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Abstract

Objective—To determine the effect of supratentorial intraparenchymal mass lesions of various volumes
on dural venous sinuses structure and transluminal pressures.

Methods—Three set of preparations were made using adult isolated head derived from fresh human
cadaver. A supratentorial intraparenchymal balloon was introduced and inflated at various volumes and
effect on dural venous sinuses was assessed by serial intravascular ultrasound, computed tomographic
(CT), and magnetic resonance (MR) venograms. Contrast was injected through a catheter placed in sigmoid
sinus for both CT and MR venograms. Serial trasluminal pressures were measured from middle part of
superior sagittal sinus in another set of experiments.

Results—At intraparenchymal balloon inflation of 90 cm?, there was attenuation of contrast enhancement
of superior sagittal sinus with compression visualized in posterior part of the sinus without any evidence of
compression in the remaining sinus. At intraparenchymal balloon inflation of 180 and 210 cm3, there was
compression and obliteration of superior sagittal sinus throughout the length of the sinus. In the coronal
sections, at intraparenchymal balloon inflations of 90 and 120 cm3, compression and obliteration of the
posterior part of superior sagittal sinus were visualized. In the axial images, basal veins were not visualized
with intraparenchymal balloon inflation of 90 cm?3 or greater although straight sinus was visualized at all
levels of inflation. Trasluminal pressure in the middle part of superior sagittal sinus demonstrated a mild
increase from 0 cm H20 to 0.4 cm H20 and 0.5 cm H20 with inflation of balloon to volume of 150 and 180
cm3, respectively. There was a rapid increase in transluminal pressure from 6.8 cm H20 to 25.6 cm H20 as
the supratentorial mass lesion increased from 180 to 200 cm?.

Conclusions—Our experiments identified distortion and segmental and global obliteration of dural
venous sinuses secondary to supratentorial mass lesion and increase in transluminal pressure with large vol-
ume lesions. The secondary involvement of dural venous sinuses may represent a mechanism for refractory

intracranial hypertension.
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Introduction

Brain tissue compression and distortion has been studied
extensively among patients with supratentorial mass
lesions [1-3]. However, the effect of supratentorial mass
lesions on dural venous sinuses, which may be more
vulnerable to external distortion and compression owing
to collapsible consistency, is not studied in detail. There
is some evidence that supratentorial mass lesions can
compress and increase pressure within dural venous
sinuses. In an experimental model of intracranial hyper-
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tension [4], the secondary alteration in flow velocities
within superior sagittal sinus have been documented.
The secondary compression of venous sinuses in
patients with idiopathic intracranial hypertension has
been reported [5,6]. Increase in intracranial pressure and
cerebral edema secondary to venous occlusion is a well-
recognized phenomenon [7]. Therefore, it is possible
that compression of dural venous sinuses can lead to
malignant and progressive cerebral edema and intracra-
nial hypertension in patients with mass lesions [8,9]. We
performed this study to determine the relationship
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Figure 1. Maximum diameter of the ipsilateral and contralateral transverse sinuses as measured by intravascular ultra-

sound with various volumes of supratentorial mass lesions.

between supratentorial mass lesions of various volumes
and: (1) presence and magnitude of structural change
and (2) transluminal pressure changes observed within
dural venous sinuses.

Methods and Results

We performed a set of studies, one focused on studying
the structural effect of intracranial mass lesion on dural
venous sinuses and second one focused on the change in
transluminal pressure within superior sagittal sinus sec-
ondary to effect of intracranial mass lesion in a cadav-
eric cranium model.

Structural changes in transverse
venous sinuses in response to small
and moderate sized supratentorial
lesions: serial intravascular
ultrasound study

A preparation was made using adult isolated head
derived from fresh human cadaver. The head was intact
included the neck truncated at cervical sixth or seventh
vertebral level. A 5-mm diameter burr hole was made
after excising of skin and soft tissue to expose the skull
bone. The burr right hole was made 2 cm from midline
and 2 cm anterior to the Bregma. A small incision was
made in dura at the site of Burr hole. A Foley’s catheter
was advanced through the hole into the brain tissue. The
balloon of urinary catheter was inflated using contrast
media and the position of balloon in the brain tissue was
validated under fluoroscopy. The balloon was inflated
up to 60 cm?3 with increments starting from 20 cm?.

We cut the distal end of urinary indwelling catheter just
distal to the balloon and advanced the catheter into the
right jugular vein. Then we inflated the balloon of the
catheter and stabilized the position of the balloon inside
the jugular vein. Another urinary indwelling catheter
was advanced into the left internal jugular vein and the
positioned inside the jugular vein in the same fashion.
Then the intravascular ultrasound (IVUS) catheter
(Eagle Eye Gold, 20 MHZ Digital, 64 Bement, s5 Imag-
ing System, Volcano Corp.) was advanced into the right
internal jugular vein through the urinary indwelling
catheter up to the transverse sinus under fluoroscopic
guidance. IVUS images from the ipsilateral and con-
tralateral transverse sinuses were obtained by moving
IVUS probe through the whole length of both transverse
sinuses. Cross-sectional real-time view were acquired
after inflation of the supratentorial balloon to various
volumes which included baseline, 20, 40, and 60 cm3.
Sodium chloride (0.9%) was continuously infused
through the indwelling catheter from the left side to
maintain the pressure inside the venous system. The
IVUS images were imported to the Analyze 9.0 software
(AnalzyeDirect, Inc., Overland Park, KS) to measure the
maximum diameter of the contralateral and ipsilateral
transverse sinuses at each of the time points. Three
measurements were made for each transverse sinus and
a mean value was calculated. The baseline maximum
diameter of the ipsilateral and contralateral transverse
sinus was 23 and 39 mm, respectively. Figure 1 demon-
strates the change in diameter at each of measured time
points for both ipsilateral and contralateral transverse
sinus. In the presence of 50 cm3 inflated intraparenchy-
mal balloon, the maximum diameter of the ipsilateral
and contralateral transverse sinus was 24 and 38 mm,
respectively.
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Figure 2. Serial CT venograms (sagittal section) obtained with various volumes of supratentorial mass lesions. Note the
attenuation of contrast enhancement of superior sagittal sinus with compression visualized in posterior part of the
sinus at intraparenchymal balloon inflation of 90 cm?3.at intraparenchymal balloon inflation of 180 and 210 cm3, there
was extensive compression and obliteration of superior sagittal sinus.

Structural changes in dural venous
sinuses in response to small-,
moderate-, and large-sized
supratentorial lesions: serial
computed tomographic venographic
study

A preparation was made using adult isolated head
derived from fresh human cadaver as mentioned above.
A Foley’s catheter was advanced through the burr hole
into the brain tissue and inflated up to 60 cm3 in incre-
ments. A custom-made balloon was made by attaching a
commercially available rubber balloon with a rubber
catheter for larger volume inflations. A 6 F Envoy cathe-
ter (Emerald, Cordis, NJ) was introduced into the inter-
nal jugular vein through the exposed transected cervical
end. The guide catheter was advanced over a 0.035 glide
wire up to the sigmoid sinus under fluoroscopic guid-
ance (Ziehm Vista, Instrumentarium Imaging Ziehm,
Inc., Riverside, CA). A continuous infusion of 0.9%
sodium chloride was maintained through the guide cath-
eter at a rate of 200 cm3/h. Computed tomographic (CT)
scans were obtained with 5-mm-thick contiguous axial,
coronal, and sagittal sections from the base of the skull
to the vertex, followed immediately by CT venography
at eight time points. These time points were: baseline,
and 20, 30, 50, 90, 120, 180, and 210 cm3 of intraparen-
chymal balloon inflations. Scans were angled parallel to
a line drawn from the posterior margin of the foramen
magnum to the superior margin of the orbit. All CT
venographies were performed on Siemnens filamtome
definition flash with a 3-D workstation. The scanning
parameters used were a slice thickness of 0.6 mm at an
interval of 5.0 mm. The gantry rotation speed was 3.5
7.5 mm per rotation using 120 kV and 250-300 mA
with a prescan delay of 3040 s. A total of 70-80 mL of
nonionic contrast material (optiray, 370 mg I/mL) was
administered at a rate of 4-5 mL/s by a power injector
into the sigmoid sinus. Using VITAL IMAGES com-
puter software (Vitrea2 version 4.1.14.0) venograms

were displayed using maximum intensity projection
(MIP), volume averaging, and integral algorithms. The
baseline sagittal CT venogram images were reviewed
and image that displayed the superior sagittal sinus was
selected. The coronal section CT venogram was
reviewed and the image that displayed the transverse
sinuses and confluence of sinuses was selected. The
axial section CT venogram was reviewed and section
that displayed the straight sinus, vein of Galen, and
basal veins was selected. Subsequent axial, coronal, and
sagittal sections images at various time points were
reviewed and corresponding images were selected. In
some instances, corresponding image was not available.
The selected were imported to the Analyze 9.0 software
(AnalzyeDirect) for postprocessing. The skull bone and
contrast enhanced venous sinuses were assigned differ-
ent colors based on density thresholding technique with
manual correction if necessary.

In the sagittal image, the superior sagittal sinus was well
visualized in images acquired with intraparenchymal
balloon inflation of 30 and 50 cm3 (Figure 2). At intra-
parenchymal balloon inflation of 90 cm3, there was
attenuation of contrast enhancement of superior sagittal
sinus with compression visualized in posterior part of
the sinus without any evidence of compression in the
remaining sinus. At intraparenchymal balloon inflation
of 180 and 210 cm3, there was compression and obliter-
ation of superior sagittal sinus throughout the length of
the sinus. In the coronal sections (Figure 3), the trans-
verse sinuses and confluence of sinuses appeared patent
with 20, 30, and 50 cm?3 of intraparenchymal balloon
inflation. At intraparenchymal balloon inflations of 90
and 120 cm3, compression and obliteration of the poste-
rior part of superior sagittal sinus was visualized. At
intraparenchymal balloon inflations of 210 cm3, com-
pression of ipsilateral transverse sinus was visualized
with complete obliteration of superior sagittal sinus. In
the axial images (Figure 4), straight sinus, vein of Galen,
and basal veins were visualized with 20, 30, and 50 cm?3
of intraparenchymal balloon inflation. Basal veins were
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Figure 3. Serial CT venograms (coronal section) obtained with various volumes of supratentorial mass lesions. Note the
compression and obllteratlon of the posterior part of superior sagittal sinus with intraparenchymal balloon inflations
of 90 and 120 cm3. Note the compression of ipsilateral transverse sinus and complete obliteration of superior sagittal

sinus |ntraparenchymal balloon inflations of 210 cm3.
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Figure 4. Serial CT venograms (axial section) obtained with varlous volumes of supratentorial mass lesions. Note that
basal veins were not visualized with 90, 120, 150, and 210 cm3 of intraparenchymal balloon inflation.

20 cc

Figure 5. Serial MR venograms (coronal section) obtained with various volumes of supratentorial mass lesions.

not visualized with 90, 120, 150, and 210 cm3 of intra-
parenchymal balloon inflation although straight sinus
was visualized at all levels of inflation.

Structural changes in dural venous
sinuses in response to small- and
moderate-sized supratentorial
lesions: serial magnetic resonance
(MR) venographic study

Another set of experiments was performed using a simi-
lar setup and serial MR venograms were obtained. All
MR venography was performed on a 1.5-T MRI system
(Vision, Siemens Medical Solutions) at four time points.
These time points were: baseline, and 20, 40, and 60
cm3 of intracranial balloon inflation. Preliminary MRI
of the brain was performed using the T1-weighted

sequence (axial, sagittal, and coronal planes). Our
parameters were slice thickness, 1.5-3.0 mm; and matrix
size, 144 x 256. The total number of acquisitions was 1
or 2, and the total acquisition time was 6-8 min. After
the acquisition of all source images of the MR venogra-
phy sequence, the images were processed and displayed
by means of an MIP algorithm using computer software.

In the sagittal image, the superior sagittal sinus was well
visualized in images acquired with intraparenchymal
balloon inflation of 20, 40, and 60 cm3 (not shown). In
the coronal images (Figure 5), there was some evidence
of distortion of the superior sagittal sinus with 20, 40,
and 60 cm? of intraparenchymal balloon inflation. In the
axial images (not shown), straight sinus, vein of Galen,
and basal veins were visualized with 20, 40, and 60 cm?3
of intraparenchymal balloon inflation.

We did not perform MR venogram in the second set of
experiments with large mass lesions because the data
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Figure 6. The superior sagittal sinus transluminal pressure measurements at baseline and at various volumes of supra-

tentorial mass lesions.

provided by CT venogram was of higher quality than
MR venogram in the first set of experiments.

Transluminal pressure changes in
dural venous sinuses in response to
small-, moderate-, and large-sized
supratentorial lesions: serial fluid-
coupled transducer study

A similar setup as mentioned above was prepared. A
second craniotomy hole was created in the midline
above the posterior aspect of the superior sagittal sinus 3
cm posterior to Bregma. The surface of the superior sag-
ittal sinus was exposed and a small incision was made.
A 2.3 F microcatheter with a latex balloon mounted on
the tip was introduced and advanced in anterior direction
under fluoroscopic guidance using C arm unit (Ziehm
Vista, Instrumentarium Imaging Ziehm, Inc.). The
microcatheter was placed in mid position of the superior
sagittal sinus. The balloon was filled with fluid, and the
pressure was transmitted through the catheter and meas-
ured with an external fluid column similar to the setup
used in pressure measurements during lumbar puncture.
The balloon was inflated using contrast (Omnipaque
140) diluted in 0.9% sodium chloride solution under flu-
oroscopic guidance to avoid deformation of balloon or
sinus. Using the balloon technique, a pressure is meas-
ured that is the average pressure along the balloon and in
various radial directions. The superior sagittal sinus
pressure was measured at baseline, and 10, 20, 30, 40,
50, and 60 cm? of intraparechymal balloon inflations.
The intraparenchymal balloon was replaced by larger

custom made balloon. The superior sagittal sinus pres-
sure was measured at baseline, and at 90, 120, 150, 180,
185, 190, 195, and 200 cm3 of intraparechymal balloon
inflations.

There was no change in trasluminal pressure in the mid-
dle part of superior sagittal sinus up to 90 cm3 inflation
of intraparenchymal balloon. Trasluminal pressure in the
middle part of superior sagittal sinus demonstrated a
value of 0.4 cm H20 and 0.5 cm H20 with inflation of
balloon to volume of 150 and 180 cm3, respectively.
There was a rapid increase in transluminal pressure from
6.8 cm H20 to 25.6 cm H20 as the supratentorial mass
lesion increased from 180 to 200 cm?3 (see Figure 6).

Exploratory clinical studies

We identified all acute ischemic stroke patients at a Uni-
versity affiliated hospital that records demographic and
pertinent clinical data regarding all patients discharged
with a diagnosis of stroke. We identified patients with
fatal middle cerebral artery infarction due to malignant
cerebral edema who were admitted between 2008 and
2010 who had undergone a MRI of the brain at least 3
days after symptom onset using an institutional registry.
Among the 196 patients admitted with ischemic stroke,
14 developed fatal cerebral edema during their hospitali-
zation. Out of this population subset, only three patients
met the criteria of having MRI scans with both coronal
and sagittal views available at least 3 days after symp-
tom onset. Among these three patients, two had radio-
logical evidence of compression of superior sagittal
sinuses. The MRI revealed an extremely large infarction
affecting the right or left middle cerebral arteries with
midline shift and evidence of cingulate and uncal hernia-
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Figure 7. Two representative cases of compression of superior sagittal sinus (encircled) due to large middle cerebral

artery infarction.

Figure 8. Two representative cases of compression of transverse sinus due to large middle cerebral artery infarctions;
the arrows identify the segments of venous sinuses that are either compressed or displaced.

tion (see Figure 7). There was compression and near
obliteration of the superior sagittal sinus on the coronal
sections of the MRI in both patients (see Figure 7).

We prospectively identified four consecutive patients
with supratentorial mass lesions who underwent a CT
perfusion or angiogram within a 2-month as part of rou-
tine care. Multiple axial images performed through the
brain with intravenous contrast using standard perfusion
CT technique. Three-dimensional reconstructions and
dynamic evaluation and dynamic enhancement of the
cerebral dural venous sinuses were performed using a
Vitrea® workstation equipped with brain perfusion
package. The patients’ demographic and clinical data
with CT venographic findings were as follows: 82-year-
old man with large temporal hemorrhage (displacement
of transverse sinus and posterior part of superior sagittal
sinus); 88-year-old woman with large middle cerebral
artery ischemic stroke (downward displacement of trans-
verse sinus with compression, Figure 8A); 80-year-old
woman with large temporo-occipital hemorrhage (dis-
placement of posterior part of superior sagittal sinus);
and 82-year-old man with large middle cerebral artery
ischemic stroke (compression of transverse sinus, Figure
8B). The findings are preliminary and subject to limita-
tions imposed by image acquisition and reconstruction,
and variations in venous anatomy.

Discussion

Our experiments demonstrate compression of dural
venous sinus secondary to supratentorial mass lesion
and increase in transluminal pressure with large volume
lesions. Compression of dural venous sinuses with
increase in transluminal pressure can lead to venous
engorgement and reduced venous outflow. Therefore,
secondary or possibly a propagating cascade of increas-
ing intracranial pressure and cerebral edema can be initi-
ated through such a mechanism. We observed four
stages of dural venous sinuses involvement with increas-
ing volume of intraparenchymal balloon inflation. The
first stage (distortion stage) was seen with intraparen-
chymal balloon inflation of less than 90 cm?3 and consis-
ted of flattening and distortion of the superior sagittal
sinus and noticeable displacement of straight sinus. The
second stage (segmental obliteration) was seen with
intraparenchymal balloon inflation of ranging between
90 and 150 cm3 and consisted of obliteration of poste-
rior part of sagittal sinus and basal veins. The third stage
(global obliteration) was seen with intraparenchymal
balloon inflation of ranging above 150 cm3 and consis-
ted of obliteration of the superior sagittal sinus with
rapid increase in transluminal pressure and compression
of ipsilateral transverse sinus.
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The effects of supratentorial mass lesions are likely to be
underestimated in cadaveric cranium model. Postmor-
tem brain volume loss may allow greater accommoda-
tion of mass lesions without effecting cranial structures
[10,11] than that expected in alive patients. The com-
pression of dural venous sinuses maybe more in the
presence of expanded state owing to continuous blood
flow. The artifact created because of repeated contrast
injection even with a circulating circuit may obscure
some of the findings on serial CT and MR venograms.
While the exact quantitation of effect on dural venous
sinuses maybe limited by the inherent limitations of our
protocol, the model provided information regarding
presence and characteristics of such effects. The func-
tional impact of compression of superior sagittal and
transverse sinuses has to be interpreted with the under-
standing that both superficial and deep middle cerebral
veins can drain into the cavernous and laterocavernous
sinuses [12-14]. Therefore, an alternate route for venous
drainage may be activated reducing or ameliorating the
physiologic effect of venous compression of selected
sinuses.

Hyperemic regions with a loss of auto regulation are
seen in sites remote from the supratentorial mass lesions
without a clear etiology [15-17]. Our experiments sug-
gests that venous stasis in territories drained by superior
sagittal sinus may be a potential mechanism for remote
hyperemia. Similarly, the etiology of minute brainstem
hemorrhage and hypodensities by rapidly increasing
intracranial pressure and herniation is debated [18,19].
Stretching and laceration of pontine perforating
branches of the basilar artery and venous thrombosis and
infarction have been proposed as explanations [20].
Hyperperfusion in the thalamus and the midbrain in an
experimental model of unilateral compressive lesion and
transtentorial herniation support the concept of venous
compression [21]. The diencephalon and rostral brain
stem are supplied by great vein of Galen and the basal
veins both of which are vulnerable to compression from
swelling or displacement of the midbrain due to supra-
tentorial mass lesion [22]. We noted in our experiments
that basal veins were not visualized with large mass
lesions which would support the notion of venous com-
pression as an etiology for midbrain hemorrhages.

The practical implications of dural venous sinus com-
pression and distortion remain undefined. It remains
unclear whether incremental increase in intracranial
pressure and cerebral edema is more or less likely to
respond to treatments such as mannitol and hypertonic
saline. The rheological effect of mannitol and hypertonic
saline may be advantageous in alteration in venous flow
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in presence of mass lesion [23]. The hemodilution sec-
ondary to increase in intravascular osmolality and subse-
quent movement of fluids into the intravascular com-
partment may limit the magnitude of flow alterations.
Further studies will be required to determine the occur-
rence of such phenomenon in various supratentorial
mass lesions and whether such phenomenon is modifia-
ble with therapeutic interventions.
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