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Abstract

Introduction The main objectives of the present study are to
assess the incidence of cerebral venous thrombosis (CVT)
presenting as isolated subarachnoid hemorrhage (SAH) and
to determine the occurrence of cortical venous thrombosis
(CoVT).

Methods Among 332 patients with CVT, investigated with
the same CT and MR standardized protocol, 33 (10 %) pre-
sented with SAH, associated in 11 cases with hemorrhagic
infarct or intracerebral hemorrhage. This study is based on
22 cases of CVT presenting as SAH in the absence of hemor-
rhagic brain lesion. Diagnosis of sinus thrombosis was
established on T2* and magnetic resonance venography and
that of CoVT on T2* sequence. Diagnostic of SAH was based
on fluid-attenuated inversion recovery (FLAIR) sequence.
Results CVT involved lateral sinus in 18 patients, superior
sagittal sinus in 16, and straight sinus in 1. Cortical veins were
involved in all patients, in continuity with dural sinus throm-
bosis when present. SAH was circumscribed to few sulci in all
cases and mainly localized at the convexity (21 cases). CoVT
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implied different areas on the same side in four patients and
was bilateral in seven. There was no perimesencephalic or
basal cisterns hemorrhage. Cortical swelling was present in
12 cases, associated with localized edema. All patients except
one had a favorable outcome.

Conclusion This report shows that the incidence of CVT pre-
senting as isolated SAH is evaluated to 6.4 % and that SAH is,
in all cases, in the vicinity of CoVT and when dural thrombo-
sis is present in continuity with it.

Keywords Cerebral venous thrombosis - Cortical venous
thrombosis (CoVT) - T2* - Subarachnoid hemorrhage -
Cerebral convexity

Abbreviations

CVT  Cerebral venous thrombosis
CoVT Cortical vein thrombosis
SAH  Subarachnoid hemorrhage
SSS Superior sagittal sinus
Introduction

Cerebral venous thrombosis (CVT) has long been
known as a cause of parenchymal hemorrhage. Sub-
arachnoid hemorrhage (SAH), isolated or associated
with parenchymal hemorrhages, is a rare presentation
of CVT, only reported as isolated case reports or in
small series. Up to now, 41 patients with complete ra-
diologic data have been reported with CVT-related SAH
out of which 32 presented isolated SAH and 26 have
been evaluated by MRI examination [1-23]. Systematic
studies investigating SAH occurring in CVT and using
T2* sequence are missing, and the incidence of this
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association is not known. Therefore, the main objective
of the present study was to evaluate the incidence and
the radiological findings, using T2*, of SAH associated
with CVT, with attention to the presence, location, and
distribution of associated cortical venous thrombosis
(CoVT).

This study is based on 22 patients seen in our institution
from 2003 to 2013 who had CVT presenting as SAH without
associated parenchymal hemorrhage.

Patients and methods

In our prospective registry of consecutive CVT patients,
we retrospectively analyzed the data of all subjects (22
patients) with SAH (in the absence of parenchymal
hemorrhage)-associated CVT between January 2003
and December 2013.

Non-contrast brain CT and MRI were obtained within 24 h
of admission and at 3 months of follow-up.

Brain CT was performed on a CT 64-slice multi-de-
tector row CT scan. CT imaging was obtained with 2.5-
mm section thickness through the posterior fossa with
5-mm section thickness through the supratentorial
hemispheres.

MRI was performed on a 1.5-T unit (GE Medical Sys-
tem) using a standardized protocol for brain examination,
including sagittal T1, axial fluid-attenuated inversion re-
covery (FLAIR), coronal T2SE, T2*, and diffusion-
weighted imaging (DWI) sequences, apparent diffusion
coefficient (ADC) map and 2D time-of-flight (TOF) MR
venography (MRV).

The diagnosis of both CVT and SAH was based on
MRI using the following criteria: (1) for CVT, presence
of intraluminal thrombosis in sinuses or veins on TI
(isointense or hyperintensity) or T2 (isointensity or
hyperintensity) and on T2* (hypointensity), associated
with a filling defect in venous structures on 2D TOF
MRYV; CoVT was recognized as a well-delineated, tubu-
lar, serpentine, or rounded hyposignal on T2*, and (2)
for SAH, presence of hyperintense subarachnoid signals
on FLAIR sequence, without associated hemorrhagic pa-
renchymal lesions on T2* sequence.

Clinical signs and etiological workup were recorded in de-
tail for all patients.

Non-hemorrhagic intraparenchymal lesions were clas-
sified as cortical swelling when there was a sulcus ef-
facement around the cortical SAH on FLAIR sequence,
as localized parenchymal edema when there was an
area of hypodensity on CT or of hyperintensity on
FLAIR and DWI, and as cortical infarction when the
DWI hypersignal was associated with ADC restriction

[5].
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Results

Among 332 patients with CVT, investigated during the
same period in our institution with the same CT and MR
standardized protocol, 33 (10 %) presented with SAH,
associated in 11 cases with hemorrhagic infarct or intra-
cerebral hemorrhage.

Thus, our study is based on the cohort of 22 patients
(6.4 %) who had CVT presenting as SAH without associated
parenchymal hemorrhage: 18 women and 4 men, mean age
39 years old (range 24-54).

CT and MR images were reviewed independently by a
neuroradiologist (MB) and a neurologist (IC) experienced
in CVT and blinded to the clinical and imaging findings.
There was a complete agreement in the assessment of
neuroradiological findings.

Baseline clinical, etiological, and radiological data are
summarized in Table 1.

Headache was present in 21 patients (95 %), and in
all, it was the initial symptom. Headache was of the
thunderclap type in only three patients (Table 1). All
patients received heparin (UFH or LMWH). One patient
(no. 2) died of pulmonary embolism at day 9. The 21
surviving patients all had an excellent 3-month functional
outcome.

SAH was visualized on non-enhanced CT in 7/22
cases. It was limited to a few sulci, appearing very slight-
ly hyperdense in two cases (Fig. la). On FLAIR se-
quence, SAH was localized unilaterally and in most cases
circumscribed to a few sulci at the convexities (21/22
cases) (Fig. 1b) (Table 1). In addition to convexity loca-
tion, SAH was present in the frontal parasagittal sulci
(Fig. 2) and in the distal sylvian fissure in respectively
one case each.

Twelve patients had a localized cortical swelling adjacent
to SAH, including five with additional localized subcortical
edema.

Sinus thrombosis was present in 21/22 cases. Thrombosis
affected both superior sagittal sinus (SSS) and lateral sinus
(LS) in 12 patients.

CoVT was present in all patients. It appeared in all
cases as a tubular, serpiginous strongly hypointense
structure on T2*, hyperintense on Tl in five cases,
and hyperintense on FLAIR and DWI in only one case.
CoVT was visibly adjacent to the area of SAH in all
cases (Figs. 1 and 2). When there was a sinus throm-
bosis, the cortical thrombus was always in continuity
with it (Fig. 2).

The vein most frequently involved was the vein of
Labbé (14 patients), always in association with ipsilat-
eral LS thrombosis. Frontal veins were involved in 11
patients, in association with SSS thrombosis in 10.
There was frequently an association of several CoVT
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Fig. 1 Case no. 3 non-enhanced
CT scan (a, short arrow) and
FLAIR images show cortical
subarachnoid hemorrhage (SAH)
at high right frontal convexity
with cortical swelling (b, short
arrow). FLAIR images show
additional SAH hyperintensities
at high parietal convexity (b, long
arrow). SSS thrombosis and
bilateral cortical vein thrombosis
(CoVT) are seen on CT (a, long
arrow). On T2*, CoVT appears as
tubular hypointense structures
converging to the SSS, adjacent to
the areas of SAH (c). Additional
thrombosis of left anterior frontal
veins is depicted (d, arrowhead).
Furthermore, an hypointense
signal in the right fronto-parietal
sulci, compared to the left one, is
consistent with blood in the
subarachnoid space (hemosiderin
deposition) (d, thin arrow)

(Table 1) (Figs. 1 and 2). In the two cases presenting
with bilateral frontal vein thrombosis, SAH was ob-
served bilaterally in the frontal areas. In two other
cases, limited SAH was observed in multiple areas.
CoVT was isolated in one case, involving the frontal
and parietal veins on the same side, and SAH was
localized at the ipsilateral fronto-parietal convexity.

Discussion

We report a series of 22 patients with CVT presenting as
isolated SAH, i.c., in the absence of brain hemorrhage. This
is the largest series so far. The incidence of concomitant CVT
and SAH, in the absence of cerebral bleeding, was of 6.4 % in
our experience.

SAH was observed at the brain convexity in 21 pa-
tients, and it was always localized, involving only a few
sulci. The diagnosis of SAH was overlooked on CT
scan in 15 patients because of the small amount of

@ Springer

blood. The diagnosis was based on MRI [24-26] which
is well established as superior to CT scan for presump-
tive diagnosis and localization of acute and subacute
low-grade SAH. The typical pattern is the presence on
FLAIR MRI of hyperintensities in subarachnoid spaces,
sometimes associated with hypointensities at the same
location on T2*.

In our series, all patients had CoVT and SAH was
invariably located adjacent to the thrombosis. CVT is a
well established but rare cause of SAH. The diagnosis
of CVT in a patient with SAH is crucial, because of the
need to treat CVT with heparin whereas, by contrast,
heparin is contraindicated in all other causes of SAH.
In patients presenting with isolated SAH, the diagnosis
of CVT is easy when there is a sinus thrombosis as in
21 of our patients. By contrast, the diagnosis is ex-
tremely difficult when there is an isolated cortical vein
thrombosis. Firstly, even in the absence of SAH, CoVT
is seriously difficult to diagnose, because cortical veins
are variable in number and location and because only
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the largest veins are detectable on MRV or CT venog-
raphy [24-26]. Secondly, when there is a SAH localized
at the convexity, it is sometimes impossible on FLAIR
sequence to differentiate it from a CoVT. T2* sequence
is then crucial, showing CoVT as an hypointense tubu-
lar structure while SAH appears as a slight hemosiderin
deposit [24-26].

Furthermore, as related in our series, SAH localized
at the fronto-parietal areas, even bilaterally, and/or at the
paragittal sulci should rise the possibility of thrombosis
of the SSS and/or of the frontal and parietal veins,
while SAH confined to the posterior temporal or
temporo-occipital convexity or at the distal sylvian fis-
sure suggests searching for signs of lateral sinus and
Labbé vein thrombosis. Thus, the localization of
convexal SAH appears to be a good indicator of the
involved venous structure.

Localized non-traumatic convexity SAH has diverse
causes that need to be ruled out, most commonly amy-
loid angiopathy and reversible cerebral vasoconstriction

Fig. 2 Case no. 1. FLAIR images show two locations of SAH: in the
fronto-parietal right sulci (short arrows) and in the left parasagittal sulci
(long arrow) (a). T2*, in the same plane, show the cortical thrombosed
vein adjacent to the area of SAH (b, short arrow) and hemosiderin
deposition in the left paragittal sulci) (b, long arrow)

syndrome (RCVS), but the pattern of clinical presenta-
tion is different, and other imaging signs are present
such as micro-bleeds in amyloid angiopathy and seg-
mental arterial vasoconstriction in RCVS [27-29]. An-
other important radiological clue in favor of CVT-
related SAH is the location purely at the convexity,
spearing the basal cisterns (2, 5-7, 10-12).

Different hypothesis have been suggested to explain
the occurrence of SAH in patients with CVT. A first
hypothesis is that sinus thrombosis increases the venous
pressure, thereby causing the dilatation and rupture of
the adjacent fragile, thin-walled cortical veins. This
could lead to the localized hemorrhage entering the
subarachnoid space [2, 11, 17, 30, 31]. Another hy-
pothesis is that SAH could be due to the secondary
rupture of parenchymal hemorrhagic lesions into the
subarachnoid space [2, 4, 17]. This was however not
the case in our patients since patients with brain hem-
orrhages were excluded. A third possibility is that the
extension of sinus thrombosis into cortical or cerebellar
veins causes a localized venous hyperpressure with sub-
sequent dilatation and eventually rupture of these veins.
Such a mechanism has been demonstrated in experi-
mental studies [32-34]. Our findings are in favor of
this last hypothesis, since there was in all cases a high
concordance between the location of SAH and CoVT,
which was in continuity with sinus thrombosis in 21
cases. Thrombosed cortical veins thus seem to be the
cause of isolated SAH in patients with CVT.

Conclusion

SAH in the presence of CVT is uncommon, occurring in
6.4 % of CVT in our experience.

This report shows that in CVT presenting as isolated
SAH, SAH is, in all cases, circumscribed and closely
adjacent to the area of cortical vein thrombosis and when
dural thrombosis is present in continuity with it. The
presence of acute and limited SAH of the convexity,
especially when basal cisterns are spared, should prompt
dedicated vascular imaging, including the venous system
along with T2* sequence.

Ethical standards and patient consent We declare that all human
studies have been approved by the Ethics Committee of our Institution
and have therefore been performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki and its later amend-
ments. We declare that all patients gave informed consent prior to inclu-
sion in this study.

We declare that we have no conflict of interest.
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