas. However, the inferior choroid in
the MH group may be affected least by the tamponading gas
for the patient’s positions, which is compatible with our result
that the inferior choroid showed similar postoperative change
in both the ERM and MH groups. Thus, location-dependent

Table 3 Comparison of the choroidal thickness change at early (1 week) and late postoperative (6 months) periods between the patients with epiretinal
membrane (ERM group) and macular hole (MH group)

Location of choroid* At early postoperative period At late postoperative period

ERM group (n=95) MH group (n=56) P value ERM group (n=95) MH group (n=56) P value

Subfovea 13.7±26.5 μm 0.9±16.8 μm 0.001 −10.7±30.0 −5.2±25.7 0.381

Temporal

1 mm 4.6±37.7 μm 6.2±33.5 μm 0.804 −10.9±32.6 −16.5±40.1 0.459

3 mm 9.5±35.2 μm 8.1±38.9 μm 0.834 4.5±43.7 1.4±40.2 0.733

Nasal

1 mm 9.7±26.4 μm −6.3±63.9 μm 0.058 −7.7±32.7 −14.4±21.6 0.298

3 mm 8.3±24.5 μm 0.0±27.6 μm 0.081 −5.9±25.3 −8.9±32.3 0.622

Superior

1 mm 17.9±30.7 μm 3.2±30.6 μm 0.010 3.2±42.1 −8.0±24.8 0.165

3 mm 11.8±30.8 μm 0.2±28.4 μm 0.044 −5.4±34.0 −16.5±31.2 0.128

Inferior

1 mm 13.2±26.5 μm 8.2±28.2 μm 0.309 0.8±32.7 −3.9±26.6 0.478

3 mm 14.2±36.4 μm 8.8±26.9 μm 0.362 5.8±36.0 5.3±32.4 0.944

Boldface indicates statistical significance

*The superior choroidal thickness 3mm from the fovea could not bemeasured because of remaining intravitreal gas in eight (14.3%) of 56 patients in the
MH group at 1 week postoperative. Subfoveal and 1-mm temporal and nasal choroidal thicknesses could not be measured in three (5.4 %) patients at the
postoperative period and 1-mm superior thickness was not measurable in four of 56 (7.1 %) patients for the same reason
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difference in choroidal thickness change between the ERM
and MH groups suggest that the discrepancy may be associ-
ated with the effect of gas, tamponading the retina and also the
underlying choroid, which requires further studies for confir-
mation. From the suggested relationship between the
tamponading effect of gas and the location of the choroid,
the choroidal thickness change, calculated by using EDI-
OCT measurements, might indicate the tamponading effect
mediated by intravitreal gas in patients who underwent vitrec-
tomy with intravitreal gas injection, which also requires fur-
ther investigation.

A few recent studies showed no significant difference in
choroidal thickness at early (<10 days) postoperative periods
in eyes with idiopathic ERM or MH [9, 14]. However, due to
small sample size and short follow-up period in the studies,
the findings from these studies should be confirmed in a
study with a longer follow-up on a larger number of
patients. Indeed, the temporal pattern of choroidal thick-
ness in the studies was generally similar to our findings
on choroidal thickness at the subfovea and 1 mm from
the fovea; however, statistical analyses showed different
results on the significance of short-term choroidal thick-
ness change at several locations between the previous
studies and ours. The difference in measured time (7
vs. 10 days), sample size, or proportion of the eyes
treated with combined cataract surgery between previous
studies and ours might result in the difference.

Our study has several limitations which require careful in-
terpretation on our results. Because of its retrospective design,
it has the intrinsic drawback of possible selection bias.
Additionally, it is well known that choroidal thickness shows
diurnal variation [15–17], but in this retrospective study, it was
impossible to control diurnal variation in every patient. Tan
et al. showed that the highest mean choroidal thickness was
obtained at 9:00 AM and the mean choroidal thickness then
decreased progressively over the subsequent time points to
5:00 PM. The thickness change among the eyes with a mean
baseline SFCT of 372.2 μm was 10.55 μm between
11:00 AM and 1:00 PM in the study. Because Tan et al.
showed that subjects with a thin choroid (≤300 μm),
which includes most of our cases, had a smaller diurnal
variation in subfoveal thickness, the thickness changes
due to diurnal variation between the earliest (11:26 AM,
1 week) and latest mean times of OCT acquisition
(12:40 PM, 6 months) in the MH group and between
11:38 AM (1 week) and 12:52 PM (1 month) in the
ERM group is expected to be less than 10.55 μm. The
differences in mean OCT acquisition time between the
baseline and 1 week postoperative in our study were only
30 and 22 min (examined later at baseline in both groups)
for the ERM and MH groups, respectively. The choroidal
thickness increase of 13.7 μm following vitrectomy in the
ERM group would not be explained by diurnal variation

because (1) the time difference, 30 min, is not sufficient
to produce such a degree of choroidal thickness change,
and (2) the choroidal thickness at 1 week is expected to be
less than that at baseline due to diurnal variation as the
mean time of OCT acquisition at 1 week is later than that
at baseline. This indicates that the choroidal thickness
increased at 1 week after vitrectomy as a postoperative
change rather than because of diurnal variation.

Furthermore, the effect of combined cataract extraction
should be carefully considered because over than half of the
patients with ERM andMH had undergone combined cataract
extraction and cataract surgery can cause significant increase
in postoperative choroidal thickness [18, 19]. However, in the
subgroup analyses presented in Supplementary Fig. 1, vitrec-
tomy without cataract surgery in the ERM group also resulted
in significant thickness increase in subfoveal and 1-mm supe-
rior and inferior choroid in the ERM group at 1 week
postoperative visit; therefore, vitrectomy itself may increase
choroidal thickness unless its effect was negated by gas, as
shown in the MH group. Additionally, the difference in the
proportion of ILM-peeled eyes may be a potential source of
bias in comparison of choroidal thickness changes between
the ERM and MH groups. However, we believe that the dif-
ference in mechanical trauma during surgery between ILM
peeling in the MH or ERM group and ERM peeling only in
the ERM group would be insignificant, thus it is unlikely that
the difference significantly affected our results on choroidal
thickness. Indeed, there were no significant differences in cho-
roidal thickness at any location at any postoperative time be-
tween the eyes wi th and wi thout ILM peel ing .
(Supplementary Fig. 2) Although there has been no evidence
that the dye used for ILM peeling affects choroidal thickness
change following macular surgery, the use of other intraocular
dyes might result in different results.

In conclusion, our study showed temporary choroidal
thickness increase at all locations in the ERM group and a
location-dependent choroidal thickness change at the early
postoperative period in the MH group. This difference be-
tween the two indications may result from the effect of gas
tamponade to decrease postoperative choroidal thickness.
Further prospective studies with a larger sample size are re-
quired to confirm the effect of intravitreal gas in choroidal
thickness.
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