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ABSTRACT

Introduction: Progressive cerebral venous sinus
thrombosis (CVST)-induced visual loss remains
problematic, despite decreasing overall mortal-
ity owing to early diagnosis and aggressive
treatment. Optic nerve sheath fenestration
(ONSF) improves or stabilizes visual function in

Zongshan Li, Lu Cheng, Yang Xu and Qiao Sun are co-
first authors of this manuscript.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40120-022-00434-9.

Z.Lli- L. Cheng - J. Zhang - L. Bai - H. Chen (X))
Department of Ophthalmology, Shanghai General
Hospital, Shanghai Jiao Tong University School of
Medicine, No.100 Haining Road, Shanghai 200080,
China

e-mail: 352477354@qq.com

Z.Li-Y. Gui (<)

Department of Neurology, Shanghai General
Hospital, Shanghai Jiao Tong University School of
Medicine, No.100 Haining Road, Shanghai 200080,
China

e-mail: YaxingGui@shsmu.edu.cn

L. Cheng - J. Zhang - L. Bai
Shanghai Key Laboratory of Ocular Fundus Diseases,
Shanghai, China

L. Cheng - J. Zhang - L. Bai - H. Chen
National Clinical Research Center for Eye Diseases,
Shanghai, China

patients with idiopathic intracranial hyperten-
sion; however, its role in CVST awaits elucida-
tion. We evaluated the efficacy and safety of
ONSF in resolving CVST-induced visual
impairment based on long-term observation.

Methods: This observational study included 18
patients with progressive CVST-induced visual
loss, who had undergone ONSF between 2012
and 2021. Patients received maximum medical
therapy, including anticoagulants and
intracranial pressure (ICP)-lowering medica-
tions. The best-corrected visual acuity (BCVA),
visual fields (VFs), and optic nerve head were
assessed at baseline, at 1 week after ONSF, and
over 6 months after ONSF. Activities of daily
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living (ADL) and National Eye Institute Visual
Function Questionnaire-25 (VFQ-25) scores
were assessed at final follow-up.

Results: Thirty-one ONSF-treated eyes of 18
patients were included. The mean follow-up
duration was 35.6 months (range
1 week-8 years). Two patients were lost to fol-
low-up. Before ONSF, all patients were still
experiencing progressive visual loss despite
receiving adequate anticoagulation and ICP-
lowering  therapy.  Postoperative = BCVA
remained stable or improved in 25/31 eyes
(80.6%) 1 week postoperatively and 17/28 eyes
(60.7%) upon final follow-up. All papilledema
resolved postoperatively. No complications
were reported except for one transient postop-
erative diplopia. The median ADL score was 100
(range 25-100), and the mean total VFQ-25
score was 40.6 (range 9.5-87.3).

Conclusion: This was the largest study to
describe ONSF’s role in CVST based on a long-
term follow-up. Considering its efficacy and
favorable safety, ONSF can be considered an
important adjunctive approach to resolving
progressive visual loss of CVST patients, on the
basis of anticoagulation and ICP-lowering
therapy.
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PLAIN LANGUAGE SUMMARY

Cerebral venous sinus thrombosis (CVST) is a
cerebrovascular disease that generally affects
young patients. Medical treatments include
anticoagulants, intracranial pressure (ICP)-low-
ering medications, and repeated lumbar punc-
tures, effectively reducing CVST’s mortality
rate. However, CVST still carries a potential risk
of progressive vision loss. Optic nerve sheath
fenestration (ONSF) has been reported to be
effective and safe in protecting visual function
of patients with idiopathic intracranial hyper-
tension. However, its efficacy and safety have
not been evaluated in visual loss caused by
CVST. We were the first to evaluate the efficacy
and safety of ONSF in CVST-induced progressive
visual loss based on long-term follow-ups.
Before ONSEF, all patients were still experiencing
progressive visual loss despite receiving ade-
quate anticoagulation and ICP-lowering ther-
apy. We found ONSF to be 80.6% (1 week
postoperatively) and 60.7% (after long-term
follow-up of over 6 months) effective in stabi-
lizing and/or improving visual function as well
as 100% effective in papilledema resolution.
Moreover, ONSF exhibited a favorable safety
profile, with an extremely low complication
rate of 5.6% despite under perioperative anti-
coagulation. Although visual impairment in
CVST was reported to be uncommon, it often
significantly affects quality of life and social
value of patients. Thus, visual loss in CVST
deserves more attention from neurologists,
neurosurgeons, and ophthalmologists. Consid-
ering its efficacy and favorable safety, ONSF
could be regarded a potentially important
adjunctive approach to resolving progressive
visual loss in CVST patients, on the basis of
anticoagulation and ICP-lowering therapy.
Procedural videos available for this article.

Keywords: Cerebral venous sinus thrombosis;
Optic nerve sheath fenestration; Visual loss;
Papilledema; Intracranial hypertension
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Why carry out this study?

Cerebral venous sinus thrombosis (CVST),
a cerebrovascular disease characterized by
occlusion of cerebral veins or sinuses and
the subsequent development of
intracranial hypertension, can lead to
progressive visual loss and even complete
blindness.

Optic nerve sheath fenestration (ONSF) has
been reported to be effective and safe in
protecting visual function of patients with
idiopathic intracranial hypertension, but
its efficacy and safety have not been
evaluated in visual loss secondary to CVST.

This study is the first to evaluate the
efficacy and safety of ONSF in visual loss
secondary to CVST based on long-term
follow-ups.

What was learned from this study?

In this study, before ONSF, all patients were
still experiencing progressive visual loss
despite receiving adequate anticoagulation
and ICP-lowering therapy. We found ONSF
to be 80.6% (1 week postoperatively) and
60.7% (over 6 months postoperatively)
effective in stabilizing and/or improving
visual function of CVST, as well as 100%
effective in papilledema resolution;
moreover, it exhibited a favorable safety
profile despite under perioperative
anticoagulation, with an extremely low
complication rate of 5.6%.

This study shows that progressive visual
loss remains a big challenge in CVST,
which deserves more attention from
neurologists, ophthalmologists, and
neurosurgeons.

Considering its efficacy and favorable
safety, ONSF can be regarded a potentially
important adjunctive approach to
resolving CVST-induced progressive visual
loss, on the basis of anticoagulation and
ICP-lowering therapy.

DIGITAL FEATURES

This article is published with digital features,
including procedural videos, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.21723761.

INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is a
cerebrovascular disease characterized by occlu-
sion of cerebral veins or sinuses and the subse-
quent development of intracranial
hypertension (IH), owing to impaired cere-
brospinal fluid (CSF) absorption [1]. Medical
treatments of CVST include anticoagulants,
intracranial pressure (ICP)-lowering medica-
tions, and repeated lumbar punctures, effec-
tively reducing CVST’s mortality rate [2].
Nevertheless, CVST carries a potential risk of
progressive vision loss. Despite receiving maxi-
mum medical therapy, 6.7-40% of patients are
estimated to suffer from visual impairment and
even progress to complete blindness [3-6],
especially those with diagnostic delay or
chronic IH, at least partly due to prolonged
optic nerve compression [7, 8]. Furthermore,
since CVST is more common among young and
middle-aged people [9], visual impairment
often significantly impacts family and socioe-
conomic development. Therefore, it is critical
for neurologists, ophthalmologists, and neuro-
surgeons to consider surgery when visual loss
progresses, despite maximum medical therapy.
Optic nerve sheath fenestration (ONSF), which
involves cutting slits or windows in the optic
nerve sheath to allow CSF to escape, thus
relieving optic nerve compression, has been
shown to be effective and safe in protecting
visual function of patients with idiopathic
intracranial hypertension (IIH) [10-13]. How-
ever, the mechanism of visual loss in CVST
including primary venous ischemia and sec-
ondary intracranial hypertension is more com-
plicated than that in IIH. It is unclear whether
ONSF could help improve visual impairment in
CVST. Concerns about surgical risks of intra-
operative bleeding from anticoagulation greatly
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limit the use of ONSF in CVST, as most patients
have been receiving long-term anticoagulation
therapy since diagnosis, so few sporadic cases
with relatively short-term follow-ups describing
ONSF utility in CVST have been reported
[3, 14, 15]. Therefore, an evaluation of ONSF’s
efficacy and safety for CVST based on long-term
observations is of paramount important, while
anticoagulants are used simultaneously. Our
purpose is to evaluate the efficacy and safety of
ONSF in resolving CVST-induced visual
impairment based on long-term observation.
Here, we present our long-term follow-up
results of ONSF in a population of CVST-in-
duced progressive visual loss that is larger than
previously studied.

METHODS

Study Design and Patients

The medical records of 18 CVST patients with
IH who underwent ONSF between March 2012
and November 2021 were retrospectively
reviewed. These patients were referred from the
neurology departments of hospitals to our
ophthalmology department for progressive
visual loss despite adequate medical treatment.
CVST was diagnosed by neurologists based on
clinical manifestations and magnetic resonance
imaging/venography (MRI/MRV) findings. The
inclusion criteria were as follows: (1) diagnosed
with CVST; (2) raised ICP (CSF opening pres-
sure > 250 mm H,0) detected by lumber punc-
ture; (3) progressive visual loss as evidenced by
deteriorating visual acuity or visual fields (VFs)
during preoperative evaluation (a decrease of at
least two lines on the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart or at least one
level on the scale for visual acuity, or a decrease
of at least 5dB for VFs) in spite of treatment
with adequate anticoagulants and/or ICP-low-
ering drugs; (4) no history of other ocular dis-
orders or ocular surgery; (5) had undergone
ONSF surgery; and (6) had at least one postop-
erative follow-up. The exclusion criteria inclu-
ded having a history of other ocular disorders or
ocular surgery or refusal to complete postoper-
ative follow-ups. This study was reviewed and

approved by the Medical Ethical Committee of
the Shanghai General Hospital (2020-N-145).
Each patient provided written informed con-
sent prior to be included in the study. The study
was performed in accordance with the 1964
Declaration of Helsinki and its later
amendments.

Data Collection and Ophthalmological
Examinations

Data included patient demographics, duration
of visual loss and other symptoms, causes or risk
factors, thrombosis sites, ocular and non-ocular
manifestations, medical or surgical treatment,
preoperative ICP, ophthalmological assess-
ments, clinical outcomes, and complications.

Ophthalmological assessments included
best-corrected visual acuity (BCVA), VFs, and
fundoscopy. BCVA was measured using the
ETDRS chart. For patients with BCVA worse
than 20/800, “counting fingers” (CF), “hand
movement” (HM), “light perception” (LP), and
“no light perception” (NLP) were employed. VFs
were assessed using automated perimetry
(Humphrey Field Analyzer II; Carl Zeiss Medi-
tec, Dublin, CA, USA). Visual field loss was
measured as the mean deviation in decibels
(dB), and more-negative scores indicated worse
visual field loss. The optic nerve head was
evaluated using an ophthalmoscope, and cross-
sectional images of the optic nerve head were
obtained using optical coherence tomography
(Humphrey Field Analyzer II; Carl Zeiss
Meditec).

Perioperative Management of Medications

A perioperative bridging anticoagulation strat-
egy was administered to patients using antico-
agulants based on pharmaco-metabolism. In
patients using vitamin K antagonists such as
warfarin preoperatively, warfarin was discon-
tinued several days before ONSF, the interna-
tional normalized ratio (INR) was monitored,
and treatment was bridged with low-molecular-
weight heparin (LMWH) until the INR
was < 1.6. In patients who used non-vitamin K
oral anticoagulants (NOACs), such as
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rivaroxaban and dabigatran preoperatively, the
NOACs were omitted 48 h before operation and
subsequently bridged with LMWH. LMWH was
suspended 12 h before ONSF. Anticoagulants
were reinitiated 8 h after surgery. Intravenous
steroids and antibiotics were administered for
three consecutive days postoperatively.

Surgical Procedure

Indication for ONSF in all CVST cases was based
on an increased ICP combined with a progres-
sive visual loss despite maximal anticoagulants
and ICP-lowering medications. All ONSFs were
performed by the same surgeon (H.C.). Surgery
was performed using a medial transconjunctival
approach under general anesthesia, according
to Farris [11].

Follow-up Measures

Short-term (1 week postoperatively) and long-
term (more than 6 months postoperatively)
follow-ups were conducted to assess ONSF's
efficacy and safety. At the first follow-up,
patients underwent ophthalmological assess-
ment at the hospital where ONSF was per-
formed. At the final follow-up, patients were
referred and transferred to local hospitals to
assess visual function and fundus scope, pre-
dominantly via the internet or telephone.

BCVA improvement was defined as an
improvement of at least two lines on the ETDRS
chart or at least one level on the scale, such as
from “NLP” to “LP” in patients with poor vision.
VFs improvement was defined as an improve-
ment of > 5 dB. BCVA decline was defined as a
decrease of at least two lines on the ETDRS
chart or at least one level on the scale. A decline
in VFs was defined as a decrease of at least 5 dB.
Otherwise, it was defined as the maintenance of
BCVA or VFs. Eyes remaining in the “NLP” state
were calculated separately.

To determine the efficacy of ONSF in stabi-
lizing and/or improving visual function, ONSF-
received eyes were divided into “Effectiveness”
and “Ineffectiveness” groups based on BCVA.
“Effectiveness” was defined as an improvement
or maintenance of BCVA, and “Ineffectiveness”

was defined as a worsening BCVA or mainte-
nance of the “NLP” status.

In addition, to assess generic health-related
and vision-related quality of life (QoL), the
activities of daily living (ADL) questionnaire
and National Eye Institute Visual Function
Questionnaire-25 (VFQ-25) were administered
to patients or their families online at the final
follow-up. The ADL evaluates a patient’s ability
regarding feeding, bathing, grooming, dressing,
bowel/bladder management, toilet use, trans-
fers, mobility, and the use of stairs using the
Barthel Index (BI). The BI is scored from O to
100, with a higher score indicating a higher
degree of independence in daily life. A BI
score > 60 reflects basic self-care ability,
and < 60 indicates functional dependency [16].
The VFQ-25 comprises 25 items related to
vision-targeted QoL grouped into 12 subscales.
The items in each subscale were averaged to
obtain the 12 subscale scores. The overall VFQ-
25 score was calculated using the average scores
of all subscales, except for the general health
domain [17].

RESULTS

A total of 31 eyes from 18 patients who had
undergone ONSF were included in the study.
Their demographic and clinical characteristics
are summarized in Table 1. Of the 18 patients, 9
were women (50%) and 9 were men (50%).
Their mean age was 34 (range 8-53) years for
women and 44 (range 4-69) years for men. The
follow-up durations ranged from 1 week to
8 years, with a mean of 35.6months. All
patients underwent initial postoperative assess-
ments 1 week after ONSF. Subsequently, except
for two patients who were lost to follow-up
(nos. 1 and 2), 16 patients underwent long-term
follow-up for at least 6 months, with a mean of
40 months (range 6-96 months). The median
duration of visual loss was 3.5 months (range
0.5-13 months). Other symptoms included
headache, tinnitus, and diplopia. The median
duration from onset to ONSF was 6.5 months
(range 2-36 months).

All patients were treated with ICP-lowering
medications such as acetazolamide and
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Table 2 Ocular parameters pre- and post-optic nerve sheath fenestration

NO Eyes ONSF Papilledema BCVA VF (MD, db) Effectiveness®  Complication
pre-/post- Pre- 1w Last  Pre- Post- 1w Last
ONSF ONSF post-  visit ONSF ONSF post- visit
ONSF ONSF
1 R - + 20/20 20/20 N/A —-381 =277 / / -
L + £ 20/32  20/40 N/A —-870 —7.15 + N/A
2 R + =+ CF 20/200 N/A N/A N/A + N/A -
L + &£ CF 20/50 N/A N/A N/A + N/A
3 R + &£ CF 20/500 CF —3596 —3161 + + —
L + =+ LP 20/500 CF N/A — 3474 + +
4 R + &£ 20/ 20/250 LP —26.18 N/A + — —
640
L + &£ 20/63 20/100 CF — 1645 N/A - —
5 R - £ 20/63 20/63 20/ N/A —240 / / -
25
L + =+ 20/ 20/125 20/ N/A —2228 + +
125 40
6 R + =+ NLP NLP NLP N/A N/A - — -
L + &£ HM HM HM N/A N/A + +
7 R + &£ NLP LP NLP N/A N/A + - -
L + &£ NLP LP NLP N/A N/A + -
8 R + &£ HM HM NLP N/A N/A + — -
L - + 20/ 20/125 NLP N/A N/A / /
125
9 R + OA/OA NLP NLP NLP N/A N/A — — —
L 4+ OA/OA NLP  NLP NLP N/A N/A — -
10 R + OA/OA CF CF CF N/A N/A + + -
L - + 20/25 20/20 20/ — 1450 —24.00 / /
25
11" R + OA/OA 20/63  20/63 20/ —27.88 N/A + - —
200
L 4+ OA/OA 20/32  20/40 20/ —26.62 N/A + -
100
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Table 2 continued

NO Eyes ONSF Papilledema BCVA VF (MD, db) Effectiveness®  Complication
pre-/post- Pre- 1w Last  Pre- Post- 1w Last
ONSF ONSF post-  visit ONSF ONSF post-  visit
ONSF ONSF
12* R 4+ £ CF 20/400 20/ — 2896 —2555 + + -
100
L + &+ 20/80 20/80 20/ —28.01 —2401 + +
80
13 R + &+ 20/ 20/100 20/ —31.09 N/A + + -
100 63
L + &+ NLP NLP NLP N/A N/A — —
14 R + &+ 20/ 20/200 20/ —30.65 —2882 + + —
200 160
L + =+ 20/ 20/400 20/ — 3130 — 2856 + +
400 400
15 R + + 20/50 20/40 20/ — 3212 —2995 + + -
40
L + =+ NLP HM HM N/A —31.63 + +
16 R + OA/OA NLP CF 20/ N/A N/A + + -
200
L + OA/OA 20/ 20/160 20/ N/A N/A + +
200 100
17 R — + 20/20 20/20 20/ 0.06 1.30 / / Transient
20 diplopia
L + &+ 20/25 20/20 20/ —0.88 1.30 + +
20
18 R + &+ 20/32  20/40 20/ — 2231 —12.08 + + -
25
L + &+ 20/32  20/50 20/ —7.16 — 1464 -— +
25

L left, R right, CF counting fingers, HM hand movement, LP light perception, NLP no light perception, N/A not available,
04 optic atrophy, ONSF optic nerve sheath fenestration

+ yes, — no or none

*ONSF was performed in the eye with worse visual acuity first and then the other eye 1 week later

mannitol; 16 were treated with anticoagulants, underwent  catheter-directed  thrombolysis
and 2 had discontinued oral anticoagulants for before ONSF. Causes or risk factors were iden-
a long time. Of the patients, 7 (38.9%) tified in 12 patients, and 6 had no identifiable
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Fig. 1 The preoperative and postoperative visual findings
of a representative case. A 32-year-old female (no. 15)
presented with progressive visual loss for 11 months,
accompanied by headaches, amaurosis fugax, and tinnitus.
She was diagnosed with CVST secondary to thrombocy-
tosis and treated with intravenous heparin and mannitol
for 1 month, but her vision loss further progressed. On
admission, the BCVA was 20/50 in the right eye and
‘NLP” in the left, and the right visual field exhibited a

tubular aspect (A). Fundus examination revealed

cause, despite extensive laboratory examina-
tion. The predominant cause of CVST was the
patient’s underlying disease, which induced
various hypercoagulable states

MRI/MRV imaging revealed that the follow-
ing vessels were involved, in descending order:
the transverse sinus, sigmoid sinus, superior
sagittal sinus, torcular herophili, straight sinus,
inferior sagittal sinus, internal jugular vein, and
cavernous sinus. Moreover, 13 (72.2%) patients
had multiple sinus thromboses, and 5 (27.8%)
had single sinus thrombosis.

papilledema and retinal vein tortuosity in both eyes (C1,
C2). Optic disc optic coherence tomography showed
bilateral significant papilledema and increased RNFL
thickness (E1, E2). Four days after optic nerve sheath
fenestration, the BCVA improved to 20/40 in the right
and “HM” in the left, and right visual-field defects also
improved (B), papilledema noticeably resolved (D1, D2),
and bilateral RNFL thickness was decreased (F1, F2).
BCVA best-corrected visual acuity, HM hand movement,
NLP no light perception, RNFL retinal nerve fiber layer

Visual Function Before and After Optic
Nerve Sheath Fenestration

Before ONSEF, all patients were still experiencing
progressive visual loss despite receiving ade-
quate anticoagulation and ICP-lowering ther-
apy in neurology departments, and physicians
often had no better treatment for the visual loss.

Among 18 patients included, 13 underwent
bilateral ONSF, of which 4 initially underwent
unilateral ONSF in the eye with worse visual
acuity, followed by a second ONSF in the other
eye 1 week later. The remaining 5 patients only
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received unilateral ONSF in the worse eye
because they had no significant visual acuity
loss in the other eye. The BCVA, VFs, and oph-
thalmoscopy findings before and after ONSF
surgery are described in Table 2 and Fig. 1.

At the 1-week postoperative follow-up, BCVA
improved in 10 (32.3%) eyes, remained stable in
15 (48.4%), worsened in 2 (6.5%), and remained
in the “NLP” state in 4 (12.9%). Notably, among
8 eyes with an “NLP” status before ONSF, 4
improved to “LP,” “HM,” or “CF” status (patient
NO. 7, 15, 16) in the first postoperative week,
although another 4 were still in NLP.

On assessing the 28 eyes at the final follow-
up, 7 (25.0%) exhibited improvement, 10
(35.7%) maintained their original state, 5
(17.9%) worsened, and 6 (21.4%) remained in
the “NLP” state compared with preoperative
BCVA.

Due to poor visual acuity or lack of compli-
ance, 11 patients failed to undergo preoperative
and postoperative VFs examinations. Finally,
VFs from 10 eyes of 7 patients were available
both preoperatively and postoperatively. VFs
improved in 1 (10%) eye, remained stable in 8
(80%), and worsened in 1 (10%).

On performing ophthalmoscopy on the 31
eyes that had undergone ONSF, papilledema
was detected in 24 (77.4%) eyes preoperatively,
and optic disk atrophy was detected in 7
(22.6%) eyes. All papilledema were resolved
after ONSF.

Based on our definition of “Effectiveness”
and “Ineffectiveness” in methods, at the 1-week
postoperative follow-up, 25 of 31 (80.6%) eyes
demonstrated “Effectiveness,” while 6 of 31 eyes
(19.4%) exhibited “Ineffectiveness.” At the final
visit, 17 of 28 eyes (60.7%) demonstrated
“Effectiveness,” while 11 of 28 eyes (39.3%)
exhibited “Ineffectiveness.”

The Safety of Optic Nerve Sheath
Fenestration

No vision-threatening intraoperative or post-
operative complications were observed, except
for one patient who experienced transient
diplopia (Table 2). Our study did not observe
other commonly reported complications, such

as atonic pupil and motility disorders (Table 3).
Despite adequate perioperative anticoagulation,
no significant intra-operative hemorrhage was
observed, except for mild oozing, which did not
affect the surgery performance, as shown in
Videos 1 and 2.

Supplementary file2 Video 1. Optic nerve sheath fen-
estration was performed on an idiopathic intracranial
hypertension patient. No intraoperative complication was
observed. (MP4 21219 KB)Supplementary file3 Video 2.
Optic nerve sheath fenestration was performed on a CVST
patient (no. 15) who had been treated with intravenous
heparin and mannitol for 1 month. The perioperative
anticoagulation and bridging strategy mentioned in the
manuscript was used. Compared with the surgery per-
formed in IIH (Video 1), it showed only mild oozing,
which could be easily stopped by cotton pieces and did not
affect the performance of the surgery. (MP4 22080 KB)

Quality of Life-Questionnaire Results After
Optic Nerve Sheath Fenestration

At the final follow-up, the average BI score for
ADL was 91 (range 25-100), with a median score
of 100. Furthermore, 77.8% (n=14) of the
patients maintained basic self-care ability in life
(BI > 60). However, the mean total VFQ-25
score was 40.6 (range 9.5-87.3), indicating a
more severe impact of visual loss on patients’
vision-related QoL than on health-related QoL.
The 12 subscale scores in the VFQ-25 ranged
from 21.7 (“dependency” subscale) to 90 (“oc-
ular pain” subscale). “Dependency,” “driving,”
and “general vision” subscales yielded the low-
est scores. Furthermore, all patients exhibited
varying degrees of impairment across the four
subgroups, “general health,” “mental health,”
“role difficulties,” and “dependency.” ADL and
VFQ-25 results at the final visit are shown in
Table S1.

DISCUSSION

This is the largest observational study involving
long-term follow-up to assess the efficacy and
safety of ONSF in CVST. ONSF was 80.6%
(1 week postoperatively) and 60.7% (after long-
term follow-up) effective in stabilizing and/or
improving visual function, as well as 100%
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effective in papilledema resolution. Moreover, it
exhibited a favorable safety profile with an
extremely low complication rate of 5.6% under
perioperative anticoagulation. Our study pro-
vides essential knowledge for preventing or
reversing progressive visual loss in CVST via
ONSE.

Visual loss in CVST is often insidious, man-
ifesting as transient amaurosis, blurred vision,
and mild visual impairment in early stages of
disease. If prolonged, ischemia or optic nerve
compression potentially progresses and mani-
fests as visual-acuity loss and/or visual-field
defects. Although the International Study on
Cerebral Vein and Dural Sinus Thrombosis
revealed that the visual impairment in CVST
isn’t severe, its frequency may be underesti-
mated owing to the sole inclusion of severe
visual loss (<20/50) [6] and the use of the
confrontation testing rather than the auto-
mated perimetry or optometric evaluation
[6, 7]. Recently, Liu et al. [3] found that 40% of
patients experienced permanent visual-field
deficits detected by automated perimetry. They
also found that 21.5% of patients demonstrated
worsening papilledema on follow-up examina-
tions despite maximum treatment. These
patients were at high risk of vision loss with
worsening papilledema in chronically elevated
ICP [3]. Similarly, another study demonstrated
that, at the 1-year follow-up, 51.7% of patients
presented with worse ocular presentation than
onset, and 22.4% of them presented with severe
vision loss due to optic atrophy [5]. In our
study, all patients continued to exhibit varying
degrees of BCVA and/or VFs impairment,
despite adequate anticoagulation and ICP-low-
ering therapy: 11 of 18 patients (61.1%) pre-
sented with a preoperative BCVA worse than
20/800, and 6 of 18 patients (33.3%) presented
with “NLP.” Thus, visual functions of patients
should be closely monitored, and visual
impairment actively prevented and treated.

The pathogenesis of visual loss in CVST
involves venous infarction and compression
from secondary IH due to impaired CSF
absorption [1]. Elevated ICP transmitted to the
optic nerve subarachnoid space leads to optic
nerve sheath hypertension and impairs axo-
plasmic transport and blood supply to the optic

nerve [3, 18, 19]. In our study, all patients
experienced an ICP > 300 mmH,0, except for
one patient (no. 5) with an ICP of 210 mmH,O.

Treatment options for CVST-induced visual
loss in IH range from conservative to surgical.
Conservative strategies include ICP-lowering
medications (acetazolamide, mannitol, and
furosemide) and serial lumbar punctures [2].
Acetazolamide, a carbonic anhydrase inhibitor,
potentially reduces ICP by lowering CSF pro-
duction; nonetheless, its effect is limited [20].
Two diuretics, mannitol and furosemide, can
reduce ICP via osmotic dehydration. However,
excessive dehydration potentially leads to blood
concentration and carries the theoretical risk of
thrombosis [1]. Serial lumbar punctures may be
necessary when hypertension is persistent;
nevertheless, lumbar puncture typically
requires temporary cessation of anticoagulants,
with an attendant risk of thrombosis [20].
Despite these measures, some patients may
continue experiencing progressive visual loss,
like in our study [3-6]. Surgery, including
shunting procedures and ONSF, is usually
reserved for patients who have failed conserva-
tive therapy. No consensus has been reached
regarding the optimal surgical treatment, and
the choice of surgical intervention is largely
dependent on local availability and expertise
[21]. A systemic review revealed that shunting is
ineffective in preventing death or severe dis-
ability in acute CVST [22]. Additionally, the
safety of shunting is also a concern, as it can be
complicated by stroke, intracranial hemor-
rhage, catheter malposition, CSF infection, and
secondary Chiari malformation [23].

On this premise, ONSF seems to have an
advantageous edge. It involves cutting slits or
windows in the optic nerve sheath to allow CSF
to escape and relieve optic nerve sheath hyper-
tension-induced optic nerve injury [18, 19]. It
effectively protects visual function secondary to
optic nerve sheath hypertension, such as in
patients with I[IH and related conditions
[10, 23]. Compared to shunting, ONSF has been
reported to have advantages of higher rates of
vision improvement, fewer complications, fas-
ter recovery, lower costs, and shorter operative
time [24, 25]. In our study, the operative time
was approximately 30-40min per eye.
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Furthermore, we found an efficacy of 80.6% in
stabilizing and/or improving visual function
1 week postoperatively and 60.7% after long-
term follow-up. Since the visual function of
CVST is mainly affected by two factors: (1)
venous ischemia directly caused by CVST and
(2) IH secondary to impaired CSF drainage, we
speculated that the difference of efficacy
between short- and long-term follow-up may be
resulted from continued visual loss due to per-
sistent venous ischemia.

It should be noted that we defined both the
improvement and maintenance of BCVA as
“Effectiveness”, which is because all the patients
included in the present study were experiencing
progressive visual loss despite adequate antico-
agulation and ICP-lowering therapy before
ONSEFE. Therefore, the maintenance of BCVA
after ONSF indicates that ONSF may halt this
deteriorating process, and could be considered
effective in hindering the progressive visual loss
in CVST. Noteworthily, among eight eyes with
an “NLP” status before ONSF, four improved to
“LP,” “HM,” or “CF” status soon after ONSF
(patient NO.7, 15, 16), although another four
were still in “NLP” status, potentially
attributable to irreversible optic nerve damage.
This indicates that ONSF plays a positive role in
relieving the pressure around the optic nerve
and in resolving severe visual loss in CVST
patients.

It was reported that the visual acuity
required for visual field examination is over
20/200, and for patients with poor central visual
acuity the visual field cannot be accurately and
precisely detected [26]. Similarly, in our study,
11 patients failed to undergo preoperative and
postoperative VFs examinations due to severe
visual impairment and even blindness. There-
fore, we only presented the VFs as supplemen-
tary results to visual acuity. An interesting
phenomenon is that, compared with BCVA, the
visual field did not show any significant chan-
ges in the follow-ups. Our finding is consistent
with the results of study by Liu [3]. They found
that only 7.7% patients had decreased visual
acuity, while 40% had permanent visual field
deficits, which may mean that visual field
defects are more serious in CVST than visual
acuity loss. There are two possible reasons for

this phenomenon: (1) there is selection bias
because only patients with good vision have
VFs, and for patients with poor central vision,
the VFs cannot be detected, and (2) the
peripheral visual field is more susceptible to
compressive ischemia than the central visual
acuity. This leads to the peripheral visual field
being first damaged from the compression by
IH, while the central visual acuity might remain
intact [19].

Many studies have verified ONSF safety in
ITH, especially after 2000, with surgical proce-
dures development and new instruments
application. Compared with the relatively high
complication rates of 44.7% and 45.3% repor-
ted, respectively, in 1993 [27] and 2000 [10], the
complication rate decreased significantly, rang-
ing from 2.6 to 23.0% [28, 29]. Most complica-
tions thereafter have been transient and benign
without severe sequelae, as summarized in
Table 3 [10-13, 27-29]. Moreover, ONSF appears
to have a lower major complication rate of 2%
compared with shunting, with a major compli-
cation rate of 8%, according to a meta-analysis
of medically refractory IIH [25].

Although ONSEF is effective and safe, it tar-
gets the compression of optic nerve secondary
to impaired CSF drainage and IH. We emphasize
that the anticoagulant is still a very basic and
important treatment for venous ischemia
directly caused by CVST, whereas ONSF can be
considered an adjunctive treatment for pro-
gressive vision loss of CVST patients in combi-
nation with anticoagulation and ICP-lowering
therapy. However, concerns regarding the use
of perioperative anticoagulants have limited the
application of ONSF in CVST. Whether to con-
tinue anticoagulation treatment perioperatively
is a common clinical dilemma, and surgeons
must balance vision-threatening hemorrhage
risk against life-threatening thrombo-embolic
events. This study used perioperative anticoag-
ulation and bridging strategies to investigate
ONSF safety under perioperative anticoagula-
tion for CVST. The results showed a low com-
plication rate of 5.6% without hemorrhagic
events. This indicates that ONSF for CVST under
perioperative anticoagulation is safe and prac-
ticable. Likewise, our perioperative anticoagu-
lation and bridging strategies might be applied
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to lumber puncture, which usually accompanies
a similar anticoagulation dilemma [30].
Notwithstanding, further studies are warranted.

Although preoperative questionnaire was
not administered, most patients were in
extreme frustration, anxiety, and desperation
upon admission because of fulminant progres-
sive visual loss. Visual function cannot fully
reflect psychological distress, social isolation,
fear, or negative effects on daily life. The ADL
and VFQ-25 evaluations were added at the final
follow-up to multidimensionally assess the
impact of visual problems on patients. ADL
results revealed that most patients maintained
basic self-care ability in life, while VFQ-25
results indicated that their QoL was signifi-
cantly affected by visual loss, especially regard-
ing dependency, driving, distance activity,
social function, and mental health.

Notably, these patients had visited three to
four hospitals before receiving ONSF, and five
(27.8%) had a vision-loss duration of over
6 months. Prolonged IH and delayed ONSF
treatment appeared to negatively impact visual
function [24], we recommend that clinicians
might consider ONSF earlier for patients with
progressive visual loss. In future investigations,
a prospective, randomized controlled trial
comparing surgical treatment options (includ-
ing ONSF and shunting) for CVST-induced
visual loss is required. The biggest strength of
our study is that we are the first to report the
long-term follow-up results of ONSF in a larger
population of CVST-induced progressive visual
loss than previously studied, while anticoagu-
lants were used simultaneously. However, our
study has a few limitations. First, it was subject
to selection bias during data collection. The 18
patients we retrieved were referred to our oph-
thalmology department from neurology
departments of various hospitals, and they all
had severe optic nerve damages on admission.
Second, although it did not affect our diagnosis
of IH, the ICP in a portion of patients was
recorded as over 330 mmH,O, for it exceeded
the maximal column manometer used in the
neurology departments. Third, for the conve-
nience of patients, the long-term follow-ups
were mainly conducted by doctors from local
hospitals. These results of ophthalmological

examinations were mainly collected and trans-
mitted via the Internet, and the questionnaires
were performed by Internet or telephone, which
might cause bias. Fourth, in the present study,
we mainly evaluated visual functional parame-
ters such as BCVA and VFs, as well as fun-
doscopy findings, other structural or functional
assessments such as visual-evoked potentials,
quantitative OCT, and recanalization of sinus in
MRI/MRV were not conducted, which will be
worth investigation in future research. Fifth,
due to poor visual acuity or lack of compliance,
11 patients failed to undergo preoperative and
postoperative VFs examinations. Finally, this
was a retrospective, nonrandomized, noncom-
parative study with a relatively small sample
size. In the future, a large-scale prospective,
randomized, controlled trial comparing differ-
ent treatment options for CVST-induced visual
loss is required.

CONCLUSIONS

Conclusively, progressive visual loss remains a
big challenge in CVST, which deserves more
attention from neurologists, ophthalmologists,
and neurosurgeons. Considering its favorable
efficacy and safety, ONSF can be considered an
important approach to resolving progressive
visual loss in CVST combined with anticoagu-
lation and ICP-lowering therapy.
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