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a b s t r a c t

Dural sinuses vary in size and shape in many pathological conditions with abnormal intracranial
pressure. Size and shape normograms of dural brain sinuses are not available. The creation of such nor-
mograms may enable computer-assisted comparison to pathologic exams and facilitate diagnoses. The
purpose of this study was to quantitatively evaluate normal magnetic resonance venography (MRV)
studies in order to create normograms of dural sinuses using a computerized algorithm for vessel
cross-sectional analysis. This was a retrospective analysis of MRV studies of 30 healthy persons. Data
were analyzed using a specially developed Matlab algorithm for vessel cross-sectional analysis. The
cross-sectional area and shape measurements were evaluated to create normograms. Mean cross-
sectional size was 53.27 ± 13.31 for the right transverse sinus (TS), 46.87 + 12.57 for the left TS
(p = 0.089) and 36.65 + 12.38 for the superior sagittal sinus. Normograms were created. The distribution
of cross-sectional areas along the vessels showed distinct patterns and a parallel course for the median,
25th, 50th and 75th percentiles. In conclusion, using a novel computerized method for vessel cross-
sectional analysis we were able to quantitatively characterize dural sinuses of healthy persons and create
normograms.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Abnormal configuration and width of dural venous sinuses can
be found in various pathologic conditions with altered intracranial
pressure (ICP). Transverse venous sinus stenosis was recently
included as a diagnostic criterion for intracranial hypertension
[1], following accumulating radiologic evidence of venous outflow

obstruction [2–5]. In contrast, intracranial hypotension is charac-
terized by a distended appearance of part of the transverse sinus
(TS) [6]. Sinus venous thrombosis can lead to intracranial hyper-
tension. Still, there is debate as to whether venous outflow
obstruction is a cause or a consequence of increased ICP [7,8].
Information regarding dural sinus anatomy in healthy individuals
is scarce and normograms of dural venous sinuses that include
cross-sectional planes do not exist.

Cerebral magnetic resonance venography (MRV) has become
the gold standard for the evaluation of dural brain sinuses. MRV
has the advantage of being an accurate, noninvasive test that
avoids exposure to radiation and iodinated contrast medium
[9,10].

Previous studies that investigated sinus anatomy used a
descriptive, subjective method; for example, pathology was
diagnosed according to the radiologist’s impression. Recently, an
automated and robust method for vessel cross-sectional analysis
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and comparison has been developed in the Brain Research Center
at Ben-Gurion University [11]. The technique is fast and accurate,
and can be employed in cross-sectional vessel analysis across var-
ious vascular systems in any desired plane.

Quantitative imaging biomarkers (QIB) present reproducible
imaging measures that have the ability to detect anatomic changes
with high sensitivity, specificity and accuracy [11,12]. Computer-
assisted detection (CAD) for QIB has demonstrated usefulness for
tumor screening, identification of tumor progression [13–16], and
diagnosing and assessing disease progression in Alzheimer disease
[17,18], osteoarthritis [19,20], and coronary atherosclerosis [21].
To develop QIB for pathologic conditions with abnormal dural
sinus configurations in the future, normograms of healthy persons
are required. Hence, the purpose of this study was to characterize
quantitatively, dural venous sinuses in individuals with normal
MRV, and to create normograms.

2. Materials and methods

2.1. Subjects

This was a retrospective study approved by the local institu-
tional ethics committee.

Data of 30 adults were retrieved from the Radiology Institute at
the Soroka University Medical Center. Inclusion criteria were: nor-
mal brain MRI and MRV, as determined by a senior neuroradiolo-
gist; no history of brain surgery or sinus vein thrombosis; and no
lumbar puncture during the month preceding the imaging.

2.2. Data acquisition

All participants had an MRI performed with 1.5-T scanner or 3-T
scanner. For the 1.5-T scanner (Philips, Inera) a SENSE head-coil
was used. A contrast-enhanced 3D spoiled, T1w gradient echo
sequence was used. The imaging parameters were TR/TE
5.7/1.75 ms, slice width = 2 mm (reconstructed to 1 mm), in-
plane resolution 0.74 � 1.05 mm, tip angle 40 degrees, and SENSE
reduction factor = 2.5 for a scan time of 40.8 s. For the 3.0-T scan-
ner (Philips, Ingenia) a SENSE head-coil was used. The imaging
parameters were: TR/TE = 4.1/1.56 ms, slice width = 1.8 mm
(reconstructed to 0.9 mm), in-plane resolution 0.90 � 0.90 mm,
tip angle 27 degrees, and a SENSE reduction factor = 2.5 for a scan
time of 29.8 s.

2.3. Data analysis

Data were analyzed by a specially developed Matlab algorithm
that consists of several steps. As an initial step, all images were reg-
istered and normalized using the SPM toolkit. Automatic vessel
segmentation and extraction from the brain volume were per-
formed using SPM brain masking and a specially developed seg-
mentation procedure based on region growing method.
Volumetric skeletonization of the segmented vessel object was
performed using the 3D Multistencil Fast Marching Method.
Cross-sectional planes were determined at each skeleton point
(Fig. 1). As a final step of the algorithm a special clustering proce-
dure was applied to define the outermost edge of a vessel object at
each cross-sectional plane. To this end a connected vessel object
with a centroid at a skeleton point was defined. Then, watershed
transformation was employed to separate a single vessel cross-
section from attached components such as intersections with other
vessels.

Finally, geometrical measurements including circumference,
area, circularity and triangularity were calculated. The circumfer-
ence (Lt) and area (At) were directly calculated as polygon length

and area. Circularity, which is a compactness shape measure
parameter, was defined as = 4pAt/Lt2.

Triangularity of the vessel cross-section was estimated as = At_-

fit/At, where At_fit was the area of the biggest triangle inscribed in
the polygon.

Distribution of the cross-sectional area along the length of the
dural sinus was calculated in 2 mm increments.

The algorithm was completed in about 10 min, including all
steps of the cross-sectional analysis, in which 350 cross-sections
were analyzed for each patient.

2.4. Statistical methods

Percentiles (25th, 50th and 75th) for areas of the right, left and
superior sagittal sinuses were calculated and data were compiled
into representative graphs. The measured cross-sectional area at
each point was plotted along the length of the sinuses according
to its position. Also, the relationship between triangularity and cir-
cularity was calculated as a function of the area of the sinus.

General estimating equations (GEE) were used to evaluate asso-
ciations between age and the different cross-sectional area and
shape measurements.

The comparison of the sinus area, between right and left, was
performed with a T test. P value less than 0.05 was considered
significant.

3. Results

3.1. Study population

Thirty normal brain MRI-MRVs were included in the study.
Mean age was 33.7 ± 10 years (range 18–54); 90% of the examinees
were female. Age was not associated with cross-sectional area and
shape measurements.

Reasons for referral to brain MRI-MRV were various: suspected
intracranial vasculitis (n = 10), prolonged headaches (n = 7), irregu-
larity of the intracranial vessels on CTA (n = 2), trigeminal neural-
gia (n = 2), paresthesia (n = 2), blurred vision (n = 2), suspected
vascular malformation (n = 1), eclampsia (n = 1) and suspected
intracranial hypotension (n = 1). In one case the reason for referral
could not be retrieved.

3.2. MRV analysis

The automated method for cross-sectional analysis was easily
applied in all MRV studies. Table 1 shows the cross-sectional size
of the right and left TS and the superior sagittal sinus (SSS). The
LTS was slightly smaller than the RTS; the difference did not reach
statistical significance (p > 0.089). The distribution of cross-
sectional area along the right and left TS showed distinct patterns
with initial widening, and a W-shaped course (Figs. 2 and 3). The
SSS displayed an initial decrease of cross-sectional size, then a pla-
teau, a certain increase and then a more or less linear decrease of
size along its course (Fig. 4). The distribution of cross-sectional
areas for the median, 25th and 75th percentiles showed a parallel
course in the LTS, RTS and SSS (Figs. 2–4).

The mean scores for circularity were 84.69 ± 8.11, 85.95 ± 9.56
and 94.06 ± 10.09 for the RTS, LTS and SSS, respectively. Mean
respective triangularity scores were 62.75 ± 6.34, 3.56 ± 7.77 and
61.79 ± 5.79. In every location along the sinuses, the ratio of trian-
gularity to circularity was <1 (RTS = 0.74, LTS = 0.74, SSS = 0.66)
(Table 2), i.e. the vessels had a rather round cross-sectional shape
(Figs. 5 and 6).
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