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Purpose: To investigate whether age-related macular degeneration (AMD) has an
influence on the prevalence and anatomical characteristics of lamellar macular holes
(LMHs).

Methods: Clinical records and spectral-domain optical coherence tomography images
of 756 eyes of 423 consecutive patients diagnosed with AMD were reviewed and analyzed.
Spectral-domain optical coherence tomography was used to identify degenerative or
tractional LMH subtypes and assess their morphology. The clinical and optical coherence
tomography findings of AMD eyes with LMH were compared with those of a control group
of eyes with LMH without AMD from a previously published report.

Results: Lamellar macular holes were identified in 25 eyes of 23 patients (3.3%; 25 of
756). Seventeen of 25 eyes (68%) presented with degenerative LMH and underlying late
neovascular AMD. Mean best-corrected visual acuity was worse in eyes with AMD and
LMH eyes than in those with AMD and no LMH (20/230 vs. 20/98; P = 0.02). The mean outer
diameter was greater in the group with degenerative LMH with concomitant AMD than in
the control group of degenerative LMH without AMD (1,323.9 ± 999.1 mm vs. 905.9 ± 356.8
mm, respectively; P = 0.01).

Conclusion: The incidence of degenerative LMH increased in advanced forms of AMD,
whereas the presence of tractional LMH subtype may be unrelated to AMD evolution.
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The term lamellar macular hole (LMH) was first
introduced by Gass in 1975. Using slit-lamp bio-

microscopy, he described a reddish, oval-shaped, mac-
ular lesion in a pseudophackic patient with cystoid

macular edema and presented histological evidence
of foveal tissue loss.1,2 Currently, the evaluation of
this clinical entity with optical coherence tomography
(OCT) has replaced in vivo histopathology analysis of
macular structural changes and evolved into the gold
standard for the diagnosis of LMH.3–5 Current ana-
tomical OCT-based features of LMH include an irreg-
ular foveal contour and a partial thickness defect of the
macula with intact underlying retinal pigment epithe-
lium (RPE) and photoreceptor layers.6–8 With the last
generation of OCT imaging, two different subtypes of
LMH have been proposed: tractional and degenerative,
which may represent unique pathologic entities with
different clinical implications.9 Tractional LMH sub-
type is characterized by the presence of a schitic sharp-
edged intraretinal split between the outer plexiform
and outer nuclear layers, frequent epiretinal mem-
branes, and intraretinal cystoid spaces. In contrast,
degenerative LMH presents with a round-edged intra-
retinal cavitation, frequent defects in the ellipsoid
layer, epiretinal proliferation, and in some cases with
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a central retinal bump. Although advances in OCT
imaging technology have increased our understanding
of LMH, the pathophysiology is still not fully under-
stood.3,5,10,11 Many studies have found an increased
prevalence of both forms of LMH in older patients,
suggesting that age may be a risk factor.9,12–14

Age-related macular degeneration (AMD), the lead-
ing cause of irreversible blindness that affects more than
eight million individuals in the United States, is an
intricate disease with genetic and environmental risk
factors.15,16 Several classifications and grading systems
for AMD have been proposed.17–19 Ferris et al20 sug-
gested a basic clinical classification 5-point scale
including the risk of progression. Age-related macular
degeneration begins with the presence of small drusen,
which gradually becomes larger and finally coalesce to
form confluent drusen, accompanied by retinal hyper-
pigmentation. At that crucial point, the disease can
progress to the advanced stages characterized by cho-
roidal neovascularization and/or geographic atrophy re-
sulting in severe vision loss.21 The advanced form of
the disease affects more than 1.75 million individuals.15

Recently, Segal et al22 have focused on LMH associ-
ated with end-stage exudative AMD. The mutualistic
symbiotic relationship between the components of the
photoreceptor, RPE, Bruch membrane, and choriocapil-
laris complex is altered in AMD.23 Age-related macular
degeneration causes apoptosis of RPE cells and loss of
the outer retina that could lead to disruption of cell-to-
cell adhesions and foveal destabilization, thereby ren-
dering the fovea more susceptible to LMH formation.24

We hypothesize that the structural retinal changes
seen in AMD are a predisposition for the development
of LMH. Therefore, the purpose of this study is to
determine the prevalence and anatomical character-
istics of LMH in presence of AMD.

Methods

A retrospective, observational, review of medical
records of consecutive patients diagnosed with AMD
and seen by a retina specialist (J.-P.H.) at the Stein Eye
Institute, University of California Los Angeles from
January 1, 2014, to August 31, 2017, was performed.
After the approval from the University of California
Los Angeles Office of Human Research Protection,
cases were identified by performing a search of the
medical billing records, using the International Statis-
tical Classification of Diseases and Related Health
Problems, Ninth Revision (ICD-9) diagnosis codes
362.5, 362.51, and 362.52 for nonexudative and exu-
dative senile macular degeneration. We included pa-
tients with at least one retina office visit and OCT

scans confirming the unilateral or bilateral diagnosis
of AMD. Exclusion criteria included history of dia-
betic retinopathy, high myopia, myopic choroidal neo-
vascularization, retinal vein occlusion, uveitis, trauma,
and previous pars plana vitrectomy. Demographic and
clinical information were reviewed and recorded. The
best-corrected visual acuity at the last visit was re-
corded and reported in Snellen fraction, which was
converted into logarithm of the minimal angle of res-
olution values for statistical analysis.
In all cases, OCT images were obtained with the

Spectralis OCT (Heidelberg Engineering GmbH, Hei-
delberg, Germany) and reviewed with either the
Heidelberg Eye Explorer (Version 1.10.0.0) using the
HRA/Spectralis Viewing Module (Version 6.8.3.0) or
Axis Image Management (Version 11.0.4.1).
Clinical findings and OCT images were reviewed by

two independent observers (A.F. and L.Y.), and AMD
was graded as, 1) normal aging changes, 2) early AMD,
3) intermediate AMD, and 4) late AMD according to
the classification system proposed by Ferris et al.20 Late
AMD cases were further categorized into neovascular
and/or geographic atrophy subtypes.
Next, the most recent OCT imaging was also used to

identify the presence of LMHs. The presence of LMH
was defined according to the following OCT findings:
presence of irregular foveal contour, separation of the
layers of the neurosensory retina, and the absence of
full-thickness macular defects.7 Eyes meeting the criteria
for LMH were subsequently differentiated into either the
degenerative or the tractional subtype using the same
criteria as Govetto et al.9 All OCT images were carefully
reviewed by two independent observers (A.F. and L.Y.).
Using the “caliper” function of the Heidelberg Eye
Explorer, we analyzed LMH morphology, including
inner diameter, outer diameter, minimum foveal retinal
thickness, and perifoveal thickness (Figure 1).
The minimum foveal retinal thickness was defined

as the minimum thickness of the retina at the level of
the foveal floor, typically adjacent to the foveal bump
when present. Therefore, the minimum foveal retinal
thickness did not always coincide with the exact center
of the fovea. The perifoveal thickness was defined as
retinal thickness of 750 mm from the center of the
macula and was measured both nasally and tempo-
rally. As illustrated in Figure 2, we classified ellipsoid
zone integrity into three categories: present (no alter-
ation), disrupted (partial disruption) or absent (no
ellipsoid zone present) (Figure 2).25 In addition, we
also assessed the presence of the foveal bump located
at the base of the lamellar macular hole (Figure 1).9

Spectralis OCT scan patterns were used for all
measurements. All eyes had at least two images per visit:
20 · 15°, with 19 B-scans spaced 242 mm, and a single
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high-definition horizontal line at 30°. In addition, 81 of
822 eyes (9.9%) diagnosed with AMD had high-density
15 · 10°, with 97 B-scans spaced at 30 mm. In all cases,
the images were adjusted at 1:1 mm. Mean central foveal
thickness was obtained using the automated “thickness
map” function of the Heidelberg Eye Explorer.
The clinical and OCT findings obtained from eyes

with LMH in the presence of AMD from this study
population were compared with those of a control
group with LMH without AMD published in a pre-

vious report.9 Finally, we evaluated the relationship
between LMH OCT characteristics and the number
of intravitreal injections.
Data collection was performed on Microsoft Excel

2011 (Microsoft Corporation, Redmond, WA). A P value
of less than 0.05 was considered statistically significant.

Results

Characteristics of the Study Population

At the end of the review process, 756 eyes from 423
patients diagnosed with AMD were included in the
analysis. One hundred sixty-two (38.3%) were male
subjects, and 261 (61.7%) were female subjects; the
mean age was 81.6 ± 9.62 years. Figure 3 displays the
number of eyes classified according to the AMD stage
and the number of LMH found in each stage.

Lamellar Macular Hole Incidence in Eyes With
Underlying Age-Related Macular Degeneration

Lamellar macular hole was identified in 25 eyes of 23
patients (25 of 756 eyes; 3.3%) with underlying AMD.
The mean age of this subgroup was 83.22 ± 8.86 years;
14 (60.87%) were male subjects and 9 (39.13%) were
female subjects. Analysis of the OCT images demon-
strated the degenerative LMH subtype in 22 eyes (22 of
25; 88%) and the tractional LMH subtype in 3 eyes (3
of 25; 12%). The incidence of LMH subtypes in each
stage of AMD is summarized in Table 1.

Comparison of Degenerative and Tractional
Lamellar Macular Hole Measurements Between
Eyes With Age-Related Macular Degeneration and
Without Age-Related Macular Degeneration

The differences encountered between degenera-
tive LMH subtype associated with AMD and

Fig. 1. Lamellar macular hole
measurements and morphology.
The inner diameter (black ar-
rowheads) is the distance
between the inner retinal layer at
the opening of the hole. The
outer diameter (gray arrow-
heads) is the widest distance of
the cavitation. The minimum
foveal retinal thickness (white
arrowheads) is minimum thick-
ness of the retina at the level of
the foveal floor. The foveal
bump (white arrow) is the ele-
vation of spared tissue located in
the base of the LMH.

Fig. 2. Ellipsoid zone integrity. Top: The arrowhead shows an ellipsoid
zone disruption. Bottom: Ellipsoid zone absence with diffuse alteration
in the outer retinal layer.
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degenerative LMH subtype from the control group
are reported in Table 2. Interestingly, the outer
diameter of degenerative LMH subtype in eyes
with AMD was significantly larger when compared
with that of degenerative LMH subtype from the
control group (1,323.91 ± 999.1 mm vs. 905.9 ±
356.8 mm, respectively; P = 0.01). Furthermore,
the mean central foveal thickness and minimal
retinal thickness were significantly lower in the
AMD group (264.3 ± 75.8 mm and 33.8 ± 26.7
mm, respectively) than in the group without AMD
(290 ± 39.6 mm and 95.2 ± 36.4 mm, respectively; P
= 0.07 and P = 0.0001). In contrast, no statistical
difference was found between the eyes with
AMD and the control group in the tractional LMH
subtype.

Comparison of Degenerative Lamellar Macular
Hole Measurements Between Eyes With
Geographic Atrophy and Those With
Neovascular Age-Related
Macular Degeneration

As shown in Table 3, the outer diameter was greater
in eyes with neovascular AMD than in those with geo-
graphic atrophy AMD (1,466.96 ± 1,086.1 mm vs.
837.6 ± 373.9 mm), but the difference was not statis-
tically significant (P = 0.06). Eyes with tractional
LMH subtype were not analyzed because of the small
number of patients.

Correlation Between Measurements of
Degenerative Lamellar Macular Holes With
Underlying Age-Related Macular Degeneration
and the Number of Intravitreal Injections

No statistically significant differences in the mean
central foveal thickness, inner diameter, outer diame-
ter, minimal retinal thickness, and perifoveal thickness
were encountered. However, there was a trend toward
a positive correlation between mean outer diameter
and the number of injections (r2 = 0.344; P = 0.19).

Prevalence of Changes in the Ellipsoid Zone
Integrity and the Presence of Foveal Bump

Prevalence of changes in the ellipsoid zone integrity
and the presence of foveal bump in eyes with LMH
and concomitant AMD and control eyes with LMH
without AMD are shown in Table 4.

Best-Corrected Visual Acuity

Finally, the mean best-corrected visual acuity was
significantly worse in the group of patients with LMH
and AMD (25 of 756 eyes) compared with the group
of patients with AMD and no LMH (731 of 756) (20/
230 vs. 20/98; P = 0.02). Furthermore, the mean best-
corrected visual acuity in eyes with degenerative LMH
and AMD was also worse than that in eyes with
degenerative LMH without AMD (20/235 vs. 20/42;
P = 0.0001).

Fig. 3. Flow chart of the eyes
classified by age-related macular
degeneration stage and lamellar
macular hole subtype. ICD,
International Statistical Classi-
fication of Diseases and Related
Health Problems; n, number of
eyes.

Table 1. Lamellar Macular Hole Subtype Incidence Depending on the Stage of AMD

LMH Subtype

AMD Stage (No. of Eyes)

Early Intermediate

Late

GA NV Total

Degenerative 0 0.8% (2/238) 3.1% (3/97) 4.8% (17/350) 4.5% (20/447)
Tractional 0 0.4% (1/238) 1% (1/97) 0.3% (1/350) 0.45% (2/447)
Total 0 1.2% (3/238) 4.1% (4/97) 5.1% (18/350) 4.9% (22/447)

GA, geographic atrophy; NV, neovascular.
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Discussion

Advances in OCT technology allow for a better
understanding of pathogenesis, improved monitoring
of progression, and assistance in classifying LMHs.3–
5,7,10,11 A number of hypotheses have been proposed
to explain the formation of LMH, including the union
of intraretinal cysts, unroofing of a foveal pseudocyst,
aborted formation of a full-thickness macular hole, and
centrifugal traction of epiretinal membranes.2–4,26

However, none of these theories seem to unify the
spectrum of findings observed within the current clas-
sification of LMH. As defined by Govetto et al,9 the
presence of epiretinal membrane with signs of traction
on the underlying retina may play a pivotal role in the
development of tractional LMHs. Conversely, the evo-
lution of degenerative lamellar macular hole may sug-
gest a slow, chronic process causing loss of retinal
tissue and the disruption of ellipsoid layer.
The pathophysiology of AMD is also characterized

by the progressive dysfunction and changes in the
choroid, Bruch membrane, RPE, and outer retina.27–30

Although the exact sites of pathologic and clinical
profiles only partially overlap, AMD and LMH may
share similarities in disease mechanisms and patho-
genic pathways. To our knowledge, there are two stud-
ies concerning LMH in eyes with underlying
neovascular AMD. Theodossiadis et al31 presented
a patient with an epiretinal membrane–associated

LMH with coexisting subretinal fluid arising from
a choroidal neovascularization in the background of
neovascular AMD that was successfully managed with
pars plana vitrectomy. Segal et al22 described a con-
secutive case series of 16 eyes describing the mor-
phologic abnormalities associated with LMH and late
AMD as revealed by OCT.
In this study, we hypothesized that AMD could be

a predisposition to the development of degenerative
LMH. Interestingly, we found that the prevalence of
LMH in eyes with underlying AMD is higher than that
in eyes without AMD as reported in the literature and
also increase with the severity of the AMD. Our data
show that 3.3% of eyes had LMH in patients with
AMD, whereas published studies reported a prevalence
of 0.9% to 2.6% of LMH in the general popula-
tion.32,33 Furthermore, we found a higher incidence of
the degenerative LMH subtype than the tractional
LMH subtype and, remarkably, an increase in the inci-
dence of degenerative LMH in the more advanced
stages of AMD. Figure 4 illustrates an example of
the degenerative LMH subtype with underlying inter-
mediate, geographic atrophy or neovascular AMD.
The risk of developing a degenerative LMH seems
higher in patients with more advanced forms of
AMD. Notably, this trend was not observed in trac-
tional LMH subtype. These findings suggest that the
pathophysiologic mechanisms responsible for the
development of AMD may be involved in the

Table 2. Comparison of Degenerative LMH Measurements Between Eyes With Underlying AMD and Eyes Without AMD

Measurements

Degenerative LMH

AMD+ (n = 22) AMD2 (n = 48) P*

Mean central foveal thickness (mm) 264.3 ± 75.8 290 ± 39.6 0.07
Inner diameter (mm) 502.7 ± 243.9 569.8 ± 203.7 0.2
Outer diameter (mm) 1,323.9 ± 999.1 905.9 ± 356.8 0.01
Minimal retinal thickness (mm) 33.8 ± 26.7 95.2 ± 36.4 0.0001

*Fisher exact test.
n, number of eyes.

Table 3. Late AMD Stage

Measurements

Degenerative LMH

Geographic Atrophy AMD (n = 5) Neovascular AMD (n = 17) P*

Mean central foveal thickness (mm) 265.2 ± 56.7 26,4 ± 82.5 0.97
Inner diameter (mm) 448.6 ± 187.8 518.59 ± 260.9 0.5
Outer diameter (mm) 837.6 ± 373.9 1,466.96 ± 1,086.1 0.06
Minimal retinal thickness (mm) 42.8 ± 35.2 30.94 ± 24.2 0.5
Perifoveal thickness (nasal) (mm) 240.8 ± 63.9 271.35 ± 109.9 0.45
Perifoveal thickness (temporal) (mm) 243.4 ± 59.4 246.41 ± 98.1 0.9

Comparison of degenerative LMH subtype measurements between eyes with geographic atrophy and eyes with neovascular AMD.
*Fisher exact test.
n, number of eyes.
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formation of a degenerative LMH subtype. Many gaps
exist in our knowledge of the mechanisms involved in
AMD evolution. However, preceding research studies
proposed that cell degeneration occurring during
AMD may involve toxic products released by photo-
receptors,34 RPE and Mṻller cells dysfunction,35 and
retinal microglia activation.36 Both in the normal ret-
ina and in the brain, quiescent microglia are inconspic-
uous stellate cells that surround inner retinal blood
vessels and function as resident macrophages.37 Acti-
vated microglia phagocytose cell debris and destroy
normal cells around the primary area of degenera-
tion.36 In advanced form of AMD, the leading edge
of apoptosis of retina cells is associated with adjacent
retinal degeneration.38 Based on this argument, our
study suggests that AMD in advanced stages may
present with remodeling of retinal layers that could
participate in or lead to the development of degenera-
tive LMH.
The Beaver Dam Eye Study cohort reported a higher

prevalence of LMH in older age groups: 2.1% in 63 to
74 years and 2.6% in 85 years or older.33 This is
consistent with our case series in which the mean
age of the studied population is 81.6 years. The
increased incidence of LMH in older patients with
AMD suggests that the impact of aging on retina struc-
tures may be a risk factor for the development of
degenerative LMH.39,40

In the current study, we assumed that the presence of
AMD could contribute to the anatomical features of
LMH. Surprisingly, our data showed that the mean outer
diameter of the degenerative LMH subtype was signif-
icantly larger in patients with underlying AMD com-
pared with the general population. Damage to the retinal
architecture induced by AMD formation may be at least
partially responsible for the widening of the outer
diameter of the LMH. Unlike the degenerative LMH
subtype, anatomical features of the tractional LMH
subtype do not seem to be largely affected by AMD
pathogenesis. This correlation coincides indeed with the
theories previously stated about LMH development.4,7,41

In patients with degenerative LMH with underlying
late AMD, the mean outer diameter was greater in eyes
with underlying neovascular AMD than in eyes with
underlying geographic atrophy but not statistically
significant. This result may demonstrate a tendency
that reinforces the role of the biochemical abnormal-
ities triggered by abnormal angiogenesis.42 Future in-
vestigations involving a greater number of eyes are
necessary to elucidate the importance of this chronic
insult in the development of LMH.
In regard to anti–vascular endothelial growth factor

treatment, the number of intravitreal injections seems
to have no significant clinical impact on the develop-
ment and evolution of LMH. No differences were
found between the groups divided by the number of
injections. However, the division into groups by the
number of injections was somewhat arbitrary, and the
exact number of injections received by some of our
patients was difficult to know because some were not
naive when initially evaluated in our center. With the
available data, there was a trend toward large mean
outer diameter in patients with more injections. Kur-
ihara et al43 revealed an essential role of vascular
endothelial growth factor in maintaining choroid vas-
culature and normal retinal anatomy. These findings
suggest that therapeutic approaches to blocking vas-
cular endothelial growth factor signaling in retinal
diseases might have unexpected detrimental side ef-
fects on the retinochoroidal tissue. Identification of
these risks will be important going forward.
It is unknown whether treating LMH with under-

lying AMD will modify the prognosis of either
disease To clarify this issue, long-term clinical
studies conducted in individuals diagnosed with
AMD are necessary. This population is well defined,
and alterations in the disease course can be deter-
mined at very early stage because of the increased use
of OCT imaging. In addition, studying LMH in the
presence of retinal disorders could potentially help to
better understand the pathogenesis of the different
LMH subtypes.

Table 4. Spectral-Domain OCT Imaging Analysis

SD-OCT Imaging Analysis

Degenerative LMH Tractional LMH Degenerative LMH/AMD+

AMD+ AMD2 AMD+ AMD2 Geographic atrophy Neovascular

Ellipsoid zone integrity
Disruption 13.6% N/K 33.3% N/K 40% 5.9%
Absence 86.4% N/K 66.7% N/K 60% 94.1%
Total 100% 100% 100% 16.3% 100% 100%

Foveal bump
Present 54.5% 87.5% 0% 0% 60% 52.9%

Comparison of ellipsoid zone changes and foveal bumps prevalence between LMH with underlying AMD and LMH without AMD.
SD-OCT, spectral-domain optical coherence tomography; N/K, not known.
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The strengths of the present study include a ran-
domly selected population-based sample and the
availability of medical records and OCT images with
a 10-year median length of archive. Previous publica-
tions evaluating LMH in eyes with underlying AMD
are based on neovascular AMD only; our work
includes all stages of the disease.
Weaknesses of this study include its retrospective

nature, the limited number of subjects, and the manual
method of measuring the LMH features. We based our
measurements on horizontal OCT scans; adding
oblique and vertical OCT scans would have allowed
us to complete a more precise evaluation of LMH
diameters. Furthermore, this study was conducted in
a tertiary referral center; therefore, some patients had
been previously treated and may have a more aggres-

sive form of AMD triggering a selection bias.
Moreover, the prevalence of LMH could differ widely
from a primary care setting.
In summary, degenerative and tractional LMH

subtypes most likely have different pathogenesis.
The pathophysiology of degenerative LMH subtype
may share common pathways with AMD as supported
by the greater incidence of LMH in advance stages of
AMD and the greater mean outer diameter in degen-
erative LMH subtype with underlying AMD.
Key words: age-related macular degeneration, anti–

vascular endothelial growth factor, choroidal neo-
vascularization, degenerative lamellar macular hole,
epiretinal proliferation, geographic atrophy, lamellar
macular holes, macular holes, optical coherence
tomography, tractional lamellar macular hole.

Fig. 4. Lamellar macular hole
(LMH) and age‐related macular
degeneration (AMD) stage. Top:
Optical coherence tomographic
(OCT) scan of a (instead of AN)
LMH with underlying interme-
diate AMD. Middle: OCT scan
of a (instead of AN) LMH with
underlying geographic atrophy
AMD. Bottom: OCT scan of
a (instead of AN) LMH with
underlying.
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