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Objectives. Cerebral sinus venous thrombosis (CSVT) is a rare stroke subtype and data regarding prognostic factors to predict
outcomes are lacking. Thus, we aimed to identify predictors for outcome among CSVT patients. Materials and Methods.
Prospective CSVT databases from four academic medical centers were retrospectively studied. Demographics, clinical
presentations, risk factors, radiological, and outcome parameters were compared. Results. Out of 508 patients diagnosed with
CSVT, 21 patients (4%) died, and 91 (18.6%) had unfavorable outcome (mRS ≥ 2). Age (55.0 vs. 38.5, p < 0:001), hypertension
(26% vs. 6%, p < 0:001), hyperlipidemia (23% vs. 6%, p < 0:001), diabetes (17% vs. 4%, p < 0:001), malignancy (35% vs. 11%, p
< 0:001), absence of headache (51% vs. 78%, p < 0:001), focal neurological deficit (54% vs. 19%, p < 0:001), and ICH (28% vs.
13%, p < 0:001) were all associated with unfavorable outcome. After multivariate analysis malignancy (OR 4.2, p = 0:003), the
presence of focal neurological deficit (OR 5.2, p < 0:001) and the presence of headache upon presentation (OR 0.334, p = 0:018)
remained significant predictors for favorable outcome. Conclusions. Among CSVT patients, malignancy, focal neurological
deficits, and absence of headache at presentation were associated with unfavorable outcomes.

1. Introduction

Cerebral sinus venous thrombosis (CSVT) is a rare stroke sub-
type responsible for 0.5–1% of all stroke cases [1, 2]. In most
cases, CSVT has favorable outcomes; however, previous stud-
ies report up to 5% mortality during admission [3, 4] and
long-term neurological sequelae in up to 15% of patients
[5–8]. Thus, early identification of high risk patients is of great

importance. Previous studies reported several predictors of
mortality and unfavorable outcome including age, gender,
intracerebral hemorrhage (ICH), malignancy, CNS infection,
and thrombus location [5–7, 9–16]. However, results were
inconsistent, and most studies included only partial data
regarding patients’ comorbidities and underlying etiology.
Therefore, we aimed to identify predictors for CSVT prognosis
in a large comprehensive multicenter database.
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2. Methods

Data from ongoing prospective CSVT registries from four large
tertiary stroke academic centers was pulled and retrospectively
analyzed. The database included consecutive patients admitted
with nontraumatic and nonpostneurosurgical CSVT between
the years 2010 and 2021. The study was approved by the local
institutional review boards of each center.

Baseline characteristics and comorbidities including vascu-
lar risk factors, smoking, use of oral contraceptives, pregnancy,
and other possible premorbid factors were documented. Data
regarding the clinical presentation, neurological deficit includ-
ing severity as assessed by the national institute of health stroke
scale (NIHSS), and seizures was obtained from the medical
records. Focal neurological deficit was defined as NIHSS > 0.
Coma was defined as Glasgow Coma Scale ðGCSÞ ≤ 8, and all
patients defined as coma scored 2 on item 1a of the NIHSS.
Papilledema was examined by a senior neurologist or by an
ophthalmologist. Clinical follow-upwas performed at the stroke
outpatient clinics of the participating centers including modi-
fied Rankin scale (mRS). Favorable outcome was defined as
mRS < 2 at 90 days’ post CSVT diagnosis. Mortality was
reported within 1 year of SVT diagnosis.

CSVT diagnosis was based on neurovascular imaging
(CT venography or MR venography) which were assessed
by trained neuroradiologists. The location of the involved
sinus or cortical vein was recorded, including superior sagit-
tal sinus (SSS), transverse sinus, sigmoid sinus, cavernous
sinus, cortical veins, and deep venous system (straight sinus,
vein of Galen, and vein of Rosenthal). Multiple sinus
involvement was defined as involvement of more than one
venous sinus excluding the combination transverse and sig-
moid. Presence of venous infarcts and intracerebral hemor-
rhage (ICH) were also recorded.

Patients underwent similar thorough etiology workup at
the participating centers. Extensive laboratory workup was
performed including complete blood count, routine blood
biochemistry, protein C, protein S, antithrombin III, factor
V Leiden, factor VIII, prothrombin, homocysteine, anti-
cardiolipin and anti-beta-2-glycoprotein antibodies, and
lupus anticoagulant were studied. Studies to detect JAK2
mutations were done if thrombocytosis or polycythemia
were present or in other patients by the decision of senior
neurologist or hematologist. Patients with CSVT with
unknown etiology underwent further workup in order to
rule out occult malignancy. All patients with suspected
malignancy underwent a standardized screening that
included blood workup for tumor markers such as CEA
and CA, a total body CT, and clinical evaluation of the skin
by a dermatologist to r/o melanoma. Males underwent clin-
ical examination of the testes by a urologist to rule out testic-
ular tumors and females underwent mammography or
ultrasound to rule out breast tumors.

All patients were treated with anticoagulants therapy.
Treatment allocation was done at the discretion of the
attending physician at each centers. Most patients were
started on low molecular heparin (LMWH) and were then
transferred to oral anticoagulants but some remained on
LMWH for >6 months.

2.1. Statistical Analysis. Statistical analysis was performed
using the SPSS software (version 27.0, IBM, Chicago, IL,
USA). Continuous variables were reported as a mean value
(±SD), ordinal variables as median (IQR) and dichotomous
variables as percentage of the total. Comparisons or distribu-
tions between categories were assessed using Student’s t-test
for continuous variables, chi square test for qualitative vari-
ables, and the Mann–Whitney or to compare differences
between two independent groups when the dependent vari-
able is either ordinal or continuous, but not normally dis-
tributed. Univariate logistic regression models were
employed to examine the significance and univariate pro-
portional hazard ratios for each risk factor. Variables yield-
ing a p < 0:05 on the univariate analyses for mortality or
unfavorable outcomes defined as mRS ≥ 2 at 90 days were
entered into multivariate regression models.

3. Results

3.1. Overall Characteristics. A total of 508 CSVT patients
(mean age 41:7 ± 18:7, 67% females) were included in the
study. Follow-up information including mRS-90 was avail-
able for 488 patients (96%).

Within 90 days of admission, 91 (18.6%) patients had
unfavorable outcome defined as mRS ≥ 2, and 21 (4%)
patients died (Tables 1 and 2).

None of our patients were treated with endovascular
procedures such as thrombectomy or stent placement as
these procedures are done only as a last resort in comatose
unresponsive patients.

On univariate analyses, unfavorable outcome and mor-
tality were associated with older age (55.0 vs. 38.5, p <
0:001, 59.8 vs. 40.9, p < 0:001, respectively) and higher rates
of hypertension (26% vs. 6%, p < 0:001, and 29% vs. 8%, p
= 0:006, respectively). Unfavorable outcome was also associ-
ated with higher rates of hyperlipidemia and diabetes (23%
vs. 6%, p < 0:001, 17% vs. 4%, p < 0:001, respectively).

3.2. Clinical Presentation. The presenting symptoms were
variable and included headache vomiting focal signs and sei-
zures. Only two patients presented with coma. Mortality and
unfavorable outcome were associated with higher rates of
focal neurological deficit at presentation (25% vs. 24%, p =
0:029, 54% versus 19%, p < 0:001, respectively), worse
admission NIHSS scores (1[0-12] vs. 0[0-0], p < 0:001, 2[0-
6] vs. 0[0], p < 0:001, respectively), and lower rates of head-
ache (43% vs. 74%, p < 0:001, 51% vs. 78%, p < 0:001, respec-
tively). Unfavorable outcome, but not mortality, was
associated with higher rates of seizures (41% vs. 14%, p <
0:001).

3.3. Underlying Etiology. When examining the underlying
etiology, mortality and unfavorable outcome were associated
with higher rates of malignancy (81% vs. 13%, p < 0:001,
35% vs. 11%, p < 0:001, respectively), lower rates of oral con-
traceptives (0% vs. 22%, p = 0:013, 11% vs. 22%, p = 0:006,
respectively), and lower rates of any laboratory measured
coagulopathy (5% vs. 40%, p < 0:001, 20% vs. 41%, p <
0:001, respectively).
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3.4. Radiological Findings. Mortality was associated with
higher rates of deep vein involvement and cavernous sinus
involvement (14% vs. 4%, p = 0:027, 10% vs. 2%, p = 0:011,

respectively). No additional association was found between
unfavorable outcome and the involved sinus or cortical
vein involvement. Unfavorable outcome was associated

Table 1: Comparison of CSVT patients, Survival and Mortality.

Characteristics
Mortality
N = 21

Survival
N = 487 p

Age, mean (SD) 59.8 (17.7) 40.9 (18.0) <0.001
Gender male (%) 8 (38) 161 (33) 0.707

Smoking (%) 3 (14) 89 (18) 0.582

Hyperlipidemia (%) 4 (19) 13 (3) 0.219

Hypertension (%) 6 (29) 40 (8) 0.006

Obesity (%) 0 (0) 21 (4) 0.273

Diabetes (%) 3 (14) 27 (6) 0.178

Malignancy (%) 17 (81) 61 (13) <0.001
Previous thrombotic events (%) 0 (0) 40 (8) 0.163

Oral contraceptives (%) 0 (0) 106 (22) 0.013

Precipitating triggers

Dehydration (%) 0 (0) 12 (2) 0.761

Infections (%) 1 (5) 29 (6) 0.802

Clinical presentation

Papilledema (%) 3 (14) 122 (25) 0.299

Headache (%) 9 (43) 361 (74) <0.001
Vomiting (%) 2 (10) 77 (15) 0.386

Seizure (%) 3 (14) 99 (20) 0.459

Any focal neurological deficit (%) 11 (52) 121 (24) 0.029

NIHSS upon admission (IQR) 1 (0-12) 0 (0-0) <0.001
Hematological workup

APLA (%) 1 (5) 60 (12) 0.275

Protein C/S deficiency (%) 1 (5) 18 (4) 0.963

Factor V deficiency (%) 0 (0) 37 (8) 0.182

Factor II mutation (%) 0 (0) 9 (2) 0.522

PT 20210 0 (0) 25 (5) 0.277

Behcet’s disease (%) 0 (0) 18 (4) 0.364

MTHFR (%) 0 (0) 24 (5) 0.283

JAK 2 (%) 0 (0) 33 (7) 0.223

Thrombocytosis (%) 0 (0) 25 (5) 0.200

Hyperhomocysteinemia (%) 0 (0) 9 (2) 0.526

Any coagulopathy (%) 1 (5) 193 (40) <0.001
Radiological findings

Multiple veins (%) 8 (38) 117 (24) 0.132

Cortical vein involvement (%) 2 (10) 54 (11) 0.828

Deep vein involvement (%) 3 (14) 20 (4) 0.027

Venous infarction (%) 6 (29) 43 (9) 0.012

ICH (%) 6 (29) 78 (16) 0.154

Involved sinus (%)

Isolated SSS 10 (48) 178 (36) 0.289

Transverse sinus 11 (52) 323 (66) 0.171

Sigmoid sinus 10 (48) 312 (64) 0.116

Cavernous sinus 2 (10) 8 (2) 0.011

NIHSS: National Institute of Health Stroke Scale, APLA: antiphospholipid antibodies, PT 20210: prothrombin 20210, MTHFR: methylenetetrahydrofolate
reductase, ICH: intracerebral hemorrhage, SSS: superior sagittal sinus.
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with multiple veins involvement (38% vs. 21%, p = 0:002).
Mortality and unfavorable outcome were associated with
venous infarction (29% vs. 9%, p = 0:012, 26% vs. 6%, p

< 0:001, respectively). Unfavorable outcome was also asso-
ciated with ICH (28% vs. 13%, p < 0:001). 25 patients in
our cohort had both ICH and venous infarct. These

Table 2: Comparison of CSVT patients, favorable outcome, and unfavorable outcome.

Characteristics
Favorable outcome

N = 397
Unfavorable outcome

N = 91 p

Age, mean (SD) 38.5 (16.3) 55.0 (20.5) <0.001
Gender, male (%) 136 (34) 29 (31) 0.653

Dehydration (%) 10 (3) 1 (1) 0.632

Infections (%) 24 (6) 6 (7) 0.684

Smoking (%) 78 (19) 14 (15) 0.339

Hyperlipidemia (%) 27 (6) 21 (23) <0.001
Hypertension (%) 23 (6) 24 (26) <0.001
Obesity (%) 20 (5) 1 (1) 0.088

Diabetes (%) 15 (4) 16 (17) <0.001
Malignancy (%) 44 (11) 32 (35) <0.001
Previous thrombotic events (%) 34 (9) 6 (7) 0.525

Oral contraceptives (%) 95 (24) 10 (11) 0.006

Clinical presentation

Papilledema (%) 108 (27) 17 (19) 0.141

Headache (%) 325 (82) 46 (51) <0.001
Vomiting (%) 71 (18) 8 (9) 0.064

Seizure (%) 60 (15) 38 (41) <0.001
Any focal neurological deficit (%) 81 (20) 49 (54) <0.001
NIHSS upon admission, mean (SD) 0 (0-0) 2 (0-6) <0.001
Hematological workup

APLA (%) 55 (14) 6 (7) 0.06

Protein C/S deficiency (%) 17 (4) 3 (3) 0.849

Factor V deficiency (%) 32 (8) 4 (4) 0.244

Factor II mutation (%) 9 (2) 0 (0) 0.153

PT 20210 18 (5) 7 (8) 0.181

Behcet’s disease (%) 18 (5) 0 (0) 0.042

MTHFR (%) 20 (5) 1 (1) 0.101

JAK 2 (%) 29 (7) 4 (4) 0.435

Thrombocytosis (%) 22 (6) 2 (2) 0.196

Hyperhomocysteinemia (%) 8 (2) 0 (0) 0.181

Any coagulopathy (%) 174 (44) 18 (20) <0.001
Radiological findings

Multiple veins (%) 89 (22) 35 (38) 0.002

Cortical (%) 38 (10) 15 (16) 0.059

Deep (%) 16 (4) 7 (8) 0.141

Venous infarction (%) 25 (6) 24 (26) <0.001
ICH (%) 57 (14) 26 (28) <0.001
Involved sinus (%)

Superior sagittal sinus (%) 140 (25) 46 (51) 0.008

Transverse sinus (%) 272 (69) 59 (64) 0.525

Sigmoid sinus (%) 267 (67) 54 (59) 0.124

Cavernous sinus (%) 7 (2) 3 (3) 0.357

MRS 90 (IQR) 0 (0-0) 3 (2-5) <0.001
NIHSS: National Institute of Health Stroke Scale, APLA: antiphospholipid antibodies, PT 20210: prothrombin 20210, MTHFR: methylenetetrahydrofolate
reductase, ICH: intracerebral hemorrhage, SSS: superior sagittal sinus, MRS: modified Rankin scale, IQR: interquartile range.
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patients had higher mortality rates (12.5% versus 3.7%, p
= 0:038) and lower rates of favorable outcome (54.2% ver-
sus 84.5%, p < 0:001).

3.5. Multivariate Analysis. A multivariate logistic regression
model controlling for age, hypertension, malignancy, head-
ache, any coagulopathy, focal neurological deficit, oral con-
traceptives, deep vein involvement, and venous infarction
was used to assess for predictors of survival among CSVT
patients (Table 3). Malignancy (OR 89.78, p < 0:001)
remained as positive predictor and headache at presentation
remained a negative predictor (OR 0.07, p = 0:008) for
mortality.

A multivariate logistic regression model controlling for
age, gender, hypertension, hyperlipidemia, diabetes, malig-
nancy, any coagulopathy, use of oral contraceptives, head-
ache, focal neurological deficit, seizures, ICH, multiple vein
involvement, and venous infarction was used to assess for
predictors of unfavorable outcomes (Table 4). Malignancy
(OR 4.176, p = 0:003) and the presence of focal neurological
deficits (OR 5.167, p < 0:001) were found to be positive pre-
dictors of unfavorable outcome whereas headache at presen-
tation (OR 0.334, p = 0:018) was identified as a negative
predictor of unfavorable outcomes. Other variables did not
influence the chances of unfavorable outcome.

4. Discussion

In the current study, we examined numerous clinical and
radiological factors for identification of prognostic factors
in patients with CSVT. We found that the presence of malig-
nancy and focal neurological deficit at presentation were
associated with higher risks of unfavorable outcomes, while
headache at presentation was associated with lower risks of
unfavorable outcome among patients with CSVT.

Prior studies examining CSVT prognosis had shown
conflicting results or focused on specific factors and pre-
sented only limited data [4–17]. None of these studies exam-
ined the interrelation between CSVT and cardiovascular risk
factors. Previous large cohort studies [5, 14] demonstrated
conflicting results regarding the association between prog-
nosis and age, ICH, thrombus location, and clinical presen-
tation. Another study by Dentali et al. [16] included 706
patients and examined long-term survival and recurrence
risk, but not neurological or functional outcomes.

Malignancy was the strongest predictive factor for poor
prognosis in our cohort. This finding was also reported in
other studies [5, 7, 14]. Malignancy is a well-described pre-
disposing factor for venous thrombotic events and is associ-
ated with poor outcomes and higher recurrence rates. These
findings suggest that clinicians should have a high index of
suspicion for malignancy-associated CSVT and should initi-
ate early diagnostic measures for its detection if no other
causes are apparent. Indeed, in the current study, malignan-
cies were identified in 15% of patients. Unfortunately, we did
not assess the time to diagnosis of malignancy or the specific
types of malignancy in the current work, and these should be
studied more carefully in future studies.

In line with previous studies, patients who presented
with headache had lower rates of unfavorable outcomes
and lower mortality rates [14, 17]. Such patients presumably
seek medical consultation earlier and are diagnosed closer to
CSVT occurrence, allowing early treatment thus avoiding
complications including development of focal neurological
deficits or seizures. In our cohort, headache was associated
with younger age. This may be due to higher rates of brain
atrophy in older patients, allowing milder elevation of the
intracranial pressure, and indeed, patients without head-
aches had lower rates of papilledema. Another plausible
explanation may relate to lower rates of headache among
patients with impaired glucose metabolism [18].

Patients with focal neurological deficit had higher rates
of unfavorable outcomes and mortality on univariate analy-
sis. However, the presence of focal deficits did not remain a
significant modifier of mortality after adjustments in the
multivariate analysis although it did remain significantly
associated with a higher risk of unfavorable outcome. Simi-
larly, in accordance with previous studies, we found no asso-
ciation between cortical vein involvement and outcomes.
This could be somewhat surprising, as cortical vein throm-
bosis is associated with higher rates of focal neurological def-
icits and seizures [19]. However, in line with previous
studies, seizures were not associated with unfavorable out-
comes in the current analysis [5, 8, 14, 17].

Surprisingly, we found no association between the
involved sinus or the presence of multiple vein or sinus
involvement and outcomes. In the VENOST study, superior
sagittal sinus involvement was associated with poor out-
comes, while transverse sinus involvement was associated
with higher rates of favorable outcomes [14]. In the ISCVT
study, only involvement of the deep cerebral veins was asso-
ciated with prognosis [5]. Of note, we also found associa-
tions between deep vein thrombosis and mortality in the
univariate analysis, but significance was lost in the adjusted
multivariable analysis. The reasons for these discordant
results across studies are not entirely clear.

Unlike most previous studies, which have reported male
gender to be associated with unfavorable outcome [5, 14], we
could not detect such an association. However, we did not

Table 3: Multivariate analysis for predictors of mortality.

OR 95% CI p
Age 1.023 0.974 1.075 0.358

Gender (male) 0.243 0.031 1.913 0.179

Hypertension 2.599 0.285 23.700 0.397

Any malignancy 89.784 7.571 1064.770 ≤0.001

Any coagulopathy 0.000 0.000 0.994

Oral contraceptives 0.000 0.000 0.998

Headache 0.070 0.010 0.497 0.008

Focal neurological deficit 0.744 0.151 3.659 0.716

Deep sinus 2.583 0.220 30.391 0.451

Cavernous sinus 8.741 0.530 144.092 0.129

Venous infarct 3.086 0.522 18.248 0.214

OR: odds ratio, CI: confident interval.
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perform analysis of gender-specific risk factors on the result-
ing outcome other than the use of oral contraceptives.
Future studies should further investigate the effect of
gender-specific factors on outcome and divide the patient
population by gender to see if these have particular effects
in specific populations [20].

Additionally, in our cohort, older age was not indepen-
dently associated with unfavorable outcome on multivariate
analysis. Age was associated with prognosis in one large pre-
vious cohort [5, 14] but not in others [8, 16, 17]. It should be
noted that the average age of patients in the current study
was similar to those reported in previous studies. We report
that higher rates of cardiovascular risk factors were found
among patients with unfavorable outcome. As the rates of
cardiovascular risk factors increase with age, this may
explain the previous association reported between age and
outcome among CSVT patients. Hypertension is related to
increased blood-brain barrier breakdown and elevated cere-
bral blood flow and, therefore, may be associated with higher
rates of ICH. However, in our cohort, hypertensive patients
had similar rates of ICH and venous infarct compared to
patients without hypertension.

Interestingly, hyperlipidemia was associated with unfa-
vorable outcomes in the current study. However, this associ-
ation was only seen in the univariate analysis and did not
remain significant after adjustments in the multivariate anal-
ysis. Some studies described elevated risk for systemic
venous thrombotic events (VTE) among patients with dys-
lipidemia [21–23]. Several possible mechanisms were sug-
gested including a prothrombotic effect and endothelium
altering properties of circulating lipids, as well as an associ-
ation between triglycerides and various coagulopathy factors
[21, 23]. Another possible mechanism includes a dose-
dependent association found between VTE risk and
decreased levels of apolipoproteins B and A1, possibly due
to anticoagulant properties [22]. Moreover, it was previously
suggested that statins may reduce the risk for VTE [21, 24,

25]. Future studies should further examine the association
between CSVT and hyperlipidemia, as well as the influence
of statins on CSVT occurrence and outcome.

The strengths of our study include the relatively large
multicenter cohort of CSVT patients and the vast clinical
and radiological factors examined. Study limitations include
the retrospective design which makes it prone to different
types of bias, lack of follow-up imaging including recanaliza-
tion parameters, lack of data on infarcts volume and loca-
tion, and lack of data regarding days past from clinical
presentation to diagnosis. Furthermore, we had insufficient
data regarding the exact date and cause of death in patients
who died after discharge. Moreover, our regression analyses
included a relatively large number of variables relative to the
low number of outcomes, which may limit the reliability of
these analyses. This occurred despite a relatively rigorous
methodology that only included variables that yielded a p
value of <0.05. Last, none of our patients were treated with
endovascular techniques which are reserved as a last resort
in patients with increased intracranial pressure and no
response to conservative treatments. Therefore, we cannot
exclude the possibility that this may have skewed mortality
rates, as the exact cause and timing of death were not
collected.

5. Conclusions

Among CSVT patients, we found that malignancy and pres-
ence of focal neurological deficit at presentation appear to be
associated with unfavorable outcomes, while headache at
presentation was associated with favorable outcome.
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