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Abstract  
Cerebral venous and sinus thrombosis (CVST) constitutes a rare but important cause of stroke. It occurs in all age groups, 
but affects predominately young and middle-aged females. Three subtypes of CVST can be differentiated: sinus thrombosis 
(ST), deep cerebral venous thrombosis (DCVT), and cortical vein thrombosis (CVT). Both DCVT and CVT can present either 
in isolated forms or – more often – in combination with an ST. The symptoms of CVST are highly variable, thus, diagnosis 
is often made with a considerable delay.
This review first presents a short summary of the epidemiology, risk factors, clinical signs, and prognosis of CVST. Then, 
the authors focus on the neuroradiologic diagnosis of this disease, and give an overview of the diagnostic value of mag-
netic resonance imaging (MRI), computed tomography (CT), and CT angiography (CTA) for CVST.
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Zerebrale Sinus- und Hirnvenenthrombose. Aktuelle Bildgebung

Zusammenfassung  
Die zerebrale Sinus- und Hirnvenenthrombose (CVST) stellt eine seltene, aber wichtige Schlaganfallursache dar. Sie kann 
in allen Altersgruppen auftreten, Frauen jüngeren bis mittleren Alters sind jedoch gehäuft betroffen. Drei Unterformen der 
Erkrankung können unterschieden werden: die Sinusthrombose (ST), die innere Hirnvenenthrombose (DCVT) und die 
Thrombose der kortikalen Venen (CVT). Sowohl die DCVT als auch die CVT treten entweder isoliert oder – deutlich häufiger 
– in Kombination mit einer ST auf. Die Symptome einer CVST sind sehr variabel, was dazu führt, dass die Diagnose häufig 
erst mit einer deutlichen Verzögerung gestellt wird.
Dieser Übersichtsartikel liefert eine kurze Zusammenfassung der Epidemiologie, der Risikofaktoren, der Klinik und der 
Prognose der CVST. Der Schwerpunkt der Arbeit liegt auf der neuroradiologischen Diagnose der Erkrankung. Die diagnosti-
sche Wertigkeit der Magnetresonanztomographie (MRT), der Computertomographie (CT) und der CT-Angiographie (CTA) 
wird dargestellt.
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Introduction
Cerebral venous and dural sinus thrombosis (CVST) is 
a rare but important cause of stroke. In Europe, it ac-
counts for < 1% of all strokes [1, 2], with an estimated 
annual incidence of CVST of 3–4 cases per million in 
adults and 7 cases per million in children and neonates 

[3]. Although CVST can occur in all age groups, young 
and middle-aged patients (< 40 years of age) are most 
commonly affected, with a female predominance [4]. 
An abundance of predisposing factors or direct causes 
of CVST have been identified. The most important ones 
are a prothrombotic state, either genetically imposed or 
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acquired, an intake of oral contraceptives, last trimester 
of pregnancy, puerperium, and ear, nose and throat 
(ENT) infections [1, 5, 6]. In > 40% of patients two or 
more risk factors can be found, while in about 15–20% 
of all CVST cases no risk factor can be identified [5].

Subtypes of Cerebral Venous and Sinus Thrombosis
Depending on the involved venous structures, three 
subtypes of CVST can be differentiated. They differ not 
only with regard to their clinical presentation and their 
prognosis, but also with regard to the most appropriate 
imaging.

Sinus Thrombosis
A sinus thrombosis (ST) indicates a thrombotic occlu-
sion of one or more dural sinuses. It is the most common 
form of CVST, and typically involves the superior sagit-
tal sinus, followed by the transverse sinus [5].

Deep Cerebral Venous Thrombosis
A deep cerebral venous thrombosis (DCVT) is defined 
as a thrombosis of the deep cerebral veins (i.e., the in-
ternal cerebral veins, the great vein of Galen, and/or the 
basal veins of Rosenthal, and their tributaries). Rarely it 
occurs as an isolated form, i.e., without the involvement 
of a sinus. More often, a combination with an ST is pres-
ent. In literature on DCVT the straight sinus often is 
classified as belonging to the deep cerebral venous sys-
tem [7]. An involvement of the deep cerebral veins (i.e., 
the internal cerebral veins, the basal veins of Rosenthal, 
and their tributaries) is found in approximately 10% of 
patients with CVST [8, 9].

Cortical Vein Thrombosis
The term cortical vein thrombosis (CVT) denotes a 
thrombosis of one ore more cortical veins. Similar to 
DCVT, isolated forms which are rather rarely diag-
nosed, must be distinguished from combined CVTs 
[10–12]. These combined forms additionally involve one 
or more sinuses, typically the superior sagittal sinus. 
This is due to the fact that they usually develop second-
ary to an ST via retrograde thrombus propagation from 
the occluded sinus [10]. A CVT most commonly affects 
the frontal cortical veins, followed by the parietal veins 
[13]. Isolated CVTs of the anastomotic vein of Labbé 
have also been reported [10]. Compared to the sinuses 
and the deep cerebral veins, the cortical veins are highly 
variable in number, size, and localization [14]. This – and 
the fact that an established gold standard for this diag-

nosis is still lacking – hampers their radiologic evalua-
tion [15]. Thus, isolated CVTs have mostly been de-
scribed in case reports or in small series [10, 16–21]. Yet, 
more recently, with the advent of modern magnetic res-
onance (MR) techniques (see below), more and more 
cases are being reported, raising the suspicion that iso-
lated CVTs indeed are more common than previously 
thought [11, 12, 22–24].

Clinical Signs and Symptoms of Cerebral Venous 
and Sinus Thrombosis

In contrast to arterial strokes, symptoms in CVST often 
develop subacutely [25–27]. The clinical presentation of 
a CVST is highly variable and largely depends on both 
the localization and the extent of the thrombosis [3]. Be-
sides these important factors, patient’s age [28, 29], the 
presence of a parenchymal involvement, and the inter-
val from symptom onset to diagnosis [30] are important 
factors for the clinical presentation of a CVST [11, 31]. 
Severe headache often constitutes the first symptom, 
occurring in approximately 75–90% of all patients; how-
ever, the specificity of this symptom is low [8]. In addi-
tion to headache, patients often present with other signs 
and symptoms of an elevated intracranial pressure, 
namely dizziness, nausea, and visual disturbances [32, 
33]. Furthermore, focal neurologic deficits including 
cranial nerve palsies or seizures are found [8, 15]. CVST 
should always be considered as a potential differential 
diagnosis in young and middle-aged patients with un-
usual or severe headache or with stroke-like symptoms 
in the absence of the common vascular risk factors, in 
patients with intracranial hypertension, and in patients 
with evidence of hemorrhagic infarcts on computed to-
mography (CT).

An involvement of the deep cerebral veins or of 
the cortical veins has a major impact on clinical presen-
tation. The symptoms of DCVT are highly variable, 
with headache (> 80%) and reduced consciousness 
(> 70%) being most frequently observed [34]. In CVT, 
focal or generalized seizures, and hemiparesis, apha-
sia, hemianopia or other focal deficits, are common, 
and occur often without signs of elevated intracranial 
pressure [10, 15].

Normal D-dimer levels have a high negative predic-
tive value in patients with suspected CVST [35]. How-
ever, it can be normal in up to 25% of cases [34, 36]. 
These false-negative results might be due to the rela-
tively small thrombus volume, especially in patients 
with an isolated DCVT [34].
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Prognosis and Outcome
Due to a greater awareness of the disease, improved 
neuroimaging techniques, and more effective treat-
ment options, the outcome of CVST significantly im-
proved in the past decades. If diagnosed promptly, 
there is a good prognosis with restitutio ad integrum in 
80% of cases [1]. Yet, despite modern imaging tech-
niques, the average diagnostic delay is still 7 days, and 
might be even longer in patients with DCVT, in male 
patients, or in patients presenting with an isolated in-
tracranial hypertension syndrome [3, 34, 37]. This is 
due to the wide clinical spectrum and the lingering or 
subacute onset, especially in the small portion of pa-
tients with normal D-dimer levels. Thus, in a subset of 
about 10–15% of patients there is a poorer outcome. In 
addition to delayed diagnosis [36], the following risk 
factors are associated with a poor prognosis: higher 
age, male gender, hemorrhage, involvement of the 
deep cerebral veins and of the right transverse sinus, 
and the presence of central nervous system infections 
or neoplasms [1, 8, 38].

As mentioned above, the involvement of the deep 
veins has been shown to be a risk factor for death and 
long-term sequelae [8, 9]. Yet, in a recent study by Pfef-
ferkorn et al. on 32 patients with DCVT, the outcome 
was better than previously reported: 75% of patients 
improved on intravenous heparin or subcutaneous 
low-molecular-weight heparin therapy. Yet, eight pa-
tients, six of which received local endovascular therapy, 
deteriorated with progressing coma. Two of those pa-
tients died. The presence of an additional sinus involve-
ment did not influence the outcome in this study [34].

Imaging
Direct Signs Versus Indirect Signs

Regardless of its localization, CVST can present with 
both direct and indirect imaging signs. The term direct 
signs refers to findings regarding an occluded vessel it-
self, while indirect signs indicate concomitant changes 
of the brain parenchyma.

Direct signs include the positive visualization of the 
thrombotic material within a respective vein or sinus on 

Figures 1a to 1h. 31-year-old male patient with CVST involving the superior sagittal sinus (not shown), the proximal part of the right transverse 
sinus (not shown), the left transverse sinus (arrowheads in d), and the left anastomotic vein of Labbé (arrows in e and f). MRI performed on day 3 
after symptom onset demonstrates left temporal edema, hyperintense on T2- (a) and FLAIR-weighted images (b: coronal, c: sagittal), and hemor-
rhage, hypointense on all sequences (asterisk). On T2*-weighted image (e) and on susceptibility-weighted sequence (SWAN, f) the thrombus 
within the left anastomotic vein of Labbé is directly visualized as hypointense clot (arrows in e and f). DWI (g: B1000 image; h: ADC map) depicts 
diffusion restriction indicative of cytotoxic edema within part of the affected brain region (arrows in g). There is no flow signal within the left 
transverse sinus of the source image of venous TOF-MRA (arrowheads in d). 
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nonenhanced CT (NECT) or magnetic resonance imag-
ing (MRI), as well as the negative identification of the 
thrombus either as a contrast filling defect (on digital 
subtraction angiography [DSA], CT angiography [CTA], 
or on other contrast-enhanced images) or as a lack of 
flow signal (on a flow-sensitive venous MR angiography 
[MRA]).

Venous edema or infarction, as well as subarachnoid 
or parenchymal hemorrhages represent the indirect im-
aging signs of CVST on CT and MR. In ST or CVT the 
edema typically does not follow the borders of arterial 
territories, and is often located adjacent to the surface of 
the brain (Figures 1 and 2). On the contrary, a DCVT 
results in unilateral or, more commonly, bilateral venous 
edema or infarction of the thalami and basal ganglia 
[7, 39] (Figure 3). The presence of a 
parenchymal hemorrhage at the time 
of diagnosis of a CVST has been 
shown to be associated with a more 
severe clinical presentation at onset 
and a worse outcome [8, 9].

Digital Subtraction 
Angiography

Traditionally, DSA was the gold 
standard for the diagnosis of a CVST, 
but it has nowadays been widely re-
placed by MRI and CTA [1, 3, 15, 
40–42]. To date, DSA is no longer a 
routine component of the diagnostic 
work-up in CVST in most institu-
tions, but is reserved for cases in 
which an interventional therapy, e.g., 
a local thrombolysis, is considered 
[3, 32, 34]. Compared to MRI and 
CTA, DSA still is superior with re-
gard to spatial and temporal resolu-
tion and offers precise dynamic infor-
mation on collateral venous drainage, 
which might be helpful in a subset of 
unclear cases (Figure 4). With regard 

Figures 2a and 2b. NECT scans of the same patient as shown in Figure 1. 
On initial imaging, performed at day 1 after symptom onset (a, b), a cord 
sign is present within the superior sagittal sinus (dotted arrows) and 
both transverse sinuses (normal arrows). Neither hemorrhage nor ede-
ma are present. Follow-up imaging on day 3 reveals left temporal edema 
and hemorrhage as indirect signs of CVST. Based on these CT findings, 
MRI (shown in Figure 1) was initiated.

a b

Figures 3a to 3f. 38-year-old female patient with combined DCVT. FLAIR images (a–c) and 
T2*-weighted images (d–f) show bilateral thalamic edema, predominately on the right side. 
T2*-weighted images reveal the hypointense clot in the left septal vein (dotted arrow in d), 
both internal cerebral veins (normal arrows in e), and the right basal vein of Rosenthal (crossed 
arrow in f).

a b c
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to CVT, some authors still discuss whether DSA has a 
higher sensitivity compared to the other modalities 
[11], but systematic data in literature to support this 
hypothesis is lacking. In case of an isolated CVT, 
DSA can show a “missing” cortical vein, and/or a par-
tially visualized vein which abruptly stops or is sur-
rounded by dilated cortical veins [11, 43]. Yet, the 
value of these signs is limited by the high intra- and 
interindividual variability of both the number and lo-
cation of the cortical veins [14]. Thus, the DSA diag-
nosis of a CVT predominately relies on the following 
indirect imaging signs: a delayed focal venous drain-
age, evidence of vascular congestion in the parenchy-
ma, which is drained by the occluded vein, and the 
presence of cortical collaterals appearing as “cork-
screw vessels” [11, 43]. The above-mentioned draw-
backs of DSA concerning the cortical veins likewise 
apply to all other angiographic techniques, including 
CTA and MRA.

Magnetic Resonance Imaging
MRI represents the current gold standard for CVSTs 
[1, 3, 15, 40, 41], and is the method of choice in the di-
agnostic arms of large international trials on this entity 
[3, 5]. Yet, there is emerging evidence that CTA is at 
least equally sensitive for ST compared to MRI [1] (see 
below).

Direct CVST Signs on MRI
On MRI, the thrombotic material shows rather complex 
signal intensity characteristics, which do depend on the 
stage of the thrombosis (hyperacute, acute, subacute, or 
chronic stage) and on the imaging sequence which is 
used [11, 25, 41, 44]. They apply likewise to ST, DCVT, 
and CVT [10, 11, 13]. Detailed knowledge on this 
time-dependent signal course is required to interpret 
the MR signal of a CVST correctly.

Spin-Echo Sequences
In the acute phase of a CVST, i.e., on days 0–5 from 
symptom onset, the thrombus typically shows a hypoin-
tense signal on T2-weighted spin-echo images and an 
isointense signal on a T1-weighted spin-echo sequence 
[11, 41, 44, 45]. Thus, it can only poorly be distinguished 
from normal flow signal within the vessels. This limits 
the sensitivity of these sequences especially during the 
early days of a CVST [11, 41, 44, 46]. After approxi-
mately 5 days, thus in the subacute phase (days 6–15), 
the clot becomes more and more hyperintense on both 
T2- and T1-weighted images [11, 44, 45]. On fluid-atten-
uated inversion-recovery (FLAIR) and proton density 
(PD) sequences, the clot appearance is widely similar 
compared to that on T2-weighted spin-echo sequences 
[13] (Figures 5 and 6). Although the above-mentioned 
signal characteristics are true for the majority of cases, 

Figures 4a to 4d. 29 year-old-female patient with an extensive CVST involving the superior sagittal sinus, the left transverse sinus (white arrow in c), 
and the internal cerebral veins (black arrows in c). a, b) DSA, sagittal view, venous phases after selective catheterization of the left internal carotid 
artery. c) T2*-weighted image performed in an oblique coronal orientation. d) Axial T2-weighted image. DSA (a, b) shows a collateral, delayed 
venous drainage via the cortical veins (white arrows in a and b), and the cavernous sinus (asterisk in a). This example illustrates the value of DSA 
for the evaluation of flow dynamics in CVST. The black arrows in a and b indicate the course of the occluded superior sagittal sinus. T2*- (c) and 
T2-weighted images (d) reveal right frontal and right parietal edema (white arrowheads in d) with hemorrhage (black arrowheads in c and d).

a b

c

d

*

�

�

�
�

�

�

�

� �
�

�

�

�
�



Linn J, Brückmann H. CVST – State-of-the-Art Imaging

30 Clin Neuroradiol 2010 · No. 1

there are considerable variations in 
a significant proportion of cases (Ta-
ble 1).

Due to this complex signal 
course, the interpretation of MRI in 
CVST requires expert knowledge to 
avoid potential diagnostic and tech-
nical pitfalls [25, 41]. For example, 
hyperintense signal resulting from 
regular flow in T1-weighted images 
performed without adequate flow 
compensation might simulate a 
thrombus as shown in Figure 7. This 
underlines the challenge radiologists 
are faced with in interpreting MR 
sequences for venous system throm-
bosis, and represents a certain draw-
back compared to CT, which is easi-
er to obtain and to interpret.

Diffusion-Weighted Imaging
In some CVST cases, the intravasal 
clot shows a diffusion restriction 
with a hyperintense signal on diffu-
sion-weighted imaging (DWI) with a b-value of 1,000 
and a lowered apparent diffusion coefficient (ADC) 
value [45, 47, 48]. This finding has predominately been 
described in subacute cases with a hyperintense throm-
bus signal on FLAIR- and T1-weighted images [45, 47] 
(Figure 6). Its sensitivity varies from approximately 
4% to 40% [45, 47, 48]. There is evidence that the pres-
ence of a hyperintense clot on DWI might be of prog-
nostic value for potential recanalization of occluded 
vessels [47].

T2*-Weighted Gradient-Echo Sequence
In recent years, T2*-weighted images have been shown 
to be of great value in CVST [11, 13, 19, 20, 45, 49, 50]. 
This is especially true in the acute phase of the disease, 
when the thrombus is still isointense on T1-weighted 
images [45, 49]. On T2*-weighted images, the thrombus 
is directly visualized as a profound, homogeneous hy-
pointense tubular structure, showing a so-called bloom-
ing, during the first days of a CVST (Figures 1, 3, 5, 8, 
and 9). While results regarding the hypointense clot sig-
nal on this sequence are very consistent for acute throm-
bosis, there are somewhat divergent results regarding 
the time course of the signal. Some authors observed a 
relatively strong time dependence of the hypointensity, 

which was present in 90% of cases during the first weeks 
but in only 9% and 32% in the subacute and chronic 
phases, respectively [50]. Yet, in other studies hypoin-
tensity on T2*-weighted sequences has been shown to 
be positive up to 1 year after symptom onset [11, 45], 
and was present in > 30% of cases on 4-month follow-up 
imaging [45]. The sequence is particularly useful in 
CVT, where it has been shown to be superior to all other 

Table 1. Variability of clot signal characteristics on T1- (T1w) and 
T2-weighted spin-echo sequences (T2w) in relation to the stage of the 
disease. FLAIR: fluid-attentated inversion-recovery sequence; MR: 
magnetic resonance; PD: proton-density-weighted sequence. Note 
that numbers printed in bold indicate the most common clot signal 
intensity in the respective stage.

MR sequence Signal  Acute  Subacute  Chronic
 intensity stage stage stage
  (0–5 days)b       (6–15 days)b (> 15 day)b

T1w Hyperintense 30% 71% 39%
 Isointense 68% 29% 54%
 Hypointense   2%   0%   7%
T2wa Hyperintense 25% 52% 43%
 Isointense 10% 32% 45%
 Hypointense 65% 16% 12%

a Signal characteristics indicated for T2w apply equally to FLAIR and PD
b refers to days from symptom onset

Figures 6a to 6c. 42-year-old female patient with a subacute CVST of the left transverse sinus. 
The clot is hyperintense on the B1000 DWI. a) FLAIR; b) DWI (b-value 1,000); c) venous 
TOF-MRA.

a b c

Figures 5a to 5c. MRI performed in the subacute phase (8 days after symptom onset) in a pa-
tient with thrombosis of both transverse sinuses (arrows), the confluens sinuum, and the su-
perior sagittal sinus (not shown). The thrombotic material shows a hypointense signal on 
T2*-weighted sequence (a), and a hyperintense signal on both FLAIR (b) and T1-weighted (c) 
images.

a b c
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sequences (Figures 1 and 8). Based on the available data 
in literature, we strongly recommend to consider the 
T2*-weighted sequence as the present gold standard for 
the diagnosis of an isolated or combined CVT and for 
the exclusion of a cortical vein involvement in ST. It 
should be added as a standard sequence for routine im-
aging protocols for CVST.

To avoid false-positive results of T2*-weighted im-
aging, a linear hypointense signal should only be inter-
preted as indicative of a venous thrombosis, if it is prom-
inent (“blooming phenomenon”), tubular, shows a 
round diameter on slices perpendicular to its course, 
and encompasses a vessel lumen [11, 13, 45]. Chronic 

subarachnoid hemorrhage or focal 
superficial siderosis, which is defined 
as a hypointense linear signal within 
the superficial layers of the cortex, 
should not be mistaken for a hypoin-
tense clot (Figure 10). The latter is 
typically found in patients with cere-
bral amyloid angiopathy, or in vas-
culitis [51].

In recent years, susceptibility- 
weighted sequences, which are even 
more sensitive compared to conven-
tional T2*-weighted sequences, are 
used to depict the cerebral venous 
anatomy with great detail. They are 
based on different acquisition and/
or postprocessing techniques and 
are known as, e.g., SWI (suscepti-
bility-weighted imaging) or SWAN 
(susceptibility-weighted angiogra-
phy) [52, 53] (Figure 11). Their ap-
plication in a very limited number of 
CVST cases yielded promising ini-
tial results [54] (Figure 1). Yet, care 
has to be taken, as both normal, and 
occluded veins appear hypointense 
on these sequences. Thus, systematic 
studies are needed to test the value 
of this technique for CVST.

Venous MRA Techniques
Different MRA techniques are 
available for the evaluation of the 
cerebral venous vasculature. Ve-
nous time-of-flight (TOF) MRA is 
most commonly used in clinical rou-

tine conditions [11, 19] (Figure 6). To avoid misinter-
pretation of a venous TOF-MRA, the following poten-
tial pitfalls have to be considered: (1) artificial flow 
gaps on TOF-MRA can either result from slow blood 
flow or from in-plane flow. Flow gaps within the non-
dominant transverse sinus (typically the left one) are 
present in > 30% of patients [40, 55]. (2) A hypo- or 
aplastic (left) transverse sinus could be misinterpreted 
as a thrombosis, if MRA is interpreted solely [41, 55] 
(Figure 12), and (3) a subacute, hyperintense thrombus 
might simulate flow in this sequence [40]. With regard 
to the evaluation of the cortical veins, venous MRA 
suffers from the same limitations as DSA and CTA, 

Figure 7. Sagittal T1-weighted images in a healthy volunteer depict hyperintense flow signal in 
the normal superior sagittal sinus as a potential pitfall. To avoid this artifact, the sequence 
should be performed with adequate flow compensation.

Figures 8a to 8f. CVT with involvement of the superior sagittal sinus. FLAIR images (a–c, arrows) 
depict the hyperintense clot within the superior sagittal sinus (arrowheads), while the affec-
tion of the cortical veins is best seen on T2*-weighted images (d–f, arrows).
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namely the considerable anatomic 
variations of these vessels [13].

In addition to TOF-MRA, 
phase-contrast- as well as contrast-en-
hanced venous MRA, and MPRAGE 
(magnetization-prepared rapid-ac-
quisition gradient-echo) techniques 
are in use to investigate the cerebral 
veins and sinuses [56–58]. Yet, data 
on their value for CVST is limited 
[56]. Furthermore, there exist new, 
promising MRA techniques such as 
time-resolved MRA [59, 60], which 
might further improve the value of 
MR for the evaluation of the cerebral 
veins and sinuses. A very recent study 
on 20 CVST patients and 19 controls 
demonstrated that the combination 
of a dynamic and a static three-di-
mensional combined MR venogra-
phy – the so-called combo 4-D MRV 
– was superior to TOF-MRA [61]. 
Future studies should address the po-
tential value of these sequences as 
well as the impact of higher field 
strengths for the diagnosis of CVST.

Indirect Signs of CVST on MRI
MRI represents the gold standard also for the visualiza-
tion of secondary parenchymal changes in CVST [31, 
62]. T2-weighed, PD-weighted or FLAIR images best 
depict venous edema and infarction, while T2*-weighted 
images are superior with regard to associated hemor-
rhages (Figures 1 and 3).

DWI shows variable signal intensities in CVST. 
Both cytotoxic as well as vasogenic edema can be pres-
ent [63, 64] (Figure 1). There is evidence from both pa-
tient and animal model studies that cytotoxic edema 
precedes vasogenic edema in CVST. This is indicated by 
a decreased ADC at very early stage, which is followed 
by a normalization or increase thereafter [65].

Computed Tomography
NECT

In most clinical institutions, NECT is still the method 
of first choice in neurologic disorders, especially in the 
emergency setting. This is mostly due to its wide avail-
ability, its cost-effectiveness and short examination 
time, as well as to the fact that it depends less on pa-

tient cooperation compared to MRI. On NECT, a 
newly formed thrombus shows a homogeneous, hyper-
attenuating signal within the affected vessels [7, 66, 67] 
(Figures 2, 9, and 13). This direct sign of CVST is called 
cord sign or dense vein sign. Both items are used incon-
sistently for both veins and sinuses in literature [7, 66, 
67]. We prefer to apply the term cord sign for sinuses 

Figures 9a to 9h. DCVT involving both internal cerebral veins (dotted arrows), both basal veins 
of Rosenthal (normal arrows), and their tributaries (see, for example, crossed arrows), the left 
thalamostriate vein (arrowheads), and the straight sinus (asterisks). The thrombotic material is 
profoundly hyperdense on NECT (a–d), and hypointense on T2*-weighted images (e–h).

Figure 10. The T2*-
weighted image de-
picts bilateral superfi-
cial siderosis (see, for 
example, arrows) in a 
patient with histo-
pathologically proven 
cerebral amyloid angi-
opathy. Such a finding 
should not be misin-
terpreted as cortical 
venous clot.
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and dense vein sign for veins [7]. This hyperdense ap-
pearance of the clot is best seen within the 1st week of 
the disease. After 7–14 days, the thrombus becomes 
first iso- and later hypodense [66]. With regard to the 
sinuses, the sensitivity of the cord sign has been found 
to be rather low (25–65%) [7, 67]. The same seems to 
be true for the cortical veins [13]. Thus, NECT alone 
does not allow the confident diagnosis or exclusion of 
an ST or a CVT.

In contrast to this, the dense vein sign has a very 
high sensitivity (100%) and a high specificity (> 99%) 
both for the overall diagnosis of an isolated or combined 
DCVT, as well as for the correct detection of the indi-
vidually affected deep cerebral veins [7] (Figure 9). Fur-
thermore, the interobserver agreement regarding the 
presence of a dense vein sign is excellent in DCVT, and 
the diagnostic confidence for this entity is high if this 
sign is present [7]. These findings indicate that NECT is 
very helpful in the diagnosis of DCVT.

With regard to the detection of 
parenchymal changes, i.e., indirect 
signs of CVST, MRI is superior to 
NECT. Yet, NECT also reaches ac-
ceptable high sensitivity and speci-
ficity values for these sequelae of 
CVST [7, 13, 42] (Figure 2).

Potential pitfalls on NECT can 
result in both false-positive and 
false-negative results. Partial volume 
effects, caused by adjacent bony 
structures, can lead to false-positive 
cord signs and dense vein signs [68] 
(Figure 14). This is especially true for 
the sinuses and the cortical veins, 

which are located in immediate vicinity to the skull, while 
the deep cerebral veins are much less prone to these arti-
facts due to their localization [7]. In addition, normal 
flowing venous blood can also appear mildly hyperdense 
on NECT, probably due to high hematocrit values [55, 
66]. A possible explanation for false-negative hyperdense 
sinuses in ST might be the less severe clinical presenta-
tion of a thrombosis of one sinus (e.g., the transverse si-
nus) compared to that of DCVT. If imaging is not per-
formed immediately after symptom onset but with a 
considerable delay because symptoms are unspecific and 
less severe, the thrombus might already be isodense, re-
sulting in false-negative imaging findings [7].

Contrast-Enhanced CT
The empty delta sign – a direct sign of CVST on con-
trast-enhanced CT – represents a triangular area of con-
trast enhancement with a center of relatively low atten-
uation [67–69]. It is typically found in the superior 
sagittal sinus. With the wide availability of CTA, the im-
portance of the empty delta sign for the diagnosis of a 
CVST has decreased.

CTA
According to the latest version of the guidelines of the 
German Neurological Society, CTA can be regarded as 
equivalent to venous MRA for the diagnosis of CVST [1]. 
Multidetector-row CTA (MDCTA) depicts the cerebral 
veins and sinuses with a high spatial and temporal resolu-
tion [42, 70–73], and allows for high-quality multiplanar 
reconstructions and/or sliding-thin-slab maximum inten-
sity projections [74] (Figure 15). There is upcoming evi-
dence that CTA might be even superior to venous 
TOF-MRA especially regarding small veins, the inferior 

Figure 11. SWAN depicts the cerebral veins in great detail: the septal veins (dotted arrows), the 
thalamostriate veins (crossed arrow), the internal cerebral veins (thin arrow), and the basal 
veins of Rosenthal (thick arrows).

Figures 12a and 12b. Potential pitfall on venous TOF-MRA (a: source im-
age; b: maximum intensity projection) of a healthy volunteer: aplastic 
proximal left transverse sinus (arrowheads), hypoplastic left sigmoid 
sinus (dotted arrows in b), and normal right transverse sinus (normal 
arrows in a and b).
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sagittal sinus, and the nondominant 
transverse sinus [1, 42]. A major ad-
vantage of CTA over TOF-MRA is 
that it is not prone to flow artifacts 
[42]. Its very short examination time, 
and the possibility of simultaneous 
visualization of the cerebral arterial 
and venous system by application of 
a single contrast bolus [75] further in-
crease the value of CTA especially in 
the emergency setting.

On CTA, a venous thrombus is 
visualized as a contrast filling defect 
in the respective vessel. Recent stud-
ies demonstrated both a sensitivity 
and a specificity of 100% of MD-
CTA for ST, compared to MRI as 
gold standard [42, 76] (Figure 16).

CTA has been shown to depict 
not only the cerebral sinuses but also 
the deep cerebral veins in high per-
centages [42] (Figure 15). However, 
systematic studies on the value of 
CTA for the diagnosis of a DCVT 
are lacking to date. With regard to 
the cortical veins, there is emerging 
evidence that MDCTA might be of 
limited value [13]. Three potential 
causes of false-negative results on 
CTA should be considered. (1) In 
the acute phase, a strongly hyper-
dense clot (“cord sign” or “dense 
vein sign”) might simulate a regular 
contrast filling of the respective ves-
sel, and might be a potential source 
of false-negative results on CTA. To 
avoid this pitfall, concomitant NECT 
should always be assessed for the 
presence of a dense vein sign, espe-
cially if interpreting the deep cere-
bral veins on CTA. (2) A chronic, 
organized thrombus can show a con-
trast enhancement and then would 
not result in a filling defect on CTA. 
(3) With regard to small veins, par-
tial volume effects from the enhanc-
ing vessel walls might obscure the filling defect [42, 67]. 
Theoretically, prominent arachnoid granulations could 
also be a source of false-positive results. Yet, there is 

evidence that they can easily be differentiated from a 
thrombosis in practice, based on their typical appear-
ance as well-circumscribed, round to ovoid structures 

Figure 13. True-positive cord sign in a patient with thrombosis of the superior sagittal sinus and 
the right transverse sinus (arrows).

Figure 14. False-positive cord sign in the right transverse sinus (arrows) in a patient without 
CVST, but with an elevated hematocrit value.
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showing the same attenuation as cerebrospinal fluid 
[42].

The radiation dose represents only a relative draw-
back of CTA, as it has been shown to be rather low, name-

ly < 1 mSv for an MDCTA performed 
with 120 kV, which is less than the 
mean effective dose of an NECT 
[77].

Conclusion
MRI represents the current gold 
standard for CVST, and dominates 
the diagnostic arms of large inter-
national trials on this entity. Yet, 
its interpretation requires expert 
knowledge of the time- and se-
quence-dependent clot signal char-
acteristics. This represents a draw-
back of MRI versus CTA in clinical 
routine.

MDCTA is a fast, widely acces-
sible, and cost-effective alternative 
to MRI, and less prone to flow arti-

facts. For ST, there is evidence that MDCTA is at least 
equally sensitive compared to venous MRA. Thus, it is 
especially useful in the emergency setting, or in cases in 
which MR is not feasible or yields ambiguous results.

NECT alone cannot reliably exclude an ST, but is 
very sensitive for direct signs of DCVT. Therefore, sus-
picion of a DCVT should be high, if a dense vein sign is 
present on NECT.

If an involvement of the cortical veins or an isolated 
CVT is suspected, MRI with T2*-weighted images are 
strongly recommended, as all other imaging modalities 
and MR sequences have a low sensitivity for this entity.
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