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Abstract
Purpose Our purpose was to determine the effectiveness of vitrectomy in resolving the macular retinoschisis in an eye with
glaucomatous optic neuropathy and also to determine the natural course of macular retinoschisis.
Methods This was a retrospective case series of patients who were diagnosed with macular retinoschisis and glaucomatous optic
neuropathy. Fourteen eyes of 13 patients were studied. Patients with high myopia, vitreomacular traction syndrome, and the pit
macular syndrome were excluded.
Results There were three men and ten women, and 12 had unilateral and one had bilateral macular retinoschisis. Vitrectomy was
performed for a serous retinal detachment, macular hole, or severe visual loss in five eyes. The mean follow-up time was
68.8 months in these five eyes, and the macular retinoschisis was resolved and the best-corrected visual acuity (BCVA) at the
final visit was significantly improved in all eyes (P = 0.007). However, two of these fiv e eyes developed a macular hole and
required a second vitrectomy. Of the nine eyes without treatment with a mean follow-up time of 29.0 months, the BCVA at the
final visit remained unchanged from the baseline BCVA in all eyes. The macular retinoschisis was resolved or reduced in three
eyes without treatment.
Conclusions Vitrectomywas effective for the resolution of macular retinoschisis in eyes with glaucomatous optic neuropathy and
serous retinal detachment or macular hole or severe reduction of the BCVA. Macular retinoschisis can be resolved without a
reduction of the BCVA in some cases without treatment.
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Introduction

Retinoschisis is a retinal disorder characterized by an abnor-
mal splitting of the neurosensory layers of the retina, and it can
be associated with optic disc pits, high myopia, optic disc
hypoplasia, and vitreomacular traction [1–8].

There have also been several single case reports of a reti-
noschisis in glaucomatous eyes [9–14] and the retinoschisis
tends to be located in the peripapillary area and cause a dis-
section of the circumpapillary retinal nerve fiber layer
(RNFL). These findings are usually made by examining the
spectral domain optical coherence tomographic (SD-OCT)
images [15–17]. A peripapillary retinoschisis is found in
3.1% to 5.9% of patients with glaucoma [15–17]. These
peripapillary retinoschisis generally do not need to be treated,
because they do not cause visual disturbances [18].

In contrast, macular retinoschisis in patients with glaucoma
can be located not only in the peripapillary area but also in the
fovea. They are occasionally accompanied by serous retinal
detachment (SRD), outer retinal hole, and a macular hole
(MH) [9–14]. The conventional treatment of macular retinos-
chisis with visual disturbances is vitrectomy. One case series
study demonstrated that all cases that had vitrectomy for a
macular retinoschisis with glaucomatous optic neuropathy
had a significant improvement in the visual acuity [9].
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However, the natural course of the macular retinoschisis in
eyes with glaucomatous optic neuropathy has not been defin-
itively determined.

The aim of this study was to determine the clinical charac-
teristics of eyes with macular retinoschisis and glaucomatous
optic neuropathy and to examine the effectiveness of vitrecto-
my or no treatment in resolving the retinoschisis.

Methods

This was a retrospective, multicenter study. The procedures
conformed to the tenets of the Declaration of Helsinki, and the
procedures and study protocol were approved by the
Institutional Review Board of Nara Medical University
(No.1366), Tokushima University (No.2733), Tsukuba
University (No.H28-207), and Sapporo City General
Hospital (No.H28-053-309).

Subjects

The medical charts of 14 eyes of 13 patients with a macular
retinoschisis and with glaucomatous optic neuropathy were
reviewed. All of the patients had a comprehensive ophthal-
mologic examination including indirect ophthalmoscopy,
slit-lamp biomicroscopy with and without a contact lens,
spectral domain optical coherence tomography (SD-OCT;
Spectralis, Heidelberg Engineering, Heidelberg, Germany;
or Cirrus, Carl Zeiss Meditec Inc., Dublin, CA; or Topcon
3D OCT-1000, TOPCON Corporation, Tokyo, Japan),
measurements of the IOP, and perimetry for the diagnosis
of glaucoma. Of the 13 patients, nine patients had fluores-
cein angiography to try to determine the cause of the mac-
ular retinoschisis.

Definition of macular retinoschisis

A macular retinoschisis was defined as being present when
a spl i t t ing of the ret ina that extended from the
glaucomatous optic disc to the fovea was detected in the
SD-OCT images. We excluded eyes with high myopia de-
fined as refractive errors equal or greater than −6.0 diopters
(D) or an axial length longer than 26.0 mm. Eyes with the
vitreomacular traction syndrome or the pit macular syn-
drome as determined by SD-OCT and indirect ophthalmos-
copy, were also excluded. In addition, eyes with a retinos-
chisis without a connection to the optic disc were excluded.
The presence of an optic disc pit was confirmed by stereo-
scopic fundus examinations and OCT images.

Definition of glaucomatous optic neuropathy

Glaucomatous optic neuropathy was defined to be present in
an eye with a vertical cup-to-disc ratio > 0.6, an asymmetrical
rim-to-disc ratio < 0.2, rim notching, and the presence of ret-
inal nerve fiber layer defects in the stereoscopic fundus exam-
ination and/or OCT. The visual field sensitivity was measured
by the Humphrey field analyzer (Humphrey, Carl Zeiss
Meditec, Dublin, CA) using the 30-2 Swedish interactive
threshold algorithm (SITA) or a Goldmann perimeter. Eyes
with unreliable visual fields that were defined as those with
false negatives >33%, false positive >33%, and fixation loss
>20% were also excluded.

Treatment for macular retinoschisis

Of the 14 eyes, five eyes were treated by vitrectomy alone.
Nine eyes were followed without treatment because the visual
acuity was not reduced or the patients declined vitrectomy.
These nine eyes allowed us to determine the natural course
of a retinoschisis in an eye with a glaucomatous optic disc.
Only one patient (Case 7) declined vitrectomy for macular
retinoschisis and was followed without treatment. All vitrec-
tomies were performed under local retrobulbar anesthesia, and
the internal limiting membrane (ILM) was peeled in all eyes,
and a gas tamponade was used in four eyes. None of the eyes
had fovea-sparing ILM peeling. Four of the five eyes treated
with vitrectomy also underwent cataract surgery with intraoc-
ular lens implantation.

Measurements of visual acuity and retinal thickness

The best-corrected visual acuity (BCVA) was measured with a
standard Japanese decimal visual acuity chart. The decimal
BCVAwas converted to the logarithm of the minimum angle
of resolution (logMAR) units for the statistical analyses. An
improvement or worsening of the BCVA was defined as a
change of ±0.3 logMAR units or more from the baseline
BCVA. A significant improvement or worsening of the foveal
thickness was defined as a change of ±25% in the SD-OCT
images from the initial value.

Statistical analyses

The significance of the changes in the visual acuity was de-
termined by paired t tests. A P value <0.05 was accepted as
significant.

Results

Of the 13 macular retinoschisis patients with glaucomatous
optic neuropathy, 12 had unilateral retinoschisis and one had
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bilateral retinoschisis. There were three men and ten women,
and the mean ± standard deviation (SD) age of the patients
was 63.6 ± 12.3 years. The mean ± SD BCVA at the initial
visit was 0.33 ± 0.51 logMAR units, and the mean ± SD re-
fractive error (spherical equivalent) was −0.9 ± 1.6 diopters
(D) with a range of −3.0 to +2.0 D. The mean ± SD axial
length was 24.5 ± 1.1 with a range of 22.5 to 25.8 mm in ten
eyes; the axial length was not measured in the other four
phakic eyes with refractive errors ranging from −3.0 to 0 D.
The mean ± SD IOP was 14.9 ± 3.1 mmHg. None of the eyes
had an acute elevation of the IOP. In addition, none of the eyes
required filtration surgery for uncontrolled glaucoma during
the follow-up period.

All of the 14 eyes were followed for more than 6 months.
The mean ± SD follow-up time of the all eyes, five eyes with
vitrectomy, and nine eyes without treatment was 43.2 ± 40.0,
68.8 ± 48.23, and 29.0 ± 25.2 months, respectively. Of the five
eyes that had vitrectomy for a SRD,MH, or severe visual loss,
two eyes required a second surgery because of the formation
of a full thickness MH or failure to close the MH (Cases 2 and
5). The MH in these two eyes was closed after the second
vitrectomy with gas tamponade. The final BCVAwas signif-
icantly improved compared to that of before the surgery in all
vitrectomized eyes (P = 0.007), and the SD-OCT images
showed a resolution of the retinoschisis and SRD (Cases 1-5).

In the nine untreated eyes, the final BCVAwas not signif-
icantly different from that at the initial examination. Seven of
the untreated eyes were followed for more than 12 months,
and the macular retinoschisis was resolved or reduced in three
eyes without treatment (Tables 1 and 2).

Representative cases

Case 2. Case 2 was a 65-year-old-woman who had macular
retinoschisis with an outer retinal hole, SRD, and
glaucomatous optic neuropathy in the right eye (Fig. 1a and
b). Her BCVA at the initial visit was 20/200. Fundus photo-
graphs showed a defect in the retinal nerve fiber layer (RNFL)

at the inferior temporal quadrant of the optic disc (Fig. 1a).
The patient underwent vitrectomywith ILM peeling. Ten days
after the vitrectomy, the macular retinoschisis with outer reti-
nal hole remained unchanged (Fig. 1c and d). One month after
the vitrectomy, the fundus photographs and SD-OCT images
showed a MH (Figs. 1e and f). After a second vitrectomy with
gas tamponade, the MH was closed and her BCVA improved
to 20/67 (Figs. 1g and h). Perimetry showed a decrease in
sensitivity extending from the nasal to center area (Fig. 1i, j,
and k).

Case 6. Case 6 was a 50-year-old woman with
glaucomatous optic neuropathy and macular retinoschisis that
divided the retina into two layers (Fig. 2a to c). Nevertheless,
her BCVA at the initial visit was 20/17 and she had no com-
plaints. She was closely followed without treatment for the
macular retinoschisis. After 4 years, the macular retinoschisis
was markedly reduced (Fig. 2d), and after 5 years, the macular
retinoschisis was completely resolved and no recurrences
have occurred (Fig. 2e). Perimetry showed decreased sensitiv-
ity at superior nasal quadrant (Fig. 2f to k).

Case 7. Case 7 was a 77-year-old woman with macular
retinoschisis, SRD, an outer retinal hole, and glaucomatous
optic neuropathy in the right eye (Fig. 3a and b). Her BCVA
at the initial visit was 20/200. Fluorescein angiography (FA)
showed a pooling of dye in the inferior nasal quadrant of the
right optic disc, and SD-OCT showed a dilated subarachnoid
space consistent with the fluorescein pooling (Fig. 3c to g).
The patient declined vitrectomy and was followed without
treatment. Twelve months after the initial visit, SD-OCT re-
vealed that the retinoschisis and retinal thickness had de-
creased (Fig. 3h). However, her BCVA had remained un-
changed from the initial visit.

Discussion

The presence of a micro hole in the RNFL can cause leakage,
and/or vitreous traction on a defective RNFL around the optic

Table 1 Clinical characteristics
of macular retinoschisis with
glaucomatous optic neuropathy

Clinical characteristics

Number of eyes/ patients 14/13

Bilateral (%)/Unilateral (%) 1 (7.1)/12 (92.3)

Gender, Male (%)/Female (%) 3 (23.0)/10 (77.0)

Age (year), mean ± SD (range) 63.6 ± 12.3 (37 - 82)

BCVA (LogMAR units) at the initial visit, mean ± SD (range) 0.33 ± 0.51

(−0.08 - +1)
Refractive error (diopter), mean ± SD (range) −0.9 ± 1.6 (−3.0 - +2.0)

Axial length (mm), mean ± SD (range) 24.5 ± 1.1 (22.5 -25.8) 25.8)

Intraocular pressure (mmHg), mean ± SD(range) 14.9 ± 3.1 (8 - 20)

BCVA, best-corrected visual acuity; SD, standard deviation
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disc can also cause leakage of vitreous fluids into the retina
[11, 14, 19]. We did not find any optic disc pits, micro holes,
and vitreous traction around the RNFL defect and optic disc.
However, the degree of macular retinoschisis was reduced
after the vitrectomy. Thus, it is possible that the vitrectomy
may have closed undetected micro holes and/or released the
vitreous traction on the retina.

We suggest other possible causes for the macular reti-
noschisis in our cases. The compromised optic disc in
eyes with glaucoma may lead to a leakage of fluid from
the subarachnoid space into the retina. Krivoy et al.

described the OCT findings of ten eyes with congenital
optic disc pits [20]. They suggested that the optic disc pit
acted as a conduit for fluid to flow into the retina causing
the retinoschisis or subretinal detachment from the sub-
arachnoid space [20]. Katome et al. showed swept-source
OCT images and identified connections between the vit-
reous cavity and the retrobulbar subarachnoid space in
patients with an optic disc pit [21]. Our FA showed
pooling of the fluorescein consistent with an expanded
subarachnoid space at the optic disc margin detected by
OCT (Case 7). These findings suggested that the spaces in

Fig. 1 Case 2. Fundus
photographs and optical
coherence tomographic (OCT)
images of a patient with macular
retinoschisis and glaucomatous
optic neuropathy. a and b.
Preoperative fundus photographs
and horizontal OCT images of the
right eye at the initial visit
showing a retinal nerve fiber layer
(RNFL) defect (black
arrowheads) at the lower temporal
sector of the optic disc. An outer
retinal hole is present at the fovea,
and retinoschisis of the outer
plexiform layer connected to the
optic disc and the fovea can be
seen. The scanned OCT line
shown in Fig. 1b is shown as a
black line. c. and d. Post-
vitrectomy images after 10 days
showing that the macular
retinoschisis and outer retinal hole
remained unchanged, and the
RNFL defect (black arrowheads)
has expanded. e. and f. Post-
vitrectomy images after 1 month
showing that the eye has
developed a macular hole and the
retinal thickness is reduced. g. and
h. OCT image showing a closed
macular hole and resolution of the
macular retinoschisis at the final
visit. i., j., and k. Post-vitrectomy
visual field (gray scale, total
deviation, and pattern deviation)
showing decreased threshold
sensitivity consistent with the
RNFL defect
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the macular retinoschisis might be partially filled with
cerebrospinal fluid.

The study of macular retinoschisis in eyes with
glaucomatous optic neuropathy reported by Inoue et al.
demonstrated that macular retinoschisis can be resolved
or reduced by vitrectomy [9]. In cases of optic disc pit
maculopathy, some authors have reported that a complete
resolution of the foveal fluid was achieved in 88% to 94%
after the vitrectomy [22–24]. These findings indicate that
vitrectomy for a macular retinoschisis is effective.
However, Inoue et al. described four eyes (36%) treated
with vitrectomy that developed a MH or a MH retinal de-
tachment [9]. In our patients, two eyes (40%) required a
second surgery because of the development of a MH.

There have been two case reports on the natural course
of macular retinoschisis in eyes with glaucoma [11, 14].
Because the follow-up periods were short in these case
reports, it is unclear whether macular retinoschisis in eyes
without treatment can be resolved or not. In our cases,
three of nine eyes without treatment had a reduction of
the foveal thickness with a mean follow-up time of
29.0 months. In Case 6, the macular retinoschisis had
completely resolved despite the lack of treatment. We
have also reported a case of macular retinoschisis with
optic disc hypoplasia whose visual acuity and symptoms
did not change significantly after a 17 year follow-up
period without treatment [5]. Thus macular retinoschisis
may also be resolved spontaneously in some of the eyes.

There are some limitations in this study. The number of
patients was small, and a larger number of patients must
be examined. However, the prevalence of macular retinos-
chisis with glaucomatous optic neuropathy is very rare. A
second limitation was the retrospective nature of this
study, and important information was missing in some
of the medical charts. Thus, we were not able to deter-
mine whether a posterior vitreous detachment was present
in some of the patients because the medical files did not
include this information. The third limitation was the ret-
rospective study design. Thus, there were differences in
the BCVA at the initial visit or pre-operation among nine
eyes without treatment and five eyes with vitrectomy. The
untreated eight eyes, excluding Case 7 who declined vit-
rectomy for macular retinoschisis, had better BCVA than
that of the eyes with vitrectomy at the initial visit or
preoperatively.

In conclusion, vitrectomy for macular retinoschisis in
eyes with glaucomatous optic neuropathy was effective.
Macular retinoschisis can be spontaneously resolved in
some cases without treatment. Thus, results of this study
suggest that macular retinoschisis with glaucomatous op-
tic neuropathy can be followed closely without therapy
unless a MH or a SRD develops or a severe reduction
of the BCVA occurs.

Fig. 2 Case 6. Fundus photograph and optical coherence
tomographic (OCT) images of a patient with macular retinoschisis
and glaucomatous optic neuropathy. a. Fundus photograph showing
retinal nerve fiber layer (RNFL) defect (black arrowheads) at the
inferior temporal sector of the optic disc. The scanned OCT
direction shown in Fig. 2c as a black line. b. Retinal thickness
map showing a thickened retina between the optic disc and fovea.
c. Horizontal OCT image shows retinoschisis in the outer plexiform
layer and inner nuclear layer connecting the optic disc to the fovea
at the initial examination. d. Retinoschisis of the inner nuclear layer
is completely resolved after 4 years from initial visit. The retinal
thickness has decreased. e. OCT image at the final examination
shows a complete resolution of the macular retinoschisis. f., g.,
and h Visual field (gray scale, total deviation, and pattern
deviation) at the initial examination indicates a decrease in the
threshold sensitivity consistent with RNFL defect
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