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Purpose: We conducted cross-sectional examinations to determine the frequency of peri-
papillary retinoschisis (PRS) in eyes with glaucoma and suspected glaucoma and analyzed
the pathogenesis of PRS by using spectral-domain optical coherence tomography (SD-OCT).
Patients and Methods: In 1516 cases involving glaucoma and suspected glaucoma, we
retrospectively reviewed the disc and macular volume scans obtained by SD-OCT and
categorized PRS into two groups based on whether the retinoschisis was closer to the
optic nerve over the Bruch’s membrane opening (BMO) (ahead group) or did not go past
the BMO (behind group) and then compared the characteristics between both groups.
Results: The total frequency of PRS was 1.49% (20/1342 eyes) in primary open-angle
glaucoma (POAG) eyes and 0.59% (10/1687 eyes) in glaucoma suspects. In the behind
group, PRS was mostly detected in the inner layers of the retina (retinal nerve fiber layer:
30.9%, ganglion cell layer: 21.8%, inner plexiform layer: 7.3%). However, in the ahead
group, PRS was detected in the outer layers (inner nuclear layer: 10%, outer plexiform layer:
20%, outer nuclear layer: 50%). In addition, the eyes in the ahead group had significantly
greater axial lengths and significantly smaller spherical equivalent values. These two differ-
ences suggest that the pulling force of the vitreous traction may play an important role in
PRS only in the behind group and that the scleral stretching force may play a role in the
development of PRS in the ahead group.

Conclusion: The frequency of PRS in patients with POAG is higher than that in patients
with suspected glaucoma. Both forms of PRS are affected by posterior vitreous detachment
and axial length elongation. Careful follow-up is required to assess the development of PRS
in glaucoma suspects. The pathogenesis of PRS has been elucidated to some degree by
classifying the morphological condition of the PRS and BMO.
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Introduction
Optical coherent tomography (OCT) has enabled us to observe the minute changes
in the retina following diseases by providing high resolution images.'
Conventionally, glaucoma was diagnosed and its progression was detected by
quantitatively measuring the change in the thickness of each retinal layer, such as
the peripapillary retinal nerve fiber layer (RNFL) and macular inner retinal layers,
with visual field assessments. However, recently, additional retinal structural
abnormalities associated with glaucoma have been reported.*

Before the OCT era, it was considered that peripapillary retinoschisis (PRS)
occurred in congenital optic disc abnormalities which include optic pit, colo-
boma, tilted disc syndrome, and Morning Glory syndrome.* ' In the OCT era,
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PRS is characterized by the splitting of the peripapillary
RNFL, ganglion cell layer (GCL), inner plexiform layer
(IPL), inner nuclear layer (INL), outer plexiform layer
(OPL), and outer nuclear layer (ONL) without any optic
disc abnormalities other than glaucomatous optic neuro-
pathy. In this paper, PRS represents the aforementioned
OCT findings. An association between PRS and glau-
coma has been recently reported. Glaucoma presents in
various forms, including primary open-angle glaucoma
(POAG),"" " normal-tension glaucoma (NTG), narrow

angle-closure 1413

glaucoma, and pseudoexfoliation
glaucoma.'® Although PRS is occasionally detected in
normal eyes, it is more likely to occur in POAG or
glaucoma suspects (GS). The estimated prevalence of
PRS in POAG and GS varies from 1% to 6% and it is
reported that the prevalence in POAG is higher than in
GS.'#1317°20 Thijs difference indicates the relationship
between glaucoma and PRS.

The pathogenesis of PRS has not been fully elucidated,
but some reports have speculated that vitreoretinal traction
in association with posterior vitreous detachment (PVD)
may play a role in PRS development.'®*' PRS was
detected in retinal nerve fibers adjoining the optic disc
margin and extended toward the fovea.'” Recent techno-
logical advancements in spectral-domain optical coherence
tomography (SD-OCT) have enabled precise analysis of
each retinal layer as well as the interface of the anterior
surface of the retina and vitreous.'** SD-OCT also clar-
ified the morphological condition of Bruch’s membrane,
which is postulated to be an anatomical boundary around
the optic nerve head (ONH).

In this study, we investigated the prevalence of PRS in
a large number of patients with POAG and GS. We then
utilized SD-OCT images of the retinal layers and the
vitreoretinal interface around the optic disc margin and
perifoveal area in relation to the morphological condition
of PRS, employing the Bruch’s membrane opening (BMO)
as a landmark to elucidate the pathogenesis of PRS.

Patients and Methods

This project was approved by the Jikei university clinical
research review board (No. 26-373 (7879)) and followed
the Declaration of Helsinki and the Japanese ethical guide-
lines for medical and health research involving human
participants. Informed consent from patients was obtained
through an opt-out method. Those who rejected could be
excluded. No patients were excluded.

Materials

We retrospectively reviewed the medical records of con-
secutive patients from January 2017 to December 2018 at
the Jikei University School of Medicine. A total of 3029
eyes of 1516 patients with POAG (1342 eyes) and GS
(1687
Glaucoma or GS diagnoses were made by glaucoma

eyes) underwent cross-sectional evaluations.
specialists.

All patients underwent a comprehensive ophthalmolo-
gic examination, including measurements of best-corrected
visual acuity with the Landolt C chart, intraocular pressure
(IOP) measurements by Goldmann applanation tonometry,
slit-lamp biomicroscopy, gonioscopy, measurements of
central corneal thickness by corneal pachymetry, dilated
ophthalmoscopy, and fundus photography, axial length
measurement (IOLMaster, Carl Zeiss Meditec AG, Jena,
Germany), visual field measurements with Humphrey
Visual Field Analyzer (HFA, Carl Zeiss Meditec, Dublin,
CA) or a head-mounted perimetry system (imo, CREWT
Medical Systems, Tokyo, Japan), and measurements of
RNFL thickness using Spectralis HRA-OCT (Version 4;

Heidelberg  Engineering,  Heidelberg, = Germany).
Glaucomatous optic neuropathy and visual field defects
consistent with optic changes were evaluated.

Glaucomatous optic neuropathy was diagnosed when (1)
the vertical cup-to-disc ratio of the ONH was 0.7 or
greater, (2) the rim-to-disc ratio at the superior portion
(11-1 o’clock positions) or inferior portion (5-7 o’clock
positions) was 0.1 or less, (3) the difference in the vertical
cup-to-disc ratio between eyes was 0.2 or greater, or (4) an
RNFL defect was found. Visual field sensitivity was mea-
sured using the HFA 24-2 or 30-2 SITA Standard program
(HFA) or 24-2 plus (imo).>* Based on Anderson-Patella’s
criteria,” glaucomatous visual field defects were diag-
nosed under the following conditions: (1) the glaucoma
hemifield test results were outside normal limits, (2) pat-
tern deviation probability plots, in the upper or lower
hemifield, showed a cluster of three or more non-edge
contiguous points showing sensitivity with a probability
of less than 5%, of which at least one point had
a probability less than 1%, or (3) a pattern with standard
deviation outside the 95% normal confidence limits.

Structural Assessment with

Spectral-Domain OCT
SD-OCT (Spectralis HRA-OCT version 4; Heidelberg

Engineering, Heidelberg, Germany) was used for
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structural assessment of the retina and ONH. ONH scans
in SD-OCT were performed for all glaucoma patients and
GS. Twenty-four radial scans (scan pattern size: length,
15°; distance between adjacent B-scans, 7.5°) and three
circular scans (scan pattern: diameter, 12°) were per-
formed (Figure 1). OCT image quality was identified
from the quality bar (range, 0—40 decibels). OCT data
were exported from the imaging instruments, and the
radial scans and three circle scans were reviewed by eye.

Definition of PRS

PRS was characterized by splitting of the peripapillary
RNFL, GCL, IPL, INL, OPL, and ONL without any
optic disc abnormalities other than glaucomatous optic
neuropathy. We defined PRS as a retinal cystoid or
a bundle-shaped splitting detected by SD-OCT without
an optic pit or other anomalies. The inclusion criteria
were (1) the existence of retinal splitting, (2) splitting
form of the cystoid and nerve fiber bundle, and (3) split-
ting between two layers, including those where the layers
themselves were separated. Eyes with an intraocular lens
were also included. The exclusion criteria were the

presence of staphyloma, optic nerve pits, pseudo-pits,
coloboma, optic nerve disease other than glaucoma, and
media opacity affecting OCT scan quality: scans with
image quality less than 20 were excluded.

Classification of PRS
The end of Bruch’s membrane at the ONH is defined as
the BMO. Within 24 scan lines, the Glaucoma Module
Premium Edition (GMPE) of the Spectralis version 6.0
SD-OCT software (Heidelberg Engineering, Inc) automa-
tically detects 48 BMO 160 positions along the ONH to
determine the BMO-based disc margin. PRS, which is
detected by OCT and is associated with glaucoma, is
characterized by the splitting of the peripapillary RNFL,
GCL, IPL, INL, OPL, and ONL without any optic disc
abnormalities other than glaucomatous optic neuropathy.
We classified PRS based on the morphological rela-
tionship between the edge of the PRS and the edge of
BMO into two groups: “behind group” (proximal edge of
the PRS did not exceed the BMO to the optic nerve) and
“ahead group” (proximal edge exceeded the BMO to the
optic nerve) (Figure 2). Thus, PRS that did not exceed or

Figure | An OCT image showing PRS. (A) Infrared image of the optic nerve showing the location of the B-scan and extent of the PRS (left). OCT demonstrates PRS in the
RNFL, GCL, and OPL (white arrowhead) (right). (B) Infrared image of the optic nerve showing the location of circle scan analysis. Two-dimensional analysis of the area

3.5 mm from the ONH. PRS is present in the RNFL, GCL, and OPL (arrowhead).

Abbreviations: OCT, optical coherent tomography; PRS, peripapillary retinoschisis; RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; OPL, outer plexiform layer.
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Figure 2 The classification of PRS. Red point and blue arrow represent BMO in three pictures. (A) Normal case: No PRS is present. (B) Behind group: The proximal edge of
the PRS does not exceed the BMO and heads for the macular (white arrow). (C) Ahead group: PRS extends toward the optic disc beyond the BMO (white arrow).

Abbreviations: PRS, peripapillary retinoschisis; BMO, Bruch’s membrane opening.

reach up to the BMO was categorized as “behind PRS,”
while PRS that exceeded the BMO was defined as “ahead
PRS.” A continuous schisis which exceeded the BMO was
categorized as “ahead”. The OCT images of the PRS were
independently assessed by three evaluators (RN, SO, and
KY), and the categorization of PRS as ahead or behind
was based on a consensus among the three evaluators.

Vitreous Traction

The presence of posterior vitreous adhesions before the
detachment from the surface of the peripapillary retina was
assessed by reviewing the vitreoretinal interface on SD-
OCT images. We defined vitreous traction (+) when the
vitreous surface adjacent to the RNFL and/or internal
limiting membrane by the 4.7 mm diameter of the ONH
was found. The GMPE software of SD-OCT provides
peripapillary circle scans with a diameter of 4.7 mm. The
absence of a space between the vitreous and retinal sur-
faces or the absence of a visible vitreous surface was
classified as vitreous traction (-).

Statistical Analysis

Clinical characteristics were compared between the groups
by using the Student’s #-test, Fisher exact test. Analyses
were performed using EZR Version 1.40 software (Saitama
Medical Center, Jichi Medical University, Saitama, Japan)
and a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). The level of sig-
nificance was set at 5% (two-sided).

Results

Clinical Characteristics
We performed a cross-sectional study of 1516 patients
(3029 eyes, 3 eyes did not undergo OCT examination)

with glaucoma (1342 eyes) or suspected glaucoma (1687
eyes). Finally, PRS was found in 30/3029 eyes (1.1%;
females: 19 eyes in 17 patients, males: 11 eyes in 11
patients). Twenty POAG eyes (1.49%) and 10 GS eyes
(0.59%) had PRS (P-value=0.013). PRS prevalence was
significantly higher in POAG eyes than in GS. The char-
acteristics of patients with PRS are summarized in Table 1.

Comparison of Behind and Ahead Groups
The 30 eyes with PRS were divided into two groups based
on the extent of retinal layer splitting. All eyes in both
behind and ahead groups were myopic. The eyes in the
ahead group had significantly longer axial lengths and
smaller spherical equivalent values than those in the
behind group. PVD was observed in 11/24 cases in the
behind group and in 0/6 cases in the ahead group. There
were no significant intergroup differences in age, and
mean deviation (Table 2).

Location of PRS in the Retinal Layers
In the behind group, PRS was observed in 55 of 144
retinal layers (six layers each in 24 eyes). In the ahead

Table | Characteristics of Patients with PRS

Number of patients (male/female) 30 (19/11)
Age (years) 61.9 103
Spherical equivalent (diopter) —43+4.18
Axial length (mm) 254 £ 2.19
Mean deviation (dB) —4.98 + 5.55
Intraocular pressure(mmHg) 15.79 + 2.99
(GS) Intraocular pressure 16.75 + 2.19
(G) Intraocular pressure 15.69 + 3.35

Note: Values are mean * standard deviation.
Abbreviations: G, glaucoma; GS, glaucoma suspects.
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Table 2 Characteristics of Each PRS Group

Behind Ahead P-value
Number of eyes 24 6
Number of patients (male/female) 7:17 4:2 0.156
Age (years) 61.7 £ 109 63.0 + 8.02 0.782
Disease type (G/GS) 18:4 6:0 0.259
Spherical equivalent (diopter) —3.09 * 3.60 —7.29 +5.27 0.0361*
Axial length (mm) 249 £ 2.10 27.1 + 1.64 0.0163*
Visual field mean deviation (dB) —4.24 + 54| —7.29 +5.74 0.213
Intraocular pressure (mmHg) 6.1 2.8l 14.7 + 3.67 0.309

Notes: Values are presented as mean * standard deviation. *p < 0.05, Student’s t-test.
Abbreviations: PRS, peripapillary retinoschisis; G, glaucoma; GS, glaucoma suspects.

group, PRS was observed in 10 of 36 retinal layers (six
layers each in six eyes) (Table 3). We then classified the
RNFL, GCL, and IPL as inner layers and the INL, OPL,
and ONL as outer layers. In a comparison of PRS loca-
tions, the behind group showed a significantly greater
abundance in the inner layers, while the ahead group
showed a significantly greater abundance in the outer
layers (Table 4). We examined the presence of vitreous
traction (+) in the RNFL and/or internal limiting mem-
brane of the PRS eyes in the two groups. In the behind
group, vitreous traction was found in 13 of 24 eyes, while
in the ahead group, no vitreous traction was found in the
six eyes (Figure 3).

Table 3 The Location of PRS of Each Group

Behind Ahead
Number of layers | 144 (6 layers x 24 eyes) | 36 (6 layers X 6 eyes)
RNFL (n, [%]) 17 [30.9] 2 [20]
GCL (n, [%]) 12 [21.8] 0
IPL (n, [%]) 4[7.3] 0
INL (n, [%]) 6 [10.9] I [10]
OPL (n, [%]) 5[9.0] 2 [20]
ONL (n, [%]) I'1 [20.0] 5 [50]
Total (n) 55 10

Abbreviations: PRS, peripapillary retinoschisis; RNFL, retinal nerve fiber layer;
GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer; OPL,
outer plexiform layer; ONL, outer nuclear layer.

Table 4 Comparison of PRS Positions of Each Group in the
Inner and Outer Layers

Behind Ahead
Number of layers(n) 144 36
Inner layers (n) 33 2
Outer layers (n) 22 ’p = 0.04

Note: °p < 0.05 Fisher exact test.
Abbreviation: PRS, peripapillary retinoschisis.

Discussion

Among 1342 eyes with POAG and 1687 GS, PRS was
detected in 20 eyes with POAG (1.49%) and 10 GS eyes
(0.59%). The frequency of PRS detection in the present study
was relatively smaller than that in previous reports (1-3%).'*'*
The diagnostic reliability for assessment of PRS in this study
was ensured by the use of SD-OCT, which has the highest
resolution in detecting abnormalities in the juxta-papillary to
perifoveal tissue and retina. Thus, we believe that the fre-
quency of PRS in glaucoma eyes is 1-3%. On the other
hand, the frequency of PRS in GS in our study (0.59%) was
not apparently different from that in previous reports.

All participants in our study were Japanese people, and
the majority of POAG cases in Japan involved NTG,*
which is characterized by primary vulnerability in the
optic disc and a variety of risk factors, such as elevated
IOP, disc hemorrhage, myopia, and aging, contributing to
the development of glaucomatous changes. Therefore, we
believe that the prodromal findings of PRS appeared in GS
with no apparent visual field defects but with a certain
glaucomatous ONH structure. The present results indicate
the necessity of a careful follow-up for the assessment of
the development of PRS in GS.

Ophthalmoscopic examination proved that PRS is pre-
sent between the optic disc and the macula, and SD-OCT
depicts PRS most frequently in the RNFL among 10
retinal layers.'”*° In this study, similar to previous reports,
PRS was most frequently found in the RNFL but was
detected in each retinal layer. The results suggest that
a variety of factors may be related to the pathogenesis
of PRS.

Therefore, we used the edge of Bruch’s membrane as
a reference mark to classify the condition of PRS in rela-
tion to the pathogenesis, since BMO corresponds to the
landmark of the anatomical disc margin.*®
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Figure 3 The presence of vitreous traction. (A) ONH analysis by SD-OCT demonstrates PRS of the behind group in the RNFL (white arrow). PRS occurs in the area
adhering the vitreous traction. Red points and blue arrow represents Bruch’s membrane opening. (B) Two-dimensional analysis of the area 4.7 mm from ONH demonstrates
PRS in the RNFL. The area where vitreous traction pulls shows “tenting” (white arrow).

Abbreviations: ONH, optic nerve head; SD-OCT, spectral-domain optical coherence tomography; PRS, peripapillary retinoschisis; RNFL, retinal nerve fiber layer.

On the basis of the morphological condition between
the edge of the PRS and the edge of the BMO, PRS was
classified as being present near the optic disc (ahead
group: PRS extended past the BMO towards the optic
disc) and at a distance from the optic disc (behind group:
PRS did not exceed the BMO and headed for the macula).
The present system classified 24 (80.0%) of 30 PRS eyes
in the behind group, while the remaining 6 eyes (20.0%)
were categorized into the ahead group. In the eyes in the
behind group, PRS was observed in the GCL (12/24), IPL
(4/24), and RNFL, which were categorized as the inner
layers of the retina. The retina was pulled toward the
vitreous in association with the occurrence of vitreous
traction before PVD. The inner layers of the retina are
thought to be more directly affected by the vertical direc-
tion against the retinal surface in the pulling force of the
vitreous traction. This result indicated a close relationship
between the pathogenesis of PRS and the development of
vitreous traction. A previous report stated that the average
peripapillary RNFL thickness of eyes with PVD was sig-
nificantly greater than that of eyes without PVD.?” The
area of vitreous adhering to RNFL showed a “tenting” like
shape and succeeded in RNFL thickening in GS (Figure 3:
tenting), indicating the continuous pulling power of the
inner retinal layers toward the vitreous.”” PVD initially
developed in the paramacular region as incomplete PVD,
forming the remaining attachments to the ONH and the
macula and extending slowly to form complete PVD.?*
This may be a reason why vitreous traction occurs over
time and PRS occurs between the macula and the ONH.
Therefore, we speculated that the pathogenesis of PRS in
the behind group was attributable to mechanical vitreous
traction to the retinal inner layer. The gradual increase in
the frequency of the PRS from the NFL to the GCL and
IPL in our study may support this speculation.

In the eyes of the ahead group, PRS was detected in the
outer layers, such as in the INL (1/10 layers), OPL (2/10
layers), ONL (5/10 layers), and a significantly greater axial
length and significantly smaller equivalent spherical power
were evident in comparison with those in the behind
group. After scleral expansion to the back in association
with the increasing axial length, the differences in the
integrity of the Bruch’s membrane and the surrounding
retinal tissue may have led to the development of a crack
between the Bruch’s membrane and the surrounding ret-
inal tissue.>® Invasion of the liquefied vitreous through the
crack into the retinal tissue is thought to underlie the
pathogenesis of PRS development. More frequent assess-
ment of PRS in the ONL and OPL may provide clues to
the pathogenesis of the scleral stretching force of the PRS
in the eyes of the ahead group. One of the factors deter-
mining the morphology of PRS is the axial length and
equivalent spherical power.

These findings raise the question as to whether vitreous
traction before PVD can be solely attributed to the patho-
genesis of PRS, since PVD can occur in almost every eye
over 50 years of age. In glaucomatous eyes, the presence
of microholes, in which vitreous fluid invades the RNFL
area to the retina because of abnormalities in the extra-
cellular matrix of the ONH and its surrounding tissue, may
also contribute to the pathogenesis of PRS.*' Decreased
support and/or resistance in Muller cells was also evident
in glaucomatous eyes, and the presence of a bridging
structure of the splitting part in eyes with PRS associated
with glaucoma was a morphologic feature reminiscent of
Muller cells.'® Therefore, we speculated that vulnerability
in RNFL and Muller cells may play a role in decreasing
the tensile force of the retina.

This study has several potential limitations. First, this
was a cross-sectional study and we focused on subjects
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with glaucoma and glaucoma suspects. We did not exam-
ine data in normal subjects, including prevalence and
morphology of PRS. Second, the time course for the
change from glaucomatous eyes to glaucoma eyes remains
unclear. The duration of PRS existence may be greater in
the eyes with glaucoma because, compared to normal eyes,
the structure of Muller cells in glaucomatous eyes is con-
sidered weaker.'>*> PRS prevalence was significantly
higher in POAG eyes than in GS. It is likely that ONH
vulnerability varies between POAG eyes and GS. Large
scale surveys and longitudinal research are needed to
determine the association of these characteristics with dis-
ease progression in glaucoma eyes and the onset and
progression of PRS for GS. Moreover, although we com-
pared two morphological types of PRS, the ahead group
had only 6 eyes, and a larger sample size was needed.
Third, we did not evaluate choroidal thickness in this
population. Recently peripapillary pachychoroid syndrome
(PPS), a novel pachychoroid disease spectrum causing
intraretinal and/or subretinal fluid and optic nerve head
edema in some eyes, has been reported.” We excluded
patients with intraretinal and/or subretinal fluid in the
macular area, although the possibility of contamination
of PPS remains.

Conclusion

The frequency of PRS in patients with POAG is higher
than that in GS. Both forms of PRS are affected by vitr-
eous traction and axial length elongation. Careful follow-
up is needed to assess the development of PRS in GS. The
pathogenesis of PRS is to some degree elucidated by
classifying the morphological conditions of the PRS
and BMO.

Abbreviations

PRS, peripapillary retinoschisis; SD-OCT, spectral-domain
optical coherence tomography; BMO, Bruch’s membrane
opening; POAG, primary open-angle glaucoma; OCT,
Optical coherent tomography; RNFL, retinal nerve fiber
layer; PRS, peripapillary retinoschisis; GCL, ganglion cell
layer; IPL, inner plexiform layer; INL, inner nuclear layer;
OPL, outer plexiform layer; ONL, outer nuclear layer;
NTG, normal-tension glaucoma; GS, glaucoma suspects;
PVD, posterior vitreous detachment; ONH, optic nerve
head; BMO, Bruch’s membrane opening; IOP, intraocular
pressure; HFA, Humphrey Visual Field Analyzer.
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