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OBJECTIVE. The purpose of this article is to bring some of the potential causes of false-
positive and false-negative interpretations of dural sinus thrombosis (DST) on cross-section

imaging studies to the attention of radiologists.

CONCLUSION. The prompt diagnosis of DST can be important in many cases and a
false-positive diagnosis can cause a delay in establishing the correct diagnosis as well as lead
to implementation of inappropriate therapy. We hope that this article helps to reduce the num-
ber of such cases in the daily practice of the reader.

ural sinus thrombosis (DST) is a

disease entity in which early diag-

nosis can make an important dif-

ference with regards to patient
outcome. Inability to correctly diagnose DST
can occasionally allow the disease to progress
to a critical state manifested by cerebral infarc-
tion, impaired consciousness, coma, and death.
In one recent study, a substantial average delay
of 7 days between the onset of symptoms and
imaging-based diagnosis was found [1]. In an-
other study, 7% of patients with DST died in
the acute stage of the disease [2]. The goal of
this review is to inform the reader of potential
causes of misdiagnosis of DST in the hopes of
facilitating early diagnosis.

In many cases, false-negative interpreta-
tions of DST imaging studies are not due to
misinterpretation of findings that clearly in-
dicate abnormal flow. Instead, misinterpreta-
tions are often due to lack of appropriate spe-
cific attention to the appearance of the dural
sinuses. Some reasons for this difficulty are,
first, that the dural sinuses are frequently lo-
cated on the edges of an image rather than in
the central portion and, second, that images
of the superior sagittal sinus are at the end of
the series of images being reviewed. Thus, un-
less a specific effort is made to include the du-
ral sinuses in the search pattern used to evalu-
ate images, an abnormality within the dural
sinuses can be relatively easily missed.

An indication to the radiologist that DST is
being considered by the clinician ordering the
study would help alleviate the difficulties out-
lined. However, in many cases, the ordering

physician has either not considered DST as a
diagnosis or has not communicated the clini-
cal suspicion of DST to the radiologist. In one
recent article, the authors reported that DST
was listed as the clinical diagnosis on the study
requisition in only 5% of CT cases that showed
DST and in 33% of MR cases (in which the di-
agnosis was not already known) [3].

Misdiagnosis of DST is also often due to
difficulties in correctly interpreting confus-
ing (or contrary) imaging findings related to
the dural sinuses. The remainder of this re-
view is intended to outline difficulties in the
interpretation of imaging findings related to
DST on various forms of imaging.

Review of Imaging Findings Considered
Diagnostic for DST

A number of findings in DST have been de-
scribed on CT including the so-called cord
sign (which represents a hyperdense throm-
bosed vein), the dense dural sinus sign (also
referred to as the hyperdense dural sinus
sign), and the empty delta sign on contrast-en-
hanced CT (Fig. 1). The cord sign has been re-
ported to be insensitive, being present in only
5% of cases [4]. The dense dural sinus sign is
also reported in only 20% of cases and, there-
fore, is an insensitive sign [4]. However, the
empty delta sign appears to be more sensitive
because it has been reported in 70% of cas-
es [5]. Unenhanced CT scans are more com-
monly used as the first imaging study in pa-
tients with new clinical symptoms. Hence, the
empty delta sign, seen on contrast-enhanced
studies, will often not be available. In one re-
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cent study, unenhanced CT was reported to
have a sensitivity of 73% for the detection of
DST [6]. However, in that study readers were
specifically asked to examine unenhanced CT
scans of patients with confirmed DST, which
is a situation very different from a clinical
environment in which the diagnosis is rarely
previously known and, often, unanticipated.

Similar findings to those on CT are pres-
ent on MRI. Thus, the absence of flow void
within a thrombosed dural sinus is the equiv-
alent of a hyperdense sinus on CT. Although
the exact sensitivity of absence of a flow void
for detection of DST is hard to determine, it is
likely very high. An empty delta sign, similar
to that on contrast-enhanced CT, can also be
seen on MRI. Nonetheless, in some cases, the
determination of DST using spin-echo tech-
niques (i.e., without MR venography) can be
difficult. Nonetheless, a number of diagnos-
tic clues can be garnered from the spin-echo
images in equivocal cases. For instance, lo-
calizer images obtained using gradient-echo
technique often show flow-related enhance-
ment in dural sinuses (Fig. 2). On occasion,
the authors have used such images to make a
determination about the patency of the dural
sinuses and have avoided the need for repeat
MRI for performing MR angiography. Simi-
larly, pulsation artifact in the phase-encoding
direction on unenhanced MR images can also
be used to determine the likelihood of dural
sinus patency in equivocal cases (Fig. 3).

On that basis, it is important that the radi-
ologist understand the relatively high rate at
which obvious findings indicating DST are
absent. On unenhanced CT, one of the major
findings of DST is that of a hyperdense sinus.
In the medical literature, this sign has been
variably referred to as the “dense vein” sign
[4], the “cord sign” [7], and the “triangle”
sign [3]. The fact that a hyperdense sinus
has been reported in only 20% of patients in
some series [4] indicates that one of the signs
that most radiologists have learned as highly
suspicious for DST is present in only a small
minority of patients. In another study, a “hy-
perdense dural” sign was present in 58%,
again indicating that the absence of this sign
is not reliable for excluding the diagnosis of
DST. Finally, one report addressed the influ-
ence of clinical suspicion of DST in success
in diagnosing findings on unenhanced CT
[3]. That report indicated that when the diag-
nosis was not suspected on clinical grounds,
the false-negative rate on CT was 53%. Thus,
it is important that radiologists learn the
clues that can be found on the requisition or
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in the electronic medical record that should
raise suspicion of DST. These clues include a
previous thrombotic event (e.g., deep venous
thrombosis), pulmonary embolism, or recur-
rent spontaneous abortions, which raise the
possibility of a hypercoagulable state [8].

Causes of False-Negative Cases Using
CT and MR Techniques
False-Negative Cases on Unenhanced CT

A false-negative finding for DST on un-
enhanced CT may be caused by a lack of in-
creased density of a thrombosed dural sinus
(e.g., over time, transition of a previously hy-
perdense dural sinus to one that is isodense
with brain) [7, 9] (Fig. 4). Another cause is
volume averaging of a dural sinus with normal
tissue, which is most commonly encountered
in the transverse sinus on axial CT images. Fi-
nally, a small dural sinus, even when hyper-
dense, can be difficult to visualize against the
high-density background of adjacent skull.

False-Negative Cases on Contrast-Enhanced CT

Few false-negative cases of DST on con-
trast-enhanced CT exist. However, some ob-
servers have noted that on occasion a so-called
empty delta sign is not seen even though DST
is depicted on catheter angiography [10]. In-
vestigators have attributed this finding to either
the high density of thrombus that is not visible
against the background of contrast enhance-
ment of the walls of the dural sinus (in cases
in which the thrombus is in the acute stage) or
because (in the case of a chronic thrombus) the
thrombus is partially recanalized.

False-Negative Cases on CT Angiography

False-negative causes of DST on CT venog-
raphy are uncommon. One technical cause of
a false-negative study is inappropriate timing
of scanning after administration of contrast
material. If scanning is performed too soon
after contrast material administration, the du-
ral sinuses are poorly opacified, which can
decrease the contrast resolution between the
thrombus and opacified blood [11].

False-Negative Cases on MRI

In large part, false-negative cases on MRI
result from simulation of normal signal in-
tensity by thrombosed dural sinuses. Part
of the difficulty in establishing the diagno-
sis of DST on MRI is that, in some circum-
stances, the signal intensity of the throm-
bosed sinus can simulate normal brain tissue
or normal blood flow. On T1-weighted im-
ages, acute thrombus may be isointense to

brain and thus less conspicuous compared
with subacute thrombus, which is hyperin-
tense on T1-weighted images. One series ob-
served isointense signal of thrombus relative
to brain tissue in approximately 50% of cas-
es on T1l-weighted imaging [3] (Fig. 5).

Another confounding factor is the pres-
ence of hypointense thrombus on T2-weight-
ed images simulating a flow void; in one
study, this finding was found in approximate-
ly 10% of the cases of DST [12]. Another se-
ries reported a hyperintense signal abnor-
mality within a thrombosed dural sinus on
T2-weighted images in only 27% of cases on
initial MR examination [13].

When gadolinium-containing  contrast
agents are administered, thrombus is expected
to result in a filling defect within the enhanc-
ing venous sinus (i.e., the so-called empty del-
ta sign), as is seen with contrast-enhanced CT.
This appearance can, thus, be distinguished
from that of the homogeneous contrast en-
hancement of a patent dural sinus, which is of-
ten accompanied by pulsation artifacts in the
phase-encoding direction. However, on occa-
sion, contrast-enhanced T1-weighted images
of DST in chronic stages can also show homo-
geneous contrast enhancement of the throm-
bosed dural sinus (often with accompanying
pulsation artifact), because of the presence of
capillary channels in the thrombus, making it
difficult to distinguish from a patent dural si-
nus [14]. Another caveat is that enhancement
of the dura adjacent to a thrombosed sinus can
densely contrast enhance because of the de-
velopment of collateral vessels; as such, the
dural enhancement can be mistaken as an in-
dication of other disease entities, such as neu-
rosarcoidosis [15].

Causes of False-Positive Cases Using
CT and MR Techniques
False-Positive Cases on Unenhanced CT

On unenhanced CT, the most common
cause of a false-positive case is a high he-
matocrit (e.g., in patients with polycythemia
vera) causing a hyperdense sinus [16] (Fig. 6).
However, the arteries of such patients also fre-
quently have a hyperdense appearance, which
is a clue to the correct diagnosis. The problem
of a normal hyperdense appearance of the du-
ral sinuses is also frequently encountered in
infants and young children, in whom the rela-
tive density of the dural sinus compared with
brain tissue is typically high for two reasons:
first, a usually higher hematocrit value than
in adults and, second, a typically lower brain
density than in adults.
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False-Positive Cases on Contrast-Enhanced CT

Among the causes of false-positive cases
for DST on contrast-enhanced CT are nor-
mal variant structures located within a du-
ral sinus, such as fenestrations and arachnoid
granulations. Arachnoid granulations have
density that is isodense with CSF and are
usually round. When seen on images show-
ing the short axis of a dural sinus, arachnoid
granulations can be mistaken for thrombus
when they fill most of the lumen diameter.
However, they can usually be distinguished
from thrombus on images showing the long
axis of the dural sinus by their rounded shape
and short extent along the dural sinus. On oc-
casion, these structures can be elongated and
can extend along the length of the dural si-
nus, simulating thrombus [17]. The fact that
arachnoid granulations are isointense with
CSF (unlike thrombus) is a helpful distin-
guishing feature on MRI. Nonetheless, be-
cause thrombus is occasionally hypodense
on unenhanced CT, confusion with arach-
noid granulations that are hypodense com-
pared with blood can occur.

False-Positive Cases on MRI

False-positive cases are seen on spin-echo
MR sequences when the signal intensity of a
dural sinus simulates that of thrombus. The pri-
mary causes are slow flow, in-plane flow, and
entry-slice phenomena causing loss of the ex-
pected flow void within a dural sinus [11]. This
difficulty is reported to be especially common
in children less than 2 years old [18].

False-Positive Cases on MR Venography

Some of the causes of a false-positive find-
ing on MR venography due to artifact are
the same as those encountered on spin-echo
MRI, such as saturation effects due to slow
flow or in-plane flow.

Anatomic causes of false-positive findings
for DST on MR venography can result from
variations in the size of the dural sinuses and
anatomic structures that produce filling de-
fects. An asymmetric appearance due to hy-
poplasia or aplasia of one of the transverse
sinuses is observed in up to 25% of healthy
patients on time-of-flight (TOF) venography
[19, 20], reflecting that seen at catheter an-
giography [21]. Nevertheless, in some cases,
the discrepant size of the transverse sinuses
could be misinterpreted as thrombosis, par-
ticularly in light of the fact that MRI may un-
derrepresent the size of a vessel lumen and
may cause a small venous sinus or a sinus
with slow flow to appear absent. This prob-
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lem may be exacerbated when a small sinus
is viewed on maximume-intensity-projection
(MIP) images, particularly in infants, rein-
forcing the need to evaluate source images
when a sinus is not initially visualized on
MIP images [18] (Fig. 7).

Another artifact that is frequently seen is
that of a flow gap, which is seen as a seg-
ment of absent flow on MR venography even
though flow is truly present on MR venogra-
phy source images and spin-echo MR images
[18, 19] (Fig. 7). This artifact is reported to
be present in the transverse sinus in approxi-
mately 30% of normal MR scans [19]. Nota-
bly, the artifact is rarely seen in the dominant
transverse sinus or other dural sinuses.

A hypoplastic transverse or sigmoid sinus
is often associated with alternative venous
outflow pathways such as a persistent occip-
ital sinus and mastoid emissary veins [22]
(Fig. 8). An occipital sinus has been reported
to be present in 10% of normal brains on MR
venography [19] (Fig. 8). Correlation with os-
seous anatomy on available CT images may
be helpful in cases of asymmetric venous si-
nus caliber because congenitally small trans-
verse or sigmoid sinuses would be expected
to exhibit small jugular foramina or sigmoid
sinus grooves (Fig. 9), whereas with throm-
bosed sinuses, the size of the sinus may be
discrepant with the osseous anatomy.

Two other anatomic causes of false-pos-
itive interpretations for DST are septations
and arachnoid granulations. Fibrotic bands,
or septations, appear as linear filling defects
in the sinuses and may be visualized more
frequently on contrast-enhanced MR venog-
raphy than on TOF MR venography [17].
Arachnoid granulations can simulate throm-
bus because they appear as filling defects
on MRI (as on CT angiography) (Fig. 10).
Such entities are common; in one study us-
ing high-resolution contrast-enhanced MRI
of individuals with normal studies, an aver-
age of approximately five filling defects per
patient were seen [9].

Artifacts related to flow and those specif-
ic to various MR venography techniques can
also cause signal loss that mimics thrombus.
In TOF venography, flow parallel to the plane
of acquisition (in-plane flow) can produce
signal loss due to saturation of signal from in-
flowing protons, which can result in artifactu-
al intravascular signal voids. Because acquisi-
tions in TOF venography are most commonly
performed in the coronal plane, signal loss
due to in-plane flow becomes most apparent
in vertically oriented structures such as the

distal sigmoid sinus and the internal jugular
veins [23] (Fig. 11).

False-positive findings mimicking absent
flow in the anterior and middle portions of the
superior sagittal sinus can be produced by an
inferior saturation band used to saturate arterial
signal on TOF MR venography obtained using
source images in the axial plane (Fig. 12). This
finding is caused by the fact that blood flow in
the anterior portion of the superior sagittal sinus
proceeds in a cephalad direction—that is, in
the same direction as arterial blood flow. Thus,
the inferior saturation pulse used in TOF MR
venography saturates flow not solely in the
arteries but also within the anterior portion of
the superior sagittal sinus. This loss of flow-
related enhancement can extend far into the
middle portion of the sinus. This phenomenon
isnot seen on MR venography performed using
phase contrast imaging technique; it can be
avoided by imaging in the coronal plane, not
applying an inferior saturation pulse, or using
phase contrast imaging.

False-Negative Cases on MR Venography

The native signal of tissue that is hyper-
intense on unenhanced T1-weighted images
can also contribute to bright signal intensity
on TOF MR venography (Fig. 13). Because
thrombus can be hyperintense on unenhanced
T1-weighted images, the signal produced by
hyperintense thrombus can simulate flow with-
in the dural sinus on TOF MR angiography and
cause a false-negative finding (Fig. 14).

Summary

This review has brought some of the po-
tential causes of false-positive and false-neg-
ative interpretations of DST on cross-section
imaging studies to the attention of radiolo-
gists. The review was not meant to be all-
inclusive and, no doubt, the reader may be
able to identify some causes that are not dis-
cussed here. The prompt diagnosis of DST
can be important in many cases; we hope
that the discussion herein will prove valuable
for assisting in film interpretation in such in-
stances. Similarly, a false-positive diagnosis
can cause delay in establishing the correct
diagnosis as well as lead to implementation
of inappropriate therapy. We hope that this
review helps to reduce the number of such
cases in the daily practice of the reader.
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Fig. 1—Findings of dural sinus thrombosis on CT

in 27-year-old woman with history of ulcerative
colitis, severe headache, and obtundation. This case
represents initial manifestation of hypercoagulable
state due to ulcerative colitis.

A, Unenhanced axial CT image shows hyperdense
appearance of superior sagittal sinus (arrow),
consistent with thrombosis. Note hypodense region
inright frontal lobe consistent with venous infarction
that contains a small rounded hyperdense region
consistent with a thrombosed vein

B, Contrast-enhanced axial CT image shows lack

of enhancement of superior sagittal sinus (arrow),
consistent with thrombosis. This finding is referred to
as “empty delta sign.”
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Fig.2—Use of localizer images to indicate loss of
flow-related enhancement as indicator of dural sinus
thrombosis in 41-year-old woman with headache and
aphasia.

A, Gradient localizer image from MR examination.
Patentvenous sinuses show flow-related
enhancement (black arrow). Thrombosed superior
sagittal sinus (white arrow) lacks expected flow-
related enhancement.

B, Lateral view from catheter-based cerebral
angiogram in venous phase confirms thrombosis of
superior sagittal sinus (arrowheads).

Errors in Imaging-Based Diagnosis of DST

Fig. 3—Use of artifactin phase-encoding direction as sign supporting presence of flow in superior sagittal sinus in 79-year-old man.

A, Contrast-enhanced axial T1-weighted image shows subtle findings of pulsation artifactin air (arrows) generated by flow in dural sinus, indicative of patency.
B, Same image as shown in A but with wider window settings to make artifact (arrows) more conspicuous.

C, Axial source image from CT venogram confirms patency of dural sinus.

Fig. 4—False-negative unenhanced CT in 56-year-
old woman with severe headache, chronic cough,
and 15-1b (7-kg) weight loss. Chest CT showed large
pulmonary mass and hepatic metastases. This case
represents dural sinus thrombosis (DST) as initial
manifestation of hypercoagulable state due to
carcinoma.

A, Unenhanced axial CT image shows normal density
of left sigmoid sinus (arrow).

B, Contrast-enhanced axial image depicts filling
defect (arrow) in left transverse sinus, consistent
with thrombosis. Subsequent MR angiography (not
shown) confirmed DST.

AJR:196, January 2011
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Fig. 5—Unenhanced CT image in 40-year-old woman with headaches and photophobia shows replacement
of the expected flow void in the superior sagittal sinus by signal that is relatively isointense with gray matter
(arrowheads). In this circumstance, signal intensity of thrombosed dural sinus is not particularly conspicuous
against background of normal brain tissue and can result in false-negative interpretation of study.

A B

Fig. 6—False-positive unenhanced CT in 18-year-old man with polycythemia vera and headaches.

A, Unenhanced axial CT image shows hyperdense appearance of transverse sinuses, which could potentially represent dural sinus thrombosis.

B, Unenhanced axial CT image at more cephalad level than A shows straight sinus is also hyperdense. However, arteries are also dense, which indicates that dural
sinuses may be hyperdense because of polycythemia.

C, Representative coronal contrast-enhanced image from MR angiogram shows patency of junction of transverse and sigmoid sinuses (arrow).
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Fig. 7—Example of artifactual flow gap simulating dural sinus thrombosis on maximum-intensity-projection (MIP) image.

A, Coronal MIP image generated from unenhanced 2D time-of-flight MR angiography (MRA) shows apparent region of absent flow (arrow) in left transverse sinus.

B, Coronal source image from unenhanced MRA shows that left transverse sinus, although smaller than right transverse sinus, has flow-related enhancement (arrow)

and, thus, is patent.

C, Catheter angiogram during venous phase, anteroposterior view, confirms patency of left transverse sinus (arrow).
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Fig. 8—Use of identification of collateral venous pathway to confirm that apparently stenotic dural sinus is,
infact, congenital in nature in 60-year-old man. Reconstructed image from unenhanced time-of-flight MR
venogram shows that left transverse sinus (arrowheads) is markedly narrowed, which could be mistaken for
stenosis due to thrombosis. However, occipital sinus (arrow) is present on patient’s right; presence of this
anatomic variant suggests that narrowing of contralateral transverse sinus is congenital.

A B

Fig. 9—Example of use of bone window settings to confirm that narrowing of transverse sinus is due to congenital hypoplasia in 30-year-old woman with headache.

A, Source image from CT venogram shows that left sigmoid sinus (arrow) is barely visible. Note, however, proportionately small sigmoid sinus osseous grooves.

B, Image at level of right jugular foramen (arrow) shows that sigmoid sinus groove has normal size.

C.Image atlevel of left jugular foramen (arrow) shows that sigmoid sinus groove is markedly diminished in size, which serves as further evidence that left sigmoid sinus is
congenitally narrowed.

Fig. 10—Depiction of arachnoid granulations as
cause of filling defects within dural sinus of 66-year-
old man.

A, Coronal contrast-enhanced T1-weighted

image shows filling defectin left transverse sinus
(arrow). Defect can be confidently identified as
arachnoid granulation based on its round shape,
smooth margins, and small punctate foci of internal
enhancement.

B, Sagittal contrast-enhanced T1-weighted image
shows thatfilling defect (arrow) communicates with
subarachnoid space, further indication that defect s
caused by arachnoid granulation.
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Fig. 11—In-plane flow as potential source of false-
positive MR venogram in 17-year-old girl being
evaluated for papilledema.

A, Coronal source image from unenhanced time-of-
flight MR venogram does not show signal in central
portion of right jugular vein (arrow), which could be
misinterpreted as thrombosis.

B, Coronal source image obtained during venous
phase of contrast-enhanced MR angiogram shows
that vein (arrowhead) is, in fact, patent. Absence of
signal in Awas likely due to in-plane flow saturating
signal from flowing blood.

Fig. 12—Inferior saturation band during unenhanced
2D time-of-flight (TOF) MR venography as potential
cause of false-positive study in 29-year-old woman.
Imaging was performed in axial plane and inferior
saturation band was used to diminish signal intensity
from arterial flow. (Reprinted from [15])

A, Reconstructed image from MR venogram shows
absence of signal in anterior and middle portions

of superior sagittal sinus (arrow). Finding is due to
saturation of venous flow in cephalad direction by
inferior saturation band.

B, Phase contrastvenography performed during
same MR examination confirms patency of sinus
(arrowheads). Alternative means to assess patency
of dural sinus would have been to repeat TOF
venography in axial plane after removal of inferior
saturation band.

C

Fig. 13—Transmission of bright signal on unenhanced T1-weighted images onto MR angiography and contrast-enhanced T1-weighted images, so-called shine-through
effect, as potential cause of false-negative interpretation in 50-year-old woman with impaired consciousness.
A, Axial source image from CT venogram shows lack of contrast enhancement of left transverse sinus (arrowheads), consistent with thrombosis.
B, Unenhanced axial T1-weighted image shows hyperintense left sigmoid sinus (arrow).
C, Source image from unenhanced time-of-flight MR venogram shows thrombosed transverse sinus (arrow) has bright signal due to transmission of bright appearance on
T1-weighted images onto MR venogram. Although signal intensity in left transverse sinus is not as bright as signal intensity in other (patent) dural sinuses, bright signal
could be mistaken for flow.

(Fig. 13 continues on next page)
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Fig. 13 (continued)—Transmission of bright signal on unenhanced T1-weighted images onto MR angiography
and contrast-enhanced T1-weighted images, so-called shine-through effect, as potential cause of false-
negative interpretation in 50-year-old woman with impaired consciousness.

D, Contrast-enhanced coronal T1-weighted image shows bright appearance of thrombosed sinus (arrow)

instead of expected empty delta sign.

Fig. 14—Example of transmission of bright signal on
unenhanced T1-weighted image onto MR venogram
in b5-year-old man being evaluated for headache,
nausea, and photophobia.

A, Axial unenhanced T1-weighted image shows

high signalin right transverse sinus (arrow) due to
thrombus.

B, Coronal maximum-intensity-projection image from
unenhanced MR venogram shows transmission of
bright signal from unenhanced T1-weighted image,
so-called T1 shine-through effect, in right transverse
sinus (arrow), which simulates flow in patent dural
sinus.
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