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FULL-THICKNESS MACULAR HOLE IN
AGE-RELATED MACULAR
DEGENERATION PATIENTS WITH TWO
DISTINCT ENTITIES
A Multicenter Study
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Purpose: To describe optical coherence tomography characteristics of full-thickness
macular holes (FTMHs) in age-related macular degeneration patients.

Methods: A multicenter, retrospective, observational case series of patients diagnosed
with age-related macular degeneration and FTMHs seen between January 1, 2009, and
January 3, 2020. Clinical charts and spectral-domain optical coherence tomography
images were reviewed. Optical coherence tomography findings included FTMH-inverted
trapezoid or hourglass appearance, central macular thickness (CMT), complete retinal
pigment epithelium and complete retinal outer retinal atrophy, and presence of pigment
epithelium detachment and epiretinal membrane. The mean outcome was the morphologic
and functional characterization of different subtypes of FTMHs.

Results: A total of 86 eyes of 85 consecutive patients, with mean age of 80.31 ± 8.06
and mean best-corrected visual acuity of 1.17 ± 0.58 logarithm of the minimal angle of
resolution. Two different subtypes of FTMHs were identified: tractional and degenerative.
Fifty (58%) degenerative FTMHs characterized with inverted trapezoid appearance and 36
(42%) tractional FTMHs characterized with hourglass appearance. Degenerative FTMHs
presented with 66% of CMT , 240 mm, 14% of CMT . 320, and 70% of complete retinal
outer retinal atrophy, in comparison with 41% of CMT , 240 mm, 42.9% of CMT . 320%,
and 20% of complete retinal outer retinal atrophy in the tractional FTMH group (P = 0.002,
0.003, ,0.001, respectively). The presence of epiretinal membrane and pigment epithelium
detachment where significantly higher in tractional FTMHs (P = 0.02, 0.03, respectively).

Conclusion: Degenerative and tractional FTMHs may be two distinct clinical entities.
Discerning degenerative from tractional FTMHs is possible by using optical coherence
tomography features including shape of the FTMHs, CMT, internal–external ratio of FTMHs,
and presence of complete retinal outer retinal atrophy, pigment epithelium detachment, and
epiretinal membrane.

RETINA 41:2066–2072, 2021

Age-related macular degeneration (AMD) is a lead-
ing cause of blindness and central vision loss

worldwide. The hallmark of the neovascular AMD
(NV-AMD) is choroidal neovascularization (CNV),
whereas drusen, retinal, and choriocapillaris atrophy
are the hallmarks of non-NV-AMD.1,2

A full-thickness macular hole (FTMH) is an ana-
tomic opening of all the layers of the fovea featuring

interruption of all neural retinal layers from the
internal limiting membrane (ILM) to the retinal
pigment epithelium (RPE).3 Full-thickness macular
holes are mostly idiopathic but can be secondary to
highly myopic eyes or after ocular trauma.4 Idiopathic
FTMH prevalence is 0.3% of the population and
almost never seen before the age of 55.5 In 2013,
The International Vitreomacular Traction Study Group
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created an optical coherence tomography (OCT)-based
system for the classification of diseases of the vitreo-
macular interface. The International Vitreomacular
Traction Study definition for FTMHs requires detec-
tion of FTMHs in at least one OCT scan.6

There are two major mechanisms previously
described for FTMH formation, anteroposterior vitre-
ous traction and tangential vitreous traction on the
foveal retina.7 The hole usually has an hourglass
shape, and the vitreous may or may not be attached
to the edge of the macular hole.6

The incidence of FTMHs in eyes with AMD is
unknown, and the previous literature is limited. The
pathogenesis might be tractional from anteroposterior
or tangential vitreomacular traction with or without
CNV contraction or degenerative which results from a
atrophic processes in the underlying choroid and
malfunctioning RPE.8–10 Anti–vascular endothelial
growth factor intravitreal injections can also induce
vitreoretinal traction leading to the development of a
FTMH or anti–vascular endothelial growth factor itself
can modulate the activity of CNV and induce con-
traction of the membrane which may result in
FTMHs.11–13 For FTMHs in the presence of AMD,
success rates for anatomical closure after pars plana
vitrectomy range between 75% and 89%11,14,15 and
considered significantly lower in comparison with
idiopathic FTMHs with anatomical success rates of
above 90%.16

Because of the lack of normal anatomy and
additional findings on clinical and OCT examinations,
it can be challenging to differentiate between tractional
and degenerative FTMHs in the presence of AMD. We
did not find any previous studies that differentiate
clinical presentation or surgical outcomes of degener-
ative FTMHs from tractional FTMHs in AMD
patients. The clinical implications of this observation
might be significant to patients prognosis.

The purpose of this study is to describe OCT
characteristics of FTMHs in AMD patients.

METHODS

A retrospective, multicenter, observational study of
consecutive patients diagnosed with AMD and
FTMHs seen by retina specialists between January 1,
2009, and January 3, 2020, at the ophthalmology
departments of Meir Medical Center, Kfar Saba, Tel
Aviv Sourasky Medical Center, Tel Aviv, Rabin
Medical Center, Petach Tikva, Hadassah, Hebrew
University Medical Center Jerusalem, Hillel Yaffe
Medical Center, and Hadera and Shaare Zedek
Medical Center, Jerusalem. The study adhered to the
tenets of the Declaration of Helsinki and was approved
by the institutional review board (IRB) of all the
above-mentioned medical centers.
Cases were identified by electronic medical records

of each department. The inclusion criteria were the
presence of intermediate or advanced AMD (geo-
graphic atrophy or NV-AMD) which were made
according to the severity scale for AMD, AREDS
report.17 The presence of FTMHs, defined as anatomic
opening of all the layers of the fovea featuring inter-
ruption of all neural retinal layers from the ILM to the
RPE.3 AMD staging was made by a retina specialist
with the use of clinical examination, color images, and
OCT scans. Exclusion criteria were high myopia, his-
tory of retinal detachment, central serous chorioretin-
opathy, diabetic retinopathy, macular telangiectasias,
tractional and degenerative lamellar macular holes,
central or branch retinal vein occlusion, central or
branch retinal artery occlusion, advanced glaucoma,
or optic neuropathy of any kind, visually significant
cataract, endophthalmitis, retinal dystrophies, inability
to perform OCT or any cause for nonreadable OCT,
and any previous intraocular surgery besides uncom-
plicated cataract surgery.
Data collected included demographics, best-corrected

visual acuity, slit-lamp examination, and macular
spectral-domain optical coherence tomography.
The best-corrected visual acuity was recorded and

reported in Snellen fraction, which was converted into
logarithm of the minimal angle of resolution (log-
MAR) values for statistical analysis.

Optical Coherence Tomography Processing

All OCT images were carefully reviewed and
analyzed by two masked retina specialists (G.R and
O.S) to ensure a uniform grading analysis. Spectral-
domain OCT (Spectralis OCT; Heidelberg engineer-
ing, Heidelberg, Germany) was used. OCT parameters
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included external (basal) and internal diameters and
interna–lexternal diameter ratio of the FTMHs.
External hole diameter, previously described by Yun
et al, was defined as the hole diameter at the level of
the RPE,18 and inner hole diameter was defined as the
diameter at the level of the ILM previously described
by Haouchine et al, 19 as seen in Figure 1. Diameters
were measured on OCT scans using the caliper func-
tion of each OCT viewer program. The presence of
operculum in the posterior vitreous overlying the
macula, complete RPE and outer retinal atrophy
(cRORA),20pigment epithelium detachment (PED),
outer retinal tubulation, subretinal hyperreflective
material (SHRM) with high reflectivity,21 hyper-
reflective foci, central macular thickness (CMT), pre-
viously described by Adhi et al,22 vitreomacular
adhesion, posterior vitreous detachment, and epiretinal
membrane (ERM) were recorded.

Statistical Analysis

All data collected in the study were inserted into an
electronic database by Microsoft Excel 2013 (Micro-
soft Corporation). Statistical analyses were performed
using Minitab Software, version 17 (Minitab Inc, State
College, PA). Results are expressed as mean ± SD,
median (range) or N (%). For the comparison of con-
tinuous and categorical data at the final visit versus
baseline the paired t-test and McNemar’s test were
used, respectively. For the comparison of continuous
and categorical data between nonpaired groups the
Student-t and chi–square test were used, respectively.
Multivariate binary logistic regression analysis was
performed to determine parameters predicting two or
more lines of improvement after surgery. For this
purpose, we introduced as independent variables those
variables that reached a significant level of less than
0.15 in univariate analysis. Based on the binary
logistic regression, the area under the receiver oper-
ating characteristic curve (AUC) was determined to
evaluate the discriminatory ability according to the
assessed parameters. The point with the larger Youden
index, equal to sensitivity + specificity 21, was
defined as the optimal cutoff point. A P value of less
than 0.05 was considered statistically significant.

RESULTS

We reviewed the charts of all patients diagnosed
with advanced or intermediate AMD in the above-
mentioned retina clinics, of which 86 eyes of 85
patients diagnosed with FTMH, met the inclusion
criteria and enrolled into the study. Forty-nine (57.6%)
were women, mean age was 80.31 ± 8.06, (range

57.6–99.0) and mean visual acuity was 1.17 ± 0.58
logMAR (range 0.10–2.00 logMAR).
Analysis of OCT images suggested two distinct

subtypes of FTMHs defined by specific morphologic
features (Figure 2). A total of 50 (58%) FTMH had
“inverted trapezoid” (Figure 2, top) appearance with
distinctive characteristics of CMT , 240 mm,
cRORA, and internal–external ratio . 1.5. We
termed this condition “degenerative FTMHs”. The
second type observed (Figure 2, bottom) was diag-
nosed in 36 (42%) eyes and had “hourglass” appear-
ance. Its features included CMT . 320 mm, internal–
external ratio , 1.5 in contrast with degenerative
FTMHs, and the presence of PED or ERM. We termed
this subtype “tractional FTMHs.”
There were no statistically significant differences in

terms of demographics between the groups: For the
degenerative FTMHs, the mean age of was 79.4 ± 7.8
years, 29 of them were women (58%), and the visual
acuity was 1.15 ± 0.58 logMAR, in comparison with
81.7 ± 8.3 years, 20 (57.1%) women, and visual acuity
of 1.20 ± 0.59 logMAR for the tractional hole group
(P = 0.21, 0.94, 0.69, respectively).
A total of 58 (67%) eyes presented with NV-AMD,

15 (18%) eyes with geographic atrophy, and 13 (15%)
eyes with intermediate AMD. In the degenerative
FTMH group, 38 (76%) eyes presented with NV-
AMD, and 12 (24%) eyes presented with geographic

Fig. 1. Optical coherence tomography measurements of tractional and
degenerative FTMHs. A. Tractional FTMHs, the widest inner diameter
(gray arrows) is the maximum distance between the edges of the hole at
the level of the ILM. The external diameter (white arrows) is the
maximum diameter at the level of the RPE. B. Degenerative FTMHs,
the widest inner diameter (gray arrows) is the distance between the
edges of the hole at the level of the ILM. The external diameter (white
arrows) is the maximum diameter at the level of the RPE.
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atrophy, and in the tractional FTMH group, 20 (56%)
eyes presented with NV-AMD, 3 (8%) eyes with
geographic atrophy, and 13 (36%) eyes with interme-
diate AMD.”

Optical Coherence Tomography Findings

Degenerative FTMHs presented with 0% hourglass
shape, 100% inverted trapezoid shape, 66% of them
had CMT , 240 mm, 14% of CMT . 320, 70% of
cRORA, and 70% presented with SHRM with high
reflectivity in comparison with 100% hourglass shape,
0% of inverted trapezoid shape, 41% of CMT
, 240 mm, 42.9% of CMT . 320, 20% of cRORA,
and 25.7% presented with SHRM with high reflectiv-
ity in the tractional FTMH group (P = ,0.001,
,0.001, 0.002, 0.003, ,0.001, ,0.001, respectively).
External diameter was 393 ± 185 mm, internal diam-

eter was 1,148 ± 701 mm, and internal–external ratio was
3.26 ± 1.81 in the degenerative FTMH group in com-
parison with 778 ± 349 mm, 716 ± 322 mm, and 1.01 ±
0.53 in the tractional FTMH group (P ,0.001, ,0.001,
,0.001, respectively). In addition, ERM presence and
PED presence where significantly higher in the tractional
FTMH group (P = 0.02, 0.03, respectively).
Other parameters such as outer retinal tubulation, hyper

reflective foci, presence of posterior vitreous detachment,
vitreomacular adhesion, and operculum above the FTMH
were not found to be statistically significant.
Table 1 presents univariate analysis comparison of

degenerative FTMHs and tractional FTMHs.
Table 2 presents binary logistic regression analysis

comparison of degenerative FTMHs versus tractional
FTMHs. In brief, the only parameter that was signifi-
cant in differentiating between degenerative versus
tractional FTMHs was the internal–external ratio

with an odds ratio of 0.05 for an increase in 1.0 of the
internal–external ratio. Using an ideal cut-off point of
1.14, an AUC of 0.94 was achieved with a sensitivity
of 77.4% and a specificity of 96.0% (Figure 3). With
the binary regression model including all of the as-
sessed parameters was applied, an AUC of 0.96
with a sensitivity of 86.2% and a specificity of 91.8%
(Figure 4) was achieved. Hourglass shape occurred only
in tractional FTMHs, inverted trapezoid shape occurred
only in degenerative FTMHs, and outer retinal tubula-
tion occurred only in degenerative FTMHs and were
therefore not included in the regression analysis.

Discussion

Full-thickness macular holes and AMD are two
well-known diagnoses, but the presence of both
simultaneously is rare and described only in few
studies and case reports.11–15,23–25

In the past, FTMH diagnosis was clinical and
measurements of the FTMHs were not that easy, but
in recent years, OCT enables us to observe and
analyze additional features of the FTMHs, such as
diameter, shape, adherence of posterior hyaloid to the
macula, and intra retinal fluid presence.6 Optical
coherence tomography features can also assist in terms
of pathogenesis, prognosis, and choice of treatment.
The mechanism of FTMH formation in the presence
of AMD is not fully understood, and several options
were previously postulated including tractional forces
from anteroposterior or tangential vitreomacular trac-
tion,6,18 CNV contraction,7,23 secondary to anti–
vascular endothelial growth factor injections,12,25 and
degenerative which results from a atrophic processes
in the underlying choroid or malfunctioning retinal
RPE.9,11

We hypothesize that FTMHs in the presence of
AMD may be tractional or degenerative, which may
represent different pathologic conditions with different
clinical implications. Tractional FTMHs may form by
tangential or anteroposterior vitreous traction, ERM,
PED, or changes in the CNV membrane.9,10,25

Although degenerative FTMHs may be caused by
atrophic process of the retina secondary to collapsed
PED or macular scarring,8 Cohen et al described reti-
nal pseudocysts in a subset of eyes presenting with
geographic atrophy. It was corresponded to optically
empty spaces, frequently located in the inner nuclear
layer, and they suggested that pseudocysts might cor-
respond to Müller cell degeneration.26 Retinal pseudo-
cysts might be a part of a degenerative process that
eventually leads to the formation of the degenerative
FTMHs we observed in this current study.

Fig. 2. Morphology of degenerative and tractional FTMH. A. Degen-
erative FTMHs characterized by an inverted trapezoid shape. B. Trac-
tional FTMHs characterized by an hourglass shape.
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Both groups presented with similar baseline char-
acteristics including age, gender, and visual acuity,
and it might be challenging to differentiate between
both types of FTMHs. Thus, the purpose of this study
was to assist clinicians in the differentiation process
between two types.
Some of the degenerative FTMHs have features

complying with atrophy, previously described by
Sadda et al.20 Although, tractional FTMH features
resemble to idiopathic FTMHs.6 But, there is also a
possibility of combined pathophysiology. We hypoth-
esize that FTMHs may start as tractional above PED.
With time, the PED collapsed, cRORA was formed,
and degenerative FTMHs remained. Kabanarou et al,
described similar pathology in their small case series
of four patients. They showed formation of tractional
FTMHs on top of a macular scar or PED; during the
follow-up, PED collapsed but the FTMHs remained.24

In this current study, we found that advanced AMD

(NV-AMD or geographic atrophy) presented in all
eyes with degenerative FTMHs in comparison with
64% of eyes with tractional FTMHs. In addition, inter-
mediate AMD presented only in eyes with tractional
FTMHs but never in eyes with degenerative FTMHs.
This observation may potentially influence visual acu-
ity prognosis and treatment.
Today’s common practice to treat idiopathic

FTMHs is pars plana vitrectomy (PPV) with or with-
out ILM peeling, filling the eye with long‐acting gas
tamponade (such as SF6 or C3F8) with or without
face-down positioning of the patient.27 There are only
few studies that examine FTMH treatment in AMD
patients, and there are no any specific guidelines for
AMD patients with FTMHs. In this current study, the
FTMH size considered large6 for almost all patients,
with external diameter of 393 ± 185 mm and internal
diameter of 1,148 ± 701 mm for the degenerative
FTMH group and 778 ± 349 mm and 716 ± 322

Table 1. Univariate Analysis Comparison of Degenerative FTMH and Tractional FTMH

Parameter Degenerative Tractional P

Age (years) 79.4 ± 7.8 81.7 ± 8.3 0.21
Right eye 42.0% 57.1% 0.17
Female 58.0% 57.1% 0.94
Visual acuity (logMAR) 1.15 ± 0.58 1.20 ± 0.59 0.69
Hourglass shape 0% 100% ,0.001
Inverted trapezoid shape 100.0% 0.0% ,0.001
CMT , 240 mm 66.0% 41.2% 0.02
CMT . 320 mm 14.0% 42.9% 0.003
SHRM with high reflectivity 70.0% 25.7% ,0.001
Operculum above hole 4.0% 14.3% 0.09
Complete RPE and outer retinal
atrophy (cRORA)

70.0% 20.0% ,0.001

External diameter (mm) 393±185 778±349 ,0.001
Internal diameter (mm) 1,148±701 716±322 ,0.001
Internal–external ratio 3.26±1.81 1.01±0.53 ,0.001
PED 22.0% 45.7% 0.02
VMA 14.3% 25.0% 0.35
Partial PVD 10.0% 16.7% 0.55
Complete PVD 83.3% 58.3% 0.09
ERM 30.6% 60.0% 0.03
Hyperreflective foci 40.4% 41.2% 0.95
ORT 22.2% 0.0% 0.09

ORT, outer retinal tubulation; PVD, posterior vitreous detachment; VMA, vitreomacular adhesion.

Table 2. Binary Logistic Regression Analysis Comparison of Degenerative FTMHs Versus Tractional FTMHs

Parameter R2 Odds Ratio P Cut-off AUC Sensitivity Specificity

Internal–external ratio 53.20% 0.05 (0.01–0.41) 0.006 1.14 0.94 77.4% 96.0%
Complete RPE and outer retinal
atrophy (cRORA)

4.26% 0.18 (0.03–1.22) 0.08 NA 0.75 80.0% 70.0%

PED 3.02% 5.04 (0.62–41.20) 0.13 NA 0.62 45.7% 78.0%
Foveal SHRM with high reflectivity 0.62% 1.48 (0.19–11.36) 0.70 NA 0.72 74.3% 70.0%
CMT , 240 mm 0.15% 1.19 (0.20–7.03) 0.84 NA 0.62 58.8% 66.0%
Binary regression model 61.60% — — .0.49 0.96 86.2% 91.8%
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mm, respectively, in the tractional FTMH group. Large
FTMHs have less favorable surgical success rates in
comparison with small–medium FTMHs,27,28 even
with the use of various techniques such as macular
hole hydrodissection29 or inverted ILM flaps.30 When
there is a combination of large FTMHs in the presence
of intermediate or advanced AMD, surgical success
rates might be even lower. Berinstein et al reported 34
eyes with intermediate AMD and FTMHs that under-
went PPV. They reported average FTMH size of 388
mm and 74% anatomical success rate after first sur-
gery.14 Rao et al reviewed 158 eyes with AMD and
FTMHs. Of which, 127 underwent PPV; Six percent
of the eyes had GA, which means possible degenera-
tive FTMHs. They discussed that the patient with GA
would not be a good surgical candidate. But, they did
not differentiate between tractional and degenerative
FTMHs.15 Michalewska and Nawrocki recently pub-
lished a retrospective case series of 18 eyes with non-
NV AMD and large (492–1,073 mm) FTMHs, that
underwent PPV with the inverted ILM flap technique.
They had an anatomical success rate of 89% for first
surgery.11 We presume that in eyes with AMD one of
the reasons for the relatively low success rate, even for
small holes, is due to operated degenerative FTMHs.
For degenerative FTMHs, we believe that surgical

intervention might not improve the visual acuity,
because there are foveal outer retinal layers and RPE
atrophy, with poor foveal vision potential. It might be
recommended to continue AMD follow-up and treat-

ment, including anti–vascular endothelial growth fac-
tor injections, when needed, and do not perform PPV,
similar to Rao et al15 assumption.
This study had several limitations, first of which is

its retrospective design. Second, we described and
compared tractional and degenerative FTMH charac-
teristics, but we did not follow-up the patients
including change in the visual acuity and surgical
outcomes for the patients who underwent PPV. Future,
larger, prospective studies are needed to better under-
stand the pathophysiology and stages of both tractional
and degenerative FTMHs.

CONCLUSIONS

Degenerative and tractional FTMHs may be two
distinct clinical entities. This observation may present
with diagnostic and therapeutic dilemmas. Discerning
degenerative from tractional FTMHs is possible by
using OCT features including shape of the FTMH,
CMT, internal–external ratio of FTMHs, presence of
cRORA, PED, and ERM.

Key words: full-thickness macular hole, traction,
degenerative, AMD, OCT.
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