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absTraCT 

Computed tomography venography (CTV) has proven to be a reliable imaging 
method in the evaluation of cerebral venous thrombosis with good correlation to 
magnetic resonance (MR) imaging and digital subtraction angiography (DSA). 
It is fast and widely accessible, especially in the emergency setting. For better 
visualization of vascular structures bone is often removed from the images. The 
purpose of this study was to evaluate the quality of a fully automatic bone removal 
method, matched mask bone elimination (MMBE), and to asses the interobserver 
variability of the CTV technique.

Fifty patients with clinical suspicion of cerebral venous thrombosis underwent 
multislice CTV with MMBE postprocessing. Axial source images and maximum 
intensity projections were retrospectively evaluated by two neuroradiologists for 
quality of bone removal and for the presence or absence of thrombosis in 9 dural 
sinuses and 5 deep cerebral veins. A per sinus/vein and a per patient analysis 
(thrombosis in at least one sinus or vein) was performed and interobserver 
agreement was assessed.

Both observers considered bone removal good in all patients (100%). 
Interobserver agreement per patient was excellent (κ = 0.83), with a full agreement 
in 47 of 50 patients (94%). The interobserver agreement per sinus or vein was good 
(κ = 0.76), with a full agreement in 679 of 700 sinuses or veins (97%). 

CTV aided with MMBE is a robust technique for visualization of the intracranial 
venous circulation, removing bone effectively. CTV has high interobserver 
agreement for presence or absence of cerebral venous thrombosis. 
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I. InTroduCTIon

Thrombosis of cerebral veins and sinuses is a rare condition, comprising less than 
1% of all strokes,1 that most often affects young woman.2 The symptoms and clinical 
course are highly variable, and, despite improvements in diagnosis and treatment, it 
may still cause death or permanent disability.3 Prompt accurate diagnosis is essential 
to determine the need for antithrombotic therapy or local thrombolysis.2,4 

Magnetic resonance imaging (MRI) together with magnetic resonance 
venography (MRV) is considered a sensitive non-invasive examination technique for 
the diagnosis of cerebral venous thrombosis.5 However, MRI has limited application 
in the evaluation of cerebral venous thrombosis due to its infrequent availability in 
the acute care setting, longer imaging time, and technique related artifacts leading to 
spurious interpretation.6,7

Previous reports have noted that CT venography (CTV) has a high sensitivity 
for detection of cerebral venous thrombosis as compared to digital subtraction 
angiography (DSA).7,8 CTV is superior in the identification of cerebral veins and 
dural sinuses and is at least equivalent in establishing the diagnosis of dural sinus 
thrombosis as compared to MRV.8-10 CTV can provide a rapid and reliable diagnosis 
in the acute setting allowing prompt therapy.7-12

Since the seminal article of Casey et al in 1996,11 who introduced CTV as a 
diagnostic tool, bone removal techniques have been used in most studies to obtain 
three dimensional (3D) views on the venous vasculature without hindrance of bone.6,7,13 
Nearly all studies have used the ‘graded subtraction’ technique,11 that removes bone 
by interactive thresholding and region growing.8,10,12,14 A drawback of this technique 
is that it is operator dependent and time consuming. Other techniques without these 
drawbacks have been developed, using an additional low-dose nonenhanced scan.15-18

In the present study, matched mask bone elimination (MMBE) was chosen for 
bone removal, because of its user-independent and fully automatic nature.15,19-21 The 
interobserver variability is of course an important characteristic of a diagnostic tool. 
The number of studies that report on the interobserver agreement in CTV is limited, 
however, and in these studies only a restricted number of patients (10 to less than 
twenty) were included.9,11,12

The purpose of the present study was therefore to determine quality of bone 
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removal with MMBE and to evaluate interobserver variability in detection of 
cerebral venous thrombosis of CTV using MMBE in a large number of patients.

II. paTIenTs and meThods

II.a. paTIenTs and ImagIng
All patients with clinical suspicion of cerebral venous thrombosis that underwent 
multislice CTV with MMBE post-processing from March 2003 until February 
2006 were identified with a database search. Fifty patients, 16 men and 34 women, 
were identified with a mean age of 36 years, in the range of 17 months to 82 years. 
In all patients, two spiral CT scans, the first one low-dose and nonenhanced and the 
second contrast-enhanced, of the head were made from the vertex to C1, resulting 
in a scan length of approximately 15 cm.

Twelve patients were scanned with the Mx8000 (Philips Medical Systems, Best, 
Netherlands) and 38 patients with the Sensation 4 (Siemens Medical Solutions, 
Erlangen, Germany), both with 4 x 1 mm collimation. With the Mx8000 90 kV 
was used; 100 and 360 effective mAs, a rotation time of 0.75 s and a pitch of 0.875. 
With the Sensation 4 120 kV was used; 65 and 250 effective mAs, a rotation time 
of 0.5 s and a pitch of 0.85. Scans were reconstructed with a nominal field of view 
of 220 mm, an effective slice thickness of 1.3 mm, and a slice increment of 0.5 
mm, 180° interpolation and reconstruction-kernel B (Philips) or H30f (Siemens). 

Non-ionic contrast material (Omnipaque [Iohexol] containing 300 mg of iodine 
per milliliter; Nycomed, Oslo, Norway) was injected in a cubital vein at 4 ml/s for 
a total of 120 ml. Scanning was started after a delay time of 25 s. In most scans 
the gantry was angulated. The duration of one helical CT scan was approximately 
22 seconds with the Sensation 4 and approximately 32 seconds with the Mx8000.

II.b. posT-proCessIng
After acquisition, MMBE was applied. The principle of the MMBE method is 
that bone voxels are identified in the nonenhanced scan, and that corresponding 
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voxels in the enhanced scan are given an arbitrarily low value19 (Fig. 1). Key step 
in the MMBE procedure is compensation for movements of the patient in between 
the two scans. Even minimal movements lead to serious artifacts in the processed 
images if not compensated. This compensation was achieved by registration of the 
nonenhanced CT scan with the contrast-enhanced CT scan. After registration, a 
threshold was applied to identify bone voxels in the nonenhanced scan. In scans 
made at 90 and 120 kV these threshold were 200 HU and 150 HU, respectively.15 
The mask was slightly dilated by means of 1 voxel to allow for partial volume effects 
and slight amounts of mismatch. Processing for the complete MMBE procedure 
took slightly more than 10 minutes. Post-processing of the scans with MMBE was 
performed fully automatic on a framework for automatic image processing and 
routing using GRID-computing.22 After processing the images were cached and 
routed to a workstation (MxView; Philips Medical Systems, Best, Netherlands), 
where 40 maximum intensity projection (MIP) images free from overprojecting 
bone were made from standardized angles. 

Fig. 1 
CT Venography of a 34-year old woman with clinical suspicion of cerebral venous thrombosis demonstrates complete bone removal and normal appearance of 
the intracranial venous circulation. The scan was made at 90 kV and the enhancement in the confluence of sinuses and superior sagittal sinuses was 500 HU 
and 381 HU, respectively. The ratio SSS-CFS was 0.76. (A) (B) and (C) axial images of nonenhanced low-dose CT, CTV and CTV after MMBE. (D), (E) and (F) 
MIPs of the CTV dataset after MMBE in anteroposterior, left-posterior oblique and lateral direction.
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II.C. Image evaluaTIon
Measurements were made on the images by a medical physicist to quantify 

contrast enhancement in the veins. The CTV examinations were evaluated by 
two neuroradiologists on quality of the scan, quality of bone removal and for 
presence or absence of thrombosis. The observers were blinded from the findings 
of each other and from previous patient findings except from the fact that the CTV 
examination was performed because of suspicion of cerebral venous thrombosis. 
The observers were provided with original CTV images, nonenhanced images, 
processed CTV images with masked bone and standardized MIP images.

II.d. measuremenTs of ConTrasT enhanCemenT
The contrast enhancement of the scans was quantified by determining the 
maximal CT-value in two regions of interest (ROIs), one containing the superior 
sagittal sinus (SSS) and the other containing the confluence of sinuses (CFS). The 
measurements were performed in masked CTV scans. To reduce the influence of 
noise all the CT-values were averaged over a volume of 3 x 3 x 3 voxels. The first 
ROI consisted of a sphere with a diameter of 3 cm centered at the confluence of 
sinuses; the other ROI was a disk-shaped volume with a diameter of 6 cm centered 
at the vertex of the skull, with a depth of 8 mm in the brain contiguous to the 
crown of the skull. The enhancement, i.e., the difference in CT-values between the 
enhanced and nonenhanced scan, was obtained by subtracting 50 HU, the average 
CT-value of a nonenhanced vein, from the measured maximal CT values. 

To quantify the distribution of the contrast agent throughout the scan we 
computed also the ratio of the enhancement in the superior sagittal sinus and the 
confluence of sinuses (ratio SSS-CFS). This ratio is an indication of the timing 
of the scan after bolus injection. A ratio SSS-CFS substantially larger than one 
indicates that the delay time may have been too long, as the enhancement appears 
to be maximal at the start of the scan at the vertex and is considerably reduced when 
the level of the confluence of sinuses is reached. A ratio SSS-CFS substantially 
lower than one indicates that the delay time may have been too short, or that an 
extensive thrombus is present in the region of the superior sagittal sinus.
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II.e. QualITy of Images and bone removal
Quality of CTV-images was categorized as excellent, moderate or poor. The 
quality of the scan was moderate if some movement of the patient had occurred that 
did not interfere with image interpretation. The quality was poor if either patient 
movement or technical problems (e.g. poor contrast) interfered with interpretation 
of the images. For statistical analysis, data were dichotomized as good quality 
(excellent or moderate) and poor quality.

Quality of bone removal was categorized as complete, nearly complete or 
incomplete. If small osseous structures or calcifications (e.g. auditory ossicles, 
bone lamellae of mastoid or nasal sinus and falx, pineal gland or choroid plexus 
calcifications) were visible not interfering with interpretation of the venous 
structures, bone removal was judged as nearly complete. If many osseous 
structures were still visible, interfering with interpretation, the bone removal was 
considered as incomplete. For statistical analysis, data were dichotomized as good 
bone removal (complete or nearly complete) and poor bone removal (incomplete). 

II.f. assessmenT of ThrombosIs
A total of 9 dural sinuses (superior sagittal sinus, bilateral transverse, sigmoid and 
cavernous sinuses, inferior sagittal sinus and straight sinus) and 5 cerebral veins 
(bilateral internal cerebral veins and basal veins and vein of Galen) were evaluated 
for thrombosis. Other small venous structures such as the petrosal veins were not 
evaluated, because they were considered as less relevant. A sinus or vein could be 
evaluated as visualized, non-visualized, hypoplastic, completely thrombosed or 
partially thrombosed. A sinus or vein was considered as being non-visualized if 
neither a thrombus nor a sinus or vein was visualized. A patient was considered to 
have a cerebral venous thrombosis if at least one dural sinus or cerebral vein was 
partially or completely thrombosed. 

A per sinus/vein and a per patient analysis was performed. To demonstrate 
interobserver variability κ statistics between observers and percentages of 
agreement were calculated. A κ value of > = 0.80 indicated excellent agreement; 
0.60 -0.79 good agreement; 0.40-0.59 moderate agreement and 0.39-0.20 fair 
agreement and 0.0 -0.19 slight agreement.23

After the individual assessments, a consensus reading was performed in 



ChapTer 482

which the scans of patients with sinuses and veins with disagreement between the 
observers were examined. Follow-up imaging and clinical follow-up information 
of these patients, if available, was used to assist the observers in the making of 
their final judgement.

III. resulTs

III.a. ConTrasT enhanCemenT
The mean and range of contrast enhancement in the CTV scans at two locations and 
their ratio is shown for the forty patients without thrombosis (see below) in Table I. As 
expected enhancement at 90 kV is higher than at 120 kV.24 At both kVs the ratio SSS-
CFS is slightly less than one. In Fig. 2 the ratio is shown as a function of age. The results 
of scans at 90 and 120 kV are taken together as the ratio does not depend on the absolute 
enhancement. It can be seen that the ratio is lower in older patients. In addition in Fig. 2 
the ratio is also shown for the ten patients with thrombosis (see below).

Table I 
Enhancement at two locations and the ratio of the enhancements in 40 patients without thrombosis

Tube voltage (kV) N CFS (HU) SSS (HU) ratio SSS-CFS 

120 29
281  
(109-455)

233  
(26-540)

0.88  
(0.10-2.55)

90 11
413  
(199-531)

345  
(252-422)

0.88  
(0.58-1.51)

Data are represented as mean (range). N, number of patients; CFS, confluence of sinuses; SSS, superior sagittal sinus; ratio SSS-CFS, the enhancement of the 
superior sagittal sinus divided by the enhancement of the confluence of sinuses
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Fig. 2 
This figure shows the ratio of the enhancement at two sites for 50 patients as a function of age. The ratio of enhancement is the contrast of the superior 
sagittal sinus (SSS), divided by the contrast the confluence of sinuses (CFS). For young patients this ratio is approximately 1 or higher, which means that the 
SSS has the same enhancement as the CFS or a higher enhancement. For older patients the opposite is the case. For patients with thrombosis (open symbols) 
the enhancement tends to be lower than for patients without thrombosis (closed symbols). A ratio higher than one is an indication that the scan is too late 
relative to the time of the contrast injection (the maximum enhancement of the CFS is already past at the moment the scan starts), a ratio lower than one 
indicates the opposite (enhancement of the CFS has not yet reached the maximal value at the time of the scan).

III.b. QualITy of Images and bone removal
Observer I considered the quality of the CT scan excellent in 41 patients, moderate 
in 8 patients and poor in 1 patient. Observer II considered quality excellent in 28 
patients, moderate in 21 patients and poor in 1 patient. The difference in categorizing 
a scan as good or as moderate between the observers was mainly caused by a more 
critical appraisal of the scans by observer II concerning the uniformity of contrast 
enhancement. The two scans that were rated “poor” were of different patients and 
both concerned scans in which the contrast had not yet reached the SSS when the 
scan was started. Overall quality of the CT scan was considered as “good” by both 
observers in 48 of 50 patients (96%). Artifacts caused by metal objects as clips or 
coils were present in only two patients and did not hinder the visualization of veins 
and sinuses.

Observer I considered bone removal to be complete in 38 patients and nearly 
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complete in 12 patients. Observer II considered bone removal also to be complete 
in 38 patients and nearly complete in 12 patients. In two patients one observer 
judged the bone removal as complete, the other as nearly complete. Overall bone 
removal was considered as “good” in all patients (100%) by both observers.

III.C. per sInus/veIn analysIs
CTV findings in the 50 patients are listed in Table II. A total number of 700 sinuses 
and veins were evaluated (14 sinuses/veins per patient, 50 patients). Interobserver 
agreement on presence or absence of thrombosis per sinuses or veins was good 
(κ = 0.76, 95% confidence interval (CI): 0.67-0.86; full agreement 97%: 679/700). 
The observers agreed on presence of thrombosis in 37 of 700 sinuses or veins 
(5.3%) (Table III; Fig. 3). There was disagreement in 21 sinuses or veins (3.0%). 
In 18 out of the 21 sinuses or veins (in 7 patients) with disagreement, no change in 
final diagnosis was observed. In these patients, the observers already agreed on 1 
or more (partially) thrombosed sinuses or veins, so that the patient was considered 
as having cerebral venous thrombosis. Disagreement of 1 or more other sinuses 
or veins in these patients did not change the diagnosis. In most cases the superior 
sagittal sinus was considered as being thrombosed (Table II). Observer I scored 
40 sinuses or veins (5.7%) as thrombosed and observer II 55 (7.9%). There was 
disagreement in presence or absence of thrombosis in 10 sinuses or veins of the 
deep venous system (all the veins and the straight sinus and inferior sagittal sinus) 
and in 11 larger dural sinuses (either superior sagittal, transverse or sigmoid 
sinuses). In these cases, disagreement was due to difference in interpretation, e.g., 
judged as hypoplastic vs. partially thrombosed or non-visualized vs. completely 
thrombosed, or to poor quality of the CT-scan. All patients with disagreement in 
judgment of deep venous system patency had also a thrombosed superior sagittal, 
transverse and/or sigmoid sinus.
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Table II 
CTV findings in 50 patients suspected of cerebral venous thrombosis

Observer I Observer II Disagreement

Vessel Normal Thrombosis Normal Thrombosis

Superior Sagittal Sinus 41 9 42 8 3

Left Transverse Sinus 47 3 44 6 3

Right Transverse Sinus 45 5 43 7 4

Left Sigmoid Sinus 47 3 46 4 1

Right Sigmoid Sinus 45 5 45 5 0

Straight Sinus 45 5 44 6 1

Inferior Sagittal Sinus 49 1 49 1 0

Left Cavernous Sinus 50 0 50 0 0

Right Cavernous Sinus 50 0 50 0 0

Vein of Galen 46 4 44 6 2

Left Internal Cerebral Vein 49 1 47 3 2

Right Internal Cerebral Vein 48 2 47 3 1

Left Basal Vein 49 1 47 3 2

Right Basal Vein 49 1 47 3 2

Total: 660 40 645 55 21

Data are dichotomized: visualized, non-visualized and hypoplastic are rated as normal; partially or completely thrombosed are rated as thrombosis. CTV, CT 
venography
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Fig. 3 
CT Venography of a 39-year old woman with clinical suspicion of cerebral venous thrombosis demonstrates nearly complete bone removal and show 
a thrombosis of right transverse and sigmoid sinus (arrowheads) and the deep venous system (arrows). In the left distal transverse/proximal sigmoid 
sinus also an archnoid granulation can be seen. The scan was made at 120 kV and the enhancement in the confluence of sinuses and superior sagittal 
sinuses was 320 HU and 178 HU, respectively. The ratio SSS-CFS was 0.56. (A) and (B) axial contrast-enhanced images with masked bone at the level 
of the transverse sinus and deep venous system. (C) and (D) MIPs of the CTV dataset after MMBE in antero-posterior and left-lateral direction.

Table III 
Interobserver results of CTV per sinus or vein

Observer II

Observer I Thrombosis No Thrombosis Total

Thrombosis 37 3 40

No Thrombosis 18 642 660

Total 55 645 700

Data are dichotomized: visualized, non-visualized and hypoplastic are rated as normal; partially or completely thrombosed are rated as thrombosis. CTV, 
CT venography



87InTerobserver varIabIlITy In The deTeCTIon of Cerebral venous ThrombosIs usIng CTv wITh mmbe

III.d. per paTIenT analysIs
Interobserver agreement for the presence or absence of thrombosis per patient was 
excellent (κ = 0.83; 95% CI: 0.65-1.00), with an agreement in presence or absence 
of thrombosis in 47 of 50 patients (94%) (Table IV). In 3 of 50 patients (6%) the 
observers disagreed on final diagnosis (thrombosis in at least one sinus or vein). In 
2 patients one observer found a complete thrombosis in the superior sagittal sinus 
while the other judged the sinus to be non-visualized. In the first patient additional 
imaging with MRA and DSA (Fig. 4) did not demonstrate a sinus thrombosis, 
while in the second patient the clinical follow up disqualified suspicion of sinus 
thrombosis. These 2 patients (60 years and 81 years) both had poor cardiac output 
and the contrast medium probably had not yet reached the superior sagittal sinus 
when the scan was started. In both patients the ratio SSS-CFS was very low (0.10 
and 0.21 respectively, see also Fig. 2). The first scan of these two patients was 
rated to be ‘poor’ by one of the observers because of this technical problem. This 
observation was not made by the other observer, neither was the quality of the 
scan of the other patient rated as ‘poor’ by any observer, as it should have been. We 
return to this point in the discussion.

 The third patient in whom there was a disagreement on the final diagnosis was 
a 6-year-old boy who had a traumatic head injury after being hit by a car. Because 
of deteriorating neurological condition, a sinus thrombosis had to be ruled out. 
One observer found that the superior sagittal sinus and the right transverse sinus 
were partial thrombosed, while the other judged them to be visualized normally. 
In the consensus reading when axial images were evaluated in the brain and bone 
setting, a fracture of the occipital bone with a focal epidural haematoma was seen 
which displaced and compressed this sinus medially. Both observers agreed that 
there was no thrombosis.
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Table IV 
Interobserver results of CTV per patient

Observer II

Observer I Thrombosis No Thrombosis Total

Thrombosis 10 0 10

No Thrombosis 3a 37 40

Total 13 37 50

Data are dichotomized: visualized, non-visualized and hypoplastic are rated as normal; partially or completely thrombosed are rated as 
thrombosis.; CTV, CT venography
a In consensus reading and in follow-up, these 3 patients were found to have no thrombosis

Fig. 4
CT Venography and angiography of a 60-year-old man with clinical suspicion of cerebral venous thrombosis demonstrate a pitfall of CTV (too early scanning due 
to poor cardiac output). The scan was made at 120 kV and the enhancement in the confluence of sinuses and superior sagittal sinuses was 255 HU and 26 HU, 
respectively. The ratio SSS-CFS was 0.10. (A) axial contrast-enhanced CT image with masked bone at the level of the vertex. The superior sagittal sinus is not 
enhanced (arrowheads). (B) right lateral MIP of the CTV dataset after MMBE. The superior sagittal sinus is not visualized (arrowheads) due too early scanning 
in cranial to caudal direction while the contrast agent has not reached this sinus yet. Small carotid, falcine and tentorial calcifications and auditory ossicles on 
the right side were not removed but this did not interfere with image interpretation. (C) additional angiography (two days after CTV) does not show thrombosis 
in the superior sagittal sinus (arrowheads).

Iv. dIsCussIon

Our data demonstrate that CTV with MMBE is a robust technique for automatic 
removal of bone structures from CTV datasets. We found good interobserver 
agreement for the presence or absence of thrombosis. 
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The MMBE bone removal technique used in this study was described in 
detail previously.15,19 The present study was designed to assess efficacy of bone 
removal and interobserver variability in CTV examinations in a large patient 
cohort. In all patients the quality of bone removal was considered to be good, 
i.e., complete or nearly complete. In some patients the quality of bone removal 
was only nearly complete because the patient moved during acquisition of the 
nonenhanced or enhanced CT scan. Because in MMBE each contrast-enhanced 
image is registered separately with the nonenhanced images,19 these artifacts were 
restricted to slice positions at which movement occurred. Some other patients had 
moved their mandible in between the two scans, which caused the mandible to be 
not completely removed. In these patients better bone removal can be obtained by 
using piecewise registration.25 However, the overall bone removal was still good, 
and the remaining bone did not interfere with the diagnosis.

In 47 out of 50 patients the observers agreed on the final diagnosis of presence or 
absence of cerebral venous thrombosis; in the remaining 3 patients they disagreed. 
In 2 patients this was probably due to impaired cardiac output that resulted in 
insufficient contrast enhancement. In the other patient it was due too difficulties 
in discriminating a partial thrombosis from a displacement and compression of a 
sinus by an epidural haematoma.

Although the overall agreement on a per patient analysis was good, disagreement 
occurred in 21 of 700 sinuses or veins. This concerned the superior sagittal 
(n=3), transverse (n=5) and sigmoid sinus (n=3) and veins in the deep venous 
system (n=10). These discrepancies occurred relatively often for the structures 
of the deep venous system in patients with a concomitant thrombosed superior 
sagittal, transverse and/or sigmoid sinus. An explanation for the discrepancy 
could be mistaking small arteries for veins due to arterial contamination. Arterial 
contamination is often been seen in patients with cerebral venous thrombosis due 
to an increase in cerebral circulation time.26 Discrepancies in interpretation with 
regard to presence or absence of thrombosis could be resolved in consensus in all 
involved sinuses and veins. The good interobserver agreement found in the present 
study is in line with reports from earlier studies that reported on interobserver 
agreement on CTV; in these studies, however, a considerable lower number of 
patients was included. Wetzel et al reports an excellent agreement in 10 patients 
with the use of MIP images.12 Casey et al reports an excellent agreement in a 
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number of 14 patients.11 In the study of Linn et al no kappa was reported; results 
suggest that in this study the interobserver agreement was also excellent.9

In the present study a delay time of 25 seconds was used. Fig. 2 shows that 
this delay time resulted in a highly variable contrast distribution in the veins 
with the ratio of enhancement in the superior sagittal sinus and the confluence of 
sinuses depending on the age of a patient. This suggests that for older patients a 
better enhancement would have been obtained with a longer delay time, and for 
younger patient with a shorter one. This is in accordance with findings in literature 
that optimal timing of a contrast enhanced scan is dependent on age, gender and 
neurological status of a patient.27,28 In the patients with thrombosis the ratio SSS-
CFS was generally lower than in the other patients, but this could be caused by 
the presence of a thrombus in the superior sagittal sinus. The fact that the average 
ratio SSS-CFS is slightly below 1 in our study (see Table I), indicates that on the 
average the contrast was not yet at its maximum value in the superior sagittal 
sinus when a scan was started. We recently adjusted our scan protocol to a delay 
time of 30 seconds, in accordance with the suggestion by Rodallec et al,7 and 
found that the ratio SSS-CFS indeed increased to an average slightly exceeding 
1. However, in some cases, the ratio of enhancement was almost 2, and in these 
cases the delay time was probably too long. We note that above observations refer 
to the scan protocols used in the present study. The choice of an optimal delay 
time is complicated as scan time, amount of contrast and infusion rate also play a 
role. Optimal results probably should be obtained with a delay time adjusted to age 
(see Fig. 2). With the use of CT scanners with more detector rows, scans can be 
made in a shorter time and a more constant contrast distribution can be obtained, 
although the choice of the delay time will remain a critical factor for the level of 
enhancement. 

Previous authors have noted that CTV has high sensitivity and specificity (95% 
and 91%, respectively)12 for depicting cerebral venous thrombosis when digital 
subtraction angiography (DSA) is used as the gold standard. In comparison with 
DSA, CTV normally provides less information on flow dynamics. However, with 
the development of 320 slice CT scanners 3D dynamic imaging of the whole 
brain is now also possible.29 CTV is superior to MR Venography (MRV) in the 
identification of cerebral veins and dural sinuses and is at least equivalent in 
establishing the diagnosis of cerebral venous thrombosis.8,10 Linn et al and Ozsvath 
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et al report sensitivities and specificities of CTV, with MRV as the gold standard, 
of both 100%.9,10 Khandelwal et al reports figures of 75% and 100%, respectively.8

A major advantage of CTV as compared to MRV is that it can be instantly 
performed as an adjunct to a nonenhanced CT in the acute setting, resulting in 
shorter time to diagnosis. Since procedure duration is less than one minute, image 
quality is hardly impaired by patient motion, and patient monitoring is easier in 
critically ill patients as compared with MR imaging.8,10 Compared to MRV (2D 
TOF MRA), CTV is easier to interpret as it suffers from less pitfalls as compared 
to MRV.7,8

Although the diagnosis of cerebral venous thrombosis can be made by 
evaluation of the source images or MPR images or thin-slab MIP images of a 
helical CT scan,9 3D MIP images of the complete venous vasculature free from 
overprojecting bone have clearly additional value. The importance of bone removal 
in CTV was stressed in a recent surview article by Leach et al.6 In CT angiography 
the use of bone removal significantly reduced reading time.30 3D MIP images of 
the complete vasculature are valuable as a communication tool with clinicians, 
have the ability to be viewed in a limitless number of views and decrease the 
likelihood that normal anatomic variations, such as high splitting of the superior 
sagittal sinus, will be mistaken for an empty delta sign.11 

The use of bone removal is widespread in CTV.6-8,10-18 In our study, MMBE 
was chosen for bone removal, because of its user independent and fully automated 
nature. Manual bone editing in CTV is virtually impossible and semi-automated 
bone removal techniques are time-consuming and user dependent. The ‘graded 
subtraction’ technique,11 that has been used in a number of CTV studies,8,10,12,14 
requires performance by a highly skilled technologist or radiologist with detailed 
knowledge of the cerebrovascular anatomy. Even then it may be very difficult to 
remove all bone without also removing part of the dural sinuses and cortical veins.6,15 

With MMBE and related techniques16,21 a nonenhanced CT scan is necessary 
to remove the bone from the contrast enhanced scan. In the present study an 
additional low-dose scan was made, with a corresponding slight increase in dose. 
However, before the CTV scan nearly always a nonenhanced brain CT scan is 
made to exclude parenchymal abnormalities.6 Nowadays this scan is made in the 
spiral mode with thin collimation,31 and it can be used as the non-enhanced CT 
scan in the MMBE procedure. In this way the MMBE procedure can be used to 
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remove bone without exposing the patient to additional radiation dose.
Some lessons can be learnt from the errors that were made by the observers in 

this study. In some cases errors in the timing of the CTV scan relative to contrast 
injection lead to the (incorrect) diagnosis of thrombosis, while actually the 
contrast had not yet arrived or already had disappeared. Judgement of the contrast 
distribution over the complete venous system, as we have done in this study by 
determining the SSS-CFS ratio (see Fig. 2), can give information on this point. As 
noted above, optimal timing is of course of prime importance.

Sometimes it is difficult to distinguish hypoplastic sinuses for (partially) 
thrombosed sinuses. To reduce the chance to make an error on this respect, 
observers should pay attention to the presence and size of the vascular groove 
in the occipital and temporal bone at the expected location of the tranverse and 
sigmoid sinus. As in the case of hypoplasia or aplasia the groove will be small or 
even be absent, while it will be well-delineated in the case of thrombosis.32,33 A 
final point concerns arterial contamination. We found in the region of the deep 
venous system arteries were sometimes taken to be small veins. This problem 
can be reduced by tracing the small vessels back to there parent vessel, to check 
whether this is arterial or venous.

Disadvantages of CTV include the use of ionizing radiation, limiting its use in 
pregnant patients and children and the use of iodinated contrast material, limiting 
its use in patients with renal failure and contrast material allergy.6

v. ConClusIon

Multislice CTV using MMBE is a robust, rapid and fully automatic operator 
independent technique for visualization of the intracranial venous circulation, 
removing bone effectively. The technique has a high interobserver agreement for 
presence or absence of cerebral venous thrombosis.
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