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Abstract
Introduction: Despite the studies performed to characterize the clot’s features in the acute phase in non-contrast
computed tomography (NCCT), no study has been conducted to evaluate the non-acute phase and the
threshold density that warrants further evaluation. Herein, we assessed the temporal changes of sinus density
in patients with acute CVST.

Methods: In this cross-sectional study, we searched our Picture Archiving and Communicating System (PACS)
of our hospital between January 2015 and September 2021. Inclusion criteria were patients older than 18-year-
old with acute CVST, with available Contrast-enhanced Magnetic Resonance Venography (CE-MRV) as the gold
standard for con�rming the presence and location of thrombosis. The readers were asked to assess the images
regarding any subjective abnormal hyper- or hypo-attenuation within the venous sinus structures. Changes in
the Houns�eld Unit (HU) of each venous segment during the time-course of the disease and the HU difference
of affected sinus with other sinus segments were evaluated.

Results: Out of 89 CT scan evaluations, 21 cases (23.6%) were performed in the acute, 38 (42.7%) presented in
the subacute, and 30 (33.7%) presented in the chronic stage. In all involved venous sinuses, the mean blood
density of various phases was a statistically signi�cant difference. The agreement of the two radiologists to
report the hypodense sinus sign was reported to be 0.7.(p-value <0.001).

Conclusions: The results of our study suggest that quantitative measurement and qualitative �ndings of the
hypodense sinus sign help to diagnose non-acute CVST better.

Introductions
Cerebral venous sinus thrombosis (CVST) is a rare but signi�cant cerebrovascular disease that causes 1-1.5
percent of strokes. Its annual incidence is between 2 and 7 cases per million population; however, it can have a
high mortality rate (10% mortality). (1, 2) The disease mainly affects the young population. (2) It is a condition
with multiple risk factors that are usually associated with Virchow’s thrombogenic triad, including vascular wall
damage, blood stasis, and increased blood coagulability. (3, 4)

Historically, CVST has been diagnosed post-mortem, but with the invention of modern neuroimaging
techniques and increasing physician awareness, timely diagnosis is now more commonly practiced. CVST is
managed with the aim of early detection and prevention of possible complications. (5) The disease presents
with various symptoms, including headaches, impaired vision, and acute neurological events. Up to 40% of
patients develop stroke within 48 hours. The �gure increases to more than 50% within one month of symptoms,
and a small proportion (∼ 7%) present after the �rst month. (4) Clinical features may vary according to the
location of the thrombus, intracranial pressure (ICP), and the degree of parenchymal injury.

Due to the variety of types and severity, or even the absence of symptoms in the �rst week, the diagnosis is
di�cult and often delayed. (6, 7) The sinus with acute thrombosis is classically denser than other venous
sinuses, and this is the only direct �nding on non-contrast computed tomography (NCCT). Over time,
thrombosis recanalizes, and the density in the involved sinus decreases. After about 7–14 days, the density
inside the sinus becomes equal to that of the other sinuses. Very few studies have suggested that the density
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of sinus thrombosis in this phase may be even lower than the density in other sinuses (Hypodense sinus sign).
(8) Due to nonspeci�c and progressive symptoms, many patients with venous sinus thrombosis may undergo
brain imaging after the �rst week of thrombosis, and physicians need to be familiar with the role of this
symptom in diagnosing this potentially fatal disease.

NCCT is the most common imaging modality requested in neurological emergencies. (1, 9) Unfortunately, it has
limited sensitivity and is reported normal in 20–30% of cases. A fundamental reason for this pitfall is changes
in clot density over time, especially in the non-acute phase. Other false-negative causes of the results include
small clot size, underlying anemia, proximity to the skull bone, and the volume averaging artifact. (6, 7)

Despite the studies performed to characterize the clot’s features in the acute phase in NCCT scan, so far, no
study has been conducted to evaluate the non-acute phase and the threshold density that warrants further
evaluation for non-acute CVST. Herein, we assessed the temporal changes of sinus density in patients with
acute cerebral sinus vein thrombosis.

Methods

Subjects
In this cross-sectional study, we searched our Picture Archiving and Communicating System (PACS) of our
tertiary-level academic hospital between January 2015 and September 2021. We collected all patients with
acute CVST for whom at least two NCCTs were acquired during the course of admission. Inclusion criteria were
patients older than 18-year-old with acute CVST, with available Contrast-enhanced Magnetic Resonance
Venography (CE-MRV) as the gold standard for con�rming the presence and location of thrombosis. The
existence of signi�cant artifacts, intracranial pathology that hampered proper attenuation measurement
(intracranial hemorrhage, increased intracranial pressure, skull fracture adjacent to the dural venous sinuses,
intra or extra-axial space occupying lesions, and recent brain surgical treatment), intravenous contrast
administration or blood transfusion within the last 48 hours, and infant younger than six months (preventing
fetal hemoglobin effect) were our exclusion criteria.

Imaging
All brain CT examinations were performed with a commercially available 16-MDCT scanner (Neusoft, Neuviz
16). MR imaging was performed on a 1.5T scanner (Phillips), including diffusion-weighted images (TR, 3200
msec; TE, 68 msec; section thickness,5 mm), axial FLAIR (TR, 9000 msec; TE, 114 msec; section thickness,
5mm), T2-weighted (TR, 4000 msec; TE, 90 msec; section thickness,5 mm), and T1-weighted (TR, 500 msec; TE,
14 msec; section thickness, 5mm) images, and coronal T1- and T2-weighted images. Contrast-enhanced MRV
series were obtained after injecting 10mL of gadolinium-based contrast material.

Image interpretation
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Two radiologists with 4- and 10-years of experience assessed the datasets. They were asked to evaluate the
MRV images for acute CVST. If there were any discrepancies, a third opinion was asked. All the patients with
acute CVST were further analyzed. At the next step, the radiologists were asked to evaluate the non-contrast CT
scan of patients. They were both blind to the time of CT scans from patient presentation and location of the
clot. Venous sinuses were divided into six segments: superior sagittal sinus, right transverse sinus, left
transverse sinus, right sigmoid sinus, left sigmoid sinus, and straight sinus. The readers were asked to assess
the images regarding any subjective abnormal hyper- or hypo-attenuation within the venous sinus structures.
The presence of venous infarct, hemorrhage, and other complications was also recorded. At the �nal step, one
of the readers was asked to measure the CT attenuation of each venous segment, using an oval region of
interest (ROI). The ROI was placed at the center of the venous sinus and was not in contact with the sinus wall
(Fig. 1). The measurement was performed two times for each segment, and the mean attenuation value was
documented in Houns�eld Unit (HU). Changes in the HU of each venous segment during the time-course of the
disease and the HU difference of affected sinus with other sinus segments were evaluated.

As dural vein thrombosis can be asymptomatic in the acute phase of the disease, we asked one of the
radiologists to estimate the time of thrombosis according to the T1 and T2 signal intensity of the involved
sinuses and categorize the course of disease into acute, subacute, and chronic phases. (10)

Statistical analysis
All the obtained data were collected on a database. Data were analyzed using IBM SPSS version 22. Numerical
variables were expressed as mean ± SD and qualitative ones as numbers and frequencies. Cohen's kappa
coe�cient (κ) was used to measure inter-rater reliability for hypodense sinus sign. Comparisons between
groups/phases were performed using Kruskall Wallis test. A p-value of less than 0.05 was considered
statistically signi�cant.

Ethical considerations
Patients' personal information, including names, was removed from the images and was replaced with a code
unique to every individual. The ethics committee approved this study of Mashhad University of medical
sciences (approval code: IR.MUMS.MEDICAL.REC.1398.469) and the informed consent was waived due to
retrograde approach of this study. This work was performed in accordance with the relevant guidelines and
regulations.

Results
A total of 26 patients with CVST were included in the study. The mean age was 42.4 years (IQR, 31–49). Nine
patients (34.6%) were male, and 17 patients (65.3%) were female. 89 non-contrast CT scans were requested for
these patients during hospitalization. The period between the �rst NCCT and patient presentation was 0 to 6
days. The time between presentation to the second CT scan was between 1 and 508 days (IQR: 5.2–18). Figure
2 shows the distribution of dural vein involvement in 26 patients with CVST.
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According to the presentation time estimated by MRI studies, the �rst CT scan was requested in the acute
phase in 16 (61.5%) and the subacute phase in 10 (38.5%) patients. Out of 89 CT scan evaluations, 21 cases
(23.6%) were performed in the acute, 38 (42.7%) presented in the subacute, and 30 (33.7%) presented in the
chronic stage.

The agreement of the two radiologists to report the hypodense sinus sign was reported to be 0.7.(p-value < 
0.001). (Table 1) 

 
Table 1

Evaluation of Hypodense sinus sign in each phase of cerebral sinus venous thrombosis
Radiologist Sign reported Phase of thrombosis Total number of patients

Acute Subacute Chronic

First Yes 0 22 26 48

  No 21 16 4 41

Second Yes 0 22 23 45

  No 21 16 7 44

Uninvolved sinuses have lower attenuation in comparison with acutely involved counterparts. In all involved
venous sinuses, the mean blood density of the acute phase was higher than the subacute and the subacute
was higher than the chronic phase. This difference was statistically signi�cant. The mean blood density in
various dural veins according to the phase of thrombosis is shown in the Table 2. 

 
Table 2

Mean Blood density in dural veins

    Dural sinus

    Superior
sagittal

Torcula
herophili

Right
transverse

Left
transverse

Right
sigmoid

Left
sigmoid

straight

Mean
blood
density
(SD)

uninvolved 42.9
(5.2)

42.4
(3.4)

44.2 (8.7) 44.5 (8.5) 45.7
(9.1)

45.4
(9.5)

39.3
(6.4)

Acute
thrombosis

61.4
(6.9)

61.5 (8) 64.6 (6.7) 55.3
(10.7)

59 (9.1) 55.4
(10.6)

52.2
(10.5)

Subacute
thrombosis

43.9
(9.4)

30.4
(13.2)

47.7 (9.8) 48.9 (

11.9)

43.3
(15.5)

43.2
(14.6)

39.3
(6.3)

Chronic
thrombosis

29.8
(11.4)

22.3
(10.9)

39.4
(10.8)

42.6 (7.3) 37.7
(14)

30.5
(9.1)

35.6
(13)

P value* 0.000 0.000 0.000 0.01 0.002 0.003 0.031

* Kruskall Wallis test
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Discussions
The clinical manifestations of these patients are often variable, and patients may show a range of symptoms
depending on the location and extent of thrombosis, the patient's age, and the underlying factors. (11) The
most common symptoms include increased intracranial pressure such as headache, blurred vision, papillae
edema, focal neurologic defects, seizures, and diffuse encephalopathy. Other unusual manifestations include
subarachnoid hemorrhage, a thunderclap headache, recurrent transient ischemic attacks, tinnitus, and multiple
cranial nerve palsy. (10) Strong and clinically appropriate suspicion is vital for diagnosing affected individuals.
Early diagnosis is essential because prompt treatment of cerebral venous thrombosis signi�cantly impacts
clinical outcomes. Based on these non-speci�c clinical features and complications, NCCT plays a vital role in
the �rst-line diagnostic workup, localization, and prognosis. The diagnosis of venous sinuses in the brain has
increased over the past few years due to advances in imaging techniques. (12) This increase is more
prominently seen in children, young adults, women of childbearing age, and low-income countries. (13) The
estimated male-female ratio is 3: 1 and accounts for 0.5-1% of all stroke cases. (14) The most common venous
sinus thrombosis is the subacute type, accounting for almost half of the patients.(13) It must be noticed that
this stage of disease is the most challenging phase on both radiological and clinical work-up.

Acute thrombosis within the lumen is usually seen as a dense substance on an NCCT scan in the acute phase
of the disease. (15) The increase in density is generally attributed to a decrease in the amount of water
accumulated in the clot and an increase in red blood cells and hemoglobin concentration. The sensitivity of this
�nding has been reported in 63–73% in various studies. (11) It is believed that quantitative density
measurement is more accurate than qualitative assessment because it can understand the average increase in
sinus density. The rate of venous recanalization in follow-up imaging has been reported to be about 85%,
leading to density changes during subsequent phases of clot development. (16)

In our study, during the acute phase, the density of the thrombosis was statistically different compared to non-
thrombotic counterparts. These �ndings indicate the diagnostic value of acute venous sinus hyperdensity in
NCCT scan, which is in line with the results of previous studies. Previous studies have reported a sensitivity of
about 64% for this symptom. (6–8, 11, 16, 17) In the subacute phase, the density of thrombosis did not differ
signi�cantly from a normal sinus. As mentioned in previous studies, the equalization of involved sinus density
is the main reason for the delayed diagnosis(16–19). In a study by Buyck.F et al., the theory of a gradual
decrease in the density of venous sinuses during 14–17 days after thrombosis was proposed, which caused
the similarity of the involved sinus density with the density of blood in the subacute phase and its hypodensity
in the chronic stage. (8) The results of our study con�rmed this hypothesis. Figure 3 shows the temporal
changes of sinus density in patients with acute cerebral sinus vein thrombosis.

Furthermore, the density of involved sinuses was signi�cantly lower than uninvolved cases in the chronic stage.
Hypodensity of sinuses was not noticed as much as required in the previous investigations. We believe these
patients are easily missed. So far, no study has directly examined the evolution of cerebral venous thrombosis,
and the reduction in the density of thrombotic sinuses has not been objectively proven in any single study. The
above �ndings are not yet recognized as a diagnostic �nding. This potentially fatal condition can be easily
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missed in patients presenting more than two weeks after the onset of the event. By teaching and applying this
simple but critical point by radiologists, a signi�cant reduction in the complications of dural sinus thrombosis
is predicted. Figure 4 represents a hemorrhagic infarct in a patient with a hypodense thrombosis on the NCCT.

In our study, a good agreement (0.7) for the hypodense sinus sign in the non-acute phase was seen among
radiologists. Therefore, this subjective sign can be used as an alarm to diagnose non-acute thrombosis of the
dural sinuses. The differential diagnosis for hypodensity within the dural sinus on NCCT, including arachnoid
granulation, dural sinus cyst, and dural sinus adipose tissue, should be considered. (20)

Ideally, our �ndings should be con�rmed by further prospective studies with large sample sizes. However, given
the low incidence of patients with CVST, it seems challenging to conduct a study with a larger sample size.
Furthermore, due to the horizontal path of transverse sinuses, which are essential locations for thrombosis,
their examination with an NCCT scan is too tricky. These structures were not evaluated in our study.

Conclusions
Brain NCCT scans are the study of choice in patients with acute neurological symptoms due to their availability
and low cost. Any �ndings increasing the sensitivity of NCCT to expedite diagnosis are welcome. The results of
our study suggest that quantitative measurement and qualitative �ndings of the hypodense sinus sign help to
diagnose non-acute cases of venous sinus thrombosis better. Quantitative measures will increase the
radiologist's con�dence in examining these patients.
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Figures

Figure 1

The region of interest (ROI) on the non-contrast brain Computed Tomography (CT) scan was placed at the
center of the venous sinus and was not in contact with the sinus wall.
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Figure 2

Distribution of dural vein involvement in 26 patients with dural vein thrombosis is presented. 
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Figure 3

Non-contrast brain Computed Tomography (CT) scan indicated the evolution of cerebral sinus venous
thrombosis in one individual during the) Acute, B) Subacute, C) Chronic phases.
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Figure 4

Non-contrast brain Computed Tomography (CT) scan demonstrates A) hypodense thrombosis in the right
sigmoid sinus. The involved sinus is larger than the counterpart on the left side. B) Hemorrhagic infarct with
surrounding cerebral edema in the right frontal lobe. C) Magnetic resonance venography (MRV) con�rmed the
thrombosis in the right sigmoid and transverse sinuses. 


