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Abstract

Objective To describe the features and surgical outcomes of macular holes (MHs) in patients with retinitis pigmentosa (RP).
Methods A review of consecutive series of 110 patients (206 eyes) with RP who underwent comprehensive ophthalmic
examinations was conducted. Eleven eyes of ten RP patients were identified with MHs (full thickness or lamellar). Atypical
epiretinal membrane, which appeared on spectral-domain optical coherence tomography (SD-OCT) images as a thick
homogenous layer of moderately reflective material that was present on the inner retinal layer, was considered to be lamellar
hole-associated epiretinal proliferation (LHEP). Five eyes underwent modified vitreoretinal surgery, where hole margin
LHEP tissue was retained.

Results Nine eyes exhibited a lamellar macular hole (LMH), one exhibited a full-thickness macular hole (FTMH), and one
exhibited both FTMH and LMH. LHEP was found in all eyes, identified intraoperatively as yellowish, sticky epiretinal
membrane with internal limiting membrane beneath it. Two eyes experienced spontaneous closure of MHs without visual
acuity (VA) improvement. Five eyes that underwent surgery achieved sealed MHs post-operatively and demonstrated
improved, but limited, vision at their latest follow-up.

Conclusions LHEP is common in MHs associated with RP. While some eyes could achieve spontaneous closure without any
VA changes, a conservative vitreoretinal surgery approach, in which the hole margin LHEP tissue is spared, can effectively
repair these MHs with limited VA improvement.

Introduction nyctalopia; and progressive contraction of the visual field.

Central vision is usually spared until comparatively late in

Retinitis pigmentosa (RP) includes a wide range of her-
editary retinal degenerative diseases that affect the outer
retina. The prevalence of RP was estimated to be 1/4000 in
a world-wide population [1] and it is classically character-
ized by the presence of several phenomena: pale optic disc;
attenuation of the retinal vessels; a typical retinal bone
spicule pigmentary change involving the equatorial retina;
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the disease, or when macular complications occur, such as
cystoid macular oedema (CMO), epiretinal membrane
(ERM), or formation of a macular hole (MH) [2].
High-resolution  spectral-domain optical coherence
tomography (SD-OCT) provides detailed information about
structural changes in the macular area, which facilitates
better understanding of the pathogenesis of various macular
lesions. Lamellar hole-associated epiretinal proliferation
(LHEP) is a newly identified OCT phenomenon that con-
sists of a thick layer of moderately reflective material that
fills the space between the inner border of the ERM and the
retinal nerve fibre layer. This layer is non-contractile and
found predominantly in cases of lamellar MH (LMH) [3].
The formation of MHs is infrequent in RP patients; thus,
clinical features of these eyes are not well known. However,
MHs may represent more severe cases of macular lesion
formation and are suspected to occur secondary to deroofing
of coalescent macular cysts and contraction of ERM [4, 5].
Previous studies have shown that the presence of LHEP is
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associated with more severe macular lesions and with outer
retinal disruption [6—8], which are similar to conditions
found in RP patients. However, the occurrence of this
unique epiretinal proliferation has not yet been studied in
RP who exhibit MHs. In addition, surgical interventions for
the condition remain controversial. Whereas some reports
have described functional and morphological improvements
after concurrent vitrectomy and internal limiting membrane
(ILM) peeling [2, 9, 10], other studies have concluded that
surgical intervention is not recommended because sponta-
neous closure has been observed in some patients [11].
Therefore, the purpose of this study was to explore LHEP
and other anatomical features (using SD-OCT) and report
on surgical findings of MHs in RP patients.

Methods

We retrospectively reviewed a consecutive series of 110
patients (206 eyes) with RP. All patients presented to the eye
clinic at Shanghai Jiao Tong University School of Medicine
Xin Hua Hospital between January 2010 and October 2018
and were treated and followed by a single ophthalmologist
(PZ). Diagnosis of RP was based on the presence of the
following clinical signs in a complete ophthalmological
examination [including measurement of best-corrected visual
acuity and intraocular pressure, slit-lamp biomicroscopy,
dilated fundus examination, full-field electroretinograms, and
SD-OCT]: hallmark symptoms, such as night blindness and
increasing visual field constriction; attenuated retinal vessels;
retinal pigment epithelium granularity and mottling; bone
spicule intraretinal pigmentation; optic nerve head pallor; and
photoreceptor dysfunction. From among the RP patients in
this study, we identified a subgroup of 11 eyes of ten patients
that exhibited formation of MHs upon evaluation by SD-OCT
(RTVue-100, Optovue Inc, Fremont, CA). LMH was diag-
nosed based on the following OCT findings: presence of
irregular foveal contour, presence of a break in the inner
fovea, separation of layers in the neurosensory retina, and an
absence of full-thickness foveal defects. A distinctive OCT
finding, a thick layer of moderately reflective material without
any contractive properties on the epiretinal surface, was
considered to be the lamellar hole-associated ERM (LHEP).

Demographic and clinical features, as well as OCT
findings, were documented for these patients. Five eyes of
five patients underwent surgical repair of MHs after a
comprehensive risk/benefit evaluation and subsequent dis-
cussion with each patient. The common surgical procedure
included three-port pars plana vitrectomy, ILM peeling
(ILMP), and perfluoropropane gas tamponade. If LHEP
tissue (sticky yellowish epiretinal proliferation) was
observed during operation, it was peeled with end-gripping
forceps. However, it was not forcefully removed from the
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hole margin; a vitreous cutter was used to trim it to the
appropriate size, then it was introduced to the MH (Sup-
plemental video). Concomitant cataract operation was per-
formed when a combined procedure was planned.
Preoperative and postoperative clinical findings were
recorded and analysed.

The study was conducted in compliance with the
Declaration of Helsinki and was approved by the Institu-
tional Review Board of Xinhua Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine.
Informed consent was obtained from all patients.

Results

Using OCT imaging, MHs were detected in 11 eyes (5.3%)
of ten patients (seven men and three women): one exhibited
full-thickness MH (FTMH), nine exhibited LMH, and one
exhibited both FTMH and LMH. The mean age of the
patients was 50.1 £11.9 years (mean + standard deviation;
range 34-67). The clinical characteristics of the patients are
shown in Table 1.

SD-OCT findings

LHEP was detected in all 11 eyes (100%) that exhibited
MHs (Fig. 1). Two eyes with FTMH (100%) exhibited
complications of macular retinal detachment. In two eyes
with LMH (20%), associated CMO was found on OCT. The
presence of a foveal bump was noted in six LMH eyes
(60%). Further, five eyes (83.3%) with a foveal bump
demonstrated a combination of wide intraretinal defects.
One eye with LMH (10%) was complicated with extensive
and highly elevated macular retinoschisis. Simultaneous
condensed posterior hyaloid and vitreoretinal adhesion were
detected in one eye with LMH (10%). ERM was also noted
in one LMH eye (10%).

Surgical outcomes

Five eyes demonstrated severely vision disturbing condi-
tions such as retinal detachment, highly elevated reti-
noschisis, ERM, and CMO were offered surgery. All of
them achieved closure of the MHs (100%) (Fig. 2) and
demonstrated limited postoperative improvements in visual
acuity (VA). No patients experienced reopening of the MHs
during follow up. During operative procedures, the presence
of LHEP was confirmed: a yellow-coloured sticky tissue
that could not easily be removed from the retinal surface.
Notably, LHEP is quite different from traditional ERM,
which is semi-transparent, rigid, and easy to grasp. The
LHEP was trimmed and introduced into the MH (Supple-
mentary video).
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Fig. 1 Representative optical coherence tomography (OCT) images of
lamellar hole-associated epiretinal membrane (LHEP) in macular holes
in retinitis pigmentosa patients. a OCT scan shows a macular hole
accompanied by macular detachment in the left eye of patient 1. LHEP
appeared on OCT images as a thick, homogenous layer of moderately
reflective material, present on the inner retinal layer (arrow). b OCT

Spontaneous closure

Two eyes experienced spontaneous closure during follow
up (Fig. 3). However, no improvements in VA were
documented.

Discussion

The formation of MHs in RP patients has not frequently
been reported and most were case reports [2, 5, 9, 12, 13].
Therefore, clinical features of these eyes are not fully
described. In our cohort, 5.3% of RP patients had devel-
oped MHs. We used high-resolution SD-OCT to study
these eyes. Notably, we found that all study eyes
demonstrated LHEP on OCT imaging. LHEP is an aty-
pical epiretinal proliferation without tractional properties.
It was first reported in 2006 by Witkin et al. [14]. and later
described as LHEP by Pang et al. [15]. Upon immuno-
histochemical analysis, LHEP tissue was reported to
consist mainly of hyalocytes and fibroblasts [16]. In 2002,
Amemiya et al. [17]. also found a thick yellow ERM
around the MH in one eye from a patient with RP; this
membrane was removed during surgery. Upon histology
and cytology analysis, the removed tissue was found to
contain macrophages, Miiller cells, glial cells, and fibro-
blasts, along with many granules that appeared to be
xanthophyll pigments located outside cell bodies.
According to this description, the thick ERM in that report
was LHEP. The high prevalence of LHEP observed here
in MHs from RP patients may be associated with
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image of patient 6 shows a lamellar macular hole (LMH) with cystoid
macular oedema (CMO) in the right eye; LHEP (arrows) was fused
with condensed posterior cortical vitreous (arrowheads). Vitreoretinal
traction is apparent. ¢ OCT image of patient 5 demonstrates the LMH
with LHEP (arrows); presence of a foveal bump (arrowhead) and wide
intraretinal defects were noted

progressive retinal tissue loss, which has been described
as an LHEP risk factor [6]. LHEP has been proposed as a
Miiller cell-driven healing process that originates from the
inner retinal layers of the macular defect [15]. Therefore,
severe disruption of retinal tissue in MH eyes with RP
may stimulate Miiller cell proliferation and LHEP for-
mation, which contributes to the high prevalence of LHEP
in these eyes.

Operation was performed in five eyes. Among these
eyes, highly elevated macular retinoschisis was found in
one eye with myopia on OCT (patient no. 4). Though the
axial length was not excessive, ultrasonography showed
posterior staphyloma in this eye. The formation of reti-
noschisis in this eye might have been caused by globe
stretching in the staphyloma area [18]. Previous study also
found that macular retinoschisis could not only occur in
eyes that were highly myopic or with an excessive axial
length but also in those with only a posterior staphyloma
[19]. Resolved retinoschisis and sealed MH were found on
postoperative OCT. Retinal detachment in the macular
region was found in two eyes of two patients (patient no. 1
and 2) on OCT analysis. We speculate that the macular
detachment in patient no. 1 developed secondary to macular
retinoschisis, as OCT scans showed a detached neuroretinal
layer with a ragged outer nuclear layer and a retinal split
near the demarcation line. The formation of macular reti-
noschisis in this eye might have been caused by globe
elongation in a highly myopic eye.

A previous study showed that high myopia is more pre-
valent in eyes that exhibit FTMH and LHEP, compared with
eyes that exhibit FTMH and no LHEP [20]. Highly myopic
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Fig. 2 a Ultra-wide scanning
laser ophthalmoscopy
(UWSLO) demonstrates
peripheral salt-pepper like
pigmentation in the left eye of
patient 2. b, ¢ Spectral-domain
optical coherence tomography
(SD-OCT) images show both
full-thickness macular hole
(MH) and lamellar MH in the
left eye. Lamellar hole-
associated epiretinal membrane
(LHEP) (arrow) and foveal
detachment were also detected.
d Postoperative OCT image
shows the MHs were closed and
the fovea was attached in the
left eye

Fig. 3 a, b Ultra-wide scanning
laser ophthalmoscopy
(UWSLO) demonstrates
peripheral bone spicule
pigmentation in both eyes of
patient 3. ¢ Spectral-domain
optical coherence tomography
(SD-OCT) images show
lamellar macular hole (LMH)
with wide intraretinal defects
and foveal bump in the left eye.
Lamellar hole-associated
epiretinal membrane (LHEP)
(arrows) was also detected. d
Three years later, OCT image
shows the LMH were closed in
the left eye. LHEP remained
(arrow)

eyes are also known to suffer progressive retinal degeneration,
a proposed LHEP risk factor. Furthermore, retinal defects
secondary to the schisis of retinal layers may also contribute
to formation of LHEP [20]. After undergoing PPV, ILMP and
LHEP tissue transplantation, the attached retina, and closure
of the MHs were confirmed by postoperative OCT imaging.
VA also increased on examination. On OCT, CMO was
demonstrated in both eyes of patient no. 6 and the left eye was
treated with PPV. After surgery, CMO resolved significantly,

as detected by en face OCT imaging, with reduced central
retinal thickness; further, VA increased.

Condensed posterior hyaloid and vitreoretinal adhesion
were found in the right eye of patient no. 6 on OCT. Vitreous
degeneration is common in RP eyes and it could lead to
vitreous collapse, followed by posterior vitreoschisis, which
has been reported prior to the formation of atypical posterior
vitreous detachment that includes condensed irregular fibre
aggregates (as observed in this eye) [21]. Therefore, the LMH
in this eye may be caused by vitreous degeneration and

SPRINGER NATURE
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vitreous traction. This eye with CMO experienced a sponta-
neous closure of the LMH during follow up. CMO resolve
months later. However, VA did not improve, which may be
the result of the long-standing CMO. The presence of a foveal
bump was noted in six (60%) LMH eyes. On OCT, five
(83.3%) of these eyes demonstrated a combination of wide
intraretinal defects, this is similar to the description of
degenerative LMHs by Govetto et al. [7]. It is unclear whether
the formation of degenerative LMH is directly triggered by
retinal degeneration or indirectly by vitreomacular traction that
enhances the deterioration in these eyes; thus, this should be
further studied. For these eyes, one eye experienced a spon-
taneous closure of the LMH during follow up and no
improvement in VA was found. PPV was performed in one
eye, which was accompanied by ERM on OCT imaging. After
surgery, sealing of LMH and improving VA were achieved
after surgery.

The pathogenesis of MHs in RP patients remains unclear.
In our cohort, one eye with FTMH exhibited extensive and
highly elevated macular detachment, one eye with LMH was
complicated with extensive and highly elevated macular
retinoschisis, and the other eyes demonstrated only foveal
area changes, such as intraretinal defects or foveal bump. The
difference observed here may because they arose from dif-
ferent pathogenic mechanisms traction or degeneration. Eyes
had more extensive changes may be caused by tractional
forces and eyes had just foveal area changes may be caused
by progressive retinal degeneration. According to the above
clinical studies, the formation of MHs in these eyes might be
multifactorial, rather than mono-factorial. Factors that may
contribute to the formation of LMH in RP eyes include high
myopia, macular schisis, vitreous degeneration, traction of
condensed vitreous strands or ERM, and chronic CMO. In
addition, high prevalence of LHEP in these eyes maybe due
to the severe disruption of retinal tissue, which stimulate glial
cell proliferation. Moreover, vitreous changes and complex
vitreoretinal interactions that are present in these RP eyes may
also play a part.

Surgical intervention for MH in RP remains controversial
because it generally does not reverse poor visual function or
slow disease progression. In addition, since OCT images
indicate that LHEP is connected to the remaining central
foveal tissue, there is a fear of subsequent FTMH formation if
it is peeled [3]. However, LMHs with LHEP have shown
significant morphological progression, as well as enlargement
of both LHEP area and hole diameter during long-term fol-
low-up [22]. Further, eyes that underwent surgery in our study
demonstrated complications of retinal detachment, highly
elevated retinoschisis, ERM, and CMO. Therefore, PPV was
performed along with ILMP. During the operation, we did not
forcefully remove the yellowish LHEP tissue around the hole
margin; instead, we introduced LHEP tissue into the MH
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carefully. Postoperative examination demonstrated anatomical
recovery and increased VA in all eyes. No eyes developed
FTMH during follow up. The current surgery might have
resulted in favourable outcomes because the procedure
relieved tractional forces and removed residual vitreous that
was present on the retinal surface. Further, the modified
procedure, which included preservation of hole margin
LHEP, aided in the closure of MHs. Importantly, we suspect
that sealing these holes may prevent progressive retinal tissue
loss due to MHs. In addition, spontaneous closure of MHs
was documented in the current study. Spontaneous closure
was found in two eyes, which may be due to the LHEP tissue
migration that was reported before [11]. Interestingly, one
patient demonstrated LMH and CMO in both eyes in our
cohort. The left eye obtained sealed hole after surgery and the
right eye experienced spontaneous hole closure without any
procedures. Improved VA was documented in the left eye but
not in the right eye. We speculate that the damage caused by
the long duration of macular oedema played a significant role
because it costed more time for the retinal oedema of right eye
to resolve than that of the left eye.

The current study presents limitations related to its ret-
rospective design. Furthermore, we were only able to enrol
a limited number of patients in the study because the for-
mation of MHs is rare in RP patients. Therefore, we could
not draw strong conclusions. However, we explored the
clinical findings of MHs in RP and, for the first time,
reported a high incidence of LHEP in these eyes, which
could help clinicians to better understand the pathogenesis
of macular abnormalities in RP. The surgical outcomes in
our study may also help to guide clinicians in management
of this condition.

In conclusion, we used OCT images to identify a specific
type of epiretinal proliferation, LHEP, that was commonly
found in MHs that formed in RP eyes; we confirmed the
presence of LHEP during surgery. To our knowledge, this is
the first study to explore the associations between LHEP and
MHs in RP patients. In addition, we showed that surgical
repair can be successful in improving macular morphology,
but improvements in visual function may be limited because
of the long-standing retinal dysfunction and disease progres-
sion in RP eyes. Therefore, this guarded prognosis should be
discussed with the patients before the surgery.

Summary
What was known before

e MH formation is infrequent in eyes with RP.
e Occurrence of MHs may seriously damage central vision.
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What this study adds

o In this study, LHEP was commonly found in the eyes of
RP patients with MHs, which was not reported before.

e In addition, this study reported anatomical and func-
tional improvements of these eyes after a conservative
vitreoretinal surgery.

e This study also documented spontaneous closure in two
eyes, which showed no gain of VA.

e This study tried to explore the relationship between
LHEP and MHs in RP for the first time.
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