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Abstract

Purpose To develop a neuroradiological score in patients with deep cerebral venous thrombosis (DCVT), capable of assess-
ing extension of intracranial changes and venous occlusion at diagnosis; to assess the relationship between neuroradiological
and clinical features at follow-up.

Material and methods In 14 patients with DCVT, we developed 2 score systems on non-enhanced and contrast-enhanced CT:
Intracranial Imaging Score (IIS) and Venous Occlusion Imaging Score (VOIS). ISS considers parenchymal venous strokes,
hemorrhage, mass effect, and hydrocephalus; VOIS evaluates unilateral or bilateral venous occlusion extension. Modified
Rankin Scale (mRS) and vessel recanalization status were assessed at follow-up.

Results At diagnosis, higher IIS was related to bilateral venous thrombosis involvement (p 0,02; r:0,60), but parenchymal
strokes were not related to venous occlusion extension (unilateral or bilateral) (p > 0,05). Moreover, the symptoms’ onset
time did not correlate with the severity scores (p> 0,05). At follow-up, 8 out of 14 patients showed good clinical outcomes
with complete recanalization and neurological improvement, 1 patient showed a poor neurological outcome, whereas 5
patients died within 1 week. Positive correlations were found between IIS and mRS (p 0,003, r=0,73), between IIS and
vessels’ recanalization status (p 0,002, r=0,75), and between vessels’ recanalization status and mRS (p < 0,001, r=0,98).

Conclusion Neuroradiological scores may enhance diagnostic accuracy, and they may have a predictive significance. In
patients with DCVT, although intracranial involvement was not influenced by symptoms’ onset time or extension of venous
occlusion, clinical outcome was related to both intracranial involvement and venous recanalization state. Collateral venous
drainage status may counterbalance the thrombotic process improving prognosis.
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Cerebral venous thrombosis (CVT) is a serious and often
fatal medical condition with an increasing incidence,
accounting for about 0.5% of stroke patients and a preva-
lence of 5 per 1 million [1].

Oral contraceptives/hormone replacement, pregnancy,
and puerperium are the most common risk factors related
to CVT [2]. During the pandemic, increased risks of CVT
have been reported in COVID-19—positive patients [3,
4] and following the ChAdOx1 vaccine [5, 6]. Although the
most common clinical presentation involves dural sinuses,
CVT can potentially occur in every section of the cerebral
venous system [7]. A relatively uncommon and often over-
looked subset of CVT is the deep cerebral veins thrombosis
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(DCVT) involving the vein of Rosenthal, internal cerebral
veins, and vein of Galen [8]. DCVT is estimated in about
10% of patients with CVT, and it occurs as an isolated event
in approximately 1% or accompanies superficial cerebral
vein and sinus thrombosis in 15% of the cases [9], but only
a few studies explored clinical features of this subgroup of
patients [10].

The clinical presentation of DCVT may be multifaced
and puzzling. DCVT may cause coma with signs of decer-
ebration and extrapyramidal hypertonia, resulting in death
or resolve in several weeks but with disabling neurologic
sequelae [11]. Occasionally, it may show a more benign
presentation with mild symptoms of increased intracranial
pressure (ICP) and confusion with only minor neurologic
sequelae [12, 13].

Due to variable clinical and neuroradiological presenta-
tion, DCVT may be overlooked on initial brain non-contrast-
enhanced CT (NCCT) examination in patients with CVT
and diagnosis is even more difficult in patients with iso-
lated DCVT making the diagnosis challenging and delaying
treatment [8]. Because prompt anticoagulant therapy has a
great impact on CVT outcome, early diagnosis is essential,
especially in patients with involvement of the deep cerebral
veins [11].

Recently, thrombectomy and thrombolysis have been pro-
posed for the treatment of dural sinus thrombosis; however,
the evidence is still low and current guidelines do not recom-
mend them [14].

Neuroimaging examinations play a key role in the initial
diagnosis of CVT [15]. Although brain MRI shows bet-
ter diagnostic accuracy and may have a role in monitoring
thrombus dissolution during anticoagulant therapy, brain
CT is usually the first examination performed in an emer-
gency setting [16]. Several studies on dural sinuses throm-
bosis (DST) demonstrated that the sensitivity and specificity
for the direct visualization of the spontaneous hyperdense
thrombus on NCCT are low [17]. Only in 25% of patients
DST can be visualized with NCCT as an increased density
within the thrombosed dural sinus [18]. In DCVT, the spon-
taneous thrombus hyperdensity is more easily observed in
internal cerebral veins than the vein of Galen because the
latter one commonly appears hyperdense in normal subjects,
and clot identification may be challenging [11, 19].

Aside from venous thrombus hyperdensity, brain CT may
also provide information about brain parenchymal involve-
ment. In DCVT patients, a “butterfly-shaped” low density
in the basal ganglia and thalamus, indicating venous edema,
has frequently been described in the emergency setting [13,
20]. Bilateral involvement is common, but unilateral involve-
ment can also be seen [21], and probably venous collaterals
drainage plays a role in this variable presentation [22].

However, NCCT may be normal in about 10% of patients
[23] and the direct detection of DCVT thrombosis by
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contrast-enhanced CT (CeCT) remains the gold standard
for the diagnosis [24].

Neuroradiological features of DST have been exten-
sively studied, but studies on DCVT are scarce and a recent
meta-analysis reported available clinical data in only 120
patients with DCVT worldwide [10]. Quantitative stud-
ies about density measurements on involved dural venous
sinuses may improve NCCT accuracy for CVT diagnosis in
an emergency setting [25-27], while only a few studies have
quantified the veins’ density in DCVT [28]. Moreover, score
systems, aimed to assess the extension of CVT, have been
developed only in cerebral venous dural sinuses [29]; while
in patients with DCVT associated or not to DST, a com-
prehensive score system capable of assessing parenchymal
changes along with venous thrombosis extension or quantita-
tive venous density measurements is lacking.

The purposes of this study, in patients with DCVT,
were to (1) describe CT findings at the diagnosis based on
both parenchymal changes and vessel occlusion extension
in order to develop qualitative neuroradiological severity
scores, (2) assess quantitative measurements of density in
thrombosed deep brain veins and venous dural sinuses in
order to improve the diagnostic accuracy of NCCT, and (3)
evaluate neuroradiological and clinical features at diagnosis
and follow-up in order to predict the outcome.

Material and methods
Patients

Patients were identified by reviewing the hospital database
between 2008 and 2021, and 14 consecutive patients with
DCVT were collected.

The following items were recorded: age, gender, risk fac-
tors for venous thrombosis, clinical symptoms at the onset,
the interval from symptoms’ onset to diagnosis, D-dimer
values on admission, imaging modalities, neuroradiological
findings including the extent of thrombosis, parenchymal
edema and hemorrhage, treatment, in-hospital mortality, and
outcome (Table 1).

Patients were enrolled if the following inclusion criteria
were met: the patients received brain NCCT when admitted
to the emergency department, and DCVT was confirmed by
CeCT within the following 6 h. In studies where intravenous
iodinated contrast was administered 6 h after NCCT, patients
with unsatisfactory image quality due to motion artifacts and
patients with coexistence of other acute intracranial brain
diseases or recent brain surgery were excluded.

Moreover, we selected asymptomatic patients without
CVT (“healthy controls”), paired up with the previous
ones according to gender and age, who underwent NCCT
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Table 1 Demographic, clinical, and neuroimaging characteristics of enrolled patients with deep venous cerebral thrombosis

Patient Age (years)  Gender (F/M)  Risk factors Neurological status ~ Neuroimaging Follow-up neuroimaging Therapy Neurological
on admission (time studies during studies (1-3 months) outcome (MRS)
between symptoms’  hospitalization
onset and CT diag-

nosis)

1 57 F Thrombophilia Headache, motor NCCT, CeCT Imaging: UFH, LMWH 3 months: 1
deficit, language MR +C+MRV MR +C+MRV 6 months: 0
disorder (4 days) Vessels: complete

recanalization

2 52 F ChAdOx]1 vaccine Headache, conscious- NCCT, CeCT _ UFH Death
ness disturbance
(0 days)

3 43 M _ Headache, seizures, NCCT, CeCT Imaging: UFH, LMWH 3 months: 1
motor deficit, MR +C+ MRV MR +C+MRV 6 months: 0
consciousness dis- Vessels: complete
turbance, language recanalization
disorder (1 day)

4 32 F Thrombophilia, Consciousness dis- NCCT, CeCT Imaging LMWH 3 months: 2

estroprogestins turbance, language MR +C +MRV 6 months: 2
disorder (7 days) Vessels: complete
recanalization

5 42 F Estroprogestins Headache, conscious- NCCT, CeCT Imaging: UFH, LMWH 3 months: 0
ness disturbance MR +C+MRV MR +C+ MRV 6 months: 0
(5 days) Vessels: complete

recanalization

6 69 F Thrombophilia Motor deficit, NCCT, CeCT Imaging: CT, CTA UFH, LMWH 3 months: 2
consciousness dis- Vessels: partial reca- 6 months: 4
turbance (0 days) nalization

7 43 F Thrombophilia, Headache, conscious- NCCT, CeCT Imaging: UFH, LMWH 3 months: 0

estroprogestins ness disturbance, MR +C+MRV 6 months: 0
motor deficit, Vessels: complete
language disorder recanalization
(6 days)

8 43 M Thrombophilia Headache, conscious- NCCT, CeCT Imaging: LMWH 3 months: 1
ness disturbance MR +C+MRV MR +C+MRV 6 months: 0
(3 days) Vessels: complete

recanalization

9 58 M Covid-19 infec- Seizures, conscious- NCCT, CeCT _ LMWH Death

tion ness disturbance
(3 days)

10 48 F Thrombophilia Headache, conscious- NCCT, CeCT _ UFH Death
ness disturbance
(2 days)

11 43 M Thrombophilia Headache, conscious- NCCT, CeCT, Imaging: LMWH 3 months: 1
ness disturbance MR +C+MRV MR +C+ MRV 6 months: 0
(3 days) Vessels: complete

recanalization

12 58 M _ Seizures, conscious- NCCT, CeCT _ LMWH Death
ness disturbance
(3 days)

13 57 F Thrombophilia Headache, motor NCCT, CeCT Imaging: UFH, LMWH 3 months: 1
deficit, language MR +C+MRV MR +C+MRV 6 months: 0
disorder (4 days) Vessels: complete

recanalization

14 52 F _ Headache, conscious- NCCT, CeCT _ UFH Death
ness disturbance
(0 days)

NCCT, non-contrast-enhanced CT; CeCT, contrast-enhanced CT; MR+ C+MRV: MR examination with MR venography and contrast adminis-
tration; UFH: unfractioned heparin; LMWH, low molecular weight heparin

and CeCT for the routine follow-up of brain aneurysms;  enrolled patients had received subcutaneous injections of
none of them showed intracranial hemorrhage at NCCT. low molecular weight heparin (LMWH) according to the

The optimal treatment protocol for DCVT patients was  patient’s weight or unfractionated heparin (UFH) during
made individually according to current guidelines [14]. All  hospitalization. Thereafter, oral anticoagulant therapy was

@ Springer



2052

Neurological Sciences (2023) 44:2049-2060

Intracranial
changes

Venous system
occlusion

Fig.1 Brain CT features in patients with venous system throm-
bosis. Axial unenhanced CT (a—j); enhanced CT (k-n). Intracra-
nial changes. (1) Topographic distribution of parenchymal density
changes: unilateral thalamus edema (left-side hypodensity, arrow
in a); thalami edema (bilateral hypodensity, arrows in b); unilateral
thalamus and basal ganglia edema (left-side hypodensity, arrows in
c); thalami and basal ganglia edema (bilateral hypodensity, arrows
in d); other parenchymal venous strokes (left temporal edema, arrow

continued for at least 6 months. The dose of warfarin was
adjusted to achieve a target international normalized ratio
(INR) between 2 and 3.

None of the patients underwent a thrombectomy. Neu-
rological sequelae at follow-up visits were also recorded.
The clinical outcome at 3 months was evaluated by a
stroke neurologist according to the modified Rankin Scale
(mRS) [30]. The long-term clinical outcome (6 months)
was documented by mRS using a structured telephone
interview.

Imaging technique

All patients underwent multimodal brain CT imaging,
including NCCT and multiphase computed tomography
angiography (mCTA).

Briefly, CT imaging was performed using a 64-multi-
slice CT (GE MEDICAL SYSTEM Optima CT660 645,
GE Healthcare, Milwaukee, Wisconsin).
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in e). (2) Hemorrhage: unilateral parenchymal hemorrhage (arrow
in f); bilateral parenchymal hemorrhage (arrows in g); intraventricu-
lar hemorrhage (arrowhead in g). (3) Mass effect: midline shift (h);
hydrocephalus (asterisks in i, j). Venous system occlusion. (1) Dural
sinuses thrombosis (DST): unilateral (arrow in k) or bilateral (arrows
in 1) transverse and sigmoid sinuses involvement. (2) Deep cerebral
veins thrombosis (DCVT): unilateral (arrow in m) or bilateral (arrows
in n) cerebral internal veins involvement

Acquisition parameters for NCCT were 120 kv and 44
mAs, and the acquisition duration was 9 s. Acquisition
parameters for mCTA were 100 kV and 4 mAs, and acqui-
sition duration was 21 s; after administration of 80 mL of
contrast media at 4 mL/s flow, the acquisition was com-
posed of three subsequent phases (separated by an interval
of 8 s): The first phase (acquired in the arterial phase)
extends from the aortic arch to the vertex, and the next two
phases (acquired in the early and late venous phases) from
the occipital foramen to the vertex.

Imaging analysis

On the first available acute NCCT performed at symptoms’
onset, image-based classification systems were designed
considering the topographic distribution of intracranial
lesions (unilateral vs. bilateral thalami; edema in basal gan-
glia and other brain regions; parenchymal and ventricular
hemorrhage), mass effect (midline shift), and hydrocephalus
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Fig.2 Mean attenuation values in the different sinuses segments
and deep veins in patients with dural sinuses and deep cerebral veins
thrombosis. Axial unenhanced CT (a-h). (1) Dural sinuses attenua-
tion by tracking a round ROI in standardized regions of the cerebral
dural venous system: posterior superior sagittal sinus (red round ROI

development. The Intracranial Imaging Score (IIS) was
developed, assigning 1 point for each item, and the Venous
Occlusion Imaging Score (VOIS) was developed, consid-
ering major venous dural sinuses, deep veins system, and
cortical veins involvement, assigning either 1 or 2 points
for unilateral or bilateral absence of contrast opacification
on CeCT (Table 2; Fig. 1). Higher scores indicated a severer
neuroradiological involvement.

Two independent neuroradiologists with 14-year expe-
rience performed quantitative image analysis both in the
DCVT group and in the control group. They were asked to
measure (1) dural sinuses attenuation by tracking a round
large ROI in standardized regions of the cerebral dural
venous system such as posterior superior sagittal sinus, the
confluence of the venous sinuses (Torcular Herophili), left
and right transverse-sigmoid sinus passage, without includ-
ing the adjacent bone, CSF, or dura; (2) deep venous system
attenuation by drawing a round small ROI within internal
cerebral veins and vein of Galen without including adjacent
structures (Fig. 2).

in c), Torcular Herophili (red round ROI in d), transverse-sigmoid
sinus passage (red round ROI in d). (2) Deep venous system attenua-
tion by drawing a round small ROI within internal cerebral veins (red
round ROl in g), vein of Galen (red round ROI in h)

Average Hounsfield Unit (HU) was defined as the mean
density of all above dural sinus segments and structures
of the deep venous system in the control group and the
mean density of dural sinus segments and structures of the
deep venous system involved by thrombosis in the DCVT
group.

An identical method of measurement in the lumen of
the intracranial non-calcified portion of the internal carotid
artery (ICA) was recorded in order to compare arterial val-
ues with venous measurements.

Because normalized ratios of HU to hematocrit have been
proposed to improve the accuracy in detecting CVT on an
NCCT [27], subjects were required to have a hematocrit
drawn within 24 h of NCCT scan performance for calcula-
tion of an HU/hematocrit (HU/H) ratio. If more than one
hematocrit was available, the lab value most closely approxi-
mating the time of CT imaging was considered.

Veno-arterial (VA) difference was calculated by subtract-
ing the internal carotid artery attenuation from the mean
sinus density or mean deep veins density.
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Fig.3 Receiver operating characteristic curves for quantitative
parameters in dural sinuses and deep cerebral veins thrombosis. Dif-
ferences between average HU, HU/H ratio, and VA difference meas-
urement in evaluating dural sinuses thrombosis (a) and deep cerebral
veins thrombosis (b). Dural sinuses thrombosis (DST): average HU
values>61: AUC 0,98 (95% CI 0,95-1,01); HU/H ratio> 1,5: AUC

Follow-up CT or MRI at 1-3 months was evaluated for all
alive patients and was compared directly with initial imaging
studies to categorize the recanalization status into three types:
complete, partial, or no recanalization.

Statistical analysis

Descriptive statistics were expressed as the median and inter-
quartile range [IQR] for continuous variables if not otherwise
specified.

Pearson correlation was used to compare the neuroradiologi-
cal scores and the time window between symptoms’ onset and
radiological confirmation on CT, the IIS and VOIS, the neuro-
radiological severity scores and the mRS, the neuroradiologi-
cal severity scores and the vessels recanalization status, and the
vessels recanalization status and the mRS. The rank correlation
was used to compare parenchymal stroke extension (unilateral
versus bilateral) and VOIS.

Mann—Whitney test was used to assess the difference between
patients and controls about average HU, HU/H, and VA both in
the dural sinuses and deep venous system. Pearson correlation
was also used to compare quantitative HU measurements (aver-
age HU, HU/H, VA difference) both in dural sinuses and deep
venous system and the neuroradiological severity scores, quan-
titative HU measurements and the mRS, and quantitative HU
measurements and the vessels recanalization status.

About the average density of the vein system, receiver operat-
ing characteristic (ROC) curves analysis and area under the curves
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Deep venous system thrombosis

0,95 (95% CI 0,88-1); VA HU values difference>20: AUC 0,89
(95% CI 0,79-0,99). Deep cerebral veins thrombosis (DCVT): aver-
age HU values>48,5: AUC 1 (95% CI 1-1), HU/H>1,13: AUC 1
(95% CI 1-1); VA HU values difference >6,5: AUC 0,96 (0,92-1).
AUC: area under the curve; HU: Hounsfield unit; Hounsfield unit/
hematocrit ratio: HU/H ratio; veno-arterial (VA) difference

Table 2 Radiological severity scores in patients with deep venous
cerebral thrombosis

Intracranial lesions Score
Topographic criteria Unilateral thalamus 1
Bilateral thalami 2
Unilateral basal ganglia 1
Bilateral basal ganglia 2
Other parenchymal areas 1
Hemorrhage Parenchymal infarction 1
Intraventricular hemorrhage 1
Mass effect Midline shift 1
Complications Hydrocephalus 1
Venous system involvement
Dural sinus Unilateral thrombosis 1
Bilateral thrombosis 2
Deep venous system Unilateral thrombosis 1
Bilateral thrombosis 2
Cortical veins Unilateral or bilateral throm- 1

bosis

(AUC) were used to determine optimal cut-off values capable of
differentiating patients with thrombosis from patients without throm-
bosis at early CT.

Statistical significance was set at P<0.05. Statistical analyses
were conducted using Statistical Package for the Social Sciences
(SPSS) for Windows version 25.0 (SPSS Inc., Chicago, IL,
USA).
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Results

The clinical, neuroimaging, and treatment data are sum-
marized in Tables 1, 2, and 3.

Clinical data

A total of 14 adults were included in the study. The median
age was 51 years [IQR 43-58]. The mean time between
symptoms’ onset and diagnostic confirmation on CT was
3,1 days (range: 0-7 days).

At diagnosis, 12 out of 14 patients showed headache
and change of consciousness progressing to coma and 5
patients died during the in-hospital stay. They were fre-
quently accompanied by focal neurological deficits such as
motor deficits and language disorders (Table 1).

CT imaging score in the acute setting

These data demonstrate that, in patients with DCVT, the
overall clinical prognosis is influenced mainly by the
severity of intracranial involvement.

The first NCCT available at the symptoms’ onset
revealed intracranial changes with a variable severity
spectrum, while CeCT revealed a variable unilateral or
bilateral venous occlusion involving both dural sinuses
and the deep venous system.

Higher scores in neuroradiological scales (IIS, VOIS)
were related to severer intracranial changes and bilateral
venous occlusion (Table 3); a positive correlation between
IIS and VOIS was found (p 0,02, r: 0,60), but no corre-
lation between parenchymal involvement (unilateral vs.
bilateral) and venous occlusion extension and between
neuroradiological severity scores and symptoms’ onset
time was found (p > 0,05) (Table 4).

Vessel HU analysis

Mean density, mean HU/H ratio, and VA differences, meas-
ured on initial NCCT, were significantly higher in sinus seg-
ments and deep veins involved by CVT than in patent ones of
the control group (dural sinuses: 70,03 +6,63 vs. 56,17 +4,21
HU, p<0.0001; 1,76 +0,29 vs. 1,38 +0,11, H/H, p <0.0001;
24.25+4,17 vs. 15,17+5,79 VA differences, p <0.0001. Deep
venous system: 56,89 +3,13 vs. 38,76 +3,41 HU, p<0.001;
1,44 +0,28 vs. 0,95+0,06 H/H, p<0.001; 11,10+6,99
vs.—2,23+4,29 VA differences, p <0.0001) (Table 5). The
distribution of hematocrit values was normal both in patients
and the control group. The median hematocrit of the study
population was 40,4% (range: 37-45), while in the control
group, it was 40,7% (range: 37-45).

In order to determine optimal threshold criteria for
absolute attenuation values and standardized HU values,
receiver operator curves (ROC) were derived both for
dural sinuses and deep venous systems. The AUC for HU
values related to DVCT and DST demonstrated an excel-
lent diagnostic value. In the identification of DST, HU
values greater than 61 showed AUC 0,98 (95% C1 0,95-1)
with a sensitivity of 93% and a specificity of 82%, a HU/H
ratio greater than 1,5 as a stand-alone value showed AUC
0,95 (95% CI1 0,88—1) with a sensitivity of 93% and a spec-
ificity of 75%; VA difference greater than 20 HU showed
AUC 0,89 (95% CI 0,79-0,99) with a sensitivity of 93%
and a specificity of 79%.

In the identification of DCVT, HU values greater than
48,5 were pathognomonic with AUC 1 (95% CI 1-1);
also, HU/H ratio greater than 1,13 showed AUC 1 (95%
CI 1-1); VA difference greater than 6,5 HU showed AUC
0,96 (0,92-1) with a sensitivity of 86% and specificity of
99% (Table 6; Fig. 3). No correlation between quantitative
venous HU measurements and neuroradiological scores
was found (p > 0,05).

Imaging findings and neurological outcome
at the follow-up

Follow-up CT and/or magnetic resonance imaging (MRI)
scans, whenever available (9 out of 14 patients), ranged
from 15 days to 3 months (Table 1). By 3 months, 8 patients
showed a complete recanalization and 1 patient showed par-
tial recanalization with complete or almost complete regres-
sion of the parenchymal lesions. Among patients who died
by the first week of in-hospital stay, short-term follow-up
CeCTs were performed in 3 patients, and they did not show
recanalization.

Neurological examination at 3 months and 6 months fol-
low-up visit is shown in Table 1.

A positive correlation between the IIS at the diagnosis
and mRS (p 0,003, r=0,73), between the IIS and vessels
recanalization status (p 0,002, r=0,75), and between the ves-
sels recanalization status and mRS (p < 0,001, r=0,98) was
found; on the other hand, no correlation was found between
quantitative venous HU measurements and mRS, between the
VOIS and mRS, and between quantitative HU measurements
and vessels recanalization status (p > 0,05) (Table 4).

Discussion

The clinical presentation of CVT is multifaced [31], and
whether the diagnostic suspect may be based on clinical
symptoms, diagnostic confirmation requires neuroimaging
studies [32-34]. Clinical presentation of CVT may vary
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Table 3 Radiological findings on brain CT in an emergency setting

Intracranial lesions on unenhanced brain CT

Venous occlusion on enhanced brain CT

Patient Lesions Type of Mass effect Hydrocephalus ICIS Dural sinus Deep venous Cortical veins VOIS
distribution hemorrhage system
1 T (1), BG (1) Parenchymal Yes No TS (r-1) SepV, SuTV(r-1) No 4
hemorrhagic ICV (1)
infarction (1) GV
2 T (r-1), BG (-1) ~ Parenchymal Yes Yes IV, SIGMS and ICV (r-]) No 3
hemorrhagic TS (1) GV
infarction (r-1), SS RV (r)
intraventricular
hemorrhage
3 T (r-1), BG (1) Yes No SS ICV (r-]) No 3
GV
4 T (r-1) Parenchymal No No 1V, SIGMS and ICV (1) No 2
hemorrhagic TS (1) GV
infarction (r-1) SS
5 T (r-1) _ Yes No Vv, SIGMS and  ICV (r-1) No 3
TS (1)
SS
6 T (1) Parenchymal Yes No IV, SIGMS and ICV (r-]) No 3
hemorrhagic TS () GV
infarction (1), SS
intraventricular
hemorrhage
7 T (), C (v), Parenchymal No No UV @D); SIGMS  ICV (r-]) No 4
Parieto-occipital hemorrhagic and TS (I; 1) GV
areas (1) infarction SS
8 T _ No No IV, SIGMS and ICV (1) No 2
TS() GV
SS
9 T (r-1), BG (r-1) Parenchymal Yes Yes 1V, SIGMS and  SepV, SuTV(r-1) No 4
Fronto-parietal hemorrhagic TS (r-1) ICV (1)
areas (r) infarction, SS, SSS and ISS RV (r-])
intraventricular GV
hemorrhage
10 T® _ Yes Yes TS () ICV (-]) No 3
SS, ISS GV
11 T () _ No No SIGMS and TS(1) ICV (1) No 2
SS GV
12 T (r-1), BG (-1)  Parenchymal Yes Yes IV, SIGMS and  SepV, StTV(r-) No 4
hemorrhagic TS (r-1) ICV (r-])
infarction, SS, SSS and ISS RV (r-])
intraventricular GV
hemorrhage
13 T (1), BG (1) Parenchymal Yes No TS (r-1) StrTV(r-1) No 4
hemorrhagic ICV (1)
infarction (1) GV
14 T (r-1), BG (-1)  Parenchymal Yes Yes SIGMS and TS  ICV (r-]) No 3
hemorrhagic ()} GV
infarction (r-1), SS RV (r)
intraventricular
hemorrhage

BG, basal ganglia; T, Thalamus; C, Cerebellum; /CV, internal cerebral vein; GV, Galen vein, RV, Rosenthal Vein; SepV, septal vein; StrTV, stri-
ated thalamus vein; ISS, inferior sagittal sinus; SSS, superior sagittal sinus; SS, straight sinus; 7, transverse sinus; SIGMS, sigmoid sinus; IJV,
internal jugular vein; UT, unilateral thalamus; BT, bilateral thalami; r, right; I, left; ICIS, IntraCranial Imaging Score; VOIS, Venous Occlusion
Imaging Score
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depending on brain parenchymal involvement, the site exten-
sion of the thrombosis, and symptom duration [35], making the
outcome hardly predictable [13, 20]. The diagnosis of CVT may
be difficult, and the diagnostic delay may cause an extension of
thrombosis across multiple venous sinuses or veins and worse
venous infarcts leading to major long-term sequelae [36, 37].
Delay may be even longer in patients with DCVT [8].

The first goal of our study was to assess, in patients with
DCVT, at the diagnosis, both intracranial changes and venous
occlusion extension in order to develop a qualitative venous sys-
tem neuroradiological severity score. NCCT revealed thalami
and basal ganglia venous strokes with or without hemorrhagic
infarction, effect mass, and hydrocephalus, although the interval

between the symptoms’ onset and confirmatory CT was varia-
ble. The cumulative effect of these lesions predisposes patients
to a different neuroradiological severity spectrum.

We found unilateral involvement of the thalamus in 7
patients, and according to previous reports, the left thalamus
stroke was more frequent (6 out of 7) than the contralateral
one, probably because the venous nondominant anatomic left
side predisposes the deep left-sided system to an early insuf-
ficient collateral venous drainage [38].

All patients with DCVT also showed involvement of dural
venous sinuses, probably because DCVT was superimposed
on a preexisting DST at a variable time from the symptom
onset.

Table 4 Correlation among

imaging and clinical features At diagnosis
in patients with deep venous IIS
thrombosis
IIS
Unilateral versus bilateral venous
strokes

At follow-up
1S
VOIS
1S
VOIS

Venous recanalization status

Time window between symptoms’ onset  p 0,25, r:—0,32

and CT diagnosis
VOIS p 0,02, r: 0,60
VOIS p 0,95, p=-0,019
mRS score p 0,003, r=0,73
mRS score P044,r=0,22
Venous recanalization status p 0,002, r=0,75
Venous recanalization status P 0,39, r=0,25
mRS score p<0,001, r=0,98

118, Intracranial Imaging Score; VOIS, Venous Occlusion Imaging Score; mRS score, modified Rankin

Scale

Table 5 Density measures of dural sinuses and deep venous thrombosis at brain CT diagnosis

Dural sinuses

Deep venous system

HU Sinuses HU Sinuses/ HU Sinuses- HU ICA HU ICV HU ICV /Hematocrit HU ICV—HU ICA
Hematocrit
Patients 70,03+ 6,63 1,76 +£0,29 2425+4,17 56,89+3,13 1,44+0,28 11,10+6,99
Controls 56,17+4,21 1,38+0,11 15,17+5,79 38,76 +3,41 0,95+0,06 -2,23+4.29
p value <0,001 <0,001 <0,001 <0,001 <0,001 <0,001

ICV, internal cerebral vein; ICA, internal carotid artery; HU, Hounsfield unit

Table 6 Sensitivity and specificity of density measurements in cerebral venous thrombosis evaluation

Criterion Cut-off value AUC (95% IC) Sensitivity % Specificity % p value
(HU)

HU sinuses >61 0,985 (0,955-1,014) 93% 82% <0,0001
HU sinuses/hematocrit >1,5 0,954 (0,887-1) 93% 75% <0,0001
HU sinuses — HU ICA difference >20 0,898 (0,796-0,999) 93% 79% <0,0001
HU DCV >48.5 1(1-1) 100% 100% <0,0001
HU DCV/hematocrit >1,13 1(1-1) 100% 100% <0,0001
HU DCV - HU ICA >6,5 0,96 (0,92-1) 86% 99% <0,0001

DCYV, deep cerebral veins; ICA, internal carotid artery; HU, Hounsfield unit
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We assessed both intracranial involvement and venous
occlusion extension by means of two different score sys-
tems (IIS and VOIS). We found that, although the bilateral
thrombotic involvement was related to a higher IIS, venous
strokes were not always related to bilateral venous occlu-
sion. Moreover, IIS and VOIS scores were not related to the
timing of symptoms’ onset. Altogether, these findings sug-
gest that the variable picture of intracranial changes may be
influenced by individual anatomical factors, and venous sys-
tem drainage status has been suggested as possible co-factor
influencing, in some cases, hydrocephalus development and
midline shift [22].

The second aim was to assess quantitative measurements
of density within thrombosed deep brain veins and venous
sinuses in order to evaluate the accuracy of NCCT in iden-
tifying patients with DCVT.

Previous studies reported that, in the dural sinuses sys-
tem, qualitative NCCT evaluation is not accurate to detect
DST because the hyperdense appearance of sinus may also
be appreciated in the non-thrombotic dural venous system
due to partial volume effects caused by adjacent bony struc-
tures [39].

On the other hand, some quantitative studies reported that
HU values on NCCT as single values or along with hemato-
crit (HU/H ratio) can improve diagnostic accuracy in detect-
ing sinus dural thrombosis than visual assessment alone;
however, the sensitivity and specificity of HU values varied
among studies mainly due to heterogeneity in study design,
patients features, imaging methods, and standard reference
[15, 25, 28, 40]. Accordingly, our data demonstrated a sig-
nificant difference in venous sinuses densities and standard-
ized HU measurements between groups of patients with DST
and controls [16, 40], confirming that quantitative values
may improve the diagnostic accuracy of NCCT in detecting
venous thrombosis. Venous sinuses’ HU attenuation thresh-
old values greater than 61 HU, a HU/H greater than 1.5, or a
difference greater than 20 HU between venous and arterial
HU were excellent values, capable of identifying throm-
bosed dural sinuses with the best combination of sensitivity
and specificity. In thrombosed dural sinuses, we found HU
cut-off values slightly lower than previously reported [16,
40], and it could be due to the subacute stage of clot at the
time of CT examination. Conversely, only few quantitative
studies evaluated the veins of the deep venous system; it is
probably due to the high diagnostic confidence of attenuated
deep vein sign in the correct detection of the thrombosed
deep cerebral veins on qualitative NCCT evaluation because
these veins are much less prone to partial volume artifacts
due to their localization [39].

@ Springer

In agreement with previous studies, we found that the
diagnostic accuracy of the quantitative NCCT evaluation
was excellent [28] in patients with DCVT, and deep veins
HU attenuation threshold values greater than 48,5 and HU/H
greater than 1,13 were pathognomonic of thrombosis in cer-
ebral deep veins.

No correlation was found between quantitative HU meas-
urements of the venous system and the neuroradiological
severity scores. This finding suggests that the age of the clot
is not associated with the severity of intracranial changes or
thrombotic extension, probably because other causes may
play a role in this process [11].

The last goal was to compare both neuroradiological
severity scores and CT quantitative density measurements
with neurological sequalae and vessel recanalization status
in order to predict the clinical outcome.

The overall prognosis was good in 70% of patients, while
in 30%, it worsened to death. We found a positive corre-
lation between IIS and mRS scores, between the venous
recanalization status and mRS score, and between IIS and
the venous recanalization status, while we found no cor-
relation between the symptoms’ onset time and mRS score,
between VOIS and mRS scores, between quantitative HU
measurements and the mRS score, and between quantita-
tive HU measurements and the venous recanalization sta-
tus. These data demonstrate that, in patients with DCVT,
the overall clinical prognosis is influenced mainly by the
severity of parenchymal changes and marginally by symp-
toms’ duration or the venous occlusion extension. Edema,
hemorrhage, and mass effect represent indirect imaging
signs of venous stroke, and altogether, these findings may
be linked to a more severe clinical outcome, while uni- or
bilateral involvement was unremarkable. Recanalization of
thrombosed veins frequently occurs in patients in whom the
parenchymal damage was less severe. This finding may have
several explanations, but probably a key role may be played
by draining collateral veins [11] which allows a longer time
for an anticoagulant to act, increasing the effectiveness of
anticoagulant action on thrombosed veins.

We are aware that the retrospective design of the study and
the small sample size may be considered a study limitation,
and multicenter studies are warranted to confirm these results.

Further studies should clarify whether either anticoagu-
lant therapy or draining collaterals’ status is an independent
contributor to prognosis or whether better-draining collaterals
status may improve prognosis by enhancing the effectiveness
of anticoagulant therapy. This topic might have a possible
therapeutic relevance because it might explain the variable
effectiveness of anticoagulant therapy in patients with CVT.
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Conclusion

Quantitative and qualitative CT assessment in patients with
DVCT has a diagnostic relevance. Although the severity of
intracranial involvement was not influenced by the time of
symptoms’ onset or extension of venous occlusion, clinical
outcome was related to intracranial involvement and venous
recanalization. The role of draining collateral veins should be
studied because it may determine the severity of parenchymal
changes and because it may have therapeutic relevance.

Data Availability The data that support the findings of this study are
available upon reasonable request.
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