
Gadolinium-Enhanced MR of Chronic Dural Sinus Thrombosis

Didier Dormont, Kemal Sag, Alessandra Biondi, Bertrand Wechsler, and Claude Marsault
Summary: Gadopentetate dimeglumine–enhanced MR imaging
was performed in four patients with chronic dural sinus throm-
bosis. After injection, intense enhancement of the chronic
thrombus was observed in all cases. On three-dimensional time-
of-flight MR angiography, performed in one case, the occluded
part of the superior sagittal sinus was not distinguishable from a
normal sinus because of thrombus enhancement mimicking
blood flow. Enhancement of the clot is best explained by orga-
nization of the thrombus, which is converted into vascularized
connective tissue. It could lead to false-negative results in pa-
tients with chronic dural sinus thrombosis studied with contrast-
enhanced MR or contrast-enhanced time-of-flight MR angiogra-
phy techniques.
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Magnetic resonance (MR) imaging is consid-
ered the best noninvasive imaging modality to
detect dural sinus thrombosis (1–5). In dural
sinus thrombosis, postcontrast appearance
rarely has been described (6). More recently, in
patients with dural sinus thrombosis, the use of
MR angiography has been proposed (7–12) and
the use of paramagnetic contrast agents has
been advocated to increase the sensitivity of MR
angiography (13–15). In four patients in whom
unenhanced MR studies demonstrated chronic
dural sinus thrombosis, gadopentetate dimeglu-
mine was injected to evaluate whether contrast
administration improved visibility of the dural
sinus thrombosis. One patient also was studied
with contrast enhanced three-dimensional time-
of-flight MR angiography.

Materials and Methods

Among 14 MR cases of chronic dural sinus thrombosis,
the last 4 patients were studied with injection of gado-
pentetate dimeglumine. There were 2 men and 2 women,
ranging in age from 23 to 46 years (mean age, 32 years).
Two patients had Behçet disease, according to the criteria
of the International Study Group for Behçet disease (16).
At the time of MR study, neurologic examination revealed
intracranial hypertension with bilateral papillary edema in
all cases. MR was performed 6 months (case 1), 7 months
(case 3), 1 year (case 4), and 2 years (case 2) after the
presumed onset of dural sinus thrombosis.

MR study was performed on a 1.5-T unit in 3 patients
(cases 1, 2, and 4). For these patients, the following se-
quences were obtained before injection of gadopentetate
dimeglumine: sagittal spin-echo T1-weighted images 600/
11/2 (repetition time/echo time/excitations), coronal
spin-echo T2-weighted images 2500-2800/60 (first
echo), 120 (second echo)/1, coronal flow-sensitive gradi-
ent-echo images (gradient recalled acquisition in a steady
state [GRASS] 50/14/2, 608 flip angle, or multiplanar
gradient-echo 100/14/2, 908 flip angle) axial spin-echo
T2-weighted images 2500/33/1 with 908 flip angle, axial
spin-echo T1-weighted images 420/11/2, and axial flow-
sensitive gradient-echo images (GRASS, 50/14/2, 608-908
flip angle, or multiplanar gradient-echo 100/14/4, 908 flip
angle). Section thickness was 5 mm in the sagittal, 6 mm
in the axial, and 8 mm in the coronal planes and matrix
size was 256 3 192. All the gradient-echo flow-sensitive
sequences were obtained with first-order gradient moment
nulling. After injection of gadopentetate dimeglumine,
axial spin-echo T1-weighted images (420/11/2) were
obtained.

One patient (case 4) also was studied with 3-D time of
flight MR angiography after injection of gadopentetate
dimeglumine. Parameters of the 3-D acquisition were 40/
6.9/1, 258 flip angle; 64 1.5-mm axial sections were ob-
tained with a 256 3 256 matrix and first-order gradient
moment nulling.

One patient (case 3) was studied in another institution
on a 0.5-T unit. Sagittal spin-echo T1-weighted images
(440/20/2), axial spin-echo T2-weighted images (2600/
30/90), and coronal spin-echo T1-weighted images (500/
20/2) were obtained before contrast injection. After injec-
tion of gadopentetate dimeglumine, coronal spin-echo T1-
weighted images were obtained. Angiography also was
available in this case, performed 5 days after MR.
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Fig 1. Case 1. 24-year-old man with Behçet disease. Thrombosis in the late stage of
middle and posterior thirds of the superior sagittal sinus.

A, Sagittal spin-echo T1-weighted image (600/11/2) shows isointense signal of the
middle portion of the superior sagittal sinus.

B, Coronal spin-echo T2-weighted image (2800/120/1) shows abnormal hyperin-
tense signal in the superior sagittal sinus (arrow).

C, Coronal flow-sensitive multiplanar gradient-echo image (100/14/4, 908 flip angle)
shows absence of the normal hyperintense signal at the same level, confirming superior
sagittal sinus occlusion.

D, Axial spin-echo T2-weighted image (2500/90/1) shows abnormal hyperintense
signal in the superior sagittal sinus (arrow) at a more posterior level than in B.

E, Axial flow-sensitive gradient-echo image (GRASS 50/14/2, 608 flip angle) shows
absence of hyperintense signal at the same level, confirming superior sagittal sinus
occlusion.

F, Axial spin-echo T1-weighted image (420/11/2) shows isointense signal in the
superior sagittal sinus.

G, Axial spin-echo T1-weighted image (420/11/2) after injection of gadopentetate
dimeglumine shows intense enhancement of the clot (arrow).
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Fig 2. Case 2. 23-year-old woman with Behçet disease. Thrombosis of the right
sigmoid sinus in the late stage.

A, Axial spin-echo T2-weighted image (2500/90/1) shows abnormal hyperintense
signal in the right sigmoid sinus (arrow).

B, Axial flow-sensitive multiplanar gradient-echo image (100/14/4, 908 flip angle)
shows absence of the normal hyperintense signal at the same level-confirming
occlusion.

C, Axial spin-echo T1-weighted image (420/11/2) shows isointense signal in the
right sigmoid sinus.

D, Axial spin-echo T1-weighted image (420/11/2) after injection of gadopentetate
dimeglumine shows intense enhancement of the clot (arrows).
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Computed tomography (CT) scan, performed before
MR examination, was available in one patient (case 1).

Results

In all four patients, MR demonstrated dural
sinus thrombosis in the late stage with presence
of a chronic thrombus (cases 1 and 3, middle
and posterior thirds of the superior sagittal si-
nus; case 2, right sigmoid sinus; case 4, poste-
rior third of the superior sagittal sinus).
Normal dural sinuses presented flow void on

spin-echo T1- and T2-weighted images and hy-
perintense signal on gradient-echo flow-sensi-
tive images. After gadopentetate dimeglumine
injection, they usually appeared hyperintense
on spin-echo T1-weighted images. Occluded
dural sinuses showed isointense signal on spin-
echo T1-weighted images and intermediate hy-
perintense signal on both echoes of spin-echo
T2-weighted images. On flow-sensitive images,
absence of the normal hyperintense signal be-
cause of flow-related enhancement was ob-
served in the occluded sinus. In all four cases,
on spin-echo T1-weighted images after gado-
pentetate dimeglumine injection, intense and
homogeneous enhancement was observed
within the occluded sinus (Figs 1–4). The en-
hanced occluded portions of dural sinuses were
indistinguishable from the adjacent normally
flowing venous channels, which also were hy-



Fig 3. Case 3. 35-year-old man with thrombosis of the middle and posterior thirds of the superior sagittal sinus in the late stage.
A, Coronal spin-echo T1-weighted image (500/20/2) shows isointense signal in the occluded superior sagittal sinus.
B, Coronal spin-echo T1-weighted image (500/20/2) after injection of gadopentetate dimeglumine (same level as A) shows

enhancement in the thrombosed superior sagittal sinus (arrow).
C, Left carotid angiogram, lateral view, venous phase, shows occlusion of the superior sagittal sinus (arrows).
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perintense. Figure 1 (case 1) shows the aspect
of an occluded dural sinus on all different se-
quences without and with gadopentetate dime-
glumine. Occlusion of the dural sinus was con-
firmed on digital selective bilateral carotid
angiography in case 3 (Fig 3).
In the patient (case 4) studied with 3-D time-

of-flight MR angiography, the occluded portion
of the superior sagittal sinus was well identified
on MR without contrast. On contrast-enhanced
MR and on contrast-enhanced MR angiography,
the thrombosed sinus was not distinguishable
from the normal sinus because of thrombus en-
hancement mimicking blood flow (Fig 4).

Discussion

MR is considered the method of choice in the
noninvasive diagnosis of dural sinus thrombo-
sis. In reports on MR findings in dural sinus
thrombosis (1, 2, 17), two stages of thrombus
evolution have been described: initial (or
“acute”) and intermediate (or “subacute”). In
the initial stage, the thrombus was described as
isointense on T1-weighted images and hypoin-
tense on T2-weighted images. In the intermedi-
ate stage, the thrombus is hyperintense on both
T1- and T2-weighted images (in a few cases,
hyperintense on T1- and hypointense on T2-
weighted images). In these papers, the late
stage was described as “the beginning of reca-
nalization of the vessel” with reappearance of
flow void in venous channels. Other authors (3,
4) described a late stage of dural sinus throm-
bosis, before the recanalization of the vessel,
with the presence of a chronic thrombus. At this
latter stage, the thrombus signal is character-
ized by isointensity on T1- and hyperintensity
on T2-weighted images. The use of flow-sensi-
tive gradient-echo MR sequences also was pro-
posed for the diagnosis of dural sinus thrombo-
sis (18, 19). With these sequences, flowing
blood and subacute thrombosis appear hyper-
intense.
An MR study (6) has described the postcon-

trast appearance in one case of a septic left
transverse sinus thrombosis. A pronounced en-
hancement of tentorium and of the wall of the
sinus was observed, which is similar to the
empty delta sign described on CT (20–24). This
sign is probably related to the thrombus within
the dural sinus surrounded by contrast material
in the smaller collateral veins and in the wall of
the sinus. The specificity of the empty delta sign
is high, but its sensitivity is surprisingly low: it is
observed in only 30% of cases of sagittal sinus
thrombosis (24).
The use of MR angiography for the diagnosis

of dural sinus thrombosis has been reported
(10–12). To avoid saturation of the venous
structures, some authors (13, 15) have pro-
posed contrast-enhanced 3-D time-of-flight MR
angiography and have showed that contrast in-
jection greatly improves the visibility of the ve-
nous structures. However, time-of-flight images
are also T1 dependent, and problems associ-
ated with the use of this technique are the risk of
confusion of high-signal regions, which can be
attributable to blood flow but also to an en-
hancement of a normal or pathologic structure.



Fig 4. Case 4. 46-year-old woman with rheumatoid polyarthritis. Thrombosis in the late stage of the posterior third of the superior
sagittal sinus.

A, Sagittal spin-echo T1-weighted image (600/11/2) shows localized isointense signal within the posterior segment of the superior
sagittal sinus.

B, Axial flow-sensitive multiplanar gradient-echo image (100/14/4, 908 flip angle) shows absence of the normal hyperintense signal
because of superior sagittal sinus thrombosis.

C, Axial spin-echo T1-weighted image (420/11/2) shows isointense signal in the superior sagittal sinus.
D, Axial spin-echo T1-weighted image (420/11/2) after injection of gadopentetate dimeglumine shows intense enhancement within

the thrombosed dural sinus.
E, Axial 3-D time-of-flight MR angiography (40/6.9/1, 258 flip angle) after injection of gadopentetate dimeglumine. Lateral view

obtained with a maximal intensity projection algorithm. Localized thrombosis of the posterior portion of the superior sagittal sinus is not
visible because of clot enhancement (arrow).
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In our four patients, unenhanced MR scans
demonstrated dural sinus thrombosis. Signal
characteristics of the clot were those of a
chronic thrombus. It was possible to affirm the
occlusion of the dural sinuses because signal
abnormalities were observed in all sequences
and with different section orientation. In all pa-
tients with chronic dural sinus thrombosis stud-
ied with gadolinium, enhancement of the throm-
bus was observed, but our series is too limited to
affirm that this is a constant finding. Enhance-
ment within the occluded dural sinus is a phe-
nomenon best explained by organization of the
thrombus. The thrombus is invaded by fibro-
blasts and capillary channels and is thus con-
verted into vascularized connective tissue (25).



Because of the hypervascularization of this tis-
sue, enhancement of the organized thrombus
occurs after injection of contrast material. Be-
cause of this, caution is advised in the use of
contrast-enhanced 3-D time-of-flight MR an-
giography to study venous anatomy. This tech-
nique could be particularly misleading if dural
sinus thrombosis is being considered.
In conclusion, we have observed contrast en-

hancement of the clot in patients with dural
sinus thrombosis in the late stage of thrombus
evolution. This could lead to false-negative re-
sults in patients with dural sinus thrombosis in
the late stage with the use of contrast-enhanced
MR and time-of-flight MR angiography tech-
niques. Phase-contrast (with or without contrast
agent) or time-of-flight (without contrast agent)
MR angiography techniques are therefore pre-
ferred for the evaluation and follow-up of pa-
tients with suspected dural sinus thrombosis.
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