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Abstract

Objective: To evaluate changes in retinal nerve fiber layer (RNFL) and macular thicknesses,
included ganglion cell-inner plexiform layer (GCIPL) thickness, in patients with spontaneous
intracranial hypotension (SIH).

Methods: This was a retrospective, nonrandom, observational case series study. Comprehensive
ophthalmic examinations and systemic examinations were performed. Spectral domain optical
coherence tomography angiography scanning was used to measure peripapillary RNFL thickness
and macular volume.

Results: In total, 108 eyes in 54 patients with SIH were evaluated; these were compared with
108 eyes in 54 healthy controls. The mean ages were 38.2 +-9.4 years (patients with SIH) and
38.9 £ 9.4 years (healthy controls). In both groups, 33 patients were women (61.1%). The peri-
papillary RNFL and GCIPL were thinner in patients with SIH than in healthy controls (100.08 &
9.94um vs 104.83 £8.35um and 81.46 +5.67 um vs 85.67 +4.57 um, respectively). Among
patients with SIH, the GCIPL was thinner in patients with visual field defects (79.81 4-5.62 um
vs 82.39 £ 5.12 um).

Conclusions: The RNFL and GCIPL were thinner in patients with SIH than in healthy controls.
The GCIPL was thinner in eyes with visual field defects among patients with SIH.
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Introduction

Spontaneous intracranial hypotension (SIH)
is an increasingly common public health
problem in the past three decades; it primarily
involves a spontancous spinal cerebrospinal
fluid leak.! Affected patients have various
ocular symptoms, such as diplopia, transient
visual obscurations, blurred vision, nystag-
mus, photophobia, and peripheral visual
field depression.>* However, the mechanisms
of these visual disturbances are unclear.
Multiple studies have demonstrated that
lower intracranial pressure is associated
with the development of open-angle glauco-
ma, which is characterized by retinal nerve
fiber layer (RNFL) thinning and visual field
loss.*” Pressure differences across the lamina
cribrosa in patients with SIH have been
extensively investigated.® Furthermore, opti-
cal coherence tomography (OCT) has been
used to examine the relationships between
eye changes and central nervous system dis-
eases; these include RNFL features in
patients with multiple sclerosis, neuromyelitis
optica, Alzheimer’s disease, and stiff-person
syndrome.” '? Because the lamina cribrosa
mediates the communication of pressure
between intraocular and intracranial sites,
it is important to investigate potential
RNFL alterations in patients with SIH.
Accordingly, we performed this study to
observe RNFL characteristics in patients
with SIH.

Materials and methods

Participants

This retrospective, nonrandom, single-center,
observational case series included patients

who underwent ocular evaluations between
January 2019 and December 2020 at the
Sir Run Shaw Hospital of Zhejiang
University. Patients with the diagnosis of
SIH were included, based on the diagnostic
criteria in the International Classification
of Headache Disorders (reviewed by
Schievink).' These criteria included worsened
diffuse or dull headache within 15 minutes
after sitting or standing; pachymeningeal
enhancement on magnetic resonance imaging,
cerebrospinal fluid leakage on conventional
myelography, or opening pressure <60
mmH,O in sitting position; and no history
of dural puncture. Patients were excluded if
they had other ocular diseases (e.g., idiopathic
optic neuritis, ischemic optic neuropathy, uve-
itis, retinal vessel diseases, macular pucker,
macular hole, and macular degeneration) or
other central nervous system diseases. Given
that intracranial pressure might affect both
eyes, and based on observation methods in
previous published papers,'>'® both eyes of
each patient were included. Healthy controls
were recruited from among normal healthy
hospital examinees (i.e., healthy people who
visited our hospital for routine examinations);
no healthy controls had other ocular or cen-
tral nervous diseases. The study protocol was
approved by the Ethics Committee of Sir
Run Run Shaw hospital (approval no.
20200716265). This study complied with the
tenets of the Declaration of Helsinki. Written
informed consent for inclusion in the study
was obtained from all participants.

Examinations

Participants underwent spectral domain
OCT angiography (Model 5000, Carl Zeiss
Meditec, Dublin, CA, USA) scanning
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without pupillary dilation, as previously
described.'* For patients with SIH, OCT
examinations were performed within 24
hours after SIH diagnosis. No participants
received any ocular or systemic medications
before their OCT examinations. All OCT
examinations were performed by a trained
operator blinded to the participants’ diagno-
ses; images (i.e., cross-sectional tomograms
of the retina) were acquired during those
examinations. The scanning protocol com-
prised a circular 3.4-mm scan centered on
the optic nerve head for 3.5 s; the scan den-
sity was 512 x 128 pixels. Each eye was
scanned at least two times. Only images
with signal strength of 6 to 10 were retained;
images with extensive eye movements, large
retinal vessel truncation, and blinking-related
artifacts were also discarded. RNFL thick-
ness measurements were recorded using a cir-
cular 3.4-mm peripapillary map. For all eyes
in the study, the mean RNFL thickness was
recorded for 360° around the optic disc, as
well as for superior, inferior, nasal, and tem-
poral quadrants around the optic nerve head;
additionally, the vertical cup-to-disc ratio
was recorded. The macular cube mode was
used to scan the macula over a 6-mm? area
centered on the fovea; data were acquired
from a three-dimensional scan of 512 x 128
pixels. The fovea, cube mean; and ganglion
cell-inner plexiform layer (GCIPL) thick-
nesses were recorded for all eyes in the
study. To ensure OCT data accuracy, each
scan was individually reviewed by two
recorders who were blinded to the partici-
pants’ diagnoses. OCT parameters were cal-
culated automatically by software within the
scanning equipment.

Automated perimetry examinations were
performed in patients who could tolerate the
10-minute duration in sitting position; peri-
metry was not performed in patients who
could not tolerate this duration of sitting.
A reliable standard automated perimetry
test per eye was performed using a
Humphrey Field analyzer (Zeiss Humphrey

Systems, Dublin, CA, USA) with the SITA
Standard 30-2 strategy, if patients could tol-
erate the full examination. If fixation losses
were >15% and false-positive or false-
negative rates were > 30%, the correspond-
ing visual field test results were discarded.
A visual field defect was defined as a glau-
coma hemifield test outside normal limits or
a pattern standard deviation <0.05. The
pattern of visual field defects was classified
in accordance with the Ocular Hypertension
Treatment Study protocol, which included
peripheral circumferential depression, partial
peripheral depression, central scotoma, and
arcuate defect.'® Best corrected visual acuity
was evaluated by the standard logarithmic
visual acuity chart. Intraocular pressures in
all eyes were measured via non-contact
tonometry during each visit; the mean
value of three measurements was recorded
for each eye.

Statistical analyses

Statistical analyses were performed using
SPSS (SPSS for Windows, version 22.0;
IBM Corp.,, Armonk, NY, USA).
Continuous data are presented as means
and standard deviations; categorical data
are presented as frequencies (percentages).
Demographic characteristics were compared
using Student’s z-test (age and blood
pressure) or the chi-squared test (sex).
Generalized estimating equation analysis,
with adjustments for within-patient inter-
eye correlations, was performed to assess
linear correlations between continuous vari-
ables (i.e., peripapillary RNFL and macular
thicknesses). Univariable generalized linear
models were adjusted for age and sex.
Statistical ~significance was defined as
P <0.05.

Results

In total, 108 eyes in 54 patients with SIH
were evaluated; 108 eyes in 54 healthy
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controls were also evaluated. The demo-
graphic and clinical characteristics of
patients with SIH and healthy controls are
shown in Table 1. The measurement of
intracranial pressure was recorded in 23
patients with SIH (37.26 +28.76 mmH-O)
(normal range: 80-180 mmH,0); data were
not available for other patients. Ocular
symptoms are described in Table 1. The
mean intraocular pressure was 15.06 £2.16
mmHg in 49 patients; data were not avail-
able for five patients with SIH. This mean
intraocular pressure did not significantly
differ from the value in healthy controls

(15.84 +£2.52 mmHg), there was no signifi-
cant statistical difference. Automatic static
visual field examinations were completed in
88 eyes of 44 patients; a visual field defect
was observed in 32 eyes (36.4%). These
visual field defects mainly comprised periph-
eral circumferential depression (21 eyes,
23.7%), quadrant depression (seven eyes,
8.0%), central scotoma (two eyes, 2.3%)
and arcuate defect (two eyes, 2.3%). One
patient (1.9%) was diagnosed with normal-
tension glaucoma, in accordance with
European Glaucoma Society Terminology
and guidelines for glaucoma.'®

Table I. Demographic and clinical characteristics of patients with spontaneous intracranial hypotension

and healthy controls.

Patients with SIH (n=54) HCs (n=54) P-value

Age (years) 382494 389+94 0.6"
Sex (female) 33 (61.1) 33 (61.1) 0.58*
Duration (median, months) 1.95+3.41 - -
Ocular symptoms - -

Occasional blurred vision 7 (12.9)

Transient visual obscurations 1 (1.9)

Ocular soreness 15 (27.8)
Occasional diplopia 2 (3.7)
IOP (mmHg) 15.06 £2.16 (n=49) 15.84 +£2.52 0.08'
Spherical equivalent (D) -1.89+2.35 —-1.524+1.87 0.33"
Completed VF examination (eyes) 88 (81.5) - -

Abnormal VF (eyes) 32 (36.4)

Normal VF (eyes) 65 (63.6)
ICP (mmH,0) 37.26 +28.76 (n=123) -
Arterial blood pressure (mmHg)

Systolic 116.1 +14.8 121.0+£ 135 0.69"

Diastolic 724+ 13.8 76.4+9.7 0.06"
Systemic diseases - -

Hypertension 6 (I1.1)

Diabetes 2 (3.7)

Leukopenia 1 (1.9)

Hypercholesterolemia 1 (1.9)

Chronic kidney disease 1 (1.9)

Ventricular septal defect 1 (1.9)

Hepatitis B 3 (5.6)

CFLR 5(9.3)

Data are shown as mean + standard deviation or number of patients (%), except where indicated.*: Student’s t-test; : chi-

square test; t; generalized estimating equation.

Abbreviations: SIH, spontaneous intracranial hypotension; HCs, healthy controls; IOP, intraocular pressure; VF, visual field;
ICP, intracranial pressure; CFLR, cerebrospinal fluid leak repair.
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The mean peripapillary RNFL thicknesses
were significantly different between patients
with SIH and healthy controls (P =0.004,
Table 2). The superior quadrant thicknesses
also significantly differed between groups
(P=0.004). The fovea, cube mean, and
GCIPL were thinner in patients with SIH
than in healthy controls (P=0.015 P<
0.001, and P < 0.001, respectively).

Patients with SIH were then grouped
according to the presence or absence of
visual field defects. Multivariable linear
models revealed that the peripapillary
RNFL and three sectors (inferior,

temporal, and nasal) were significantly thin-
ner in patients with SIH who had visual
field defects (Table 3); the GCIPL was
also significantly thinner in these patients
(P=0.02; Figure 1).

Discussion

This study revealed the clinical characteris-
tics and RNFL changes in patients with
SIH. The proportion of female patients
and the mean age of patients with SIH
were consistent with previous findings.
Epidemiological investigations have revealed

Table 2. Comparison of retinal nerve fiber layer and macular thicknesses between patients with sponta-

neous intracranial hypotension and healthy controls.

Patients with SIH HCs P-value®
Vertical cup-to-disc ratio 0.44+0.19 0.44+0.18 0.98
Peripapillary RNFL (pm) 100.08 +9.94 104.83 +8.35 0.004*
Superior (um) 121.21 £18.37 129.31 £ 14.37 0.004*
Inferior (pm) 128.40 £20.53 13431 £ 168 0.08
Temporal (um) 80.11 £16.82 82.84+ 1591 0.88
Nasal (pm) 70.70 +12.07 7290+ 10.89 0.28
Fovea (um) 244.53 +20.78 253.98 +20.44 0.015%
Cube mean (um) 277.15+12.15 286.38+ 11.03 <0.001*
GCIPL (um) 81.46 +£5.67 85.67 +£4.57 <0.001*

Data are shown as mean £ standard deviation. }: generalized estimating equation.
Abbreviations: SIH, spontaneous intracranial hypotension; HCs, healthy controls; RNFL, retinal nerve fiber layer; GCIPL,

ganglion cell-inner plexiform layer.

Table 3. Comparisons of retinal nerve fiber layer and macular thicknesses between patients with and
without visual field defects among patients who had spontaneous intracranial hypotension.

Patients with VF defects Patients without VF defects P-value’
Vertical cup-to-disc ratio 047 £0.17 042+0.17 0.53
Peripapillary RNFL (pm) 97.78 £ 10.6 101.66 £8.76 0.04*
Superior (um) 119.81 +£18.74 123.32 £ 15.75 0.19
Inferior (pum) 122.94 +£20.42 13223 £19.05 0.02*
Temporal (um) 7444 £17.82 81.84+15.13 0.03*
Nasal (pm) 74.03 £16.26 69.29+9.29 0.05%
Fovea (um) 243.72+£22.29 242.86 +£21.10 0.86
Cube mean (um) 276.06 + 13.92 278.04 £ 11.56 0.24
GCIPL (um) 79.81 +5.62 82.39+5.12 0.02*

Data are shown as mean =+ standard deviation. §: Generalized linear model.
Abbreviations: VF, visual field; RNFL, retinal nerve fiber layer; GCIPL, ganglion cell-inner plexiform layer.
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Figure 1. Comparisons of macular thicknesses between patients with and without VF defects among
patients who had spontaneous intracranial hypotension. Although there were no significant differences in
cube mean and fovea areas (P=0.24 and P = 0.86, respectively), the GCIPL was thinner in patients with VF
defects (P=0.02), which suggested that the GCIPL layer might be involved in spontaneous intracranial
hypotension. Note that the lone green circle represents the GCIPL value in the patient with normal-tension
glaucoma. Blue bars, patients without VF defects; green bars/green circle, patients with VF defects.
Abbreviations: GCIPL, ganglion cell-inner plexiform layer; VF, visual field.

that women are more susceptible to SIH,
compared with men. The female-male ratio
is approximately to 2:1; the onset of symp-
toms occurs around 40 years of age.'”'® In
the present study, ocular symptoms in
patients with SIH were similar to symptoms
reported in previous studies. Two decades
ago, Horton and Fishman first described
neurovisual findings in patients with SIH;
these findings included abducens
nerve-related diplopia, blurred vision, and
transient visual obscurations.” Groth and
colleagues also described a patient with
SIH who experienced slow progressive
vision loss."”” Kurbanyan and Lessell
described a patient with intracranial hypo-
tension who developed binocular diplopia

because of abducens paresis.”’ Various
visual field defects have also been reported.
Groth et al described quadrant constriction
and temporal defects,'® while Horton and
Fishman reported binasal visual field defects
and peripheral visual field depression.” In
our study, visual field defects were present
in more than one-third of patients; the
most common visual field defect was periph-
eral circumferential depression. As men-
tioned above, the visual field findings in
patients with STH suggest that the retina or
optic nerve structures might be affected.
Therefore, we investigated RNFL changes
via spectral domain OCT angiography.

The spectral domain OCT angiography
findings in our study indicated thinning of
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the peripapillary RNFL in patients with
SIH. Previously, thinning of the temporal
RNFL (determined via OCT) was described
in a case report.'” Moreover, Yang et al
identified bilateral progressive RNFL thin-
ning in an experimental animal model
involving monkeys with induced intracrani-
al hypotension;?! this finding was consistent
with our clinical results. The current and
previous findings imply that lower intracra-
nial pressure influences RNFL structures.
In a population-based clinical study, Jonas
et al observed that subfoveal choroid
became thicker with increasing cerebrospi-
nal fluid pressure; this indicated that
changes in cerebrospinal fluid pressure
influence eye physiology.”* Furthermore,
Lee et al used swept-source OCT to observe
dynamic changes in the lamina cribrosa
among patients with intracranial pressure
fluctuation; the lamina cribrosa showed
posterior movement with decreasing intra-
cranial pressure.”> These findings illustrate
the persistent need to clarify the effects of
intracranial pressure on the lamina cribrosa
or choroid in patients with STH.

In the present study, normal-tension
glaucoma was diagnosed in only one
patient; this indicates a higher prevalence
than in a previous report (1.0%) involving
Chinese patients.>* Multiple studies have
focused on the relationship between open-
angle glaucoma and intracranial pressure.
For example, in a case—control clinical
study, patients with primary open-angle
glaucoma and normal-tension glaucoma
exhibited lower intracranial pressure, com-
pared with healthy controls.>> Similarly,
Ren et al reported that intracranial pressure
was particularly low in patients with
normal-tension  glaucoma.”  Localized
RNFL loss in patients with normal-
tension glaucoma was observed nearly
three decades ago.”® Other studies have
shown that optic disc rim loss usually
occurs in superior and inferior areas
among patients with early glaucoma.’” %

In the present study, we observed that the
superior RNFL was thinner in patients
with SIH than in healthy controls. The infe-
rior RNFL was not significantly thinner in
patients with STH, although it tended to be
thinner than in healthy controls. The char-
acteristics of macular structures have exten-
sively investigated using OCT in various
glaucomatous and neuro-ophthalmological
diseases; notably, significantly thinner
GCIPL was observed in patients with glau-
coma.?”*® Recently, Kim et al reported that
assessment of sectoral macular superficial
microvessel density combined with macular
GCIPL thickness provides the greatest
accuracy in the diagnosis of ecarly stage
normal-tension glaucoma.®' In stiff-person
syndrome, Lambe and colleagues showed
that GCIPL thickness was correlated with
the number of body regions affected by the
disease.'> GCIPL thickness has also been
analyzed in patients with optic neuritis;
Xu et al found that GCIPL was highly sen-
sitive for detecting prior instances of optic
neuritis.* Similar to the findings in previ-
ous studies, we showed that GCIPL thick-
ness was lower in patients with SIH. Our
results suggest that ganglion cells might be
stressed in STH. Further investigations are
needed to fully elucidate the underlying
pathogenesis; it might involve pressure-
related mechanotransduction.*?

We compared RNFL thickness between
patients with and without visual field
defects. In contrast to the findings in
patients with glaucomatous optic nerve
lesions,>* the peripapillary RNFL and
three sectors (inferior, temporal, and
nasal) were thinner among patients with
visual field defects in the present study.
Previously, Cheng and colleagues found
that overall RNFL thickness was related
to visual field loss in patients with multiple
sclerosis-related optic neuritis.*> We also
found that GCIPL was thinner in patients
with visual field defects, which suggests that
the degree of ganglion cell involvement
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might be related to visual field loss. Further
research is needed to verify the retinal struc-
ture and function relationships in patients
with SIH.

There were a few limitations in this
study. First, the duration of SIH was
short in affected patients, although the find-
ings provide some useful insights. Long-
term RNFL changes require investigation
in future studies. Second, the pathogenesis
underlying RNFL and GCIPL thinning in
patients with SIH was not investigated in
this study; it should receive greater atten-
tion in future research.

Conclusions

The RNFL and GCIPL were thinner in
patients with SIH than in healthy controls.
The GCIPL was thinner in eyes with visual
field defects among patients with SIH.
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