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Purpose: To ascertain the pathogenesis of macular hole (MH) associated with age-
related macular degeneration (AMD) and its surgical outcomes.

Methods: Patients with full-thickness MH associated with AMD (higher grades than
intermediate) were enrolled. The mechanism of MH formation and closure rate after
vitrectomy (surgical outcome) were determined using optical coherence tomography
imaging.

Results: The mechanism of MH formation (35 eyes) associated with AMD was classified into
four types: vitreomacular traction (42.9%), gradual retinal thinning caused by subretinal drusen
or pigment epithelial detachment (22.9%), massive subretinal hemorrhage (20.0%), and
combined (14.3%). In the 41 eyes that underwent vitrectomy, the logarithm of the minimum
angle of resolution best-corrected visual acuity improved from 0.82 (0.10-2.30) preoperative to
0.69 (0.10-2.30) postoperative (P = 0.001). Successful closure of the MH was achieved in 33
eyes (80.5%) after vitrectomy. No significant association was observed between the closure
rate of MH after vitrectomy and mechanism of MH formation (P = 0.083).

Conclusion: The mechanism of MH formation associated with AMD was classified into
four types and was not related to its surgical outcome. Considering visual improvement and
surgical outcome after vitrectomy in our study, active surgical treatment can be considered

for MH associated with AMD.
RETINA 41:2079-2087, 2021

ge-related macular degeneration (AMD) is one of

the leading causes of irreversible vision loss in
people older than 50 years in the developed countries. !
The vision-threatening complications of AMD include
macular atrophy, choroidal neovascularization, retinal
pigment epithelium (RPE) tear, and subretinal fibro-
sis.> The definite risk factors for the development of
AMD include aging, genetic constitution of the indi-
vidual, and history of smoking.?

Vitreomacular traction (VMT) is a suspected risk
factor for the development of neovascular AMD
(nAMD).* There are several reports about the correlation
between VMT and the poor response to anti—vascular
endothelial growth factor (VEGF) treatment in patients
with nAMD.> In addition, VMT is a contributing factor
in the macular hole (MH) development.” Gass et al

proposed that the focal traction of the prefoveal vitreous
cortex by tangential traction on the fovea might cause
foveal detachment and, hence, cause MH formation.®
Formation of MH might be contributed by the ante-
roposterior vitreofoveal traction as suggested by Tanner
et al.” The majority of MH occurs as an age-related
idiopathic condition.'® Thus, both MH and AMD are
age-related conditions, which become progressively
worse with increasing age.

Rao et al'! reported the prevalence and surgical out-
comes of MHs in eyes with AMD by separating them as
non-nAMD (nnAMD) and nAMD. According to Rao et al,
the prevalence of MHs in eyes with AMD was 0.7% and
the surgical outcomes of MH in nnAMD eyes were similar
to those of general MH eyes, whereas it was lower in eyes
with nAMD than in eyes with general MH eyes.
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2080 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ¢ 2021 ¢ VOLUME 41 « NUMBER 10

Additionally, there are several reports about MH in eyes
with AMD.!>!3 They mainly focus on the formation of
MH after anti-VEGF treatment in eyes with nAMD. How-
ever, there is limited knowledge regarding the mechanism
of MH formation in eyes with AMD. Moreover, there are
no reports about the differences in surgical outcomes ac-
cording to the mechanism of MH formation in eyes with
AMD.

Hence, the purpose of this study was to elucidate the
mechanism of MH formation associated with AMD
using serial optical coherence tomography (OCT)
images and to analyze the surgical outcomes of MH
associated with AMD after vitrectomy.

Methods

We reviewed the medical records of patients who
developed full-thickness MH (FTMH) associated with
AMD at five referral hospitals between January 2005
and December 2017. This study protocol was re-
viewed and approved by the Institutional Review
Board of the Seoul National University Bundang
Hospital (IRB No.: B-1808-484-110). The study
adhered to the tenets of the Declaration of Helsinki.

The inclusion criteria were as follows: 1) AMD with
grade higher than intermediate AMD according to the
classification of the Age-Related Eye Disease Study'# and
2) FTMH on OCT. The exclusion criteria were as follows:
1) eyes with early AMD according to the classification of
Age-Related Eye Disease Study; 2) Stage 1 MH, 3) AMD
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occurrence after the diagnosis of MH; 3) medical history of
vitreoretinal surgery for another retinal abnormality before
the diagnosis of MH; and 4) other combined macular or
vaso-occlusive abnormality except for AMD and MH.

The diagnosis of FTMH was performed using
fundus photographs and OCT images. The OCT
devices for the diagnosis of FTMH included spectral
domain (Spectralis, Heidelberg Engineering, Heidel-
berg/Cirrus, Carl Zeiss Meditec, CA) or time domain
(Stratus, Carl Zeiss Meditec, CA).

Each center collected basic demographic information of
the patients, including age, gender, history of diabetes
mellitus, and hypertension (HTN), on the first visit. The
clinical characteristics included best-corrected visual acuity,
type of AMD (dry/neovascular), and the presence of
macular atrophy according to the definition of the
Classification of Atrophy Meeting group.!> Best-corrected
visual acuity, OCT image, and fundus photographs were
collected before and after MH formation, 6 months after
MH surgery, and on the last visit. Surgical data were also
collected, including history of tamponade, combined with
cataract surgery. All MH surgeries were performed by pars
plana vitrectomy with internal limiting membrane peeling.
The tamponade material after vitrectomy was determined
by the surgeon. The diagnosis of nAMD was defined by
the evidence of choroidal neovascularization associated
with nondrusenoid RPE detachment, serous sensory retinal
detachment, subretinal hemorrhage (SRH), and/or subreti-
nal exudation. We subdivided nAMD into three types:
polypoidal choroidal vasculopathy, typical nAMD and ret-
inal angiomatous proliferation. Polypoidal choroidal vascul-
opathy was diagnosed based on the presence of a branch
vascular network, terminating polypoidal lesion, or both on
indocyanine green angiography. Retinal angiomatous pro-
liferation was confirmed by the evidence of retinal-retinal
or retinalchoroidal anastomosis on indocyanine green
angiography. The other cases were classified as typical
nAMD. The MH size and stage were based on OCT
findings and caliper-based function on OCT imaging as
determined by the authors. The stage of MH was defined
as follows; Stage 2 = FTMH < 400 wm, Stage 3 = FTMH
> 400 pum and no vitreous separation, and Stage 4 =
FITMH > 400 um and complete vitreous separation.!!
Anatomical surgical success was defined as the closure
of MH on OCT, 6 months after MH surgery.

Statistical Analyses

The Wilcoxon signed-rank test was used to compare
BCVA before and 6 months after the MH surgery. The
Snellen visual acuity was converted to the logarithm of
the minimum angle of resolution (LogMAR) units before
comparison. The Chi-square test was used to compare the
anatomical surgical success of MH surgery according to
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Fig. 1. Flowchart of patient
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selection to analyze the mecha-
nism of FTMH formation asso-
ciated with AMD and the
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closure rate after vitrectomy.
Exclusion (N=10)

OCT was unavailable when
MH appeared

Surgery was not performed

Pathophysiology analysis set
N=35

Surgical outcome analysis set

N=41

the type of AMD (dry/neovascular) and the mechanism
of MH formation associated with AMD. Logistic
regression analysis was performed to identify the factors
related to the anatomical surgical success of MH surgery.
Statistical significance was defined as P < 0.05. All
statistical analyses were performed using SPSS, Version
24.0 (SPSS Inc, Chicago, IL).

Results

A total of MH cases associated with AMD were
included by recruiting patients from the five referral
hospitals. Owing to the stage of MH and grade of AMD,
three cases were excluded. Hence, 51 cases in 48 patients
were included in our study for further analysis. Because of
the absence of serial OCT images before the formation of
MH in 16 eyes, an analysis of the mechanism of MH

CFP (First visit) OCT (First visit)

Gradual retinal thinning

Illustration (First visit)

formation associated with AMD was performed in 35 eyes.
The association between the concurrent OCT features
associated with AMD and the closure rate of MH was
analyzed in 41 eyes that underwent vitrectomy (Figure 1).

Among the 51 eyes (48 patients), 30 (58.8%) had dry
AMD and 21 (41.2%) had nAMD. The mechanism of
MH formation associated with AMD can be classified
into four types using the image of OCT: VMT (29.4%)
(Type A), gradual retinal thinning because of subretinal
drusen or PED (15.7%) (Type B), massive SRH (13.7%)
(Type C), and VMT with gradual retinal thinning
because of subretinal drusen or PED (9.8%) (combined)
(Figure 2). The mechanism of MH formation was unde-
termined in 16 eyes (31.4%) owing to the absence of
OCT image at the time of MH formation. Interestingly,
the preexisting large confluent drusen disappeared after
the formation of MH in three of 23 eyes (13%) with dry
AMD (Figure 3).

OCT (FTMH formation) Illustration (FTMH formation)

Fig. 2. Typical image of OCT and illustration at the first visit and at the time of MH formation. The classification is based on three major mechanisms
according to the image of OCT: vitreomacular traction, gradual retinal thinning because of subretinal drusen or RPE detachment, massive SRH. CFP,

conventional fundus photography.
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CFP ocT

First visit

MH formation

Fig. 3. Formation of a FTMH after the disappearance of large confluent
drusen. CFP, conventional fundus photography.

A total of 38 patients (41 eyes) underwent vitrectomy to
repair the MH associated with AMD. Among the 41 eyes,
25 (61.0%) had dry AMD and 16 (39.0%) had nAMD.
The number of eyes according to the mechanism of MH
formation was as follows: Type A, 12 eyes (29.3%), Type
B, 7 eyes (17.1%), Type C, 4 eyes (9.8%), combined, 4
eyes (9.8%), and undetermined, 14 eyes (34.1%) (Table 1).
The tamponade material after vitrectomy was as follows:
sulfurhexafluoride in 16 eyes (39.0%), perfluoropropane in
19 eyes (46.3%), silicone oil in 5 eyes (12.2%), and air in 1

eye (2.4%). Among the 41 eyes, the MH size and stage
could be evaluated accurately in 28 eyes using spectral-
domain OCT imaging. The average size of the MH was
488.5 +260.4 um. The MH stage was as follows: Stage 2,
12 eyes; Stage 3, 5 eyes; Stage 4, 11 eyes.

Among 16 eyes with nAMD and concurrent FTMH
that underwent vitrectomy, polypoidal choroidal vas-
culopathy was observed in 5 eyes (31.3%), typical
nAMD was observed in 8 eyes (50.0%), and retinal
angiomatous proliferation was observed in 3 eyes
(18.7%). Among the 16 eyes, 11 eyes (68.8%) were
treated with intravitreal anti-VEGF injection (number
of intravitreal anti-VEGF injection: 4.9 + 2.9), 2 eyes
(12.5%) were treated with photodynamic therapy, and
3 eyes (18.8%) were observed without any treatment
before the development of FTMH. After vitrectomy, 8
eyes (50.0%) were treated with additional intravitreal
anti-VEGF injections as a result of the recurrence of
choroidal neovascularization, and 8 eyes (50.0%) were
observed without any treatment (Table 2). Among 25
eyes with dry AMD and concurrent FTMH that under-
went vitrectomy, 2 eyes (8.0%) were treated with in-
travitreal anti-VEGF injection because of neovascular
change after vitrectomy.

Among 41 eyes that underwent vitrectomy to repair
the MH, MH closure was observed in 33 eyes

Table 1. Demographic Information and Clinical Characteristics of Patients With FTMH Associated With AMD

Total Eyes Eyes That Underwent Vitrectomy
Variables 48 Patients 38 Patients

Age, years (mean + SD) 701 £7.7 69.6 + 7.6
Gender, n (%)

Male 19 (39.6) 18 (47.4)

Female 29 (60.4) 20 (52.6)
Underlying disease, n (%)

Diabetes mellitus 10 (20.8) 10 (26.3)

HTN 13 (27.1) 11 (28.9)

Total Eyes Eyes That Underwent Vitrectomy
Variables 51 Eyes 41 Eyes

Types of AMD, n (%)

Dry 30 (58.8) 5 (61.0)

Neovascular 21 (41.2) 16 (39.0)
Mechanism of MH formation, n (%)*

Type A 15 (29.4) 12 (29.3)

Type B 8 (15.7) 7(17.1)

Type C 7 (13.7) 4 (9.8)

Combined 5(9.8) 4 (9.8)

Undetermined 16 (31.4) 14 (34.1)
Follow-up period, months (mean + 66.0 + 42.2 73.7 +52.3

SD)

Type A: vitreomacular traction.

Type B: gradual retinal thinning caused by subretinal drusen or RPE detachment.

Type C: massive SRH.

Combined: coexisting vitreomacular traction with gradual retinal thinning caused by subretinal drusen or RPE detachment.
*The mechanism of MH formation was determined using the serial images of OCT.
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Table 2. The Clinical Characteristics of Eyes With
Neovascular AMD and Concurrent FTMH That Underwent

Vitrectomy
Variables No. of Eyes

Total, n 16
Subtypes of NnAMD, n (%)

Polypoidal choroidal 5(31.3)

vasculopathy

Typical NnAMD 8 (50.0)

Retinal angiomatous proliferation 3 (18.7)
Treatment for NAMD before the

formation of MH, n (%)

Photodynamic therapy 2 (12.5)

Intravitreal anti-VEGF injection 11 (68.8)

None 3(18.8)
Additional treatment for NAMD after

MH surgery, n (%)

Intravitreal anti-VEGF injection 8 (50.0)

None 8

(anatomical surgical success rate: 80.5%) (Figure 4).
There was no significant difference in the closure rate
of MH after vitrectomy according to the type of AMD
(P = 0.698). The closure rate of MH after vitrectomy
did not show any significant difference according to the
mechanism of MH formation (P = 0.083) (Table 3).
Logarithm of the minimum angle of resolution
BCVA was significantly enhanced in 41 eyes after
vitrectomy (P = 0.001). In eyes with dry AMD, log-
MAR BCVA was significantly enhanced after MH

First visit

Massive SRH

Preoperative

surgery (P = 0.004). However, no significant differ-
ence in logMAR BCVA was observed in eyes with
nAMD before and after MH surgery P = 0.136).
LogMAR BCVA was significantly enhanced in eyes
with Type A mechanism of MH formation (P =
0.013). In contrast, for eyes with other mechanism
of MH formation except for Type A, there was no
significant difference in logMAR BCVA before and
after vitrectomy (Table 4). There was a significant
improvement in the proportion of logMAR BCVA
groups (<0.1, 0.1-0.5, >0.5) after vitrectomy
(<0.1, preoperative: 1/41 vs. postoperative: 2/41;
0.1-0.5, preoperative: 2/41 vs. postoperative: 10/
41; >0.5, preoperative: 38/41 vs. postoperative:
29/41; P = 0.004) (Figure 5).

We performed logistic regression analysis to deter-
mine factors related to the closure of MH after
vitrectomy (age, gender, diabetes mellitus, HTN, types
of AMD [dry vs neovascular], OCT findings associ-
ated with MH formation [VMT, PED, SRF, SRH],
preexisting macular atrophy cataract surgery with
vitrectomy, size of MH, stage of MH, preoperative
logMAR BCVA). In logistic regression analysis,
preexisting macular atrophy increased the risk of
failure of MH closure after vitrectomy, although it
showed only marginal significance (odds ratio, 0.167;
95% confidence interval, 0.026-1.070; P = 0.059).
However, there was no significant difference between
the other factors and the closure of MH after vitrec-
tomy (Table 5).

Postoperative

Fig. 4. Serial optical coherence tomography images of a FTMH associated with AMD at the first visit, at the time of MH formation, and 6 months after

vitrectomy according to the three major mechanisms classified using OCT.
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Table 3. Association of the Closure Rate of FTMH With AMD After Vitrectomy According to the Types of AMD and the
Mechanism of MH Formation Classified Using OCT

All
Types of AMD
Dry AMD
Neovascular AMD
Mechanism of MH formationt
Type A
Type B
Type C
Combined
Undetermined

Closure Rate After Vitrectomy P*
33/41 (80.5%)
0.698
20/25 (80.0%)
3/16 (81.3%)
0.083

11/12 (91.7%)
7/7 (100.0%)
3/4 (75.0%)
4/4 (100.0%)
8/14 (57.1%)

Type A: vitreomacular traction.

Type B: gradual retinal thinning caused by subretinal drusen or RPE detachment.

Type C: massive SRH.

Combined: coexisting vitreomacular traction with gradual retinal thinning caused by subretinal drusen or RPE detachment.
Closure rate = closure of macular hole after vitrectomy (eyes)/underwent vitrectomy (eyes).

Statistical significance was defined as P < 0.05.
*Calculated using the Chi-square test.

TThe mechanism of MH formation was determined using the serial images of OCT.

Discussion

In our study, the mechanism of MH formation
associated with AMD could be classified as four types
according to OCT images—VMT, gradual retinal thin-
ning caused by subretinal drusen or PED, massive SRH,
and combined (VMT with gradual thinning caused by
subretinal drusen or PED). Approximately half of MH
formation in AMD patients was associated with VMT,
similar to idiopathic MH. The anatomical surgical suc-
cess rate of MH associated with AMD was 80.5%. The
logMAR BCVA improved after vitrectomy. The closure

rate of MH after vitrectomy did not differ significantly
according to the mechanism of MH formation. Preexist-
ing macular atrophy increased the risk of failure after
vitrectomy, although it was marginally statistically sig-
nificant. However, other factors (age, gender, diabetes
mellitus, HTN, type of AMD, preexisting VMT, PED,
SRF, SRH on OCT, cataract surgery with vitrectomy,
size of MH, stage of MH, and preoperative logMAR
BCVA) were not associated with the closure rate of
MH after vitrectomy.

Previous studies have reported a closure rate of
idiopathic MH after vitrectomy from 78% to 96%.'%-18

Table 4. Changes in BCVA in Eyes That Underwent Vitrectomy Because of a FTMH Associated With AMD Before and 6
Months After Vitrectomy

Preoperative
LogMAR BCVA

LogMAR BCVA

Postoperative
LogMAR BCVA Change

Median (Range) Median (Range) Median (Range) P*

Total (41 eyes) 0.82 (0.10 to 2.30) 0.69 (0.10 to 2.30) —0.18 (—0.78 to 0.60) 0.001
Types of AMD

Dry 0.82 (0.10 to 1.70) 0.70 (0.10 to 1.30) —0.19 (—0.78 to 0.30) 0.004

Neovascular 1.00 (0.30 to 2.30) 1.00 (0.15 to 2.30) —0.12 (—0.60 to 0.60) 0.136
Mechanism of MH formationt

Type A 0.91 (0.40 to 1.70) 52 (0.16 to 1.30) —0.35 (—0.78 to 0.30) 0.013

Type B 1.00 (0.30 to 1.90) 00 (0.15 to 1.40) —0.15 (—0.60 to 0.30) 0.207

Type C 2.30 (0.82 to 2.30) 43 (1.00 to 2.30) —0.22 (—1.30 to 0.18) 0.285

Combined 0.76 (0.52 to 1.00) 50 (0.22 to 1.00) —0.11 (—0.60 to 0.00) 0.180

Undetermined 0.81 (0.10 to 1.70) 85 (0.10 to 2.30) —0.06 (—0.60 to 0.60) 0.373

Type A: vitreomacular traction.

Type B: gradual retinal thinning caused by subretinal drusen or retinal pigment epithelial detachment.

Type C: massive SRH.

Combined: co-existing vitreomacular traction with gradual retinal thinning caused by subretinal drusen or retinal pigment epithelial

detachment.

Statistical significance was defined as P < 0.05 (bold entries).

*Calculated using Wilcoxon signed-rank test.

1The mechanism of macular hole formation was determined using the serial image of optical coherence tomography.
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Fig. 5. Distribution of the number of eyes according to the logMAR
BCVA before and after vitrectomy.

Commonly, MH occurs in the seventh decade of life and
has a female predominance.!® The age of patients in a
previous study on idiopathic MH was 70.3 years, similar
to that of 70.1 years in our study.!® The proportion of
women was approximately 70% in that study and 60% in
our study.'® Rao et al'! reported that the closure rate of
MH after vitrectomy was 91.5% (97/106) in eyes with
dry AMD and 81.0% (17/21) in eyes with nAMD. In our
study, the closure rate of MH after vitrectomy was 80.0%

suggested as an important cause of idiopathic MH.20-2!
There have been many reports about MH formation
after anti-VEGF treatment in eyes with nAMD and
VMT.!2:13.22-24 Additionally, there have been several
reports about the correlation between the presence of
VMT and poor response to anti-VEGF treatment in
eyes with nAMD.>¢ However, VMT may be a com-
mon risk factor for the development of AMD and
idiopathic MH. In our study, VMT was observed in
16 eyes (39.0%) among 41 eyes that underwent vit-
rectomy. Thus, VMT can be considered as the most
common cause of MH formation in eyes with AMD.

There have been several reports about MH forma-
tion in eyes with AMD.!?!3 However, they mainly

Table 5. Results of Logistic Regression Analysis on Factors for the Closure of FTMH Associated With AMD After

Vitrectomy
Variables Odds Ratio 95% Cls P
Age, years 0.997 0.894-1.111 0.954
Gender (male = 0, female = 1) 0.618 0.118-3.234 0.568
Diabetes mellitus (no = 0, yes = 1) 0.381 0.041-3.546 0.397
HTN (no =0, yes = 1) 0.889 0.151-5.241 0.896
Types of AMD (dry = 0, neovascular 0.923 0.188-4.538 0.922
=1
OCT findings associated with MH
formation
Vitreomacular traction (no = 0, yes 5.833 0.643-52.883 0.117
Retinal pigment epithelial 0.800 0.080-7.989 0.849
detachment (no = 0, yes = 1)
Subretinal fluid (no = 0, yes = 1) 0.643 0.066-6.250 0.703
Subretinal hemorrhage (no = 0, 0.700 0.063-7.779 0.772
yes = 1)
Pre-existing macular atrophy (no = 0.167 0.026-1.070 0.059
0, yes = 1)
Cataract surgery with vitrectomy (no 0.833 0.178-3.911 0.817
=0, yes = 1)
Size of macular hole, um 0.998 0.995-1.002 0.287
Stage of macular hole (stage 2 = 0, 0.867 0.121-6.215 0.887
stage 3 or4 =1)
Preoperative logMAR BCVA 0.419 0.111-1.585 0.200

Stage 2: FTMH <400 um.

Stage 3: FTMH >400 pum, no vitreous separation.
Stage 4: FTMH >400 um, complete vitreous separation.
Statistical significance was defined as P < 0.05.

Cls, confidence intervals.
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focused on the formation of MH after anti-VEGF treat-
ment in eyes with nAMD. There are several hypothe-
ses about MH formation after anti-VEGF treatment in
eyes with nAMD. First, the structural changes in the
vitreous body or toxicity by anti-VEGF treatment may
contribute to the MH formation in eyes with nAMD.!3
Second, vitreous incarceration at the sclerotomy site
for intravitreal injection may contribute to MH forma-
tion in eyes with nAMD.!? There are several reports
on MH formation in eyes with PED after anti-VEGF
treatment.'%-2> Mojana et al® suggested that changes in
PED height after anti-VEGF treatment might contrib-
ute to the formation of MH by enhancing the tractional
forces. However, in eyes with PED, gradual retinal
thinning by RPE dysfunction may contribute to MH
formation associated with AMD. Several reports have
suggested that RPE dysfunction in patients with dry
AMD might contribute to MH formation by enhancing
the progressive retinal thinning.?%-2” Kumar et al also
suggested that the decrease in retinal thickness after
anti-VEGEF treatment might contribute to the formation
of MH.?® In our study, however, there were no cases in
which MH developed early after anti-VEGF
injections.

In our study, massive SRH was one of the major
causes (13.7%) of MH formation in eyes with AMD.
There are few reports about MH formation followed by
SRH in eyes with AMD.?>2° Wan et al suggested that
SRH might contribute to MH formation by promoting
the dehiscence of the fovea because of increased tan-
gential pressure in the subretinal space.?® In addition,
we suspected that retinal toxicity induced by SRH
might contribute to MH formation in eyes with AMD.

The logMAR BCVA was significantly enhanced
after vitrectomy. The postoperative logMAR BCVA
was significantly improved in eyes with dry AMD.
However, there was no significant difference between
pre- and postoperative BCVA in eyes with nAMD.
This finding was consistent with the results of another
study.!' No visual improvement in eyes with nAMD
after vitrectomy may have originated from the preex-
isting abnormality related to nAMD. In logistic regres-
sion analysis, preexisting macular atrophy increased
the risk of failure of MH closure after vitrectomy,
although it was statistically marginally significant.
Thus, the lower closure rate of MH after vitrectomy
in eyes with undetermined mechanism may be caused
by the relatively higher rate (25%) of macular atrophy
at the time of MH diagnosis (the presence of macular
atrophy at the time of MH formation: Type A, 1 of 12
eyes (8.3%),; Type B, 0 of 7 eyes (0%), Type C, 0 of 4
eyes (0%), and undetermined, 4/14 eyes (28.6%)).

Our study had several limitations. First, this was a
retrospective study, and a selection bias might exist

related to that. Second, the mechanism of MH forma-
tion in eyes with AMD was not fully classified in all
eyes because of the absence of preoperative OCT
images in part of the included eyes. Third, in a previous
study on atypical MHs, the presence of preoperative
VMT was associated with better surgical outcomes.” In
our study, the presence of VMT (Type A) was not
associated with higher closure rate after vitrectomy
(Table 3). However, the presence of VMT showed an
odds ratio of 5.833 for the closure of MH without sta-
tistical significance in the logistic regression analysis (P
= 0.117, Table 5). Therefore, the insufficient statistical
power because of the small number of cases in the
subgroups (mechanism of MH formation) might be
the reason of failure to reveal the association between
the presence of VMT and the MH closure in our study,
which should be further analyzed in large-scale studies.
Fourth, the OCT images that we analyzed were not
homogeneous in quality, owing to the use of diverse
OCT machines in different institutes. Thus, we could
not accurately evaluate the size and stage of MH in all
eyes. However, to the best of our knowledge, this is the
first multicenter study investigating the mechanism of
MH formation associated with AMD using OCT and
the surgical outcome according to the mechanism.

In conclusion, MH can be caused by various
mechanisms in eyes with AMD: VMT, gradual retinal
thinning because of subretinal drusen or PED, and
massive SRH. However, there was no significant
difference in the surgical closure rate of MH according
to the mechanism of MH formation. Additionally,
considering visual improvement and surgical outcome
after vitrectomy in our study, active surgical treatment
can be considered in MH associated with AMD.

Key words: age-related macular degeneration, mac-
ular hole, mechanism, optical coherence tomography,
vitrectomy.
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