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Abstract

Background: Cerebral venous thrombosis (CVT) accounts for 0.5—1% of all strokes. The role of endovascular therapy
(EVT) in the management of CVT remains controversial and variations in practice patterns are not well known.

Aims: Here, we present a comprehensive, international characterization of practice patterns and perspectives on the
use of EVT for CVT.

Methods: A comprehensive 42-question survey was distributed to stroke clinicians globally from May to October 2023,
asking about practice patterns and perspectives on the use of EVT for CVT.

Results: The overall response rate was 31% (863 respondents of 2744 invited) across 61 countries. The majority of
respondents (74%) supported the use of EVT for CVT in certain clinical situations. Key considerations for decision-
making in using EVT favored clinical over radiographic/procedural factors and included worsening level of consciousness
(86%) and worsening neurological deficits (76%). In the past 3years, 56% of respondents used EVT for the treatment
of CVT, with most (49.5%) involved in two to five cases. Among interventionalists, significant variability existed in the
techniques used for EVT (p<<0.001), with aspiration thrombectomy (56%) and stent retriever (51%) being the most
used overall. Regionally, interventionalists from China predominantly used intra-sinus heparin (56%), while this technique
was most commonly ranked as “never indicated” throughout the rest of the world (23%). Post-procedure, low molecu-
lar weight heparin was the most used anticoagulant (83%), although North American respondents favored unfraction-
ated heparin (37%), while imaging was primarily split between magnetic resonance (71.8%) and computed tomography
(65.9%) arteriography or venography.

Conclusion: Our survey reveals significant heterogeneity in approaches to EVT for CVT, and provides a comprehensive
characterization of indications, techniques, and long-term management used by clinicians internationally. This resource
will aid in optimizing patient selection and endovascular treatments for future trials.

Keywords
Stroke, venous thrombosis, endovascular procedures, thrombectomy, anticoagulants

Received: 23 August 2024; accepted: |3 November 2024

International Journal of Stroke, 00(0)


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/wso
http://crossmark.crossref.org/dialog/?doi=10.1177%2F17474930241304206&domain=pdf&date_stamp=2024-12-17

International Journal of Stroke 00(0)

Introduction

Cerebral venous thrombosis (CVT) is a rare form of stroke
that leads to death or dependence in 10-15% of patients.!
Due to the rarity of CVT, there is a lack of large, randomized
trials to inform management, and existing treatment guide-
lines are consensus-based, primarily derived from observa-
tional studies or small clinical trials with limited statistical
power.*® Anticoagulation is the recommended first-line
standard of care therapy, with endovascular therapy recom-
mended for cases where there has been clinical deterioration
despite anticoagulation.>’

The role of endovascular therapy (EVT) as an adjunc-
tive first-line treatment in the management of CVT remains
an area of uncertainty with limited evidence and diverse
practices among clinicians. Clinical trials in this area are
hindered by undefined eligibility criteria and limited uni-
formity in approaches to endovascular treatment. The only

randomized trial in this area, the Thrombolysis or Anti-
coagulation for Cerebral Venous Thrombosis (TO-ACT),
was stopped early for futility and a propensity score analy-
sis from the large observational Anticoagulation in the
Treatment of Cerebral Venous Thrombosis (ACTION-
CVT) trial did not demonstrate a survival or functional ben-
efit for EVT in CVT.%® However, it is not clear whether
EVT may benefit specific patient populations, and whether
these populations vary by the technique used. Thus, deci-
sion-making around EVT in the treatment of CVT remains
case-by-case and current practice patterns are not well
known.

To gain a comprehensive understanding of international
practices and perspectives on EVT for CVT, we conducted
a large, global survey of stroke clinicians across 61 coun-
tries aimed at elucidating existing practices in management
and influencing factors when considering EVT for CVT.
This resource will aid in selecting optimal patient popula-

'Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada
IDivision of Neurosurgery, Department of Surgery, University of British Columbia, Vancouver, BC, Canada

3Department of Radiology, University of Calgary, Calgary, AB, Canada

“Department of Clinical Neurosciences, University of Calgary, Calgary, AB, Canada

SDepartment of Neurology, Nanfang Hospital, Southern Medical University, Guangzhou, China
®Department of Radiology, University of British Columbia, Vancouver, BC, Canada

’Interventional Neuroradiology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China

8Neurological Disease Center, Beijing Anzhen Hospital, Beijing, China

Neuroscience Section, Department of Biotechnological and Applied Clinical Sciences, University of L’Aquila, L’Aquila, Italy

'Department of Neurology, Brown University, Providence, RI, USA

!1Stroke Centre, Bach Mai Hospital, Ha Noi Medical University, Hanoi, Vietnam

'2ZVNU University of Medicine and Pharmacy, Hanoi, Vietnam

3Department of Neurology, University Medical Center Hamburg-Eppendorf, University of Hamburg, Hamburg, Germany

"“Departments of Diagnostic and Interventional Neuroradiology, University of Tours, Tours, France

"*Department of Stroke Neurology, National Hospital Organization Osaka National Hospital, Osaka, Japan

'*Department of Neurology, The First Affiliated Hospital of University of Science and Technology of China, Hefei, China

'"Department of Neurology, Klinikum Ludwigshafen, Ludwigshafen, Germany

'8Department of Neurology, Faculty of Medicine and University Hospital Carl Gustav Carus, TUD Dresden University of Technology, Dresden,

Germany

""Dresden Neurovascular Center, Faculty of Medicine and University Hospital Carl Gustav Carus, TUD Dresden University of Technology, Dresden,

Germany

Department of Neurology, Akershus University Hospital, Lorenskog, Norway

2'Department of Neurology, Leuven University Hospital, Leuven, Belgium

2Department of Neurology, The 903rd Hospital of The Chinese People’s Liberation Army, Hangzhou, China
BDepartment of Neurology, Radiology, Boston University School of Medicine, Boston, MA, USA
24Department of Neurology, Medical University of South Carolina, Charleston, SC, USA

BDepartment of Neurology, University of Chicago, Chicago, IL, USA

%Department of Neurology, Helsinki University Hospital and University of Helsinki, Helsinki, Finland

YDepartment of Neurology, University Hospital Bern, University of Bern, Bern, Switzerland

Department of Neurology, University of Amsterdam, Academic Medical Center, Amsterdam, The Netherlands

BStroke center, Lisbon Central University Hospital—ULS S José, Faculty of Medicine, University of Lisbon, Lisbon, Portugal
30 Lopes lab, Instituto de Medicina Molecular, University of Lisbon, Lisbon, Portugal

3'Department of Medicine and Neurology, Royal Melbourne Hospital, University of Melbourne, Parkville, VIC, Australia
32Department of Radiology, Service of Interventional Neuroradiology, Université de Montréal, Montreal, QC, Canada

3Department of Neurosurgery, Xuanwu Hospital, Beijing, China

3Stroke Outcomes Research & Decision Neuroscience Unit, Division of Neurology, Department of Medicine, University of Toronto, Toronto, ON,

Canada

3Division of Neurology, Department of Medicine, University of British Columbia, Vancouver, BC, Canada

Corresponding author:

Thalia S Field, Division of Neurology, Department of Medicine, University of British Columbia, S169-2211 Wesbrook Mall, Vancouver, BC V5Z M9,

Canada.
Email: thalia.field@ubc.ca

International Journal of Stroke, 00(0)


mailto:thalia.field@ubc.ca

Brakel et al.

tions, endovascular techniques, and postoperative manage-
ment for future clinical trials and in clinical practice.

Methods

This survey received ethics approval from our institutional
ethics board, the University of British Columbia Clinical
Research Ethics Board (approval number H22-02916), and
all participants gave informed consent. This report is con-
ducted according to the CROSS guidelines.’ A survey com-
prising 42 questions (provided in Supplementary Data) was
distributed to stroke neurologists, neurointerventionalists,
neurosurgeons, and other relevant clinicians globally
through local networks and professional societies, includ-
ing the Society of Vascular and Interventional Neurology,
the German Stroke Trials Network, the Cerebral Venous
Thrombosis Consortium, and the Women in Neuro-
intervention WhatsApp group. Survey responses were
recorded between May 2023 and October 2023. The time of
estimated survey completion was 5-10min. The survey
was sent by electronic mail and answered online using the
Qualtrics platform (Qualtrics, Provo, UT), and submission
was only possible upon completion of the complete survey.
The questionnaire was designed to collect responses on
four main categories: (1) respondent demographics and
experience with EVT for CVT; (2) clinical, radiographical,
and procedural factors considered when assessing a patient
for EVT; (3) endovascular techniques used and those never
indicated for use in CVT treatment; and (4) use and timing
of post-EVT imaging and medical management. Partic-
ipation was voluntary, and responses were anonymized.
Respondents were given the option to enter a random draw
for a US$500 gift card to Amazon upon completing the sur-
vey. The study complied with local institutional research
board regulations and informed consent was implied upon
completing the survey. The survey was distributed in
English except in China, where participants completed a
version translated into Chinese (Mandarin) by a profes-
sional medical translator and peer-reviewed by a native
speaking co-author in China (Y.C.).

To identify regional differences in survey responses,
countries were grouped by continent, specifically North
America, Central America, South America, Europe, Asia,
Oceania, and Africa. Regions were grouped based on sam-
ple size where appropriate. Given the distinct use of a trans-
lated survey for distribution in mainland China, we assessed
responses from mainland China separately from the rest of
Asia. Responses were also grouped by non-interventionalist
stroke specialists and interventionalists (including interven-
tional neurologists, interventional radiologists, interven-
tional neuroradiologists, and neurosurgeons). Questions
about technical considerations in EVT were directed through
branching logic to interventionalists only.

Categorical data were summarized as counts and per-
centages, and comparisons were made using the chi-squared

test. The Bonferroni correction was used in the form of
p-value adjustments for all post hoc analyses. For questions
where participants were able to answer more than once,
percentages are given relative to the number of respond-
ents, explaining summative percentages above 1.00. To
visualize qualitative rankings of factors influencing the use
of EVT in patients with CVT, categories (not important,
somewhat important and very important) were converted
into unweighted, ordered integers (1, 2, and 3, respec-
tively). Sankey diagrams for post-procedural management
included only respondents to both modality and timing
questions. Statistical significance was set at p=<0.05.
Authors B.A.B. and T.S.F. had full access to all the data in
the study and take responsibility for its integrity and the
data analysis.

Results

Respondent demographics and experience
with EVT for CVT

There were 2744 invited participants. The overall response
rate of the survey was 31%, consisting of 863 respondents
across 61 countries (Figure 1). Respondent demographics
and experience with EVT for CVT are summarized in
Tables 1 and 2, respectively. Briefly, the majority of
respondents were employed in an academic hospital with a
comprehensive stroke center (75.9%), with years of experi-
ence varying widely across respondents (Table 1). We
received responses from a wide range of relevant special-
ists, consisting mostly of stroke consultants (60.7%) and
neurointerventionalists (34.6%).

The majority of respondents had treated at least one case
of CVT using EVT within the past 3 years (55.5%), and of
those who had, most had done so in two to five patients
(49.5%; Table 2). In addition, most of these respondents
(66.8%) estimated that EVT was used in less than 5% of
CVT cases (Table 2). The majority of respondents (74%)
favored the use of EVT over standard medical treatment for
patients with CVT in certain situations.

Factors influencing the decision to use EVT
for CVT

Overall, clinical factors were ranked as more important
than radiographic and procedural factors by respondents
when considering the use of EVT for CVT treatment,
although this was not a direct comparison made in the sur-
vey. In terms of clinical factors, worsening level of con-
sciousness (LOC), worsening clinical deficits besides LOC,
and having a trial of anticoagulation prior to EVT were
ranked as the most important factors (ranked as “very
important” by 86%, 76%, and 74% of respondents, respec-
tively; Figure 2). As for radiographic and procedural fac-
tors, the location and burden of the thrombus, the probability
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Figure I. International distribution of the number of survey respondents by country.

International Distribution of Survey Respondents

Number of respondents

Table I. Demographics. Table 1. (Continued)

Position n (%) Position n (%)

Stroke consultant/neurologist working at a 415 (48.1)
thrombectomy center

Europe 321 (37.2)

Interventional neuroradiologist 97 (11.2) Oceania 27 (3.)

Neurosurgeon 28 (3.2) Practice setting

Neuroradiologist (diagnostic only) ?(1.0) Academic hospital—no comprehensive 58 (6.7)

stroke center

Other 20 (2.3)
Private practice 30 (3.5)

Woman 242 (28.1)

0-5years 257 (29.8)
Non-binary 5(0.6)
I'1-I5years 159 (18.4)

North America 116 (13.4)
(Continued)
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Table 2. Experience with EVT for CVT.

CVT case treated with EVT in past 3years? n (%)

Yes 479 (55.5)

Unsure 44 (5.1)

Volume of CVT-related EVT cases in past 3years?

2-5 patients 237 (49.5)

10+ patients 40 (84)

Estimated percentage of CVT cases treated with EVT?

5-10 94 (19.6)

No response

13 (2.7)

of recanalization, and the interventionalist’s experience
with EVT for CVT ranked as most important in this regard
(Figure 2). The responses of interventionalists and non-
interventionalists were similar with respect to the impor-
tance of clinical, radiographic, and procedural factors in the
decision-making process (Figure S1).

Use of endovascular techniques for CVT

Regarding access, almost all interventionalists (98%)
believed the dural sinuses were amenable to endovascular
intervention, while a minority believed the deep cerebral
veins to be amenable to CVT (39%). There was substantial
heterogeneity among interventionalists regarding preferred
endovascular techniques (Figure 3), with mechanical
thrombectomy with aspiration (56.2%) and stent retriever
(50.5%) being the most utilized overall, followed by direct
thrombolysis with tissue plasminogen activator (33.4%),
direct intra-sinus administration of heparin (32.8%), and
balloon angioplasty (23.4%). In addition to overall hetero-
geneity in techniques used, a chi-squared test comparing
responses by region showed significant geographical varia-
tions (p<<0.001). Differing from responses from other
countries, interventionalist respondents from China instead
used direct intra-sinus administration of heparin most com-
monly (56.3%). In contrast, this technique was ranked
highest as “never indicated” by respondents outside of
China (23%; Figure 3).

Post-procedural imaging and medical
management

Preferred post-procedural imaging was largely distributed
between magnetic resonance arteriography or venography
(MRA/MRYV; 71.8%) and computed tomography arteriog-
raphy or venography (CTA/CTV; 65.9%); digital subtrac-
tion angiography (DSA) was used less frequently (18.2%;
Figure 4). Respondents from Asia in particular showed a
slight preference for MRA/MRV over CTA/CTV (Figure
S2). Timing of post-procedural imaging was also not con-
sistent, with clinicians most frequently selecting an imag-
ing timepoint of 24 h (69.2%).

For immediate post-procedural medical management, low
molecular weight heparin (LMWH; 82.5%) was preferred in
contrast to unfractionated heparin (37.4%; Figure 5). North
American respondents in particular favored unfractionated
heparin over LMWH (Figure S3). Preferred duration of initial
post-procedural anticoagulation ranged from 0 to more than
10days. Choice of subsequent oral anticoagulation was also
split, with 70.8% of respondents preferring direct oral anti-
coagulants (DOACs) and 55.2% vitamin K antagonists
(Figure 5). The preferred duration for long-term anticoagu-
lation was most commonly 6—12 months (67.2%).

Discussion

The management of CVT presents a significant challenge
due to its rarity and the absence of well-established treat-
ment guidelines. Only one randomized trial has assessed
the efficacy of EVT compared with the standard medical
management. The TO-ACT trial, published in 2019,
included patients with characteristics associated with
adverse outcomes, including ICH at baseline, deep venous
involvement, decreased level of consciousness, or “mental
status disorder.” Participants were randomized to EVT
without prespecified techniques versus best medical ther-
apy and the trial stopped for futility after 67 patients of a
target of 164 were recruited, failing to demonstrate a ben-
efit for the primary outcome of modified Rankin scale
(mRS) 0-1 at 12months.® When meta-analyzed with the
multinational, observational ACTION-CVT cohort study,
there remained no consistent signal of benefit for EVT in
the treatment of CVT.® Subsequent observational studies
have not demonstrated significant benefit of using EVT,
but also have not identified safety concerns with EVT used
as an adjunct therapy.®'%!! In addition, full recanalization
was found to be associated with improved outcomes,
although sample sizes were small. The clinical landscape
of EVT for CVT is reminiscent of early attempts at EVT
for acute ischemic stroke, perhaps failing to show efficacy
due to a lack of optimized patient selection criteria or tech-
nique use. In addition, the interpretation of outcomes from
the existing observational literature is substantially influ-
enced by selection bias. The high mortality rates in CVT
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Figure 2. Importance of clinical and radiographical/procedural factors when considering the use of EVT for CVT treatment.

Clinical Factors

First-line vs. rescue
therapy

Time since
symptom onse

Previous
nticoagulation trial

Functional status Worsening LOC

orsening deficits

Age besides LOC

Anticoagulation
safety concerns

Very important

& ot/importan
{

Radiographic & Procedural Factors

Presence of mass
effect

Probability of
recanalization with
EVT

Cost of procedure

Interventionalist’s
experience with
EVT for CVT

Thrombus chronicity
via radiology

Thrombus burden hrombus location

Figure 3. Interventionalist’s use and perceptions of endovascular techniques for the treatment of CVT, stratified by

geographical region.
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patients treated with EVT arises from the fact that only the
most severely affected patients undergo EVT, because it is
most commonly used as a rescue therapy.>'?> While not
well understood, determining the impact of EVT on the
treatment of CVT will be crucial in progressing patient
outcomes.

This survey represents the largest, most comprehensive
characterization of EVT use in CVT to date, reflecting the

experience of 863 stroke clinicians across 61 countries. Our
findings confirm that despite the paucity of literature to
date supporting EVT, it continues to be used for therapy in
certain cases of CVT. However, techniques and post-proce-
dural management are varied, and substantial uncertainty
remains around the characteristics that might make a patient
with CVT a “good” candidate for EVT. The survey uncov-
ered substantial heterogeneity in the techniques employed

International Journal of Stroke, 00(0)
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Figure 4. Post-procedural imaging modalities and timing following EVT for CVT. Percentages totaled over 100% as respondents

were allowed to select multiple answer options. CTA/CTV—computed tomography angiography/venography; MRA/MRV—magnetic
resonance angiography/venography; DSA—digital subtraction angiography.

CTA/CTV
n=392 (65.9%)

MRA/MRV
n=427 (71.8%)

DSA
n=108 (18:2%)

Post-Procedural Imaging

I <12 hours, n=68 (11.4%)
1 12 hours, n=26 (4.4%)

24 hours, n=412 (69.2%)

48 hours, n=122 (20.5%)

>48 hours, n=299 (50.3%)

Figure 5. Post-procedural medical management following EVT for CVT. Short-term bridging therapy and long-term therapy

were assessed. Percentages totaled over 100% as respondents were allowed to select multiple answer options. LMWH—low

molecular weight heparin; DOAC—direct oral anticoagulant.

Immediate Post-Procedural Treatment

10+ days
n=158 (42.5%)

LMWH

= 9
n=307 (82.5%) 7-10 days
n=102 (27.4%)

I 5-7 days

n=62 (16.7%)

3-5 days
n=43 (11.6%)
Heparin

n=139 (37.4%) 03 days

n=81 (21.8%)

Long-Term Post-Procedural Treatment

6-12 months
DOAC n=168 (67.2%)

n=177 (70.8%)

3-6 months
Nn=92 (36.8%)

Vit. K antagonist

n=138 (55.2%) B year

| n=31(12.4%)
0-3 months
n=24 (9.6%)

for EVT, with mechanical thrombectomy with aspiration,
mechanical thrombectomy with stent retriever, direct
thrombolysis with tissue plasminogen activator, direct
administration of heparin, and balloon angioplasty being the
most commonly used. This diversity in approach reflects the
lack of evidence-based guidelines in this area stemming
from the absence of robust trials assessing the superiority of
one technique over another. Instead, the most commonly
used techniques reflect those used for the treatment of acute
ischemic stroke,'® suggesting clinicians’ choice of technique
may be influenced by their familiarity with those techniques
and comfort in using those associated devices. Regional

variations were also observed, most strikingly with China
favoring direct anticoagulation with heparin, a technique
ranked most commonly as “never indicated” in other parts
of the world. There have been few studies comparing EVT
techniques for CVT and currently there is insufficient evi-
dence to suggest which endovascular approach and device is
optimal.'*!* Overall, our findings emphasize a need for con-
temporary clinical trials to guide clinical decision-making
and establish evidence-based standardized practices. By
providing a comprehensive characterization of indications,
techniques, and postoperative management used by clini-
cians internationally, this resource will aid in optimizing

International Journal of Stroke, 00(0)
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patient selection and endovascular treatments for future tri-
als and clinical decision-making.

This study is subject to limitations common to physician
surveys, including a response rate of 31% and the possibil-
ity of responder bias and centrality bias. The survey may
have been completed preferentially by respondents favor-
ing EVT in CVT, and thus our results may differ from CVT
care in general. Given that the survey was not translated to
languages other than Chinese, it is possible that there may
have been differential interpretation of survey questions or
selection bias for English-speaking clinicians. Furthermore,
outside of China, only respondents that comprehended aca-
demic-level English were able to complete the survey. We
also cannot definitively exclude the possibility of duplicate
responses, although IP addresses were reviewed to ensure
no duplicates were present. Importantly, the wide scope of
our survey limited our exploration of specific factors influ-
encing decision-making regarding the use of EVT for CVT,
which is a needed area for future research, and would help
to further improve patient selection in subsequent clinical
trials. Regardless, this work provides a baseline for under-
standing current international practice patterns for the treat-
ment of a rare disease based on hundreds of responses from
expert clinicians.

Conclusion

This international survey highlights the considerable het-
erogeneity in the approaches to EVT for CVT among stroke
clinicians globally. The lack of standardized practices in
patient selection, procedural techniques, and post-proce-
dural management emphasizes a persisting need for con-
temporary high-quality clinical evidence to guide practice,
and this characterization of these factors will act as a
resource to guide future clinical investigations. Future trials
should not only assess the efficacy and safety of different
EVT approaches, but also provide guidance on patient
selection criteria and post-procedural care. Establishing a
global consensus on EVT protocols for CVT based on the
availability of local devices will be crucial in improving
patient outcomes and fostering a more evidence-based
approach to the management of this challenging condition.
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