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Abstract

Aim: To evaluate the efficacy of venous sinus stenting (VSS) for ocular manifestations of idiopathic intracranial hyperten-

sion (ITH) among patients who were either refractory to conventional medical treatment or presented with fulminant ITH.

Methods: We retrospectively identified all patients diagnosed with ITH who underwent VSS in the years 2015-2022 in Soro-
ka University Medical Center, Israel. The main outcome measures were visual acuity, visual field function (expressed as

mean deviation), grade of papilledema (based on the Frisén scale), and retinal nerve fiber layer (RNFL) thickness measured
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mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-
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(p=0.52).

by spectral domain optical coherence tomography (SD-OCT). These measures were compared pre- and post-VSS.

Results: Twenty-five patients were eligible for analysis. Mean best corrected visual acuity (BCVA) pre-stenting was 0.26 (log
MAR), which improved to 0.12 (log MAR) post-stenting. Mean RNFL thickness pre-stenting was 161 pm, which improved
to 91.5 um at 6 months’ post-stenting (p>0.001). All patients with papilledema demonstrated improvement, expressed as de-
creased RNFL thickness, with complete resolution documented by ophthalmoscopic evaluation in 17 patients (68%).

Among the patients, 32% mean visual field deviation improved from -5.53dB to -4.98dB at 12 months post-stenting

Conclusions: In our study cohort, VSS appeared to improve ocular manifestations among patients with refractory or fulmi-
nant ITH. Patients experienced minimal side effects and complications, despite undergoing an invasive procedure. Addition-

al research is warranted to further determine the efficacy and safety of VSS in patients with ITH.
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Introduction

Idiopathic intracranial hypertension (IIH) is a syn-
drome of elevated intracranial pressure (ICP) more com-
mon in obese women of child-bearing age [1]. Symptoms in-
clude headaches, pulsatile tinnitus, transient visual obscura-
tions, and diplopia. The main risk is varying degrees of vi-
sion loss resulting from papilledema, with some degree of
permanent field loss occurring in up to 25% of cases [2].
While a debate exists on whether it is a cause or an outcome
of ITH, over 90% of patients have stenosis along the trans-
verse sigmoid sinus junction, either bilaterally or in one

dominant sinus [3].

The main medical treatment for IIH patients with
mild-to-moderate vision loss includes recommendation for
weight loss and pharmacological management, usually with
acetazolamide [2,4], which is a carbonic anhydrase inhibitor
that reduces cerebrospinal fluid (CSF) production and low-
ers ICP. Topiramate is another effective medical treatment
option, and in some cases, diuretics (mainly furosemide)
are initiated. However, some patients are refractory to medi-
cal therapy, are intolerant to medications or present with vi-
sion-threatening fulminant ITH. In these cases, surgical in-
terventions commonly used are optic nerve sheath fenestra-
tion or ventriculo-peritoneal shunting [5]. Both procedures
are effective but carry inherent risks [6]. In 2003, Higgins et
al [7] reported a new treatment option—cerebral venous

stenting (CVS), as an alternative interventional therapy [8].
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Although the medical treatment is well-described,
has been used successfully for many years and was recently
validated in a prospective study [4], the best treatment for
progressive or more severe vision loss remains controversial
and lacks clear guidelines. Despite the growing literature
concerning CVS, most studies compared non-objective pa-
rameters regarding visual and neurological outcomes before
and after CVS.

Optical coherence tomography (OCT) is a novel,
reliable tool that objectively detects structural changes in
the retina and allows for early detection of patients at high-
-risk for permanent vision loss. It is a feasible, objective tool
for assessing optic nerve edema and atrophy. This study
used OCT imaging to evaluate the efficacy of CVS among
patients with severe IIH to compare structural changes in
the optic nerve before and after CVS, over a one-year peri-
od.

Materials and Methods

This retrospective review study included all pa-
tients who were diagnosed with IIH and underwent VSS at
Soroka University Medical Center, in Beer Sheva, Israel dur-

ing 2015 to 2022.

The research was approved by the local Institution-
al Review Board. Informed consent was not required due to

the retrospective nature of the study.

Patients were diagnosed with ITH using the modi-
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fied Dandy criteria [9]. Included were patients who were re-
fractory or intolerant to standard medical therapy and were

referred for and underwent venous sinus stenting.

Patients were defined as refractory to medical ther-
apy if under treatment with acetazolamide or topiramate
(or both) up to 2000mg per day acetazolamide or topira-
mate 50mg BID or maximally tolerated dose, had either per-
sistent subjective symptoms such as headache, retro-orbital
pain, transient visual loss, diplopia, tinnitus or visual deteri-
oration, or objective worsening or persistent papilledema ac-
cording to the Frisén score or OCT RNFL measurements,

or progressive visual field (VF) loss.

Fulminant ITH was defined as acute VF loss within
the central 5° with rapid worsening of vision over a few days
to >6/20 at least in one eye, in the presence of papilledema
[10].

Only patients with at least 12 months follow-up af-

ter the procedure were included.

Patients lacking a complete neuro-ophthalmologi-
cal examination as a baseline before the procedure and at
least two follow-up checkups after the procedure were ex-
cluded. Patients with prior CSF diversion procedures were

also excluded.
Clinical Evaluation

Pre- and post- stenting data regarding visual func-

tion and optic nerve appearance were recorded.

All patients underwent a complete neuro-ophthal-
mological examination, which included visual acuity mea-
surement, eye movements, relative afferent pupillary defect
(RAPD), Ishihara color vision testing and a complete slit
lamp examination. Optic disk edema was evaluated on dilat-
ed fundoscopy and graded using the Frisén grade score.
Best corrected visual acuity (BCVA) was measured on a
standard Snellen chart and converted to LogMAR scale for

statistical analysis.

Visual field mean deviation (MD) was measured
using Humphrey automated perimetry. RNFL thickness on
OCT (Heidelberg model) was used as a surrogate marker to

monitor changes in ICP and especially to help assess any
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changes in low grade papilledema.

Although normal RNFL thickness is usually set at
90-100 pm, papilledema was defined when RNFL thickness
was > 120 um and with atrophy mean RNFL <79 pm.

Examination was done at baseline prior to VSS, as
well as within one-week post-stenting, 1- to 3-months post-
stenting, and approximately every 3-months until 12

months post-procedure.
Catheter Venography

All patients treated with VSS had initially been
found to have variations in transverse sinus anatomy on
computer tomography venography (CTV) or magnetic reso-
nance venography (MRV). A significant stenosis gradient

was defined as a minimum of 7 mmHg pre-stenting.

Before the procedure, patients were treated with 7
days of 100 mg aspirin and 75 mg of clopidogrel once daily,
except for two fulminant patients who had to be treated ur-
gently. After transfemoral venous access was obtained, a
guided catheter was advanced into the proximal segment of
the dominant sigmoid sinus. The patient was treated with in-
travenous heparin during the procedure to keep an activat-
ed clotting time (ACT) over 250 seconds. A microcatheter
was guided into the superior sagittal sinus and a precise
stent was placed in eligible patients. If bilateral stenosis with
a significant pressure gradient was found, the stent was

placed on the side with the higher-pressure gradient.
Statistical Analysis

Categorical variables were described by propor-
tion of available cases. Continuous variables were presented
as mean + standard deviation (SD), median, minimum, and
maximum. The repeated measurements of clinical parame-
ters, i.e., visual fields, papilledema Frisén score, OCT and
RNFL thickness, taken at pre-post VSS for up to 12 months
of follow-up were analyzed using mixed effect linear model-
ing. The clinical measurements were regressed over an indi-
cator of the period and the effect of post- versus pre- period
was expressed by the corresponding linear coefficient "b",
along with its p-value. Repeated measurements of the same
patients and measurements in both eyes were treated as clus-

ters in the analysis. All statistical analyses were conducted
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using SPSS, version 25 (IBM Corp, Armonk, NY), and R

software.

Results

During the study period, 25 patients who met the
inclusion criteria were included. The cohort was comprised
mostly of female patients (92.0%, 23/25), at an average age
of 30.6 + 10.0 years (Table 1). The average BMI was 32.3
+5.12. Indications for the procedure included 4 patients
with fulminant course, 7 were drug intolerant and 18 were
refractory to medical therapy. The mean opening pressure

at diagnosis was 357.1 + 100.0 mmHg.
Follow-up Data
Symptoms

At 3-6 months after VSS, headaches were resolved
in 18 patients (72%), improved in 4, and persistent in 3. No
patients had worsening of headache. Both patients with di-

plopia reported complete resolution.

15 of 16 patients (93%) with transient visual obscu-
rations (TVO) reported resolution and 1 patient reported
significant improvement. No patients reported worsening

of any of these symptoms after stenting.

Of the 21 patients complaining of tinnitus, 19

(90%) reported resolution after stenting and 1 reported an

improvement but not resolution.

Fifteen of 25 patients (60%) were able to discontin-
ue acetazolamide. The remaining 40% were able to signifi-

cantly decrease their daily dose.

Visual Acuity Examination

Mean BCVA before stent placement was 0.26 *
0.71 log mar. Among 48 eyes, mean BCVA was 0.12 log mar
+ 0.10, at 6-months post-stenting and 4 eyes worsened. The
mixed linear model indicated 2% improvement throughout

the entire follow-up period (b=-0.02, p=0.17).

Color Vision Testing

The average score on Ishihara plate testing was
14/15 pre-stenting and 14.5/15 post-stenting.
Visual Fields

The average visual field was -5.29 * 6.58 dB pre-s-
tenting, and -4.48 +7.62 d (post-stenting at the 6-month fol-
low-up (Table 2), for both eyes. When divided into each
eye, right eyes had a pre-stent value of -6.74 dB (b=-6.74,
p<0.001) with 11% improvement during follow-up (b=0.11,
p=0.68). Left eyes showed greater improvement of 24%
(b=0.24, p=0.31). As shown in (Figure 2), 24 of 35 eyes im-
proved, 2 eyes did not improve, and 9 worsened. In 1 eye
with severe optic atrophy at presentation, MD improved
from -8 to -3 dB.

Table 1: Demographic and clinical I characteristics and patient's medications in the study population (N=25)

Variable Value

Sex, male n (%) 2 (8)

Age, years 30. 6 (10.0)
mean (SD) median (min; max) 32.0 (10; 5)
Treatment indication, n (%)

Refractory to medical therapy 14 (56)
Medication intolerance 7 (28)
Fulminant 4 (16)

BMI at enrollment, kg/m’

Mean (SD) 32.29 (5.12)
Median (min; max) 30.95 (22; 41)
CSF opening pressure at diagnosis, mmHg

JScholar Publishers

J Ophthalmol Open Access 2024 | Vol 8: 101



Mean (SD) 357.08 (100.02)
Median 365
Pre-Stenting Meds, n (%)

ACTZ 1000 mg/d 12 (48)
ACTZ 2000 mg/d 4 (16)
ACTZ 3000 mg/d 2(8)
ACTZ 1000 mg/bid +TPM 50mg/bid 1(4)
ACTZ 1500 mg/d 1(4)
ACTZ 2500 mg/d+ TPM 50 mg/d 1(4)
ACTZ 500 mg/bid +TPM 50 mg/bid 1(4)
ACTZ 2500 mg/d+ TPM 25 mg/d 1(4)
TPM 100 mg/d 1(4)
Post Stenting Meds, n (%)

None 15 (60)
ACTZ 500 mg/d 5 (20)
ACTZ 250 mg/d 3(12)
ACTZ 750 mg/d 1(4)
TPM 150 mg/d 1(4)

Table 2: Clinical measurements in both eyes during the study period

Follow-up interval

Variable Pre-stent | First week | 1 month 3 month 6 month 12 month

OCT_RNFL, mean (SD) | 161 (93.3) | 165(97.0) | 149 (35.9) 88.5(19.4) |91.5(16.4) |83.5(20.4)

Median 124 115 158 90 94 90

(min; max) (50; 417) (51; 348) (99; 203) (52;129) (55;112) (38;111)

Visual Fields, mean (SD) | -5.29 (6.58) | -4.16 (2.72) | -8.45 (10.07) | -3.69 (4.16) | -4.48 (7.62) | -3.92 (5.56)

Median -2.54 -4.2 -3.64 -2.5 -1.17 -2.29

(min; max) (-26.6; 0) (-10.2;-0.1) | (-33.5;0) (-15.5; 0) (-29.7; 0.8) | (-20.4;0)

Visual acuity, mean (SD) | 0.26 (0.71) | 0.30 (0.33) |0.21 (0.26) 0.14 (0.10) | 0.12(0.10) |0.19(0.19)

Median 0.2 0.2 0.2 0.2 0.2 0.2

(min; max) (0;4.7) (0;1.3) (0;1.2) (0;0.4) (0;0.3) (0; 1.0)

Papilledema, mean (SD) | 2.21 (1.41) | 1.64 (1.28) | 1.27 (1.31) 0.86 (0.94) |0.23(0.43) | 0.22(0.56)

Median 2 1 1 1 0 0

(min; max) (05 5.0) (05 4.0) (05 3.0) (0; 3.0) (0; 1.0) (05 2.0)
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Fundoscopy pre-stent to 0.22 + 0.56) after 12 months of follow-up

(b=2.57, p<0.001), with maximum change at 3-6 months

F had opti trophy at tation, . . . . .

OUr €Yes had OpHc herve atiophy at presentation post-stenting (Figure 1). In the linear mixed model (Figure
which did not change after stenting. ] ) . L

1), the decrease in papilledema according to Frisén grade

Forty-four of 46 (96%) eyes with papilledema score during the study follow-up was statistically significant
showed improvement in mean Frisén grade from 2.21 + 1.4 (b=-0.43, p<0.001).
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Figure 2: Mean change in visual field 6 month after stenting
Spectral Domain Optical Coherence Tomography tion in the RNFL thickness following VSS (Table 2) Mean
RNFL thickness 6 months post-stent was 91.5 + 16.4 pum, de-
Among 44 eyes, 42 (95.4%) demonstrated a reduc- creasing from a pre-stent mean of (161 + 93.3 um) ( Table
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3). Four eyes (9.9%) presented with generalized atrophy
(mean RNFL 79 pum) before the procedure. Of which, 1 eye
had progressive atrophy of another 18 pum at follow-up. Op-

tic nerve atrophy did not develop in any patient after the
procedure. RNFL thinning was not present at follow-up un-
less it was present at onset. In total, there was a 12% im-

provement during the follow up period (b=-0.12, p<0.001)

Table 3: Linear mixed effects model showing changes in clinical parameters over the 5 follow-up measurements

Variable Est. p-value
OCT-RNFL -0.12 <0.001
V/A -0.02 0.17
Papilledema -0.43 <0.001
Visual Fields

Right eye 0.11 0.68
Left eye 0.24 0.31

V/A- visual acuity

Subsequent Procedures

Of the 25 patients, only one required a secondary
intervention. This patient underwent stereotactic ventricu-
lo-peritoneal shunt placement approximately 6 months af-
ter the first procedure and underwent secondary stenting at
12 months due to headache and signs of progressive optic at-

rophy.

Tran’s sinus gradient Manometry Data from Ca-

theter Venography

Average pre-stenting trans sinus gradient (TSG)
was 18.53 mmHg (range 7-56 mmHg, median 17 mmHg).
Post-stenting TSG was 2.75 mmHg (range 0-7 mmHg)

Complications of Stenting

Two patients experienced right groin hematoma at
the puncture site, of which, 1 was treated with blood transfu-

sion and was later discharged with complete resolution.

All patients underwent post-stenting CTV or
MRV during the 3-12 months follow-up and none had

restenosis.

Discussion

This retrospective study evaluated the efficacy of

VSS in patients diagnosed with ITH who were refractory to
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medical therapy or with a fulminant presentation, mainly re-

garding ocular manifestations.

Patients were assessed based on pre- and post-s-
tenting clinical parameters including papilledema (using
the Frisén scale), RNFL thickening as demonstrated on SD-
OCT, VA and VF.

The pathophysiology behind ITH is poorly unders-
tood and has been subject to numerous research studies.
Some of the proposed mechanisms include imbalance in
CSF production/absorption and increased cerebral venous
pressure [11]. None appears to be sufficient, as there seems
to be a cycle of sinus stenosis and venous hypertension, fur-
ther reducing CSF absorption, causing a rise in ICP and fur-
ther worsening the venous stenosis. Regardless of these con-
flicting theories, it is apparent that venous stenosis has an
important role in ITH progression, whether it is a cause or a

result.

Our data show that patients experienced signifi-
cant reduction in TSG after VSS. We believe this contribut-
ed to the reduction in ICP, leading to improvement in pa-
pilledema [12].

Similar to previous studies [13,14], the visual field
improved after stenting. Most patients presented with vary-
ing degrees of visual field loss. Post-stenting, most showed

overall some improvement in VF, with reduction in Frisén
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grade score of papilledema to grade 0, within weeks of stent
placement. One patient had persistent VF loss associated
with previous optic disc atrophy. Two patients with fulmi-
nant ITH had difficulty completing the VF test prior to stent-
ing due to severe headaches, making the pre- and post-stent-

ing comparisons less reliable.

In our cohort, the degree of visual loss correlated
with the severity of disc edema: patients with more severe
disc edema had more profound vision loss. This is a com-
mon and logical clinical course, that has been reported pre-
viously [15]. Nonetheless, it is important to note that pa-
tients with the highest grade of papilledema (grade 3 and
above) exhibited the greatest improvement in VF testing

post-stent.

RNFL OCT is used to quantify the thickness of the
retinal nerve fibers. It is used as a bio marker for assessing
optic disc edema as well, as it helps identify VF defects. In
this cohort, all patients exhibited improvement in RNFL
thickness, except those who presented with atrophy. The
RNFL thickness was shown to decrease within the first week
post-stenting, further supporting the assumption that the
stenting directly resulted in ICP reduction, with improve-
ment continuing up to 6 months. However, it is important
to note that RNFL is also regarded as the sum of swelling
plus atrophy [16], meaning that in some patients a greater
decrease in thickness was observed only due to a previous

state of severe atrophy.

As observed in previous reports, unilateral stent-
ing of the transverse sinus was sufficient to reduce the pres-
sure gradient, despite the presence of bilateral transverse si-

nus stenosis [17].

One of the greatest strengths of this study is that
the same interventional radiologist performed the stenting
in all patients, and all were followed by the same neurologist

in the medical center.

Limitations

The retrospective nature of the study can intro-
duce significant selection bias such as missing and incom-
plete data that could alter patient selection or miss other pa-

tients that should have been included, this is especially true
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regarding documentation of the ocular findings, as patients
were treated by different neuro-ophthalmologists in various
medical centers without a uniform history and examina-
tion. Additionally, the lack of guidelines for pre- and post-s-
tenting testing may have also introduced an information
bias. This is especially true regarding documentation of the
ocular findings, as patients were treated by different neu-
ro-ophthalmologists in various medical centers. The sample
size was limited simply because this syndrome is rare, and
few IIH patients require stenting as most are treated effi-

ciently by oral medication.

All documented OCT RNFL were revised for cor-
rect layer segmentation. However, some of the scans could
not be segmented due to limitations of the OCT machine in
the presence of either extreme papilledema or severe atro-
phy upon reviewing of these scans manual segmentation
could not be done due to layer morphology changes making
it hard to distinguish between the different layers, using th-
ese patients data would have affected the results regarding
those patients and the outcome and as such we decided not

to use these scans.

Conclusions

ITH patients who are medically-refractory, medica-
tion-intolerant, or have a fulminant course can benefit from
VSS. Post-stenting, most patients exhibited significant im-
provements in their symptoms, including reduction in hea-
daches and tinnitus, as well as anatomical resolution of pa-
pilledema, to a degree enabling discontinuing chronic medi-
cal therapy. Although it is invasive, VSS appears to have an
excellent safety profile with minimal complications, and
while VSS is mainly used for IIH patients there is growing
use of this technique in different populations such as pa-
tients suffering from pulsatile tinnitus, stenting for these pa-
tients helped in near resolution of their symptoms post the
procedure, showing the greater potential of this procedure

in the future.

Our results indicate that patients experienced con-
siderable improvement in all categories evaluated, as docu-
mented in previous studies. The findings presented here
add to the information from previous studies that this proce-

dure is safe and effective. However, additional studies, in-
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cluding prospective interventional trials should be undertak- funding agency, commercial or not-for-profit sector.

en to further determine the efficacy and specific indications

for VSS this future research may reveal a subset of patients Conflict of Interests
that would favor from VSS and may alter patients’ life that
could be seen as reduction of medication use and symp- None
toms.
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