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 PURPOSE:

To identify whether and how outcomes of
macular hole (MH) surgery are influenced by the extent
of internal limiting membrane (ILM) peeling.
 DESIGN: Randomized clinical trial.
 METHODS: This study involved 65 eyes from 65 patients who underwent surgery for idiopathic MH. ILM
was peeled with a radius of either 0.75 disc diameter
(small-extent group, SEG) or 1.5 disc diameter (largeextent group, LEG), according to the randomization.
Anatomic success, visual acuity, and metamorphopsia
score (M-score) were measured at 2- and 6-month postoperative visits. The distance between the foveal center and
the parafoveal edge of the outer plexiform layer on optical
coherence tomography was measured in 4 directions, and
further distance increases in certain directions were
defined as asymmetric elongation of foveal tissue.
 RESULTS: Complete closure of the MH was observed
after initial operation in 97.0% of eyes in both groups.
The mean visual improvement at 6 months after surgery
was 20.4 ± 12.8 and 19.1 ± 10.8 ETDRS letters in SEG
and LEG, respectively (P [ .452). The mean amount of
improvement in M-score was 0.26 ± 0.55 in SEG and
0.50 ± 0.53 in LEG (P [ .039). There was a difference
in the mean degree of asymmetric elongation between the
2 groups (22.5% ± 10.8% in SEG vs 13.4% ± 5.8% in
LEG, P [ .001). And there was inverse correlation between the mean degree of asymmetric elongation and
the amount of improvement in M-score at 6 months postoperatively (P < .001).
 CONCLUSION: Larger extent of ILM peeling during
MH surgery is beneficial with respect to reduction of
metamorphopsia, alleviating asymmetric elongation
of foveal tissue. (Am J Ophthalmol 2016;169:
179–188. Ó 2016 Elsevier Inc. All rights reserved.)
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S

INCE KELLY AND WENDEL INTRODUCED THE VITREC-

tomy technique to reattach the macular hole
(MH),1 considerable advances in surgical treatment
have been achieved. As a consequence, MH has now
become a surgically treatable disease with standardized
techniques incorporating vitrectomy, induction of posterior vitreous detachment, internal limiting membrane
(ILM) peeling, and gas tamponade.2 Although there was
a debate on ILM peeling in the past, ILM peeling has
been established to improve surgical success rates.3–6 In
addition, retinal ILM peeling has been facilitated by
staining dye such as indocyanine green.7,8
The rationale for ILM peeling is that MH can occur and
enlarge owing to contraction of perifoveal vitreous and
cellular constituents with myofibroblastic differentiation
on the surface of the ILM.2,9 Although ILM has no
inherent contractile properties, it does act as a scaffold
for contractile tissue to exert tangential traction on fovea.
Several studies using optical coherence tomography
(OCT) have reported the dynamic sealing process after
MH surgery.10–13 Foveal tissue elongation and macular
migration have been noted following ILM peeling after
surgery for MH and diabetic macular edema.14–17 In
addition, there is a significant correlation between these
morphologic changes and visual function such as
metamorphopsia.14
Although ILM peeling has become a widely accepted
surgical technique since the introduction of MH surgery,
the optimal extent of ILM peeling is not known and the
anatomic and functional outcomes according to peeling
extent have not been investigated. The purpose of this
study was to investigate the influence of the extent of
ILM peeling on anatomic and functional outcomes of
MH surgery.

METHODS
THIS PROSPECTIVE RANDOMIZED CLINICAL TRIAL WAS

performed at a single center according to the tenets of
the Declaration of Helsinki. The study protocol
(Supplementary Text; Supplemental Material available at
AJO.com) was approved by the institutional review board
and ethics committees (Samsung Medical Center IRB no.
2013-07-083, ClinicalTrials.gov identifier NCT02010138).
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Subjects were recruited between July 12, 2013 and March
23, 2015. Trial follow-up of the last enrolled subject was
completed in November 2015. All patients provided written
informed consent before enrollment.
The study population consisted of subjects 18 years of age
or older diagnosed with idiopathic MH before undergoing
vitrectomy. Idiopathic MH was defined as a defect of the
foveal retina involving its full thickness from the ILM to
the outer segment of the photoreceptor layer without other
accompanying ophthalmic disorders.
Exclusion criteria included eyes with traumatic MH, evidence of ocular inflammation, diabetic retinopathy, hypertensive retinopathy, retinal vasculitis, media opacity that
would influence visual acuity or preclude acquisition of
clear spectral-domain OCT images, 6.0 diopters or
more of spherical equivalent, presence of staphyloma, history of intraocular surgery other than uncomplicated cataract surgery, and other ocular diseases that could influence
macular microstructure or visual function. Patients who
declined to participate in the study were also excluded.
At baseline, a detailed demographic and medical history
was collected, and all subjects underwent a complete preoperative evaluation, including examination for bestcorrected visual acuity (BCVA) using the Early Treatment
Diabetic Retinopathy Study (ETDRS) chart (Lighthouse
International, New York, New York, USA), M-chart
(Inami Co, Tokyo, Japan) test, anterior segment examination, and dilated fundus examination with a 90 diopter
lens. Horizontal and vertical OCT scans through the fovea
were performed with a combined confocal scanning laser
ophthalmoscope and spectral-domain OCT (Spectralis
HRA-OCT; Heidelberg Engineering, Heidelberg, Germany). Metamorphopsia score (M-score) measurement
was performed using the M-chart according to a previously
described method.18
 RANDOMIZATION

block
AND
TREATMENT: The
randomization method was designed by an independent
clinical trial consultant. Subjects were randomized based
on preallocated codes placed in sealed envelopes that
were opened during the randomization visit by a trial coordinator. Based on the code, each subject was randomized to
either the small-extent group (SEG) or the large-extent
group (LEG). Participants and examiners who were assessing outcomes were masked to the assignment of groups.
A standard 3-port pars plana vitrectomy was performed
by a single surgeon (S.W.K.) using the Constellation
(Alcon Laboratories Inc, Fort Worth, Texas, USA) or
Associate (Dutch Ophthalmic Research Center, Inc, Zuidland, The Netherlands) 23 gauge vitrectomy system. After
core vitrectomy, the posterior hyaloid membrane was
removed using the vitreous cutter. In cases without posterior vitreous detachment, partial posterior hyaloidectomy
was performed to prevent the risk of triggering peripheral
break.19 Then, peeling of the retinal ILM was performed using vitreous forceps with the assistance of indocyanine
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green dye staining. Scrapers were never used. With reference to the size of the optic nerve, the ILM was pinched
with end-gripping forceps (Grieshaber Maxgrip 723.13;
Alcon Laboratories Inc, Fort Worth, Texas, USA) at the
point of desired radius (0.75 or 1.5 disc diameter). Then,
the strand of ILM was peeled off radially toward the foveal
center. Then another short strand of ILM was peeled off
circumferentially toward the initial pinching point to
create an L-shaped slit for starting round-shaped laminorrhexis (Supplemental Figure; Supplemental Material available at AJO.com). The operator then pulled the ILM flap
and lifted several times at its mid-edge, paying special
attention to create a round-shaped laminorrhexis
(Figure 1). This was followed by a complete fluid–gas exchange using either 25% sulfur hexafluoride gas or 14%
perfluoropropane gas. The selection of gas was dependent
on the size and duration of MH. That is, we used 25% sulfur
hexafluoride gas if the MH was smaller than 400 mm with a
symptom duration shorter than 3 months. Otherwise, we
used 14% perfluoropropane gas. Combined cataract surgery
was conducted in patients with visually significant cataracts or incipient cataracts in subjects older than 60 years.
All patients were encouraged to maintain a face-down position for at least 5 days postoperatively. Subjects with
persistent MH at the first postoperative visit or reopened
MH were supposed to undergo additional fluid–gas exchange along with intravitreal injection of autologous
platelet concentrate.
 OUTCOME MEASURES:

Postoperative measurements of
BCVA and M-score were conducted at 2- and 6-month
follow-up visits by independent, masked observers. The
amount of improvement in BCVA and M-score values between the preoperative visit and the postoperative
6-month follow-up were defined as the D BCVA and D
M-score, respectively.
The first postoperative OCT scanning was usually conducted 1–2 weeks after operation according to intraocular
gas status. After that, OCT scans were conducted at
follow-up visits 2 and 6 months postoperatively. The
same experienced examiner conducted all OCT scans on
all subjects.
OCT images of 1:1 mm setting, rather than 1:1 pixel
setting, were used for measurement.14 The measurements
were performed manually using the contained Heidelberg
Eye Explorer software (version 1.5.12.0; Heidelberg Engineering). MH size was calculated as the mean of the horizontal and vertical diameters. Two independent observers
(K.B., J.M.Y.) analyzed the images in a masked fashion.
To evaluate postoperative elongation of the foveal tissue, the distance between the edges of the outer plexiform
layer (OPL) was measured and defined as the inter-OPL
distance. The difference in inter-OPL distance between
horizontal and vertical images was defined as horizontalvertical asymmetry. The horizontal-vertical percent asymmetry (H-V % asy) was calculated as (horizontal inter-OPL
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FIGURE 1. En face optical coherence tomography of a patient who underwent surgery for idiopathic macular hole (MH) 6 months
prior. The internal limiting membrane (ILM) has been peeled off with the radius of either 0.75 disc diameter (Left, small-extent
group) or 1.5 disc diameter (Right, large-extent group) centered at the center of the MH. (Left) Margin of ILM removal (arrows)
and cellular proliferation upon the ILM outside the margin can be seen. (Right) The margin of ILM removal is out of the field of
view and cannot be delineated. Inner retinal dimples are frequently noted inside the margin of ILM removal in both groups.

distance  vertical inter-OPL distance) 3 100/(horizontal
inter-OPL distance þ vertical inter-OPL distance). The
absolute value of H-V % asy was used for analysis. To evaluate asymmetric elongation of foveal tissue on the same
horizontal or vertical plane, we measured the distance
from the foveal center to the edge of the OPL as nasal, temporal, superior, and inferior foveal length, according to the
direction. To determine the accurate ‘‘foveal center,’’ 4–6
OCT scans were usually performed. The localization of
the foveal center was facilitated by the outer foveolar
defect, which was usually detected in the few months after
surgery. The image with the largest outer foveolar defect
was taken as an image scanning foveal center. If there
was no outer foveolar defect, the thinnest foveal location
was considered the foveal center. The asymmetry of both
horizontal and vertical planes was evaluated on the basis
of postoperative 6-month OCT scan. The horizontal
percent asymmetry (Hor % asy) was calculated as (nasal
foveal length  temporal foveal length) 3 100/(nasal
foveal length þ temporal foveal length). The vertical
percent asymmetry (Ver % asy) was also calculated as (superior foveal length  inferior foveal length) 3 100/(superior foveal length þ inferior foveal length). The absolute
value of Hor % asy or Ver % asy was used for analysis,
except for correlation analysis with outer macular thickness. The mean % asy in each eye was calculated as (absolute value of Hor % asy þ absolute value of Ver % asy)/2.14
Infrared images linked to the OCT scans have also
been used to assess morphologic changes around the
removed ILM margin. Points in an imaginary circle
with the radial length of approximately 1.25 disc diameter from the foveal center, which encounters retinal
vascular landmarks such as the intersection of retinal
vessels, were set as a paramacular reference spot (PRS).
VOL. 169

The distance from the foveal center to the PRS was
measured by the innate caliper function of the Heidelberg Eye Explorer software (version 1.5.12.0; Heidelberg
Engineering) and was defined as nasal length, temporal
length, superior length, and inferior length according
to the direction. The distance between the edges of
the PRS was measured and defined as the vertical or horizontal inter-PRS distance. Analysis was performed using
the increment ratio of distance at first postoperative visit
and 2-month and six-month postoperative visits on the
basis of preoperative distance, as the PRS was an arbitrarily determined point that could not be compared as
an absolute numerical value. The absolute value of the
degree of mean percent increment of horizontal and vertical inter-PRS was used for analysis.
An ETDRS-style topographic map of macular thickness
was generated automatically by built-in segmentation software. The mean thicknesses of the macular inner ring segments (0.5–1.5 mm from foveal center) and macular outer
ring segments (1.5–3.0 mm from foveal center) in the
nasal, temporal, superior, and inferior directions were
measured on the basis of the result of 20 3 15-degree raster
scans consisting of 19 horizontal scans.
 SAMPLE SIZE CALCULATIONS AND DATA ANALYSIS:

The primary outcome measure in this study was the amount
of improvement in metamorphopsia (D M-score) 6 months
after intervention. In our initial proposal, we had estimated
that the group receiving large-extent ILM removal would
show a 100% improvement in metamorphopsia score
compared with the group receiving small-extent ILM
removal. The necessary sample size was calculated from
the results of our previous study.14 Based on the continuous
endpoint, 2-sided, 2-sample t test with an a-error of .05 and
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a power of 90% was conducted. Allowing for a dropout rate
of 10%, 64 patients (32 per group) were calculated to be
recruited with an allocation ratio of 1:1.
The primary analysis was conducted to identify the
difference in functional and anatomic outcomes between
the 2 groups. Subsequent analysis was performed to
reveal the relationship between functional and anatomic
outcomes. That is, comparison of anatomic closure rate,
BCVA, M-score, D BCVA, and D M-score were made
between the 2 groups. Then, associations of horizontal
inter-OPL distance, vertical inter-OPL distance, H-V
% asy, mean % asy, mean percent increment of interPRS, and retinal thickness profile with changes in
ETDRS visual acuity and M-score were analyzed. The
frequency of additional treatment and complications
were also evaluated.
Statistical analyses were performed by an independent
statistician using SAS version 9.3 (SAS Inc, Cary, North
Carolina, USA). The x2 test was used for categorical variables, and the Wilcoxon rank sum test and t test were used
for comparison of continuous variables. Appropriate parametric analyses were performed when the data were
normal. Associations of mean inter-OPL distance or
mean inter-PRS distance with preoperative MH size, visual
acuity, and M-score were determined using Spearman correlation analyses. A P value less than .05 was considered
significant.

RESULTS
SIXTY-FIVE PATIENTS WERE RANDOMIZED TO EITHER THE

SEG (n ¼ 33) or LEG (n ¼ 32) group. Complete closure
of macular hole after initial operation was noted in 32 of
33 eyes (97.0%) in SEG and in 31 of 32 eyes (96.9%) in
LEG. One patient of each group experienced persistent
MH after initial operation and was excluded, and 4 patients
were lost to follow-up before 6 months post-surgery. Those
persistent MHs were closed by additional fluid–gas
exchange along with autologous platelet concentrate injection. Finally, complete closure of MH was noted in all 65
eyes. Other serious postoperative complications, such as
recurrence of MH, intractable increase in intraocular pressure, rhegmatogenous retinal detachment, and endophthalmitis were not observed. Thus, 30 SEG patients and
29 LEG patients were ultimately included in the study
(Figure 2).
Table 1 outlines the baseline characteristics of the patients. There were no significant differences in baseline
characteristics, including the size and stage of MH,
BCVA, or M-score, between the groups (Table 1). The
25% sulfur hexafluoride gas was applied on 17 eyes in
SEG and 16 eyes in LEG, and the 14% perfluoropropane
gas was applied on 13 eyes in SEG and 13 eyes in LEG.
In terms of lens status, 26 eyes (86.7%) in SEG and
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FIGURE 2. Flowchart showing screening, recruiting, and
randomization in the trial. SEG [ small-extent group;
LEG [ large-extent group; MH [ macular hole.

27 eyes (93.1%) in LEG were phakic preoperatively.
Combined cataract extraction was performed for 6 eyes
(20.0%) in SEG and 9 eyes (31.0%) in LEG. After macular
hole surgery, 12 eyes (40%) in SEG and 11 eyes (37.9%) in
LEG underwent cataract surgery during the follow-up
period. Thus, 22 eyes (73.3%) in SEG and 22 eyes
(75.9%) in LEG were pseudophakic at 6 months postoperatively. Preoperative and postoperative lens statuses were
not different between the 2 groups.
The mean BCVAs measured at baseline and at 2 and
6 months postoperatively were 50.2 6 13.0, 63.9 6 11.7,
and 70.6 6 11.4 ETDRS letters in SEG and 49.7 6 10.9,
62.6 6 11.5, and 68.8 6 10.4 letters in LEG, respectively.
The M-scores measured at baseline and at 2 and 6 months
postoperatively were 0.79 6 0.51, 0.56 6 0.49, and 0.53 6
0.44 in SEG and 0.85 6 0.63, 0.44 6 0.50, and 0.34 6 0.34
in LEG, respectively. During each follow-up period,
BCVA, M-score, and DBCVA showed no significant difference between the 2 groups. DM-score values, the mean
amount of improvement in metamorphopsia between the
preoperative visit and the postoperative 6-month followup, were 0.26 6 0.55 in SEG and 0.50 6 0.53 in LEG,
and the difference was significant (P ¼ .039) (Table 1,
Figure 3). In the additional analysis, baseline BCVA, size
of MH, stage of MH, preoperative outer foveal changes
on OCT, and choice of gas tamponade during surgery
were not correlated with DM-score (Supplemental
Tables 2–4; Supplemental Material available at AJO.com).
 DEGREE OF ASYMMETRIC ELONGATION OF THE FOVEA
AND ITS INFLUENCE ON VISUAL ACUITY AND METAMORPHOPSIA: Table 2 shows the changes in mean horizontal

and vertical inter-OPL distance during the study period.
Elongation of both vertical and horizontal inter-OPL distance was observed in all 59 eyes during the follow-up
period. The SEG tended to have larger inter-OPL distances
over the entire period. However, the vertical and horizontal distances at postoperative 6 months were not
significantly different between the 2 groups (P ¼ .097
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TABLE 1. Characteristics of Patients With Idiopathic Macular Hole
Characteristics

Baseline
Age, mean 6 SD, y (range)
Sex (M/F), n
Lens status, n (%)
Phakic
Pseudophakic
Stage, n (%)
2
3
4
MH size,a mm, mean 6 SD (horizontal 3 vertical)
BCVA, mean 6 SD, letters (range)
M-score, mean 6 SD (range)
Postoperative 6 months
Lens status, n (%)
Phakic
Pseudophakic
BCVA, mean 6 SD, letters (range)
M-score, mean 6 SD (range)
DBCVA, mean 6 SD, letters (range)
DM-score, mean 6 SD (range)

Small-Extent Group (n ¼ 30)

Large-Extent Group (n ¼ 29)

64.3 6 7.7 (47w78)
7/23

63.7 6 8.1 (39w78)
6/23

26 (86.7%)
4 (13.3%)

27 (93.1%)
2 (6.9%)

P Value

.742
.807
.671

.771
19 (63.3%)
7 (23.3%)
4 (13.3%)
321.3 6 144.4 (333.4 3 309.1)
50.2 6 13.0 (22w71)
0.79 6 0.51 (0.0w2.0)

18 (62.1%)
5 (17.2%)
6 (20.7%)
335.3 6 158.8 (342.4 3 328.2)
49.7 6 10.9 (28w71)
0.85 6 0.63 (0.0w2.0)

.723
.862
.767
.825

8 (26.7%)
22 (73.3%)
70.6 6 11.4 (35w85)
0.53 6 0.44 (0.0w1.8)
20.4 6 12.8 (15w44)
0.26 6 0.55 (0.1w1.7)

7 (24.1%)
22 (75.9%)
68.8 6 10.4 (39w81)
0.34 6 0.34 (0.0w1.3)
19.1 6 10.8 (1w50)
0.50 6 0.53 (0.4w1.6)

.622
.091
.676
.039

BCVA ¼ best-corrected visual acuity; MH ¼ macular hole; M-score ¼ metamorphopsia score; SD ¼ standard deviation.
Minimum hole dimension (maximal hole diameter at narrowest point) was used for measuring the size of MH.

a

FIGURE 3. Changes in best-corrected visual acuity (BCVA) (Left) and metamorphopsia score (M-score) (Right) at the 2- and 6month postoperative examinations from baseline examination. The improvement in BCVA showed no significant difference between
the small-extent group (solid line) and large-extent group (dotted line) during the entire follow-up period. However, significantly
larger improvement in M-score at 6 months postoperatively is noted in the large-extent group (asterisk).

and P ¼ .101, respectively). At 6 months postoperatively,
the mean absolute value of H-V % asy was 12.6% in SEG
and 12.0% in LEG (P ¼ .921).
On the horizontal plane, the Hor % asy was 28.7% in
SEG and 15.6% in LEG (P < .001, Figure 4). On the vertical plane, the Ver % asy was 16.4% in SEG and 11.2% in
LEG (P ¼ .021). There was a significant difference in the
mean % asy between the 2 groups (SEG 22.5% 610.8%
vs LEG 13.4% 6 5.8%, P ¼ .001) (Figure 5). There was
no significant association of mean % asy with BCVA
at 6 months postoperatively (P ¼ .756) and DBCVA
VOL. 169

(P ¼ .906). However, there was a significant association
of mean % asy with M-score at 6 months postoperatively
(P ¼ .010) and the D M-score (P < .001) (Figure 5).
 DEGREE OF MIGRATION OF THE PARAMACULAR REFERENCE SPOTS AND ITS INFLUENCE ON VISUAL ACUITY AND
METAMORPHOPSIA: Figure 6 shows serial changes of the

inter-PRS distance during the follow-up period. The
mean percent increments of horizontal inter-PRS distance measured at the first postoperative visit and at
2 and 6 months postoperatively were 0.07% 6
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TABLE 2. Changes in Mean Horizontal and Vertical Inter–Outer Plexiform Layer Distance at the First Postoperative Examination and at
2- and 6-Month Postoperative Examinations
Horizontal Inter-OPL
Period

First postop
Postop 2 mo
Postop 6 mo

Vertical Inter-OPL

SEG

LEG

P Value

SEG

LEG

P Value

290.2 6 115.9
454.3 6 180.8
520.6 6 199.8

221.7 6 109.4
383.4 6 148.3
437.1 6 183.8

.025
.091
.098

268.0 6 134.6
379.9 6 183.2
441.9 6 189.5

152.9 6 96.7
316.0 6 124.1
368.1 6 142.2

<.001
.148
.092

LEG ¼ large-extent group; OPL ¼ outer plexiform layer; Postop ¼ postoperative; SEG ¼ small-extent group.

FIGURE 4. Representative serial optical coherence tomography images using the 1:1 mm setting showing elongation of the horizontal
inter–outer plexiform layer (OPL) distance during the 6 months after macular hole surgery in the small-extent group (Left) and the
large-extent group (Right). The distance between the edges of the OPL was defined as the inter-OPL distance. The distance between
the center of outer foveal defect and the nasal edge of OPL indicates nasal length, whereas the distance between the center and the
temporal edge of OPL indicates temporal length. More asymmetric and larger elongation of foveal tissue is noted in the 6-month image
of the small-extent group.

1.68%, 0.82% 6 1.52%, and 1.70% 6 1.98% in SEG
and 0.20% 6 1.72%, 0.14% 6 1.45%, and 0.44% 6
1.86% in LEG, respectively. The mean percent increments of vertical inter-PRS distances at the same time
points were 0.27% 6 2.31%, 0.51% 6 2.25%, and
1.64% 6 2.29% in SEG and 1.25% 6 2.68%, 0.82%
6 1.83%, and 0.39% 6 2.06% in LEG, respectively.
The difference in the mean percent increment of the horizontal and vertical inter-PRS distance at postoperative
6 months was statistically significant between the 2
groups (P ¼ .001, P < .001).
There was no association between the mean percent
increment of the horizontal and vertical inter-PRS at the
184

6-month postoperative visit and other parameters,
including preoperative MH size, BCVA and M-score at
6 months postoperatively, DBCVA, and DM-score.
 THICKNESS OF MACULAR INNER AND OUTER RING
SEGMENT: The differences in mean thickness of the mac-

ular ring segment at the first postoperative visit and at 2
and 6 months and the thickness at the preoperative visit
are presented in Supplemental Table 1 (Supplemental Material available at AJO.com). The change in macular inner
ring segment thickness was not different between the 2
groups throughout the follow-up period. However, the
macular outer ring segment showed consistent thickening
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FIGURE 5. Association of mean % asymmetry with best-corrected visual acuity (BCVA) (Top left) and metamorphopsia score
(M-score) (Middle left) at 6 months postoperatively, and with the amount of improvement in BCVA (DBCVA) (Top right) and M-score
(DM-score) (Middle right) between preoperative and 6-month postoperative examinations. Although the
 mean % asymmetry, which is
nasal lengthLtemporal length
obtained by averaging absolute
value
of
horizontal
%
asymmetry
3100
and vertical % asymmetry
nasal lengthDtemporal length

superior lengthLinferior length
3100
,
is
not
related
to
postoperative
visual
acuity,
it
is
inversely
correlated
with
postoperative improvement
superior lengthDinferior length
in metamorphopsia. Significantly larger horizontal % asymmetry and mean % asymmetry at 6 months postoperatively is noted in the
small-extent group (Bottom left, Bottom right, asterisk). SEG [ small-extent group; LEG [ large-extent group.

in SEG, and the difference between the 2 groups was significant at postoperative 2 and 6 months (P ¼ .016, P < .001,
respectively) (Figure 7).

DISCUSSION
THIS RANDOMIZED CONTROLLED TRIAL INVESTIGATED SUB-

jects who underwent surgery for idiopathic MH with an
equal chance of randomization to small or large extent of
ILM removal. Participants were observed for at least
6 months postoperatively, and baseline characteristics
VOL. 169

were well balanced between the 2 groups. As far as we
are aware, this is the first study that investigated functional
and anatomic outcomes according to the extent of ILM
removal during MH surgery. In this study, both groups
showed successful closure of MH and improvement of
BCVA without significant difference. However, larger
extent of ILM removal was related to significantly larger
improvement of metamorphopsia postoperatively.
The presence and severity of metamorphopsia is as
important in visual function as visual acuity. Previous reports have indicated that metamorphopsia, rather than
BCVA, was strongly associated with the vision-related
quality of life in patients with MH.20,21 However,
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FIGURE 6. Postoperative changes in percent increment of horizontal (Left) and vertical (Right) inter–paramacular reference spot
(PRS) distance. The mean horizontal and vertical inter-PRS distance tends to expand over time, especially in the small-extent group
(solid line), and the difference of percent increment at 6 months postoperatively is statistically significant (*P < .05, **P < .001)
between the small-extent group and large-extent groups (dotted line).

FIGURE 7. Postoperative changes in macular thickness in inner (Left) and outer (Right) ring segment of ETDRS-style topographic
map. (Left) There is progressive thinning of the macular inner ring segment in both groups. (Right) Although there is gradual thinning
in the macular outer ring segment of the large-extent group (dotted line), consistent thickening in the outer ring segment is noted in
the small-extent group (solid line). The difference is statistically significant (*P < .05, **P < .001).

only a few studies addressed postoperative changes of
metamorphopsia after MH surgery.14,22 The study by Kim
and associates indicated that the amount of asymmetric
elongation of foveal tissue after MH surgery was
negatively correlated with the amount of improvement in
metamorphopsia.14 The present study shows the consistent
outcome and reaffirms the previous study results. Smaller
asymmetricity of OPL distance in the same plane is associated with a greater amount of postoperative improvement
in metamorphopsia. In addition, the current study revealed
that smaller extent of ILM removal was correlated with the
greater asymmetry of foveal elongation and greater centrifugal migration of paramacular reference spots. These
changes represented a poor result in the amount of M-score
improvement. We speculate that metamorphopsia is
caused not only by irregularities and eccentric displacement of the photoreceptor layer23 but also by morphologic
abnormalities within inner retinal layers and/or dysfunction of the signal transduction. According to studies on
the epiretinal membrane, although visual acuity was associated with the status of the ellipsoid zone, the degree of
186

metamorphopsia was related to inner nuclear layer thickness.24,25
Our study also addressed retinal thickness changes and
migration of paramacular tissue after MH surgery, especially with regard to the extent of retinal ILM removal.
The centrifugal migration of parafoveal tissue in 4 directions, as represented by increment of PRS distance, was
more pronounced in SEG than in LEG. The postoperative
thinning of macular inner ring segment on an ETDRS-style
topographic map was observed in both groups. It is noteworthy that the extent of ILM removal in SEG roughly
corresponded to the area of the inner ring segment and central subfield, and the extent in LEG included the area of the
outer ring segment as well. The extent of ILM removal in
previous literature has been mostly about 1-disc-diameter
radius, which was closer to SEG in the present study.
Thus, the thickness change in the macular inner ring
segment of SEG of the current study was generally in line
with previous studies.26 The macular outer ring segment
also became thinner over time in the LEG; however, it
showed consistent thickening in the SEG. Several
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mechanisms would be involved in these differences in macular thickness profile between groups. First, Müller cell
damage could have been triggered in the macula with
removed ILM,27 causing degenerative thinning of the
area with lapse of time. Second, we speculate that reactive
thickening of nearby residual ILM and proliferation of the
epiretinal membrane outside of the margin of ILM removal
may contribute to these topographic macular thickness
changes and centrifugal migration of parafoveal tissue.
ILM, composed of type IV collagen fibers, glycosaminoglycans, laminin, and fibronectin, provides the scaffold for
proliferation of myofibroblasts, fibrocytes, and retinal
pigment epithelium cells.28–30 That is, residual ILM may
act as a traction force that pulls the retinal tissue toward
itself. As a consequence, the pulled region becomes
thinner and the pulling region becomes thicker. We
suspect that the outward stretching effect would be most
pronounced in the retinal area just external to the
margin of ILM removed, that is, the outer ring segment
for SEG and beyond the borders of the outer ring
segment for LEG. Outward stretching effect and
elongation of foveal tissue after ILM removal may also
explain the developmental mechanisms of the dissociated
optic nerve fiber layer, which has been observed on the
en face OCT and progressed in size and number in the
majority of cases after ILM peeling.31,32 Smiddy et al.
suggested that the confluence of 3 factors—the provision
of interface, induction of glial cell stimulation, and
measures taken to use the provided interface—constitutes

the degree of success expected with macular hole
surgery.33 Broad ILM peeling may result in stronger glial
cell stimulation, and effective closure of MH could be obtained even without face-down positioning.34 In addition,
this study indicates that further improvement in metamorphopsia can be expected with broad ILM peeling.
This study has intrinsic limitations because it includes a
single center and a single surgeon experience, which may
limit broad conclusions. However, the potential bias
caused by multiple surgeons and multiple examiners might
have been eliminated, which may facilitate extracting the
differences elicited only by the different extent of ILM
removal. Also, applying 2 types of gases according to MH
status and intraoperative or postoperative cataract surgery
could be potential sources of bias, although the 2 study
groups were balanced in these regards. The other limitation
of this study is that because the analysis was based on
6 months of follow-up data, our results may not reflect
the final outcomes of MH surgery. Despite these limitations, our data provide evidence of the relationship between the extent of ILM peeling and improvement of
metamorphopsia after MH surgery using a randomized clinical trial. In addition, this study also addressed the degree of
centrifugal migration of parafoveal tissue and topographic
changes in macular thickness according to the extent of
ILM removal. In conclusion, larger extent of ILM peeling
during MH surgery is beneficial with respect to reduction
of metamorphopsia, alleviating asymmetric elongation of
foveal tissue.
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