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Background. The aim of the study was to investigate the sensitivity and specificity of non-contrast computed tomog-
raphy (NCCT) in the diagnosis of cerebral venous sinus thrombosis (CVST).

Methods. Screening our neurological department database, we identified 53 patients who were admitted to neu-
rological emergency department with clinical signs of CVST. Two independent observers assessed the NCCT scans
for the presence of CVST. CT venography and/or MR venography were used as a reference standard. Interobserver
agreement between the two readers was assessed using Kappa stafistic. Attenuation inside the cerebral venous
sinuses was measured and compared between the patient and the control group.

Results. CVSTwas confirmed in 13 patients. Sensitivity and specificity of NCCT for overall presence of CVST were 100%
and 83%, respectively, with Kappa value of 0.72 (a good agreement between observers). The attenuation values
between CVST patients and control group were significantly different (73.4 £ 14.12 HU vs. 58.1 £ 7.58 HU; p = 0.000).
The ROC analysis showed an area under the curve (AUC) of 0.916 (95% Cl, 0.827 — 1.00) and an optimal cutoff value
of 64 HU, leading to a sensitivity of 85% and specificity of 87%.

Conclusions. NCCT as a first-line investigation has a high value for diagnosis of CVST in the emergency setting. The

additional measurement of the sinus attenuation may improve the diagnostic value of the examination.
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Introduction

Due to the diversity of underlying factors and the
absence of a uniform treatment approach, diag-
nosis and management of patients with cerebral
venous sinus thrombosis (CVST) remain a chal-
lenging task.! CVST represents 0.5% to 1% of all
strokes and affects approximately 5 patients per
million every year, but has a higher frequency
among younger patients.’* Typical acquired risk
factors include recent surgery, trauma, pregnancy,
postpartum state, antiphospholipid syndrome,
cancer and use of oral contraceptives. Cases of in-
herited thrombophilia include Antithrombin III,
Protein C and Protein S deficiency, factor V Leiden
positivity, prothrombin gene mutation and hyper-
homocisteinemia.'* Infection of parameningeal
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spaces (ears, paranasal sinuses, oral cavity, face
and neck) is common cause of CVST in pediatric
population?>, but rare in adults.®

The symptoms of CVST are not specific. The
most common complaint is headache which occurs
in up to 90% of patients.” Additionally, abnormal
vision, any of the symptoms of stroke and seizures
have been described.” In the past D-dimer levels ap-
peared to be of value as an initial screening test. A
study in 2004 evaluated the sensitivity of D-dimer
to be 97.1% and specificity 99.1%.8 However, later
studies showed that up to 10% of patients with
CVST have a normal D-dimer.’

As it is fast, affordable and widely available,
non-contrast computed tomography (NCCT) is the
most frequently performed imaging study for eval-
uation of patients with new headache, focal neuro-
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FIGURE 1. 19-year-old female with thrombosis (arrow) of the left transverse sinus (LTS)
(A) and superior sagittal sinus (C), confirmed by CT venography in sagittal (B) and
axial (D) reconstruction. Average attenuation inside the LTS was 83.6 HU.

logical abnormalities, seizure, or change in mental
status. A typical imaging finding in patients with
CVST is direct visualization of a hyperattenuat-
ing thrombus in the occluded sinus (dense sinus
sign).?® Occasionally, NCCT may only show indi-
rect signs of thrombosis, including diffuse brain
edema and parenchymal hemorrhage.!? Sensitivity
of NCCT in the diagnosis of CVST was previously
considered rather poor.?!* However, using mod-
ern multidetector row CT scanners, recent studies
report higher sensitivity and specificity values.* In
addition, Buyck et al. suggest measurement of the
venous sinus attenuation to increase the diagnos-
tic yield of the examination.’® Therefore, the goal
of the present study was to evaluate the diagnostic
accuracy of NCCT in the diagnosis of CVST in the
emergency setting.

Patients and methods

The study was performed in accordance with the
Declaration of Helsinki and was approved by the
Institutional Review Board Committee.
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Subjects

Screening our neurological department database,
we retrospectively identified 53 patients (37 wom-
en, 16 men; mean age, 42 years; age range, 17—82
years) who were admitted to neurological emer-
gency department from July 2008 to May 2013 with
clinical signs of CVST. The following inclusion cri-
teria were defined: NCCT had to be performed on
admission and at least one of the reference imaging
modalities, i.e. CT venography and/or MR venog-
raphy had to be performed in 24 hours from ad-
mission.

CT image acquisition

All CT images were acquired on Somatom
Sensation 40 Open system (Siemens, Erlangen,
Germany). The following scanning parameters
were used: 120 kV, 220 mAs, section thickness of 3
mm below the tentorium and 120 kV, 260 mAs and
section thickness of 4.8 mm above the tentorium.

Image interpretation

NCCTs were assessed for the presence of direct and
indirect signs of CVST by two experienced neuro-
radiologists, using a standard picture archiving
and communication system (PACS) workstation.
Observers were blinded to the clinical data and
patient identification. Readings were randomized,
and standardized evaluation forms were used to
ensure the systematic evaluation of the following
structures: superior sagittal sinus (SSS), straight
sinus (SS), inferior sagittal sinus (ISS), right and
left transverse sinuses (RTS, LTS), and right and
left sigmoid sinuses, (RSS, LSS). Additionally, right
and left internal cerebral vein (RICV, LICV), vein of
Galen (VG), right and left basal vein of Rosenthal
(BVR), right and left thalamostriate vein (TSV) and
cortical veins were assessed. Attenuation inside the
thrombosed venous sinus was measured. If no ve-
nous structure was classified as thrombosed, mean
attenuation of up to three venous sinuses that
could be reliably differentiated from surrounding
brain parenchyma was documented. Presence of
parenchymal hemorrhage or edema was also not-
ed. Finally, observers had to decide regarding the
overall presence or absence of CVST and rate their
diagnostic confidence on a scale from 1 (absolutely
certain) to 5 (uncertain).

After having evaluated all NCCTs, readers re-
viewed all available imaging data, including fol-
low-ups of any respective patient to obtain a ref-
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erence standard. In this manner, they determined
the overall presence of CVST, the involvement of
individual venous structures and the presence of
parenchymal hemorrhage or edema.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Macintosh, Version 20.0. (IBM Corp.,
Armonk, NY, USA) software package. Based on col-
lected data, we calculated the specificity and sensi-
tivity of NCCT for diagnosis of CVST. Agreement
between the two observers was assessed using
Kappa statistic.’®

Patients in whom the diagnosis of CVST was ex-
cluded were used as a control group for the second
part of the study. Average venous sinus attenua-
tion value of individual subject from the CVST
patient group and the control group was used for
statistical evaluation. Comparison between the two
groups was made by unpaired t-test. Receiver op-
erating characteristic curves (ROC) were used to
define optimal cutoff value for which sensitivity
and specificity was calculated. A p value <0.05 was
considered significant.

Results

CVST was confirmed in 13 patients (9 women, 4
men; mean age, 36.5 years; age range, 19 — 82 years).
Patients presented with headache (12 patients,
93%), papiloedema (7 of 9 evaluated patients, 78%),
objective neurological deficit (8 patients, 62%),
vomiting (8 patients, 62%), somnolence or stupor
(6 patients, 46%), confusion (5 patients, 38%), dis-
turbance of vision (3 patients, 23%) and epileptic
seizures (2 patients, 15%). Risk factors of patients
with CVST included oral contraception (6 of 9 fe-
male patients), pregnancy, puerperium or recent
abortion (4 of 9 female patients). Laboratory values
were retrospectively available for 12 of 13 patients.
Thrombophilia was found in 6 of 12 evaluated
patients (50%). Average D-dimer value was 2644
mmol/L, but it was normal in 2 of 12 patients (17%).
CRP levels were elevated in 9 of 12 patients (75%).

Transverse sinus was the most commonly
thrombosed structure, followed by sigmoid si-
nus (Table 1). Typical NCCT findings of CVST are
depicted in Figure 1. All 13 patients with CVST
were accurately diagnosed by both observers.
Therefore, the calculated sensitivity was 100% in
both readings, with specificity of 80 and 87.5%,
respectively. Kappa value regarding the presence

TABLE 1. Location of thrombus and parenchymal changes in 13 patients with

cerebral venous sinus thrombosis (CVST)

Patient No. Location of thrombus Parenchymal changes
1 RTS, RSS None

2 LTS Hemorrhage, edema
3 SSS., RTS, RSS None

4 RTS None

5 SSS, RTS, RSS None

6 SSS, LTS, LSS, right ICV, left ICV, VG None

7 RTS, RSS None

8 RTS, RSS None

9 LTS, LSS None

10 SSS, RTS, RSS, cortical veins None

11 SSS, LTS, LSS Hemorrhage, edema
12 RTS Hemorrhage, edema
13 SSS, cortical veins Hemorrhage, edema

ICV = internal cerebral vein; LSS = left sigmoid sinus; LTS = left transverse sinus; RSS = right sigmoid

sinus; RTS = right transverse sinus; SSS = superior sagittal sinus; VG = vein of Galen

or absence of thrombosis was 0.72, which is con-
sidered to represent a good agreement between
observers. Sensitivity and specificity of NCCT for
overall presence of thrombosis were 100% and
83%. Average diagnostic confidence level regard-
ing the presence or absence of CVST was 2.1 + 1.2
(very certain). A case with false positive finding is
depicted in Figure 2.

Attenuation values were available forall 13 CVST
patients and 23 controls and significant difference
was found between the two groups (Figure 3). The
ROC analysis of the attenuation showed an area
under the curve (AUC) of 0.916 (95% CI 0.827, 1.00)
and an optimal cutoff value of 64 HU, leading to a
sensitivity of 85% and specificity of 87%.

Discussion

CVST is a distinct cerebrovascular disorder that,
unlike arterial stroke, most often affects young
adults and children and is associated with signifi-
cant morbidity and mortality, especially when the
diagnosis is not made in time."” In order to initiate
appropriate therapy as soon as possible, early di-
agnosis is essential.

The clinical presentation of CVST is highly
variable. In our series, headache was the most fre-
quently reported symptom. Similar to recent study
by Linn et al.4, there was no single symptom or
sign, present in all patients with CVST.

Radiol Oncol 2016; S0(3): 263-268.
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FIGURE 2. Left transverse sinus (LTS) of a 26-year-old male appeared hyperattenuated on non-contrast computed tomography
(arrow) (A) and was interpreted as thrombosed by both readers. However, CT venography in axial (B) and sagittal (C) reconstruction
showed patency of the LTS. Average attenuation inside the LTS was 60 HU.

Normal D-dimer levels have previously been
considered to have a high negative predictive
value in patients with suspected CVST.” Recently,
normal D-dimer levels were reported in patients
with isolated thrombosis of deep cerebral venous
system and were explained by the relatively small
thrombus volume.* However, we found normal
D-dimer levels in 2 patients with CVST, suggesting
that D-dimer is of limited value in excluding the
diagnosis.

The American Heart Association (AHA)/
American Stroke Association (ASA) 2011 Scientific
Statement on diagnosis and management of cer-
ebral venous thrombosis recommends imaging of
the cerebral venous system in patients with sus-
pected cerebral venous thrombosis.! Recently, MRI
in combination with MR venography has largely
replaced digital subtraction angiography as a gold
standard for imaging of CVSTY and is currently
considered the most sensitive examination tech-
nique.’®? In situations when MRI is not readily
available, CT venography has been shown to be
equivalent to MRI in establishing the diagnosis.?
Nevertheless, in most institutions NCCT remains
the first-line imaging method in the emergency
evaluation of patients with unspecific neurological
symptoms!4, because of its cost-effectiveness and
availability.!®

Using a blinded reader approach, we examined
the value of NCCT in diagnosis of CVST, based on
presence or absence of classic hyperattenuating
signs. These are observed on NCCT scans when an
acute thrombus has formed in a blood vessel. The
increase in attenuation is caused by clot retraction,
eliminating water and thereby raising the concen-
trations of red blood cells and hemoglobin. This
mechanism results in increased attenuation of the

Radiol Oncol 2016; S0(3): 263-268.

thrombus to 60 — 90 HU."® In CVST, hyperattenuat-
ing sign (dense sinus sign) can serve as a unique
finding indicating an acute stage, at a time when
treatment is most likely to be effective and to have
a significant effect on clinical outcome.? In the past,
sensitivity and specificity of NCCT was considered
rather low!"3, and according to the literature, di-
rect signs of CVST were present in only one third of
patients.!! A study from 1987 reported a sensitivity
of approximately 25%.22 However, using modern
multidetector row CT scanner, recently reported
sensitivity of the direct signs for CVST was 64.6%,
which was higher than reported in older stud-
ies2, but still insufficient in excluding the diag-
nosis.'* Authors of this work emphasized the value
of NCCT in diagnosis of deep venous thrombosis,
reporting the 100% sensitivity and 99.4% specific-
ity in this subgroup of patients. In our series how-
ever, there was only one patient who, in addition
to venous sinus thrombosis, also had deep venous
system thrombosis (Table 1).

Our study revealed higher sensitivity (100%) of
NCCT for overall presence of thrombosis than pre-
viously reported (25% — 64%).131422 Specificity, on
the other hand, was lower than expected (83.8%).
The observers, although blinded to clinical and im-
aging data, knew the purpose of the study, which
may partially explain these results. Also, if the ve-
nous structure was recognized as thrombosed, it
was considered a positive finding even in cases,
where diagnostic confidence was low (4 or 5 on
our scale). Interestingly enough, if we interpreted
these cases as negative, the sensitivity and speci-
ficity would be 88.5% and 95%, which is closer to
previously published data.

Apparent increase in attenuation of venous si-
nuses can be misleading and is not always visually
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FIGURE 3. The attenuation values between cerebral venous
sinus thrombosis (CVST) patients and control group were
significantly different (73.4 £ 14.12 HU vs. 58.1 + 7.58 HU; p =
0.000). HU, Hounsfield units.

recognized, therefore recently additional meas-
urement of the sinus attenuation was proposed to
increase the sensitivity of the examination in the
diagnosis of CVST.?® In our series, mean attenua-
tion of 73.4 HU was found in thrombosed venous
sinuses. This degree of increased attenuation was
previously found in clotted sinuses of patients with
CVST®2, as well as in acute thrombosis elsewhere
in the body.? Significant difference in the average
sinus attenuation was found between the CVST
patient group and the control group. However, an
overlap between the two groups and the presence
of outliers in the control group (Figure 3) may limit
the reliability of this method in some patients. Our
results are similar to the findings of Buyck et al.,
who suggested a threshold of 62 HU to differenti-
ate the patients with CVST from those without.”®
Based on our data, the optimal threshold was 64
HU. The drawback of this method is the possibil-
ity of false negative finding in patients with ane-
mia who have low attenuation of blood due to low
hemoglobin.’® Similarly, the most common cause
of false positive readings is the high attenuation
of blood in patients with high hemoglobin or he-
matocrit level. These limitations may partially
be avoided by calculating the Hounsfield unit-to-
hematocrit ratio. However, the improvement in
accuracy with this method has been shown to be
minor."® Additionally, such calculation may often
be impractical in emergency setting and was there-
fore not included in our study.

We acknowledge the following limitations
of our work. Relatively small size of the stud-
ied population was a drawback. However, CVST
is a relatively uncommon disease and the size of

our group is comparable to previously published
studies. Furthermore, the impact of relatively low
number of patients was minimized using the blind
and multiple observer approach. DSA was not per-
formed and so the consensus reading of CT venog-
raphy or MR venography was used as a reference
standard. Nonetheless, the diagnostic value of
these methods for the diagnosis of CVST has been
shown to be very high.?>2

In conclusion, prompt therapy of CVST has a
profound impact on clinical outcome, therefore
early diagnosis is important. Our study has shown
high sensitivity of NCCT for diagnosis of CVST
and thus confirmed the role of NCCT as a inves-
tigation of choice in the emergency setting. The
additional measurement of the sinus attenuation
may improve the diagnostic value of the examina-
tion and help decide on the need for confirmatory
study.
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