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Abstract

Objectives— To define optical coherence tomographic (OCT) criteria for the diagnosis of a
lamellar macular hole, and to increase understanding of lamellar hole pathogenesis by examining
fine anatomic features using ultrahigh-resolution optical coherence tomography (UHR OCT).

Design— Retrospective observational case series.

Participants— Nineteen eyes of 18 patients with lamellar holes were imaged with UHR OCT
between 2002 and 2004.

Methods— A UHR OCT system was developed for use in the ophthalmology clinic. All 6 UHR
OCT images for each eye imaged were examined. Lamellar holes were diagnosed based on a
characteristic OCT appearance. Criteria for the OCT diagnosis of a lamellar hole were as follows:
(1) irregular foveal contour; (2) break in the inner fovea; (3) intraretinal split; and (4) intact foveal
photoreceptors. From 1205 eyes of 664 patients imaged with UHR OCT, and retrospectively
reviewed, 19 eyes of 18 patients were diagnosed with a lamellar hole based on these criteria. All 19
eyes were also imaged with standard resolution OCT. Their charts were retrospectively reviewed.

Main Outcome Measures— Standard and ultrahigh-resolution OCT images.

Results— On chart review, clinical diagnosis of a lamellar hole was made in only 7 of 19 eyes
(37%). Twelve of 19 eyes (63%) had an epiretinal membrane (ERM) on clinical examination. Ten
of 19 eyes (53%) had a posterior vitreous detachment. On UHR OCT, 17 of 19 eyes (89%) had ERMs.
Eleven ERMs had an unusual thick appearance on UHR OCT. Due to poor visual acuity, 4 eyes
underwent vitrectomy. Only 1 of 4 surgeries (25%) was visually and anatomically successful.
Another eye improved visually, but a lamellar hole persisted. One eye progressed to a full-thickness
macular hole preoperatively, which reopened after surgery. One eye developed a full-thickness hole
postoperatively.
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Conclusions— The diagnosis of a lamellar hole can be made based on OCT criteria, which could
be applied to both standard and ultrahigh-resolution OCT. The increased resolution of UHR OCT
sheds light on the pathogenesis of the lamellar hole. Epiretinal membranes were visualized on UHR
OCT in the majority of eyes. Many ERMs had an unusual thick appearance on UHR OCT, which
may represent either trapped vitreous or posterior hyaloid, and may help stabilize retinal anatomy.
Conversely, ERM contraction may play a role in lamellar hole formation. Vitrectomy surgery was
anatomically and visually successful in only 1 of 4 patients, suggesting caution when performing
vitrectomy on lamellar holes.

The term lamellar macular hole was originally suggested by GassL in 1975, when he identified
a macular lesion resulting from cystoid macular edema. Since then, the term lamellar hole has
been used to describe an abortive process in full-thickness macular hole formation, in which,
clinically, the patient has relatively preserved visual acuity, usually 20/40 or better, and the
macula contains a stable, round, and well-circumscribed reddish lesion.2—8 Recently, optical
coherence tomography (OCT) evaluation has become beneficial in the diagnosis of lamellar
holes, as it is able to visualize retinal anatomy with near microscopic resolution. Optical
coherence tomographic studies have shown that lamellar holes have a thin fovea with avulsion
of inner layers of the macula.2~2:9:10 However, reports of lamellar holes on OCT are rare,
and the specific definition, pathogenesis, and surgical recommendations for this macular
condition remain unclear.

Optical coherence tomography is an imaging method capable of high resolution that has
become clinically useful for the evaluation of retinal anatomy 1124 gssists in understandlng
the definition, pathogenesis, and progression of a wide variety of retinal diseases.13-18 ocT
has proven beneficial in visualizing the V|treoret|nal interface, as details of the relation of the
posterior hyaloid to the retina can be seen.519-2 Optlcal coherence tomographic imaging of
the vitreoretinal interface has aided in distinguishing similar, yet distinct conditions, such as

vitreomacular traction syndrome full-thickness macular holes, macular pseudohole, and
lamellar macular hole.2=5,9,13,17,19,21,23,24

With the aid of OCT imaging, vitreomacular traction has been implicated in the pathogenems
of wtreomacular traction syndrome, full-thickness macular hole, and lamellar hole.2
19,20,25-27 | yiitreomacular traction syndrome, the posterior hyaloid partlallf/ se arates from
the retina, but remains attached at the fovea, causing cystoid macular edema. Optlcal
coherence tomography has also been used to document the progression of V|treomacular
traction to full-thickness macular holes. The earliest stage in macular hole formation seems to
be vitreomacular traction (i.e., the vitreous partially separates from the macula while remaining
attached at the fovea). This subsequently causes a dehiscence of the umbo and formation of a
macular hole.%:2:20,26,27 Similar vitreomacular traction has been implicated in lamellar
macular hole formation.2—> However, it is not known why full-thickness macular holes occur
in some patients and lamellar holes, in others.

Our group recently developed a new generation of ultrahigh-resolution optical coherence
tomo%raphy (UHR OCT) technology capable of axial image resolutions of ~3 um in the human
eye. 9 Enhanced imaging capabilities of UHR OCT improve the visualization of the
intraretinal architecture. Our group previously reported a series of macular holes imaged with
UHR OCT, including one case of a lamellar hole.10 Here we present a series of eyes with
lamellar holes imaged with both standard resolution OCT and UHR OCT. Our goals are to
clarify the definition of the lamellar macular hole via OCT, to examine fine anatomical features
of lamellar holes using UHR OCT, and to strengthen the understanding of lamellar hole
pathogenesis using UHR OCT.
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Materials and Methods

The principle of OCT imaging has been described in detail in previous publications.lll12 The
axial resolution in OCT imaging is inversely proportional to the bandwidth of the light source
used for imaging. Stratus OCT (Carl Zeiss Meditec, Inc, Dublin, CA) uses a super luminescent
diode light source that generates ~25 nm of bandwidth at ~800 nm center wavelength, and is
capable of axial imaging resolution of ~10 um. Stratus OCT images of the macula uses standard
scans of 2 mm axial depth and 6 mm in the transverse direction. The StratusOCT images have
~10 um axial and 20 um transverse resolution in tissue, and consisted of 1024 axial pixels and
512 transverse pixels (i.e., a total of 524 288 pixels).

Our group developed a S)rototype UHR OCT system capable of performing studies in the
ophthalmology clinic.10 A specially designed femtosecond, titanium:sapphire laser was used
as the light source for UHR OCT imaging.30 The femtosecond laser generates ~125 nm of
bandwidth at ~815 nm center wavelength, and the UHR OCT system is capable of axial imaging
resolution of ~3 um. The UHR OCT image uses scans with a 1.5 mm axial depth and 6 mm in
the transverse direction. The UHR OCT images have ~3 um axial and 15 to 20 um transverse
resolution in tissue and consisted of 3000 axial and 600 transverse pixels (total = 1 800 000
pixels). The proto%/pe UHR OCT clinical ophthalmic system has been described in detail in
previous studies.L

Optical coherence tomographic imaging is performed within well-established, safe retinal
exposure limits set by the American National Standards Institute. The American National
Standards Institute standard for safe retinal exposure accounts for wavelength, duration, and
multiple exposures of the same spot on the retina.31 For this study, UHR OCT imaging was
performed using the same incident optical power as Stratus OCT, as reported by our group in
previous UHR OCT studies. 10

The standard Stratus OCT imaging protocol was followed with both OCT systems in order to
enable a direct comparison of the resulting images. Six radial macular scans of 6 mm length
each were acquired at angles separated by 30° intervals. After OCT imaging was completed,
all Stratus OCT and UHR OCT images were corrected for axial motion using standard re-
registration algorithms. These algorithms have been used in all of the previous prototype and
commercial OCT systems.32

Imaging was performed using our UHR OCT prototype in the ophthalmology clinic of the New
England Eye Center at Tufts—New England Medical Center. The study was approved by the
institutional review board committees of both the Tufts—New England Medical Center and the
Massachussetts Institute of Technology, and is compliant with the Health Insurance Portability
and Accountability Act of 1996. Data from each patient was kept in a database accessible only
to researchers authorized by the patient, as required under the Health Insurance Portability and
Accountability Act, who were approved by the Tufts and/or the Massachussetts Institute of
Technology institutional review boards. Written informed consent for use of the images was
obtained from all of the subjects in this study before UHR OCT imaging was performed.

One thousand two hundred five eyes of 664 patients were imaged with UHR OCT at New
England Eye Center between November 2002 and September 2004. All 6 images for each eye
were retrospectively evaluated. Lamellar holes were diagnosed based on UHR OCT
appearance. Criteria for diagnosis of lamellar hole were as follows: (1) an irregular foveal
contour; (2) a break in the inner fovea; (3) separation of the inner from the outer foveal retinal
layers, leading to an intraretinal split; (4) absence of a full thickness foveal defect with intact
photoreceptors posterior to the area of foveal dehiscence.

Ophthalmology. Author manuscript; available in PMC 2007 August 7.
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A lamellar hole likely caused by epiretinal membrane contraction is shown in Figure 1. Of
note, this example may be categorized by clinicians as a macular pseudohole on fundus
examination, as it is a stable macular lesion resembling a full thickness hole that is surrounded
by epiretinal membrane. However, on OCT, it is more specifically a lamellar hole secondary
to epiretinal membrane contraction, meeting the OCT criteria for a lamellar hole as previously
defined.

All eyes examined with UHR OCT between 2002 and 2004 that fit the previously described
criteria were included in this report. Based on this criteria, 19 eyes of 18 patients were found
to have a lamellar macular hole on UHR OCT, and their charts were reviewed. Best-corrected
visual acuity was measured using standard Snellen eye charts. To calculate mean visual acuity,
Snellen acuities were converted to the logarithm of the minimum angle of resolution scale, and
the mean logarithm of the minimum angle of resolution visual acuity was calculated, and was
then converted back to the Snellen scale. Ocular history, full ocular examination, Stratus OCT,
and fundus photographs were recorded. Eight of 18 patients were men, and 10 were women.
Mean age was 64 years (range, 38-80). Eleven of 19 eyes were the right eye.

The UHR OCT images of normal macula have been presented in prior studies. The retinal
nerve fiber layer (RNFL), ganglion cell layer, inner plexiform layer, inner nuclear layer, outer
plexiform layer (OPL), outer nuclear layer (ONL), external limiting membrane, inner/outer
segment junction, and retinal pigment epithelium can be distinguished on UHR OCT. In this
study, we identified the retinal layers in concordance with these prior reports.10’28’29’33’34

Mean best-corrected visual acuity (BCVA) for patients with a lamellar hole was 20/43 (range,
20/20 to counting fingers at 8 feet). However, only 2 eyes had a BCVA of less than 20/100.
One of these eyes had undergone vitrectomy surgery for a full thickness macular hole several
months prior to imaging, and had a lamellar hole at the time of UHR OCT imaging. The other
of these 2 eyes had decreased vision after a blunt trauma 20 years previously. Another patient
had already had a pars plana vitrectomy for a macula-off retinal detachment 7 years prior to
imaging; the BCVA in this patient was 20/30 at the time of UHR OCT imaging.

Mean refractive error was —2.55 diopters (D) (range, +1.50 D to —9.00 D). On initial clinical
examination, only 7 of 19 (37%) eyes were initially diagnosed with a lamellar hole. Other
initial diagnoses included macular pseudohole (4 eyes, 21%), epiretinal membranes (ERMs)
with or without cystoid macular edema (5 eyes, 26%), full-thickness macular hole (2 eyes,
11%), and cystoid macular edema alone (1 eye, 5%). Of the 19 eyes, 12 eyes (63%) were
reported to have an ERM on dilated fundus examination. Seven eyes (37%) had a posterior
vitreous detachment (PVD) visible on examination.

For this study, the diagnosis of lamellar hole was made based on UHR OCT appearance, as
defined in the “Materials and Methods” section. However, Stratus OCT was also able to
demonstrate the 4 OCT criteria for lamellar hole diagnosis in all 19 eyes. The UHR OCT
revealed additional structural details. On UHR OCT of all patients, the intraretinal split
occurred either between the high backscattering OPL and the low backscattering ONL, or
within the OPL. Additional findings seen on UHR OCT were ERMs, vitreomacular traction,
and a visibly detached posterior hyaloid above the macula. The ERM was defined as a highly

Eedflggtive band immediately anterior to the retina, as defined in previous OCT studies. 318,

Figure 1 shows a lamellar hole with a typical OCT appearance of the ERM. Seventeen of 19
eyes (89%) had ERMs on UHR OCT; all ERMs seen on fundus examination were visualized
with UHR OCT. Eleven of these ERMs had an unusual appearance on UHR OCT; a less
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reflective area was present between the RNFL and the inner border of the ERM (Fig 2). In one
case, this thickened ERM appeared continuous with the posterior hyaloid (Fig 3). In 6 of 11
eyes with these thick membranes, no PVD was apparent on biomicroscopy or OCT.

Vitreomacular traction was observed on OCT in 2 eyes (Figs 3, 4). The posterior hyaloid was
detached from the macula and visible on OCT in 3 eyes (Figs 1, 5), suggesting a recent
detachment of the posterior hyaloid from the macula. Therefore, adding these 3 eyes to the 7
eyes with PVD seen on biomicroscopic examination, the total number of patients with PVD
was 10 (53%). All eyes without PVD had an ERM on examination and/or OCT.

Due to poor visual acuity, 4 eyes subsequently underwent pars plana vitrectomy, air/fluid
exchange, and sulfur hexafluoride (20% to 25%) gas bubble injection. All 4 patients also had
slight variations in their intraoperative procedures. One patient had peeling of an ERM
intraoperatively. Two months postoperatively, this patient’s visual acuity improved from
counting fingers at 8 feet to 20/125; however the lamellar hole remained open on fundus
examination and OCT. The second patient developed a full-thickness macular hole after an
initial UHR OCT evaluation showing a lamellar hole, and subsequently underwent
intraoperative internal limiting membrane and posterior hyaloid peeling. Postoperatively, the
full-thickness hole was closed initially, but was reopened several weeks later.

Preoperative and postoperative images from the third patient are shown in Figure 4. She
underwent peeling of the posterior hyaloid for vitreomacular traction. The patient developed
a full-thickness macular hole postoperatively. Preoperative and postoperative images for the
fourth patient are shown in Figure 5. The patient underwent internal limiting membrane peeling
intraoperatively. Six months postoperatively, the patient’s visual acuity had improved from
20/100 to 20/30, and the retina was flat and closed on fundus examination and OCT.

Discussion

Before OCT was available, the diagnosis of lamellar hole was based on certain characteristic
history and examination findings. With the advent of widespread clinical use of OCT, there
has been renewed interest in the diagnosis of lamellar macular hole.2=2,9,10 Optical coherence
tomography is able to visualize the macular anatomy in high detail, and can distinguish the
lamellar hole from similar, but distinct, macular conditions.3->.9,10,13,17,19,21,23,24
Typically, lamellar holes have been regarded as the end result of an abortive process in full-
thickness macular hole formation. Lamellar holes of this etiology have been shown to have a
specific configuration on OCT. However, we have noted that an identical OCT can be found
in a variety of etiological conditions. For this reason, we attempted to clarify the definition of
lamellar macular hole on OCT, to examine fine anatomical features using UHR OCT imaging,
and to increase the understanding of the lamellar hole pathogenesis. Distinguishing lamellar
holes from other conditions is important, as each has different surgical implications. However,
we are aware of only one other study that has shown a series of lamellar macular holes imaged
with OCT.3

In the study by Haouchine et al,3 only 28% of lamellar holes diagnosed with OCT were
diagnosed as lamellar holes on fundus examination. In our study, only 37% of lamellar holes
on OCT were also diagnosed as such on initial fundus examination. This data suggests that
OCT imaging is beneficial in the diagnosis of lamellar holes. It is therefore essential to develop
OCT criteria to distinguish lamellar macular holes from similar macular conditions. The
diagnosis can be made by qualitative image analysis of the 6 radial macular images taken using
the standard OCT imaging protocol. We present 4 basic criteria for the OCT diagnosis of
lamellar holes: (1) an irregular foveal contour; (2) a break in the inner fovea; (3) a dehiscence
of the inner foveal retina from the outer retina; and (4) an absence of a full thickness foveal
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defect with intact foveal photoreceptors. The criteria can be applied to both standard and
ultrahigh-resolution OCT.

These criteria differ slgghtly from findings in previous OCT and histopathologic reports of
lamellar holes.3-2:9:36,37 One feature of lamellar holes common to patients from various
studies was thinning of the fovea. The study by Haouchine et al3 also found that on average
the surrounding perifoveal retina was of normal thickness. We attempt to define criteria for
lamellar hole diagnosis that do not necessitate measurement of retinal thicknesses, and can
instead be identified by close examination of an OCT image. The UHR OCT helps to visualize
retinal anatomy specific to lamellar macular holes. In all 19 eyes, the separation of the inner
from the outer retinal layers occurred either between the high backscattering OPL and the low
backscattering ONL, or only within the OPL. Spanning this separation were often strands of
retinal tissue, which may signify Mueller cell processes and/or photoreceptor axons (Henle
fibers). Mueller cell processes are known to extend from the internal to the external limiting
membrane, and photoreceptor axons originate from photoreceptor cell bodies in the ONL and
extend into the inner retina.38 Mueller cell strands spanning the separation between the inner
and outer retina may help to prevent dehiscence of the outer retinal Iayers.?’9

As reported by Haouchine et al,3 epiretinal membranes are common OCT findings in cases of
lamellar holes; 62% of 29 cases in their study had ERM on OCT. In our study, UHR OCT
found that 89% of patients had an ERM. The higher number in our study is likely due to
increased resolution of the UHR OCT, which enhanced the ability to detect ERMs. Examples
of this are seen in Figures 2, 3, and 4. The UHR OCT was also able to image all ERMs that
were seen on dilated fundus examination.

Two distinct appearances of ERMs were observed on UHR OCT. One appearance was identical
to previous reports of ERM on OCTii.e., a thin highly-reflective line immediately anterior to
and separate from the RNFL).3718v2 35 However, in this study, the majority of ERMs on
UHR OCT had an unusual appearance (i.e., a moderately-reflective material filled the space
between the inner border of the ERM and the RNFL). In Figure 3, this membrane even appeared
continuous with the posterior hyaloid.

It is unclear what this appearance of ERM on UHR OCT represents. One possibility isan ERM
with trapped vitreous between it and the retina. An electron microscopic study by Foos40 has
previously shown densely-packed vitreous fibrils between the ERM and the retina in some
cases. The finding suggested that in these cases, the ERM grew anterior to the retina before
the vitreous separated from the retina. Visualization of the thick ERMs of moderate reflectivity
with UHR OCT, along with the finding that 89% of lamellar macular hole patients in this study
had ERMs on UHR OCT, may suggest the implication of ERMs in the pathogenesis of the
lamellar macular hole. It is believed that ERMs around full-thickness holes contract and lead
to hole enlargement, and it is recommended to peel ERMs during vitrectomy for full-thickness
macular hole repair.41‘43 However, in the case of lamellar holes, it may be possible for an
ERM to form before vitreous separation, thereby stabilizing the retina and preventing further
foveal dehiscence and the formation of a full-thickness hole.

Another possibility is that this unusual thick membrane on UHR OCT represents posterior
hyaloid or vitreous remnants attached to the macula. Figure 3 demonstrates a thick ERM that
appears continuous with the partially-detached posterior hyaloid. Additionally, in 6 of 11 thick
ERMSs, no PVD was apparent on either biomicroscopy or OCT, suggesting that the posterior
hyaloid remained attached to the retina in some of these patients. If the thick membrane is, in
fact, posterior hyaloid, this may suggest that posterior hyaloid or vitreous remnants can actually
stabilize retinal architecture, and prevent the formation of a full-thickness macular hole.
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Vitreous remnants have been shown by histopathology to remain attached to the fovea after
vitreous detachment.44

Based on our proposed OCT definition of a lamellar macular hole, a variety of possible
mechanisms for lamellar hole pathogenesis were suggested. Only 10 of 19 eyes (53%) had a
PVD, on examination or on OCT, that would suggest an abortive process in the macular hole
formation. However, the remaining 9 eyes without PVD all had ERMs, along with 8 of 10 of
the eyes with PVD. Therefore, ERM contraction may play a role in lamellar hole formation in
many patients, similar to the formation of a macular pseudohole. One patient had a lamellar
hole after blunt trauma, and 2 patients also had lamellar holes after vitrectomy (1 for a macular
hole and 1 for a retinal detachment). It seems clear that the pathogenesis of lamellar macular
holes cannot simply be attributed to an abortive process in macular hole formation. Notably,
Haouchine et al3 reported pseudo-opercula, suggestive of an aborted macular hole, in only
24% of patients.

In our study, due to the relatively small size of the UHR OCT database, we were able to evaluate
all UHR OCT images taken during a 2-year period; therefore, a wide variety of patients was
included in the initial image analysis. Also, lamellar hole diagnosis was based on strict OCT
criteria, differing from prior OCT studies of lamellar holes. For these reasons, it is not surprising
that there seems to be a wide variety of etiologies of the lamellar hole in our study. It seems
that the configuration of the lamellar hole may not only be due to an abortive process of macular
hole formation, or a consequence of macular edema as reported initially by Gass,! but it may
also be caused often by ERM contraction.

Vitrectomy surgery for macular holes has been proven successful. 4548 Vitrectomy for the
treatment of macular pseudohole and/or vitreomacular traction is also indicated if the condition
is visually significant.24v49‘52 However, surgical treatment of lamellar holes has not been
evaluated. In our study, 4 patients underwent vitrectomy surgery for poor visual acuity. Only
one case was anatomically and visually successful. A second case had improvement in vision,
but continued to have a persistent lamellar hole after surgery. Another case progressed to a
full-thickness macular hole prior to surgery, which reopened after vitrectomy. The last case
developed a full-thickness hole after vitrectomy and ERM peel. Although this is not enough
data to make definitive conclusions, the experience of these 4 cases suggests caution when
performing vitrectomy on lamellar holes.

Lamellar macular hole is regarded as a stable macular condition (one of our patients did
progress to a full-thickness hole while being observed).:""9 Surgical peeling of the posterior
hyaloid, ERM, or internal limiting membrane may destabilize the lamellar hole configuration,
and may lead to the progression of a full-thickness hole. Alternatively, in certain cases in which
the ERM is involved in formation of the lamellar hole, ERM peeling may be beneficial. A
prospective study evaluating surgical treatment of lamellar macular holes must be performed
to make any definitive conclusions.

Of note, it may be easy to confuse our definition of lamellar holes with that of macular
pseudoholes. Macular pseudoholes have been defined as macular lesions that have the
appearance of macular holes, but which do not have a loss of foveal tissue. The lesions are
stable and visual acuity is relatively preserved. The term, macular pseudohole, has typically
been used in the setting of a steepened foveal contour secondary to ERM contraction. To avoid
confusion between macular pseudoholes and lamellar holes, we propose that the definition of
macular pseudoholes be expanded to include any macular lesion that has the appearance of a
macular hole, but in which there is not a full-thickness foveal defect, a definition which still
retains the meaning of the word pseudohole. Our OCT definition of lamellar hole would then
be a subcategory of macular pseudoholes in which there is a lamellar defect caused by
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separation of the inner from the outer retinal layers. Other authors may disagree with the criteria
for lamellar hole diagnosis proposed in this article, and prefer different classification schemes
for holes of various etiologies. We propose that the definition of lamellar holes be broadened,
with specific morphologic OCT criteria as diagnostic features.

In summary, we report a series of lamellar macular holes as visualized with the Stratus OCT
and UHR OCT. Diagnosis of lamellar holes was based on 4 qualitative OCT criteria. Optical
coherence tomography was beneficial in making the diagnosis of the lamellar macular hole.
In addition, ERMs were visualized on UHR OCT in the majority of patients. Many of these
membranes had an unusual thickened appearance of moderate reflectivity on UHR OCT, which
may suggest either trapped vitreous between the ERM and the retina, or a thickened posterior
hyaloid attached to the retina. The ERM and/or posterior hyaloid may help to stabilize retinal
anatomy, and help to prevent the progression to a full-thickness macular hole. Conversely, the
high number of ERMs in these patients suggests that ERM contraction may play a role in
lamellar hole formation. Vitrectomy surgery was performed in 4 patients; 1 continued to have
alamellar hole after surgery, 1 developed a full-thickness hole that reopened after surgery, and
1 developed a full-thickness hole after surgery. These results suggest caution when performing
vitrectomy on lamellar holes.
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Figure 1.

Lamellar hole and typical epiretinal membrane (ERM). The patient is a 69-year-old woman
who presented with a best-corrected visual acuity of 20/40 in the right eye. Dilated fundus
examination revealed an ERM in the macula, with a small sharply-circumscribed red lesion at
the fovea, which was believed to be a pseudohole. A, Fundus photograph depicting lamellar
hole and the direction of optical coherence tomographic (OCT) scans. B, Stratus OCT image
demonstrates all 4 criteria for the diagnosis of a lamellar hole, which are labeled 1, an irregular
foveal contour; 2, break in the inner fovea; 3, separation of the inner from the outer foveal
retinal layers; and 4, absence of a full thickness foveal defect with intact foveal photoreceptors.
The posterior hyaloid is detached from the macula, and an ERM of typical appearance is visible.
C, Ultrahigh-resolution optical coherence tomographic (UHR OCT) image, which also shows
intraretinal separation occurring between the outer plexiform layer (OPL) and the outer nuclear
layer (ONL). The foveal photoreceptor layers are intact below the area of foveal dehiscence
(i.e., the ONL, the inner/outer segment junction [IS/OS], and the external limiting membrane
[ELMY]). Other retinal layers and the retinal pigment epithelium (RPE) are labeled as follows:
retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), and
inner nuclear layer (INL). D, Magnification (x2) of UHR OCT image shows strands of tissue
spanning between the separated ONL and OPL (yellow asterisks), and the intraretinal split.
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Figure 2.

Lamellar hole and thick epiretinal membrane. The patient is a 65-year-old woman who
presented with a best-corrected visual acuity of 20/30 in both eyes. She was diagnosed with
bilateral lamellar holes 4 years prior. Dilated fundus examination revealed a mild epiretinal
membrane (ERM) with a small sharply-circumscribed red lesion in the macula of the left eye.
A, Fundus photograph depicting lamellar hole and the direction of the optical coherence
tomographic (OCT) scans. B, Stratus OCT image meeting all 4 criteria for the diagnosis of the
lamellar hole which are labeled as follows: 1, an irregular foveal contour; 2, break in the inner
fovea; 3, separation of the inner from the outer foveal retinal layers; and 4, absence of a full
thickness foveal defect with intact foveal photoreceptors. C, The corresponding ultrahigh-
resolution optical coherence tomographic (UHR OCT) image, which also shows a thick ERM
of moderate reflectivity. The photoreceptors (outer nuclear layer [ONL], the inner/outer
segment junction [1S/OS], and the external limiting membrane [ELM]) are intact across the
macula. D, Magnification (x2) of the UHR OCT image shows the thick ERM of moderate
reflectivity dipping posteriorly into the area of foveal dehiscence. RPE = retinal pigment
epithelium.
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Figure 3.

Lamellar hole, thick epiretinal membrane, and vitreomacular traction. The patient is a 46-year-
old myopic woman (—7.25 diopters) who presented with a best-corrected visual acuity of 20/40
in the left eye. Dilated fundus examination revealed a prominent posterior hyaloid. There was
amild epiretinal membrane (ERM) with a small sharply-circumscribed red lesion in the fovea,
which was believed to be a full-thickness macular hole with surrounding macular thickening.
A, Red-free fundus photograph depicting the lamellar hole and the direction of the optical
coherence tomographic (OCT) scans. B, Stratus OCT image meeting all 4 criteria for the
diagnosis of lamellar hole, which are labeled as follows: 1, an irregular foveal contour; 2, break
in the inner fovea; 3, separation of the inner from the outer foveal retinal layers; and 4, absence
of a full thickness foveal defect with intact foveal photoreceptors. Vitreomacular traction is
apparent. C, The corresponding UHR OCT image also shows a thick ERM of moderate
reflectivity. This membrane appears continuous with the partially-separated posterior hyaloid.
The photoreceptors (i.e., the outer nuclear layer [ONL], the inner/outer segment junction [IS/
OS], and the external limiting membrane [ELM]) are intact across the macula. D, Magnification
(x2) of UHR OCT image shows the thick ERM as it extends to the edge of the foveal break.
In this case, the intraretinal split appears to be within the outer plexiform layer (OPL). RPE =
retinal pigment epithelium.
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Figure 4.

Lamellar hole, typical epiretinal membrane, and vitreomacular traction. The patient is a 61-
year-old woman who presented with a best-corrected visual acuity of 20/50 in the right eye.
Dilated fundus examination showed an epiretinal membrane (ERM) with diffuse cystoid
macular edema. A, Fundus photograph depicting the lamellar hole and direction of the optical
coherence tomographic (OCT) scans. B, Stratus OCT image meeting all 4 criteria for the
diagnosis of lamellar hole, which are labeled as follows: 1, an irregular foveal contour; 2, break
in the inner fovea; 3, separation of the inner from the outer foveal retinal layers; and 4, absence
of a full thickness foveal defect with intact foveal photoreceptors. Vitreomacular traction is
apparent. A large amount of intraretinal fluid is spitting the inner and outer retina, with multiple
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strands of tissue spanning between the split layers (yellow asterisks). C, The corresponding
ultrahigh-resolution optical coherence tomographic (UHR OCT) image, which also shows a
thin ERM anterior to the macula not detected by Stratus OCT. The outer nuclear layer (ONL),
the inner/outer segment junction (1S/OS), and the external limiting membrane (ELM) are intact
across the macula. D, Magnification (x2) of the UHR OCT image. Two small cysts are seen
within the ganglion cell layer (GCL) (red asterisks). E, Postoperative UHR OCT image. The
patient underwent a pars plana vitrectomy with peeling of the posterior hyaloid from the fovea,
air/fluid exchange, and sulfur hexafluoride 20% injection. The patient subsequently developed
a full-thickness macular hole.
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Figure 5.

Lamellar hole with photoreceptor disruption and subfoveal fluid. The patient is a 57-year-old
myopic woman (—4.75 diopters) who presented with a best-corrected visual acuity (BCVA) of
20/100 in the left eye. Dilated fundus examination revealed a sharply-circumscribed red lesion
in the left macula, believed to be a pseudohole. A, Fundus photograph depicting lamellar hole
and the direction of optical coherence tomographic (OCT) scans. B, Stratus OCT image
meeting all 4 criteria for the diagnosis of lamellar hole, which are labeled as follows: 1, an
irregular foveal contour; 2, break in the inner fovea; 3, separation of the inner from the outer
foveal retinal layers; and 4, absence of a full thickness foveal defect with intact foveal
photoreceptors. A large strand of tissue connects the inner to the outer retina at the fovea. C,
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The corresponding UHR OCT image, which also shows disruption of the inner/outer segment
junction (IS/OS) junction and the external limiting membrane (ELM) at the fovea, but the outer
nuclear layer (ONL) remains intact underneath the area of foveal dehiscence. A small pocket
of subfoveal fluid is present (blue asterisk). Small cystic spaces are present within the inner
nuclear layer (INL). D, Magnification (x2) of UHR OCT image, showing a subretinal fluid
pocket and photoreceptor disruption. E, Postoperative UHR OCT image. The patient
underwent a pars plana vitrectomy with peeling of the internal limiting membrane (ILM), air/
fluid exchange, and sulfur hexafluoride 20% injection. Six months later, the hole was flat and
closed on fundus examination and OCT, and BCVA had improved to 20/30 in the left eye.
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