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Abstract
Objective To explore the structural differences between X-linked retinoschisis (XLR) and stellate nonhereditary idiopathic
foveomacular retinoschisis (SNIFR) using swept-source optical coherence tomography angiography (SS-OCTA).
Methods A case series of two patients, a 9-year-old male with XLR and a 58-year-old woman with SNIFR were imaged
with swept-source optical coherence tomography angiography (SS-OCTA; PLEX Elite 900, Carl Zeiss Meditec, Inc, Dublin,
CA). Automated segmentation was manually adjusted to include the areas of retinoschisis within en face flow and structural
slabs. The flow data were binarized using ImageJ 1.51s (Wayne Rasband, National Institutes of Health, USA, http://imagej.
nih.gov.ij) and superimposed onto the structural slab.
Results In the eye with XLR, OCTA flow data superimposed on the structural slab demonstrated flow signal within
numerous bridging structures connecting the inner and outer plexiform layers containing the intermediate (ICP) and deep
(DCP) capillary plexuses. In contrast, the same technique applied to the eye with SNIFR demonstrated an absence of flow
signal in the cystic retinal spaces within Henle’s fiber layer.
Conclusions The vascular pattern of bridging vessels between the ICP and DCP is closely related to the structural “reti-
noschisis” pattern of XLR and appears to be structurally different from that seen in SNIFR. Moreover, the connecting vessels
appear to be highly represented and regularly distributed, thereby supporting a serial arrangement of the retinal capillary
plexuses within the perifoveal macula.

Introduction

X-linked retinoschisis (XLR) is an inherited retinal disease
caused by a mutation in the gene RS1 (Xp22.13) encoding
retinoschisin [1]. Retinoschisis in XLR occurs primarily in the
inner nuclear layer (INL) [1]. Stellate nonhereditary idiopathic
foveomacular retinoschisis (SNIFR) is more common in
women who lack RS1 mutations and other known predis-
posing factors for retinoschisis [2]. The stellate clinical
appearance in SNIFR relates to splitting in Henle’s fiber layer
(HFL) at the posterior border of the outer plexiform layer
(OPL) [2]. Herein we use structural and angiographic swept-
source optical coherence tomography to demonstrate key
differences between these two types of retinoschisis.

Case 1

A 9-year-old male with a history of XLR was referred for
evaluation. His family history included a brother and
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maternal cousin with XLR. The patient reported progressive
vision loss despite a recent trial of twice daily topical dor-
zolamide 2.0% and ketorolac 0.5% in both eyes. On
examination, visual acuity was 20/100 and 20/80 in the
right and left eyes, respectively. Ophthalmoscopy showed
macular retinoschisis in both eyes. Multimodal imaging was
undertaken, including 6 × 6 mm swept-source optical
coherence tomography angiography (SS-OCTA; PLEX
Elite 900, Carl Zeiss Meditec, Inc, Dublin, CA). Segmen-
tation of the retinoschisis in the left eye was performed on
en face flow and structural slabs. The flow data were then
binarized using ImageJ 1.51s (Wayne Rasband, National
Institutes of Health, USA, http://imagej.nih.gov.ij), as
demonstrated in Fig. 1. By superimposing the binarized en
face flow image (Fig. 1a, red) onto the structural slab
(Fig. 1b), it was noted that multiple discrete areas of flow
signal representing bridging vessels between the inter-
mediate capillary plexus (ICP) and deep capillary plexus

(DCP) accompanied the large majority of connecting
structures (Fig. 1c). Cross-sectional imaging also demon-
strated flow signal within this bridging tissue (Fig. 1d).

Case 2

A 58-year-old woman was recently diagnosed with
SNIFR. There was no family history of retinal disease.
On examination, visual acuity was 20/20 in both
eyes. Ophthalmoscopy showed a stellate pattern of
macular retinoschisis in both eyes. SS-OCTA was per-
formed using the same 6 × 6 mm acquisition mode and
subsequent image analysis as in case 1 (Fig. 2a−c).
Based on the retinoschisis location, segmentation of
HFL was employed (Fig. 2d). Similar superimposition
of the en face image demonstrated the absence of flow
signal within the retinal tissue separating the cystic
spaces.

Fig. 1 Optical coherence tomography angiography (OCTA) in X-
linked retinoschisis. a Binarized en face OCTA with segmentation of
the schitic area and projection removal. b En face structural slab. c
OCTA flow signal (red) superimposed on the structural slab shows that
flow signal representing bridging vessels between the intermediate and
deep capillary plexuses is present in the large majority of connecting

tissue within the inner nuclear layer. Black spaces correspond to
intraretinal cysts. d OCT B-scan with flow overlay shows segmenta-
tion lines (dashed magenta lines) used for the en face projections (a
and b) and confirms correspondence of flow signal with the tissue
bridging the schisis
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Discussion

While both XLR and SNIFR have radial patterns of cysts
within the retina, the patterns themselves are quite different.
In XLR, the retinoschisis primarily involves the INL which
contains the bridging vessels between the ICP and DCP that
together comprise the deep vascular complex [3, 4]. The
bridging structures within the retinoschisis appeared to align
with retinal blood vessels on both en face and cross-
sectional OCTA views (Fig. 1). We postulate that the
structural support provided by these connecting vessels
influences the pattern of intraretinal cavities and prevents a
wider separation between retinal layers, except at the foveal
avascular zone where Müller cells are plentiful but vessels
are absent. This observation is confirmed by prior histologic
and OCT studies that demonstrate that the bridging struc-
tures are composed of glial material that has features con-
sistent with Müller cells surrounding blood vessels with
thickened walls [1, 5, 6].

The perifoveal pattern of INL retinoschisis in XLR,
characterized by multiple small regularly spaced hyperre-
flective spaces seen with OCT B-scans, resembles that of
cystoid macular edema occurring in retinitis pigmentosa
where intraretinal cavities are most commonly found in the
INL [7]. A similar pattern of INL cavitation called
“microcystic macular edema” occurs in a range of optic
neuropathies including those associated with multiple
sclerosis, neuromyelitis optica, and glaucoma [8–12]. While
the underlying cause of these structural changes may vary
with each associated disease, the numerous regularly spaced
vessels bridging the INL between the ICP and DCP are
likely to influence the anatomic pattern seen with all. In
addition, shearing stress or rupture of bridging vessels may
help explain certain unique patterns of fluorescein angio-
graphic leakage and intrarenal hemorrhage occurring in
these and other retinal disease affecting INL structure.

In contrast, the location and pattern of the retinoschisis
observed in SNIFR is consistent with pillars of avascular

Fig. 2 Optical coherence tomography angiography (OCTA) in stellate
nonhereditary idiopathic foveomacular retinoschisis. a Binarized en
face OCTA of the schitic area with projection removal. b En face
structural slab. c OCTA flow signal (red) superimposed on the struc-
tural slab demonstrates the absence of flow signal within retinal tissue

separating cystic spaces within Henle’s fiber layer. d OCT B-scan with
flow overlay shows segmentation lines (dashed magenta lines) used for
the en face projections (a and b) and confirms an absence of flow
signal within the tissue bridging the schisis
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retinal tissue comprised of Müller fibers and photoreceptor
axons [4, 13]. The absence of vascular flow signal in the
bridging tissue involving HFL was readily apparent in our
patient (Fig. 2). This typical stellate pattern characterized by
radially oriented spokes of tissue may be a result of limited
resistance offered by involved tissue lacking the structural
support provided by local blood vessels.

The sheer number of regularly spaced vascular connec-
tions found between the ICP and DCP in XLRS appears to
support a predominantly serial arrangement for the retina
capillary plexuses within the perifoveal macula [14–17].
Our findings would be difficult to reconcile with recently
proposed parallel or “hammock” arrangement of macular
vascular flow in which vessels connecting the DCP and ICP
are described as infrequent or absent [4, 18]. Proponents of
a parallel arrangement argue that distinct neurovascular
units at the IPL/ICP and OPL/DCP require independent
arteriolar supply and venous drainage [4]. In the “serial”
model, there are numerous bridging vessels between the
vascular plexuses with venous drainage originating pre-
dominantly in the DVC [14–16, 19, 20]. Macular venous
drainage through the DVC was recently supported by the
observation that, when studied with OCTA, all collateral
vessels formed in the macula following branch retinal vein
occlusion were found to course through the DVC [14].

In summary, we describe the novel observation that the
numerous small vessels bridging the INL between the ICP
and DCP likely play an important role in driving the pattern
of INL “retinoschisis” occurring in a range of neurode-
generative retinal diseases. Moreover, the high number and
regular distribution of these connection vessels appears to
support a series arrangement of the retinal capillary plexu-
ses within the macula.

Summary

What was known before:

● X-linked retinoschisis (XLR) and stellate nonhereditary
idiopathic foveomacular retinoschisis (SNIFRS) are two
forms of retinoschisis involving different retinal layers
and each having a different structural pattern.

● In the “serial” model of retinal capillary plexuses, there
exist numerous bridging vessels between the vascular
plexuses, with venous drainage originating predomi-
nantly in the deep vascular complex.

What this study adds:

● While retinoschisis in SNIFR involves an avascular
Henle’s fiber layer, the inner nuclear layer (INL)
retinoschisis of XLR includes tissue containing

numerous vessels bridging the intermediate and deep
capillary plexuses which likely influence the structural
pattern and degree of separation occurring at this level.

● The evidence of regularly spaced bridging vessels
between the capillary plexuses bordering the INL seems
to add support for a “serial” arrangement of the
perifoveal retinal vascular flow.
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