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Abstract

Background Cerebral venous thrombosis (CVT) is associated with intracranial hemorrhage.

Aim To identify clinical and imaging features of CVT-associated intracranial hemorrhage. We hypothesized that higher clot
burden would be associated with a higher risk of intracranial hemorrhage.

Methods We performed a retrospective analysis of an international, multicenter cohort of patients with confirmed cerebral
venous thrombosis who underwent computed tomography within 2 weeks of symptom onset. Clinical and imaging features
were compared between patients with and without intracranial hemorrhage. Clot burden was assessed by counting the number
of thrombosed venous sinuses and veins on confirmatory imaging.

Results We enrolled 260 patients from 10 institutions in Europe and Mexico. The mean age was 42 years and 74% were
female. Intracranial hemorrhage was found in 102 (39%). Among them parenchymal hemorrhage occurred in 64 (63%),
in addition, small juxta-cortical hemorrhage was found in 30 (29%), subarachnoid hemorrhage in 24 (24%) and subdural
hemorrhage in 11 (11%). Multiple concomitant types of hemorrhage occurred in 23 (23%). Older age and superior sagittal
thrombosis involvement were associated with presence of hemorrhage. The number of thrombosed venous sinuses was not
associated with intracranial hemorrhage (median number IQRInterquartile ratio] of sinuses/veins involved with hemorrhage
2 (1-3) vs. 2 (1-3) without hemorrhage, p=0.4).

Conclusion The high rate of intracranial hemorrhage in cerebral venous thrombosis is not explained by widespread involve-

ment of the venous sinuses. Superior sagittal sinus involvement is associated with higher bleeding risk.

Keywords Bleeding. - Cerebral venous thrombosis - Hemorrhage - Stroke

Introduction

Cerebral venous thrombosis (CVT) is associated with intrac-
ranial hemorrhage in up to 40% of patients [1-3]. Intrac-
ranial hemorrhage is related to increased venous pressure,
ischemia and subsequent blood brain barrier breakdown with
erythrocyte diapedesis [4, 5]. In an experimental model,
involvement of cortical vein thrombosis was strongly asso-
ciated with hemorrhage [6]. Other studies suggest that their
involvement is not required and that occlusion of major
sinuses is sufficient [7, 8]. Subarachnoid hemorrhage may
occur due to rupture of thin cortical veins [9, 10]. Presence
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of hemorrhage in the context of CVT is a poor prognostic
factor, and is a challenge for physicians when antithrombotic
therapy is considered, or when decompressive surgery is
needed [11-13]. In patients with nontraumatic intracranial
hemorrhage, a diagnosis of CVT should be considered as it
is known to cause various types of intracranial hemorrhages
including subarachnoid hemorrhage (SAH), subdural hemor-
rhage (SDH) and various types of intracerebral hemorrhage
(ICH) [9, 10, 14-16]. In the large, prospective International
Study on Cerebral Vein and Dural Sinus Thrombosis, it
was found that patients with intracerebral hemorrhage were
older, more often had a severe, acute clinical presentation
with coma, focal neurological deficit and seizures. On imag-
ing, patients more often had bilateral lesions and concomi-
tant infarction. Right lateral sinus occlusion was a risk factor
for ICH [16].
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Aim and hypotbhesis:

The aim of this study is to evaluate the clinical and radio-
logical features of hemorrhagic CVT and to test the hypoth-
esis that hemorrhagic CVT is related to thrombus load as
measured by involvement of a larger number of thrombosed
venous channels.

Methods
Study population

We retrospectively enrolled 285 patients with cerebral
venous thrombosis (CVT) from ten institutions in Europe
and Mexico (between 2001 and 2015) as part of a study to
identify CT imaging markers of cerebral venous thrombosis
[17]. We asked sites to identify from their hospital records,
subjects fulfilling the following criteria: patients were at
least 18 years old, and a proven CVT diagnosis with MRI,
MR venography, CT venography or intra-arterial digital sub-
traction angiography (IADSA). A non-contrast CT had to be
available and performed within 2 weeks of symptom onset
(headache, seizures, altered mental state and focal neuro-
logical signs).

Data collection

We collected demographic data and presenting symptoms,
categorized as headache, focal neurological signs, seizures
and altered mental state. We collected data on the presence

of thrombophilia defined as protein C or S deficiency,
antithrombin deficiency, activated protein C resistance or
presence of factor V Leiden, PT20210 G-A mutation or the
presence of antiphospholipid syndrome. We recorded tran-
sient risk factors for venous thrombosis (pregnancy, puerper-
ium, medication use) and conditions associated with CVT
(malignancies, hematological abnormalities, vasculitis and
autoimmune diseases).

Imaging

Non-contrast CT scans (NCCT) were centrally collected and
were analyzed by a neuroradiologist (GB) and a neurologist
(KA). Images were transferred by various means: portable
media, cloud sharing services and via secure File Trans-
fer Protocols (sFTP). The readers evaluated the presence of
hemorrhage on non-contrast CT [intracerebral hemorrhage
(ICH) including small juxta-cortical hemorrhage <20 mm
(JCH), subdural hemorrhage (SDH), subarachnoid hemor-
rhage (SAH)]. JCH was defined as a hemorrhage (diam-
eter <20 mm) located in the white matter just below the
cortex. (Fig. 1) [14] Patients were divided into 2 groups (1)
hemorrhagic CVT group and (2) Non-Hemorrhagic CVT
group based on the presence of hemorrhage on NCCT.

We evaluated laterality (right, left or bilateral), mul-
tiplicity (single or multiple bleeds) as well as location of
hemorrhage (frontal, parietal, temporal, occipital, cerebel-
lum, brainstem, thalamus and basal ganglia). Subarachnoid
hemorrhages were categorized either as convexity/cortical/
sulcal or basal/deep. Hemorrhages were also categorized
into isolated hemorrhage (with only one subtype of hem-
orrhage) or combined hemorrhage (any combination of

Fig.1 Types of hemorrhages in cerebral venous thrombosis (a)
Parenchymal hemorrhage in patient with left transverse sinus throm-
bosis (b) Small, juxtacortical hemorrhage in patient with superior
sagittal sinus thrombosis (¢) Combination of subarachnoid hemor-

rhage and parenchymal hemorrhage in patient with superior sagittal
sinus thrombosis (d) Left frontal subdural hematoma in patient with
superior sagittal sinus thrombosis

@ Springer



3294

Journal of Neurology (2020) 267:3292-3298

ICH, JCH, SDH and SAH). We also identified direct signs
of CVT (dense triangle, dense superior sagittal sinus, cord
sign, dense deep veins, dense transverse, sigmoid & straight
sinuses and dense internal jugular vein IJV) [18].

A neuroradiologist (GB) reviewed the MRI or CT-venog-
raphy or DSA of all CVT cases to confirm the diagnosis
and to identify the involved venous channels. All available
MRI sequences were used to make a diagnosis of CVT and
to rule out congenital hypoplasia by analyzing the follow-
ing sequences: T1, T2, Fluid Attenuated Inversion Recovery
(FLAIR), gradient recalled echo or susceptibility weighted
imaging, diffusion weighted images, post -contrast T1 and
MR venograms. On DSA, the venous phase was used to
identify thrombosis. We recorded the side and location of
the occluded venous channels (superior sagittal sinus/infe-
rior sagittal sinus/straight sinus/lateral sinus/cortical vein/
deep venous system). Superior sagittal sinus thrombosis
was divided into two groups (partial and total thrombosis).
We defined the lateral sinus as involvement of transverse or
sigmoid sinuses or both. Involvement of the deep venous
system was defined as thrombosis of internal cerebral veins,
vein of Galen and vein of Rosenthal. Thrombosed venous
segments were scored as follows: superior sagittal sinus
thrombosis (1 point), inferior sagittal sinus thrombosis (1
point), straight sinus thrombosis (1 point), lateral (trans-
verse or sigmoid sinus or both) sinus thrombosis (1 point
for unilateral and 2 points for bilateral), internal jugular vein
thrombosis (1 point for unilateral and 2 points for bilateral),
deep venous system thrombosis (1 point) and cortical vein
thrombosis (1 point regardless of the number of the throm-
bosed veins), with a total score of 9.

Statistical analysis

The results are presented as means (SD) or counts (percent-
age). Student’s t-test was used to compare continuous vari-
ables, and Pearson’s Chi square test was used to compare
categorical variables. The Mann—Whitney U test was used
to compare differences between the distribution of involved
venous channels in hemorrhagic and non-hemorrhagic
groups. Logistic regression was performed with the vari-
ables that were associated with hemorrhagic venous throm-
bosis in univariate analysis (p <0.10). All statistical analy-
ses were performed using SPSS software (version 22, IBM
Corp.), and p < 0.05 was considered statistically significant.

Results

Of the 285 patients with CVT, confirmatory images were
not available in 17 and venous thrombosis could not be con-
firmed in eight. This left 260 CVT patients for this analysis
with a mean age of 42 years, of whom 192 (73.8%) were
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female. Hemorrhagic CVT was present in 102 (39.2%). The
baseline characteristics of patients with hemorrhagic CVT
are shown in (Table 1). Age and the presence of hematologic
disease or a family history of venous thromboembolism were
associated with hemorrhage. A presentation with isolated
headache was less common with hemorrhage.

Types of hemorrhage

Figure 2 shows the types of hemorrhages in the 102 patients
with bleeding events. ICH occurred in 64 (62.7%), small
JCH <20 mm in 30 (29.4%), SAH in 24 (23.5%) and SDH
in 11 (10.7%). Isolated hemorrhage (77%) was more frequent
than combined hemorrhage (23%). SAH was present in
20/23 (86.9%) of combined hemorrhagic cases. Most cases
of SAH (83.3%) were distributed over cerebral.

Single lobe involvement occurred in 69 (67.6%) of
patients. The parietal lobe was involved in 42 (41%) of hem-
orrhagic CVT patients. The frontal and temporal lobes were
involved in 34 (33.3%) and 35 (34.3%) respectively. The
occipital lobe was involved in 21 (20.5%), basal ganglia in 6
(5.8%) and cerebellum in 3 (2.9%). There were no brainstem
hemorrhages. Bilateral hemorrhagic CVT was present in 8
(7.8%) of all hemorrhagic cases, combined in 5/8.

Hemorrhage in association with presence of direct
signs, number of involved sinuses and location

There was no difference in the presence of direct signs
of CVT with hemorrhagic CVT [77 (76%) versus 128
(82%), p=0.28]. The delay between the first imaging and
the confirmatory imaging for thrombus load measurement
was 0 days (25th percentile-75th percentile 0-1 days). On
ancillary imaging, the distribution of thrombosed venous
segments was also similar between hemorrhagic CVT and
non-hemorrhagic CVT (Table 2). The number of involved
venous segments was not different between isolated ver-
sus combined hemorrhagic cases, between unilateral and
bilateral hemorrhages and between single versus multiple
hemorrhages.

The thrombosed venous segments in the hemorrhagic and
then non-hemorrhagic group are shown in (Table 3). The
superior sagittal sinus was the only sinus which was associ-
ated with hemorrhage. Interestingly, hemorrhage was more
common with partial thrombosis (38% rate of hemorrhage)
of the superior sagittal sinus than with complete superior
sagittal sinus thrombosis (16% rate of hemorrhage). ICH
was not more common with simultaneous involvement of the
superior sagittal sinus and cortical veins (44%) compared to
either isolated cortical vein thrombosis or isolated superior
sagittal sinus thrombosis (37%, p=0.39). Frontal ICH was
strongly associated with superior sagittal sinus involvement
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Table 1 Demographic data, clinical presentation and features of patients with cerebral venous thrombosis and hemorrhage

Total CVT patients Non hemorrhagic CVT ~ Hemorrhagic CVT p value

(n=260) (n=158) (n=102)
Age (mean + SD) 42+15 40+15 46+ 15 0.001
Female n (%) 192 (73.8%) 118 (74.6%) 74 (72.5%) 0.773
Pregnancy and puerperium n (%) 10 (3.8%) 7 (4.4%) 3(3%) 0.5
Oral contraceptives or hormonal replacement n (%) 92 (35.3%) 57 36%) 35 (35.3%) 0.77
Malignancy n (%) 29 (11%) 17 (10.7%) 12 (20%) 0.8
Thrombophilia n (%) 45 (17.3%) 28(18%) 17 (17%) 0.8
Autoimmune disease n (%) 7 (2.6%) 5(3%) 2 (1%) 0.5
Hematological diseases™ n (%) 21 (8%) 8 (5%) 13 (14%) 0.026
No associated risks 7 (%) 15 (5.7%) 7 (4%) 8 (8%) 0.24
Family history of venous thromboembolism 7 (%) 11 (4%) 3(1.9%) 8 (8%) 0.02
> 1 risk factorn (%) 29 (11%) 15 (9.6%) 14 (14%) 0.2
Headache n (%) 206 (79.2%) 129 (81.6%) 77(75.4%) 0.29
Seizures n (%) 80 (30.7%) 32 (20%) 48 (47%) <0.001
Focal neurological signs n (%) 145 (55.7%) 65 (41%) 80 (78.4%) <0.001
Altered mental status n (%) 66 (25.3%) 25 (15.8%) 41 (40%) 0.001
Isolated headache n (%) 74 (28.4%) 65 (41%) 9 (8.8%) 0.001
Mean interval between symptoms and first image (CT)in ~ 3.7+3.5 3.98+3.7 3.38+3.2 0.1

days (+SD)

CVT Cerebral venous thrombosis; SD Standard deviation; CTComputed tomography

“Hematological diseases were essential thrombocytosis (n=6), severe anemia (n=14), polycythemia vera (n=2), thrombocytopenia (n=1),
unspecified (n=1). Three patients had more than one hematological change

Fig.2 Types of brain hemor-
rhage in patients with CVT

ICH+SJH

1% _ |CH+SDH

(n=102). ICH, intracerebral SDH 1% |CH+IVH
hemorrhage, SDH subdural 3% SAH c +0
hematoma, SAH subarach- 1%
noid hemorrhage, SJ/H small
juxtacortical hemorrhage, IVH ICH
intraventricular hemorrhage 48%
ICH+SDH+SAH
3%
SAH+ICH
7%
SAH+SJH ICH+SJH+SAH
4% 2%
Table 2 Association between clot burden and hemorrhage in cerebral venous thrombosis
Characteristic Number of Number of Compari-
venous channels venous channels son p value
(Median +1QR) (Median+IQR)
Hemorrhagic CVT n=102 2(1-3) Non-hemorrhagic CVT n=158 2(1-3) 0.4
Isolated hemorrhage n="79 2 (1-3) Combined Hemorrhage n=23 2 (1-3) 0.9
Unilateral hemorrhage n=93 2 (1-3) Bilateral hemorrhage n=9 2 (2-3) 0.4
Single intracerebral hemorrhages n=73 2 (1-3) Multiple intracerebral hemorrhages n=6 2 (1-4) 0.1

CVT Cerebral venous thrombosis; /QR Inter quartile ratio
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Table 3 Distribution of thrombosed venous segments between cer-
ebral venous thrombosis patients

Thrombus location ~ Non-hemorrhagic ~Hemorrhagic p value
n (%) thrombosis n=158 thrombosis
n=102

Superior sagittal 66 (41.7%) 56 (54.9%) 0.04

sinus
Straight sinus 35 (22%) 18(17.6%) 0.37
Lateral sinu 123 (77.8%) 82 (81.3%) 0.6
Jugular vein 12 (7.5%) 7 (6.8%) 0.8
Cortical veins 43 (26.5%) 35 (34.3%) 0.2
Isolated cortical vein 7 (4.4%) 2 (1.9%) 0.2
Deep veins 15 (14.7%) 13(12.7%) 0.4
Multiple venous 89 (56.9%) 62 (60%) 0.4

channels

(p <0.001). Temporal ICH was strongly associated with
transverse sinus involvement (p =0.005).

Multivariable analysis

In multivariable analysis, the following factors were associ-
ated with hemorrhagic CVT (age 1.02, 95% CI 1.01-1.04,
superior sagittal sinus involvement, 95% CI 1.15-3.49,
presentation other than isolated headache 6.7, 95% CI
3.05-14.88, and presence of a family history of venous
thromboembolism 6.4, 95% CI 1.45-28.5).

Discussion

We did not confirm our hypothesis that intracranial bleeding
is more frequent with more widespread thrombosis. We also
did not observe more widespread thrombosis in patients with
multiple hemorrhages, hemorrhages occurring in bilateral
locations or multiple types of hemorrhage. Traditionally,
bleeding in CVT is explained by severe venous hyperten-
sion (due to lack of collateral venous drainage) and result-
ant blood product extravasation [5—7]. The variability of the
collateral venous drainage may explain the lack of associa-
tion, although a previous study found no association between
collateral patterns and type of parenchymal lesion in CVT
[19]. Alternatively, involvement of multiple sinuses may
reflect a slower thrombotic process allowing collateraliza-
tion. Involvement of cortical veins and lateral sinus involve-
ment have previously been associated with more bleeding
[7, 10]. We did not observe this pattern, but instead showed
that involvement of the superior sagittal sinus was, associ-
ated with bleeding. The lack of association with cortical
vein involvement may be due to the difficulty in assessing
cortical vein involvement. Alternatively, as suggested by
animal studies, their involvement may not be a requirement
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for bleeding [8]. Higher peak and mean velocities in CVT
patients with hemorrhage/edema and partially thrombosed
transverse sinuses were recently reported using 4D-flow
MRI [20]. Further studies using these novel techniques are
needed.

Hemorrhagic CVT was present in 39% of patients, a rate
similar to other cohorts [16, 21]. Higher age has previously
been observed in hemorrhagic CVT [14]. With ageing,
increased atrophy may lead to enlargement of the extrac-
erebral space and increased stretching of the thin- walled,
fragile, valve-less bridging veins making them more liable to
bleed in a similar way to what occurs in subdural bleeding.
Subdural hematomas were however observed in only 10%
of hemorrhages. Older patients may use antiplatelets or anti-
coagulants more frequently. We did not record medication
intake at onset to assess this association.

Hematological disease (polycythemia vera, essential
thrombocythosis and thrombocytopenia) was more common
in hemorrhagic CVT. Acquired von Willebrand disease is
commonly found in patients with polycythemia vera and
essential thrombocytosis and may explain increased bleed-
ing [22-24]. We do not have an obvious explanation for the
observed higher rate of hemorrhagic CVT in patients with a
family history of venous thrombosis. This was not observed
in a larger cohort [16].

We confirm the findings of previous studies which
showed that patients with hemorrhage have a more severe
presentation with increased seizures, focal neurological
signs and altered mental state, and less isolated headache
[16, 25, 26].

From a diagnostic standpoint, we suggest that a combi-
nation of hemorrhage subtypes, especially a combination
of parenchymal bleed with SAH or the presence of sulcal
SAH or small JCH should raise suspicion about CVT as the
cause of intracranial hemorrhage. These findings are simi-
lar to previous studies of hemorrhagic CVT [11]. Sites that
are typically involved in hypertension related ICH were not
commonly involved in our cases; we note the absence of
brain stem hemorrhages and very few basal ganglia, tha-
lamic or cerebellar hemorrhages. This may help in distin-
guishing hemorrhage of CVT from ICH due to hypertensive
arteriopathy.

In previous studies, the superior sagittal sinus and the
transverse sinus were the most frequently affected locations
in CVT [25, 26]. In our cohort the lateral sinus (transverse/
sigmoid) was the most affected venous channel in both
hemorrhagic CVT and non-hemorrhagic CVT. One study
of 68 patients with CVT suggested that venous infarction
and/or hemorrhage was more common in CVT patients with
straight sinus thrombosis compared to other locations [19].

The strengths of our study include its large sample
size, the multicenter nature and the independent review
of the source images by experts. Most previous studies of
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hemorrhagic CVT were case reports or case series or empha-
sized specific hemorrhage subtypes [27-31].There are also
some limitations to our study. The study was retrospective,
and we lacked some clinical information, e.g., we did not
collect detailed clinical information and we did not collect
patient outcomes. Platelet counts and antithrombotic use on
admission were alos not available. We did not evaluate non-
hemorrhagic lesions (venous infarction and/or edema). The
age (acute, subacute, chronic) and the actual length of the
venous clot and the volume of the hemorrhagic lesions were
not evaluated.

Conclusion

Widespread sinus thrombosis does not seem to be a major
factor in the development of hemorrhage in cerebral venous
thrombosis. Venous thrombosis involving superior sagittal
sinus is associated with hemorrhagic thrombosis.
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