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Abstract
Purpose Inner retinal cleavage can be misdiagnosed as a
glaucomatous retinal nerve fiber layer (RNFL) defect. This
study was performed to characterize eyes with inner retinal
cleavage.
Methods Inner retinal cleavage is defined as the appearance of
a dark spindle-shaped space between the nerve fibers. Patients
who presented at our institution with inner retinal cleavage
were enrolled in the study. All participants were evaluated by
fundus examination, visual field testing with standard auto-
mated perimetry, and optical coherence tomography (OCT)
imaging.
Results A total of 15 eyes of 11 subjects with inner retinal
cleavage were included in the study. The median age of
the subjects was 57 years (age range, 30–67 years). In
each case, inner retinal cleavage was located adjacent to
retinal blood vessels. Tissue bridging the cleavage area
was observed in ten eyes. Six eyes had epiretinal mem-
branes (ERMs), two eyes had glaucoma, and one eye had
ERM in addition to glaucoma. Six eyes with inner retinal
cleavage without combined ocular abnormalities had
highly myopic refractive error (−6.50 to −8.50 diopters).
Cross-sectional OCT images of the areas of inner retinal
cleavage demonstrated defects with irregular margins and
empty spaces in the inner layers of the retina. During the

follow-up period, no eye showed changes in inner retinal
layer cleavage or visual field sensitivity.
Conclusions Inner retinal cleavage was found in eyes with
high myopia or ERMs. Inner retinal cleavage was associated
with structural changes distinct from those associated with
glaucomatous RNFL defects.
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Introduction

In 1992, Chihara and Chihara reported three cases of
retinal nerve fiber layer (RNFL) cleavage in myopic eyes.
RNFL cleavage was defined as the appearance of a dark,
spindle-shaped space between the nerve fibers without
any reduction in thickness or width of the nerve fiber
layer or any associated visual field defect [1]. They used
the term “cleavage” to discriminate this phenomenon from
a “defect,” which is defined as a dark groove or non-
spindle-shaped slit in the RNFL [1]. Komeima et al. also
reported one case of paravascular inner retinal cleavage in
a myopic eye [2] and one case in an eye with an epiretinal
membrane (ERM) [3]. To date, these three case reports are
the only published descriptions of inner retinal cleavage.
In our practice, we have also observed inner retinal cleav-
age (Figs. 1 and 2), and have observed that cleavage of
the inner retina can be misdiagnosed as a glaucomatous
RNFL defect. In fact, most inner retinal cleavage cases
that presented at our clinic were referred to us because of
suspected glaucoma. Herein, we sought to highlight the
differences between inner ret inal cleavage and
glaucomatous RNFL defects.
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Methods

This retrospective study was approved by the Institutional
Review Board at Kim’s Eye Hospital, Seoul, Korea, and all
patient procedures conformed to the Declaration of Helsinki

guidelines. As this study is based on retrospective chart re-
view, informed consent from the participants was not required;
the Institutional Review Board of our institution approved the
exemption of informed consent. Among patients who present-
ed to a glaucoma specialist (Y.H.H.) during the period from

Fig. 1 Representative red-free
fundus photographs and cross-
sectional images of inner retinal
cleavage (areas between the white
arrows) in eyes with high myopia
(left panel) and epiretinal
membrane (right panel). Inner
retinal cleavage presents as a
dark, spindle-shaped space
between nerve fibers in red-free
fundus photographs. In the cross-
sectional images at the level of the
white lines, inner retinal cleavage
is associated with empty spaces
with abrupt, irregular margins in
the inner retina (red arrows)

Fig. 2 Representative red-free fundus photographs (upper row) and
cross-sectional images (lower row) of an eye with inner retinal cleavage
(area between the white arrows, left panel) and an eye with a
glaucomatous retinal nerve fiber layer (RNFL) defect (area between the
white arrows, right panel). Thewhite arrowhead indicates tissue bridging
the cleaved area. In the cross-sectional images at the level of white lines,

inner retinal cleavage is associated with empty spaces with abrupt,
irregular margins in the inner retina (red arrows). In contrast, in a
glaucomatous RNFL defect, the margin of RNFL thinning is not abrupt,
and other inner retinal layers are relatively intact without empty spaces
(green arrow)
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May 2012 to November 2013, those with inner retinal cleav-
age were enrolled in the present study. Each subject
underwent an ophthalmic examination that included the fol-
lowing assessments: (1) visual acuity and refractive error
using a model TX-20P autorefractor keratometer (Canon,
Tokyo, Japan), (2) intraocular pressure using a Goldmann
applanation tonometer, (3) anterior segment examination by
slit-lamp biomicroscopy, and (4) optic nerve head (ONH)
evaluation and fundus examination using a 90-diopter lens.
The diagnosis of inner retinal cleavage was based on the
clinical features observed during the fundus examination.
Once inner retinal cleavage was detected by fundus examina-
tion, further examinations, including (1) the 24–2 Swedish
Interactive Threshold Algorithm standard automated visual
field test using a Humphrey Visual Field Analyzer (Carl Zeiss
Meditec, Dublin, CA, USA), (2) red-free fundus photography
using a Kowa Nonmyd7 fundus camera (Kowa, Tokyo, Ja-
pan), and (3) cross-sectional image acquisition in the inner
retinal cleavage area using a Cirrus high-definition optical
coherence tomography device (Cirrus HD-OCT; Carl Zeiss
Meditec, Dublin, CA, USA) or spectral OCT/scanning laser
ophthalmoscopy (SLO; OPKO/OTI, Miami, FL, USA), were
performed. At our institution, a Cirrus HD-OCT is used in the
glaucoma clinic, whereas an OCT/SLO is used at the retina
hospital. Therefore, patients who were diagnosed with inner
retinal cleavage after visiting the glaucoma clinic were evalu-
ated using the Cirrus HD-OCT, and those referred from the
retina hospital for an RNFL abnormality were evaluated using
the OCT/SLO. In the present study, we only assessed the
cross-sectional configurations, and did not analyze any quan-
titative parameters obtained by OCT. Although the quantita-
tive parameters obtained by Cirrus HD-OCT and OCT/SLO
are not interchangeable [4], these two devices have similar
resolutions [5]. Thus, we think that the type of OCT may not
have a significant effect on the qualitative analysis.

Refractive error was presented as a spherical equivalent
(spherical refractive error +1/2 cylindrical refractive error in
the negative form). In eyes that had previously undergone
refractive or cataract surgery, refractive error prior to the
surgery was analyzed. The presence of visual field defects
corresponding to the area of the cleaved retina was assessed
using Garway–Heath maps [6]. We focused strictly on the
presence of inner retinal cleavage regardless of comorbid
ocular or systemic conditions. Therefore, previous history of
other ocular disorders, ocular surgery, or systemic disorders
was not considered exclusion criteria.

Glaucoma was defined as ONH with glaucomatous chang-
es, i.e., increased cup:disc ratio and narrowing of the
neuroretinal rim; RNFL defect on red-free fundus photogra-
phy, i.e., a dark wedge-shaped area with its apex touching the
optic disc border in the brightly striated pattern of the sur-
rounding RNFL [7] or generalized loss of RNFL visibility in
the upper or lower retina [8]); and/or glaucomatous visual

field defects, i.e., (1) a cluster of three points with probabilities
of <5% on the pattern deviation map in at least one hemifield,
including at least one point with a probability of <1 %, or a
cluster of two points with a probability of <1 %, (2)
glaucomatous hemifield test results outside normal limits, or
(3) a pattern standard deviation beyond 95% of normal limits)
as confirmed by at least two reliable examinations (false
positives and negatives <15 %, fixation losses <15 %).

ERMs were first observed during the fundus examination
and confirmed by fundus photographs as well as cross-
sectional images of the macula obtained by OCT. If a cleaved
area was included in the conventional macular scan area, no
additional scan was obtained. If not, an additional scan was
obtained of the cleaved area to inspect its cross-sectional
configuration.

The structural and functional changes in the inner retinal
cleavage area were assessed using serial fundus photographs
and visual field test results by two investigators (Y.H.H. and
Y.Y.K.), each of whom was masked to the other’s judgment.
Structural changes in the area of inner retinal cleavage were
defined as a widening or narrowing of the preexisting cleav-
age, the development of a new area of cleavage, or changes in
the configuration of bridging tissues within the cleaved area.
Visual field changes associated with the cleaved area were
defined as the development of a new scotoma or the widening/
deepening of a preexisting scotoma. Any disagreements re-
garding the structural and functional changes in the inner
retinal cleavage area between the investigators were planned
to be resolved by a third adjudicator (H.K.K.).

Results

During the study period, 15 eyes from 11 subjects showed
inner retinal cleavage. The clinical characteristics of these 15
eyes are listed in Table 1. The median age of the subjects was
57 years (age range, 30–67 years). Of these 15 eyes, three had
a history of cataract surgery, while the other eyes did not have
any history of ocular trauma or surgery. Inner retinal cleavage
was present in the superior hemisphere in nine eyes (60.0 %),
in the inferior hemisphere in two eyes (13.3 %), and both
superior and inferior hemispheres in four eyes (26.7 %). In
each case, the area of inner retinal cleavage was adjacent to
retinal vessels (Figs. 1 and 2). Tissue bridging the area of
cleavage was noted in ten eyes (66.7 %, Fig. 2).

Of the 15 eyes, six (40.0 %) had ERMs, two (13.3 %) had
glaucoma, and one (6.7 %) had an ERM as well as glaucoma.
In eyes with glaucoma, the location of inner retinal cleavage
was separate from the glaucomatous RNFL defect in two eyes,
and overlappedwith the glaucomatous defect in one eye. In all
eyes with glaucoma, intraocular pressure was well-controlled
with topical medication (intraocular pressure range, 12–
17mmHg). All eyes had early-stage visual field defects (mean
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deviation range, −0.19 to −4.04 dB) [9]. Six eyes with inner
retinal cleavage without accompanying ocular abnormalities
had highly myopic refractive error (−6.50 to −8.50 diopters).

In all eyes, no visual field defect was found in the area
corresponding to the cleaved retina. Cross-sectional OCT
images of areas with inner retinal cleavage demonstrated
defects with irregular margins and empty spaces in the inner
retinal layers (Figs. 1 and 2). No eye showed any outer retinal
layer abnormalities.

Longitudinal follow-up was available for ten eyes. During
the follow-up period (3–23 months, median 9 months), no eye
showed any structural changes in the inner retinal cleavage
area or any change in visual field sensitivity. There was no
disagreement with regard to structural or functional changes in
the inner retinal cleavage area between the two investigators.

Discussion

In the present study, we report the clinical characteristics of
eyes with inner retinal cleavage. The presence of inner retinal
cleavage was associated with the presence of high myopia or
ERM. The development of inner retinal cleavage did not
correlate with standard automated visual field test abnormal-
ities. Cross-sectional images obtained by OCT confirmed the
presence of inner retinal defects with empty spaces.

All of the eyes included in this study had high myopia or
ERM, which suggests that myopic change or ERM formation
may contribute to the development of inner retinal cleavage.
In myopic eyes, axial elongation may stretch the retina, there-
by leading to cleavage. Chiraha and Chihara suggested that

RNFL cleavage develops in young myopic eyes when the
direction of growth runs perpendicular to the course of the
axon [1]. Similarly, the development of ERM in the macular
area and associated tangential traction could result in
stretching and cleavage of the adjacent retina.

In the present study, cross-sectional OCT images demon-
strated defects in cleaved inner retinal layers but relatively
intact outer retinal layers. This pattern could potentially be
attributed to the lesser flexibility of retinal vessels [10]. Given
that retinal vessels are located in the inner retinal layers,
reduced flexibility in that location could lead to a higher
chance of cleavage. Furthermore, ERMs are located on the
inner surface of the retina. Thus, the traction induced by ERM
primarily affects inner retinal layers, which further supports
our hypothesis.

It is important to identify inner retinal cleavage to prevent
misdiagnosis of a glaucomatous RNFL defect. Our clinical
observations identified several characteristics of inner retinal
cleavage that can be used to discriminate this phenomenon
from a glaucomatous RNFL defect. First, inner retinal cleav-
age and glaucomatous RNFL defects differ in overall mor-
phology. For instance, in a glaucomatous RNFL defect, RNFL
thinning develops along the trajectory of circumpapillary ret-
inal nerve fibers. This sort of defect results in a wedge-shaped
area that increases in width as it travels further from the ONH.
In contrast, inner retinal cleavage develops in areas of retinal
stretching. Cleavage width, therefore, depends on the degree
of stretch and the strength of the inner retina, which can result
in a spindle-shaped or serpentine appearance.

Given that the neuroretinal rim consists mainly of nerve
fiber axons, the tip of the wedge-shaped defect characteristic

Table 1 Clinical characteristics of eyes with inner retinal cleavage

Case no Age (years) Sex Refractive error (diopter) Laterality Superior or inferior Associated abnormality

1 58 Female −3.00 Right Superior ERM

−1.25 Left Superior ERM

2 67 Female +2.25 Right Superior ERM

3 57 Female +0.25 Left Superior ERM

4 41 Female −10.75 Right Both Glaucoma

5 56 Female −7.25 Right Superior Glaucoma

6 59 Male −6.25 Right Inferior ERM

7 45 Male −7.75 Right Both None

−7.50 Left Both None

8 66 Female −0.25 Right Superior ERM

9 30 Female −6.50 Right Superior None

−6.75 Left Superior None

10 66 Female −0.50 Right Inferior Glaucoma, ERM

11 57 Female −8.00 Right Both None

−8.50 Left Superior None

ERM epiretinal membrane
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of glaucoma is connected to the ONH margin with adjacent
RNFL thinning. In contrast, the observed instances of inner
retinal cleavage did not contact the ONH margin. While inner
retinal cleavage was observed in proximity to the ONH, there
was no associated neuroretinal rim thinning.

Each instance of inner retinal cleavage was identified adja-
cent to retinal blood vessels. The lower flexibility of retinal
vessels could render the surrounding tissue vulnerable to cleav-
age when stretched [10]. In contrast, glaucomatous RNFL
defects are not limited to vascularized areas of the RNFL.

Bridging tissue has been commonly observed over the area
of inner retinal cleavage. Jeoung et al. [11] reported observa-
tions of retinal nerve fiber overlap in glaucomatous RNFL
defects. However, the estimated incidence of such overlap was
only 2.3 %. We therefore believe that the presence of bridging
tissue is a key to differentiating inner retinal cleavage from
glaucomatous RNFL defects. Although we do not currently
know why bridging tissues do not collapse into the cleaved
area, we speculate that the tangential traction forces from both
ends of the tissue may prevent collapse. To verify our hypoth-
esis, longitudinal observations of bridging tissues with chang-
es in the cleavage area may be needed.

In the cross-sectional images obtained by OCT, inner retinal
cleavage was associated with empty spaces in the inner retinal
layers. These spaces were observed throughout the RNFL and
other inner retinal layers, and tended to have abrupt, irregular
margins. In contrast, the margin of a glaucomatous RNFL
defect is not abrupt, and adjacent layers of the inner retina are
relatively intact, without empty spaces (Fig. 2).

Glaucomatous RNFL defects are often associated with
visual field defects. However, in the present study, standard
automated visual field testing with the Humphrey Visual Field
Analyzer did not show abnormal visual field test results in
areas of the visual field corresponding to the inner retinal
cleavage location. In a case report by Komeima et al. [2], a
relative scotoma in the area of the retinal cleavage was noted
when microperimetry was performed using scanning laser
ophthalmoscopy. Nonetheless, the results of standard auto-
mated visual field testing were normal, which is in agreement
with our study results. These findings suggest that the pres-
ence of inner retinal cleavage may not cause a severe scotoma.
However, given that RNFL defects in the early stages of
glaucoma do not induce visual field defects, this finding
may have limited clinical value for the distinction of
glaucomatous RNFL defects from inner retinal cleavage.

Finally, glaucomatous RNFL defects are characterized by
progressive thinning, which can manifest as widening, deep-
ening, or the formation of a new RNFL defect. To date, it is
not clear whether inner retinal cleavage is a progressive phe-
nomenon. The area of cleavage did not enlarge in any of the
eyes included in this study. If inner retinal cleavage is caused
by axial elongation, the process may not undergo profound
change after the completion of axial elongation. However, in

cases with inner retinal cleavage due to the traction induced by
ERM, the area of cleavage could be expected to change in
either direction with ERM growth or surgical removal [3].
Further studies regarding longitudinal changes in inner retinal
cleavage may be needed.

An OCT presents average, quadrant, and clock-hour sector
circumpapillary RNFL thicknesses within the area of the scan
circle, which is 3.46 mm in diameter. This measurement may
be helpful for the evaluation of glaucomatous RNFL defects
that cross the scan circle. However, in many cases, the area of
inner retinal cleavage did not overlap with the area
circumscribed by the scan circle. We therefore believe that
measuring circumpapillary RNFL thickness by OCT may not
be useful for the assessment of inner retinal cleavage. In the
same context, macular retinal thickness was not analyzed
because the conventional macular scan area did not include
the area of cleavage in some cases. Further, macular analysis
can be affected by high myopia or the presence of an ERM
[12, 13]. Therefore, in the present study, circumpapillary
RNFL thickness and macular retinal thickness (including
ganglion cell) analysis was not performed.

In conclusion, inner retinal cleavage was found to be
associated with high myopia and/or the presence of ERM.
Moreover, specific characteristics can be used to differentiate
inner retinal cleavage from glaucomatous RNFL defects. The-
se findings may help clinicians make the correct diagnosis.
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