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ABSTRACT

BACKGROUND AND PURPOSE: Unilateral decreased/nonvisualization of a transverse dural sinus on MRV poses a diagnostic di-
lemma when gadolinium administration is contraindicated. We determined the frequency of unilateral decreased/nonvisualization
of the transverse dural sinus and the performance of pregadolinium MR imaging sequences in diagnosing transverse sinus thrombo-
sis in the presence of unilateral decreased/nonvisualization on phase-contrast MRV.

MATERIALS AND METHODS: We conducted a retrospective review of consecutive 3D phase-contrast MRV (VENC, 30 cm/s) and
routine brain imaging (noncontrast sagittal T1, axial T2, FLAIR, DWI, GRE, and postgadolinium 3D-MPRAGE images) performed during
a 3-year period for a total of 208 patients. Nonvisualization of a transverse dural sinus was defined as $50% nonvisualization of
the transverse sinus caliber versus the contralateral side on MRV. Noncontrast imaging findings were considered abnormal when
hyperintense signal was present on T2, FLAIR, T1, and DWI, and there were T2* blooming artifacts on GRE and DWI. Postgadolinium
3D-MPRAGE was used to confirm the diagnosis of transverse sinus thrombosis.

RESULTS: Nonvisualization of a transverse dural sinus was observed in 72/208 (34.6%) patients on MRV; 56/72 (77.8%) were without
transverse sinus thrombosis, and 16/72 (22.2%) patients had transverse dural sinus thrombosis. Nonvisualization of a transverse dural
sinus was seen in 56/192 (29.2%) patients without transverse sinus thrombosis and 16/16 (100%) with transverse sinus thrombosis.
Abnormal findings on DWI (transverse sinus hyperintense signal or T2* blooming artifact) are 93.8% sensitive and 100.0% specific for
transverse sinus thrombosis. Other noncontrast MR imaging sequences ranged from 56.3%–68.8% sensitive and 91.1%–100.0%
specific.

CONCLUSIONS: Nonvisualization of a transverse dural sinus is a frequent phenomenon on phase-contrast MRV. DWI can be effec-
tively used to exclude sinus thrombosis when nonvisualization of a transverse dural sinus is a diagnostic conundrum on phase-con-
trast MRV and contrast-enhanced studies are contraindicated.

ABBREVIATIONS: CE 4 contrast-enhanced; CVT 4 cerebral venous thrombosis; DST 4 dural venous sinus thrombosis; MPRAGEþ 4 postgadolinium 3D-
MPRAGE; MRI– 4 noncontrast MRI brain sequences; NV 4 unilateral decreased/nonvisualization; NVTS 4 nonvisualization of a transverse dural sinus; PC 4
phase-contrast; TS 4 transverse dural sinus; TSTþ 4 transverse sinus thrombosis; TST– 4 no transverse sinus thrombosis

Dural venous sinus thrombosis (DST) and cerebral venous
thrombosis (CVT) are reportedly uncommon, with an annual

incidence of 3–4 per 1 million to 1.32 per 100,000 and represent
approximately 0.5%–1.0% of all strokes.1-3 Young and middle-
aged adults are disproportionately affected; within this age group,
DST and CVT are 3 times more common in women.4 While the
etiologies include infection, trauma, iatrogenic causes, and genetic

predisposition to hypercoagulability, this prominent sex predispo-
sition is thought to be secondary to oral contraceptive use and,
most important, pregnancy and peripartum states.4

Although rare, delayed diagnosis of DST and CVT could result
in devastating clinical consequences, including venous infarct and
intracranial hemorrhages, leading to high morbidity and mortality
rates between 5% and 10%.3,5 There is a highly variable clinical pre-
sentation, ranging from asymptomatic, headache, focal neurologic
deficits, intracranial hypertension, and seizures.4 Of DST and
CVT, DST is more frequent, and of these, transverse dural sinus
(TS) thrombosis is among the most common, with 44.8% involve-
ment of the left TS and 41.3% of the right TS per 1 report and up
to 70% (side not specified) in another series.2,6

Given the variable and nonspecific clinical presentation of
DST and the importance of rapid treatment, imaging is essential
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in its diagnosis.7 Contrast-enhanced MR imaging techniques,
such as contrast-enhanced MRV (CE-MRV), followed by 3D T1-
weighted imaging and CVT are now considered the criterion
standard for imaging diagnosis of DST, demonstrating superior-
ity over noncontrast MRV, MR imaging, and CT.7-12

However, the use of gadolinium contrast may be contraindi-
cated or relatively contraindicated in patients with renal failure
and in pregnant patients, given the concerns for nephrogenic sys-
temic fibrosis and tetratogenic effects on the fetus, respectively.
Most important, this concern limits the use of gadolinium in
pregnant patients, a group with increased risk for the develop-
ment of DST. CVT may also be refused by pregnant patients due
concerns secondary to the use of ionizing radiation, despite negli-
gible fetal exposure for head examinations.13 Furthermore, there
has been increasing concern among the public regarding gadolin-
ium deposition of entirely uncertain clinical significance in
patients with normal renal function, particularly in deep brain
structures.14 This has led many patients to refuse gadolinium out
of concern for bodily harm.

In particular, diagnosis and subsequent appropriate treatment
for transverse sinus thrombosis (TSTþ) can be challenging with
noncontrast MRV. Well-established pitfalls includes false-posi-
tive diagnoses due to difficulty in distinguishing nonvisualization
of a transverse dural sinus (NVTS) secondary to congenital hypo-
plasia, slow flow due to downstream compression of the brachio-
cephalic or internal jugular veins, direction of venous flow, as
well as idiopathic intracranial hypertension from true thrombo-
sis.15-19 While standard noncontrast MR imaging head sequences
can be insensitive compared with CE-MRV and CVT for detec-
tion of DST,12 we hypothesize that standard MR imaging head
sequences may be highly sensitive and specific in differentiating
thrombosis from other causes of NVTS when applied to equivo-
cal noncontrast MRVs, significantly increasing the diagnostic
confidence in clinical scenarios where contrast or ionizing radia-
tion are contraindicated or refused. Our purpose was to deter-
mine the frequency of unilateral NVTS and the performance of
pregadolinium MR imaging sequences in diagnosing TSTþ in
the setting of unilateral decreased/nonvisualization (NV) on
phase-contrast MRV (PC-MRV).

MATERIALS AND METHODS
Patient Selection
Following institutional review board approval for this Health
Insurance Portability and Accountability Act–compliant study, a
retrospective review from 2014 to 2017 of our institutional imaging
data base for noncontrast 3D-PC-MRV (VENC, 30 cm/s) with
additional standard MR imaging brain sequences (spin-echo sagit-
tal T1, axial T2, axial GRE, axial FLAIR, axial DWI, and postgrado-
linium 3D-MPRAGE [MPRAGEþ]) performed within 24 hours

of each other was conducted. Exclusion
criteria included known preexisting
DST and CVT and a recent operation
involving the cranium. At our institu-
tion, initial MR imaging assessment for
suspected DST was made with PC-
MRV because CE-MRV had not been
implemented during the study period.

Standard MR imaging brain sequences (including MPRAGEþ)
were subsequently performed on patients whose clinical presen-
tations required additional imaging to assess intracranial abnor-
malities including, but not limited to, infarct, hemorrhage,
mass, infection/inflammation, or high suspicion for DST. Two
hundred eight patients fitting the inclusion criteria were identi-
fied. MPRAGEþ served as the diagnostic criterion standard for
TSTþ versus NV of PC-MRV signal. Demographic characteris-
tics of the patients are shown in Table 1.

Imaging Protocols
All MR imaging examinations were performed on either a 1.5T
Signa HDx scanner (GE Healthcare, Milwaukee, Wisconsin) or a
1.5T Magnetom Espree scanner (Siemens, Erlangen, Germany)
using standard 8- and 12-channel head coils, respectively.

The Signa HDx scanner imaging parameters (TR/TE/flip
angle/section thickness/matrix) were the following: sagittal T1
(650 /13ms/90°/5mm/256 � 192), axial T2 (4200/11ms/90°/
5mm/320 � 224), axial GRE (550/9.1ms/20°/5mm/320 �
224), axial FLAIR (8600/80ms/150°/5mm/320 � 192), axial
DWI (8000/96ms/90°/5mm/128 � 128), MPRAGEþ (7.7/
3.3ms/15°/1mm/240 � 224), and 3D PC-MRV (9.83/4.3ms/
90°/1.8mm/256 � 224).

Imaging parameters (TR/TE/flip angle/section thickness/ma-
trix) for the Magnetom Espree scanner included the following:
sagittal T1 (420/8.8ms/90°/5mm/256 � 100), axial T2 (4500/
95ms/150°/5mm/384 � 88), axial GRE (835/26ms/20°/5mm/
256 � 75), axial FLAIR (9000/84ms/170°/5mm/256 � 100),
axial DWI (4600/103ms/90°/5mm/130 � 100), MPRAGEþ
(2100/3.57ms/15°/1mm/256 � 100), and 3D PC-MRV (43.5/
6.86ms/15°/1.8 mm/256 � 88).

We administered 0.1mmol/kg of gadobutrol (Gadavist; Bayer
Schering Pharma, Berlin, Germany), with a maximum of 10mL
at a rate of 1.5mL/s for postcontrast imaging.

Image Analysis
Two hundred eight PC-MRVs were reviewed for the presence of
NVTS by 2 neuroradiologists separately, blinded to the final
reported diagnosis and without access to MPRAGEþ or standard
MR imaging brain sequences: A.L.K. (neuroradiology fellow) and
R.A.B. (28 years of experience), with no disagreements. Before
data analysis, A.L.K. was trained by R.A.B. using a series of 5 rep-
resentative PC-MRVs with NVTS and 5 PC-MRVs with normal
findings (as defined by R.A.B.) in association with corresponding
MPRAGE images that were not obtained within the study date
range. These representative examples were then used as a refer-
ence during the analysis period. The TS was categorized as nor-
mal or NV, with laterality recorded. TS was defined as NV on
PC-MRV when the lack of flow-related signal was $50%

Table 1: Patient demographics

No Thrombosis
ThrombosisNormal TS NVTS

Total (No.) 136 56 16
Mean age (range) (yr) 42.9 (16–83 ) 48.6 (27–90 ) 42.3 (21–87)
Patients (No.) 136 (79.4% Female) 56 (58.9% Female) 16 (68.8% Female)
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relative to contralateral TS.16 Nonocclusive short-segment and
rounded filling defects in the TS were not considered abnor-
mal because these findings are typically attributable to arach-
noid granulations.18,20

The presence or absence of TSTþ was then confirmed in both
groups with corresponding MPRAGEþ sequences by R.A.B. and
A.L.K., separately, with no disagreements. A normal TS on PC-
MRV was confirmed to be free of thrombosis.

For all patients with NVTS on PC-MRVs, the signal charac-
teristics of the bilateral TS on pregadolinium images (sagittal T1,
axial T2, axial GRE, axial FLAIR, and axial DWI) were further
categorized as normal or abnormal by 2 neuroradiologists
blinded to the results of PC-MRV analysis, for the presence or ab-
sence of TS thrombosis without access to MPRAGEþ images
(R.R., with 20 years of experience and V.I. with 12 years of experi-
ence). R.R. and V.I. did not receive additional training before the
analysis regarding thresholds for considering abnormal TS signal.
Evaluation of abnormal TS signal on standard noncontrast MR
imaging brain sequences (MRI–) was performed on only patients
with NVTS on PC-MRV because those with a normal TS on PC-
MRV had negative findings for TSTþ.

Pregadolinium imaging findings were considered normal if
the TS signal was iso- to hypointense on T1, T2, and FLAIR and
hyperintense on GRE to the cortex. TS signal isointense to CSF
was considered a normal finding on DWI. Pregadolinium imag-
ing findings were considered abnormal when hyperintense signal
was present on T1, T2, FLAIR, and DWI and T2*-hypointense
signal with blooming artifacts (T2* blooming artifacts) was pres-
ent with expanded TS on GRE and DWI (Figs 1–4). NVTS on

PC-MRV was correlated to the anatomic size of the TS at the
level of the sigmoid notch relative to the contralateral side on
MPRAGEþ. TS size measurements were performed by 1 neuro-
radiologist (Y.-M.C.) with 4 years of experience.

Data Analysis
Interobserver reliability for the presence of NVTS, TSTþ on
MPRAGEþ, and normal-versus-abnormal TS signal on noncon-
trast MRI brain sequences (MRI–) in patients with NVTS on
PC-MRV was assessed with k coefficients. The side of abnormal
TS signal on MR imaging was recorded. Disagreements were
resolved by consensus review, and the reconciled data were used
for subsequent analysis.

The association between sizes of the TS and TSTþ was calcu-
lated with a x 2 test.

The frequency and laterality of abnormal MRI– TS signal
were determined for NVTS without transverse sinus thrombosis
(TST–) and NVTS with TSTþ. The sensitivity and specificity of
abnormal MRI– TS signal for individual sequences in patients
with NVTS and for all sequences combined excluding DWI (ie, if
any sequence had abnormal findings) in confirming TSTþ in the
setting of NVTS on PC-MRV, were determined. Statistical signifi-
cance was considered with P# .05.

RESULTS
By means of terminology established by Landis and Koch,21 there
was perfect agreement between readers in detecting NVTS on
PC-MRV and the presence of TSTþ on MPRAGEþ (k = 1.0,
respectively). There was substantial agreement in detecting GRE

FIG 1. Absence of the right transverse and sigmoid sinuses on PC-MRV (A). Abnormal hyperintense signal in the right transverse and sigmoid
sinuses on sagittal T1 (B, arrow) and axial T2 (C, arrow), with corresponding T2*-hypointense signal with blooming artifacts on axial GRE sequen-
ces (D, arrow).

FIG 2. Absence of the left transverse and sigmoid sinuses on PC-MRV (A). Abnormal hyperintense signal in the left transverse and sigmoid
sinuses on sagittal T1 (B, arrow) and axial FLAIR sequences (C, arrow) with corresponding high signal on DWI (D, arrow).
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signal abnormality (k = 0.78) and almost perfect agreement in
detecting T1 (k = 0.85), T2 (k = 0.95), FLAIR (k = 0.97), and
DWI (k = 0.86) signal abnormalities.

NVTS on PC-MRV was observed in 72/208 (34.6%) patients,
and 16 of these 72 patients demonstrated TSTþ on MPRAGEþ.
NVTS was seen in 56/192 (29.2%) patients with TST– and 16/16
(100%) with TSTþ.

In NVTS without transverse sinus thrombosis, 11 right TSs
and 45 left TSs were not visualized. Relative size comparison of
the TS at the level of the sigmoid notch on MPRAGE showed
that the right TS was smaller than the left in 6 cases, the left TS
was smaller than the right in 46 cases, with the right and left TSs
were equal in 4 cases. Although 51/56 (91.1%) NVTSs with TST–
were associated with a smaller size of the TS on MPRAGEþ, 5/56
(8.9%) were not, suggesting other etiologies such as venous slow
flow due to downstream effects.

In NVTS with transverse sinus thrombosis, 10 right TSs and 6
left TSs were not visualized secondary to thrombus. Relative size

comparison of the TSs showed that the right TS was smaller than
the left in 3 cases, the left TS was smaller than the right in 8 cases,
with the right and left TS equal in 5 cases. There was no associa-
tion between the size of the TS and TSTþ (P= .42).

Signal abnormality on standard MR imaging sequences in
cases of NVTS on PC-MRV for TSTþ versus TST– as well as sen-
sitivity and specificity for the detection of TSTþ on T1, T2,
FLAIR, GRE, and DWI (hyperintense and T2* blooming artifacts
combined) are noted on Table 2. DWI hyperintense signal alone
is 43.8% sensitive (95% CI, 19.8%–70.1%) and 100.0% specific
(95% CI, 93.6%–100.0%). DWI T2* blooming artifacts alone is
50.0% sensitive (95% CI, 24.7%–75.4%) and 100.00% specific
(95% CI, 93.6%–100.00%). A combination of T1, T2, FLAIR, and
GRE was 87.5% sensitive (95% CI, 61.7–98.5) and 92.9% specific
(95% CI, 82.7–98.0) for TSTþ in NV TS on PC-MRV. The com-
bination of both signal abnormalities on DWI (DWI hyperin-
tense signal and T2* blooming artifacts) is 93.8% sensitive (95%
CI, 69.8%–99.8%) and 100.0% specific (95% CI, 93.6%–100.0%).

FIG 3. Representative images of a patient demonstrating T2*-hypointense signal with blooming artifacts on DWI. Absence of the left transverse
sinus on PC-MRV (A) with associated T2*-hypointense signal with blooming artifacts on DWI (B), corresponding to a filling defect on axial
MPRAGE (C).

FIG 4. Representative images of a patient different from the one in Fig 3, demonstrating DWI hyperintense signal. Absence of the right trans-
verse and sigmoid sinuses on PC-MRV (A), with associated hyperintense signal on DWI (B, arrow), corresponding to a filling defect on axial
MPRAGE (C, arrow).
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DISCUSSION
To the best of our knowledge, for the first time, our results show
that DWI signal abnormality, both T2* blooming artifacts and
hyperintense signal, can be a powerful diagnostic tool for the clar-
ification of equivocal findings of TSTþ on noncontrast MRVs,
with a sensitivity of 93.8% and a specificity of 100% and interrater
reliability of k = 0.86. While most prior work described much
lower sensitivities for the detection of DST with DWI sequences,
these studies did not assess T2* blooming artifacts on DWI.12,22

However, our results are supported in prior work by Yildiz et al23

on cortical vein thrombosis, which demonstrated sensitivities of
up to 84% on DWI if both hyperintense signal and T2* blooming
artifacts were assessed. It is possible that our higher sensitivity for
DWI is because the current study aims to clarify a specific diag-
nostic conundrum in a much larger anatomic structure (TS) on
PC-MRV and due to our assessment of both DWI hyperintense
signal and T2* blooming artifacts. Thus, in the setting of NVTS
on PC-MRV, DWI signal abnormality is virtually diagnostic for
TSTþ, with the interrater reliability ranging from substantial to
almost perfect agreement in the acute-to-subacute setting. This
may prove to be a powerful tool in overcoming the limitations of
commonly used noncontrast MRV (such as 2D-TOF, 3D-TOF,
and PC-MRV) when the use of gadolinium contrast is contrain-
dicated for criterion standard CE-MRV techniques.

The fairly low sensitivity and variable specificity of individual
T1, T2, FLAIR, and GRE sequences in the detection of DST has
been previously documented, and our results support the earlier
findings. For example, prior work in detecting DST in all major
dural venous sinuses by Sadigh et al22 found that for 1 reviewer,
the sensitivity and specificity, respectively, of T1 noncontrast was
55% and 55%; for T2, they were 58% and 97%; for FLAIR, they
were 67% and 62%; for GRE, they were 67% and 62%; and for
DWI (high signal only), they were 25% and 93%. The above sen-
sitivities are similar to those reported in the current study focus-
ing on the TS: For example, the sensitivity for the detection of
TSTþ is 62.5% for T2 and 68.8% for FLAIR. The much higher
specificity in our cohort may be secondary to increased pretest
probability for TSTþ, given that our analysis was limited to
patients with abnormal findings on PC-MRV. As discussed
above, the prominent difference between the current report and
previously reported DWI sensitivities is presumed secondary to
the inclusion of T2* blooming artifacts on DWI as abnormal in
the current study.

A combination of all MRI– sequences (excluding DWI)
results in an improved sensitivity of 87.5% and a decreased
specificity of 92.9%, similar to that reported in a large series of

429 patients in which standard MR imaging sequences, includ-
ing postcontrast sequences, had a combined sensitivity of 79.2%
and specificity of 89.9% for the detection of DST (including the
superior sagittal, sigmoid, and transverse sinuses).12

T1, T2, and FLAIR had false-negative rates up to 40%,
thought to be likely secondary to previously described signal
characteristics of acute thrombus, which can mimic normal flow
voids, in the dural sinuses, reviewed by Bonneville24 in 2014, and
have been described as a factor underlying the false-negative
results in noncontrast MRV-DST detection. We observed that
GRE T2* blooming artifacts alone detected only 8/16 (50%) cases
of TSTþ. This is also presumed to be due to changes in T2* signal
during the evolution from the acute-to-subacute phase,24 sup-
porting T2* blooming artifacts being sensitive for acute thrombus
but less so for subacute-to-chronic thrombi (as characterized by
T1, T2, and FLAIR hyperintense TS signal). However, at least 2
prior studies have reported that GRE is highly sensitive to not
only acute but also subacute thrombosis (also characterized by
T1, T2, and FLAIR hyperintense signal), though not for chronic
DST.25,26 Of note, Altinkaya et al26 has demonstrated that the
sensitivity of GRE for TSTþ and sigmoid sinus thrombosis is
decreased due to artifacts from the skull base, potentially explain-
ing the discrepancy between the prior studies and the current
study, which specifically focused on the TS.

Fifty-six of 192 (29.2%) PC-MRVs without TSTþ demon-
strated NVTS. Of these, the left TS was NV 23.4% of the time and
was considered smaller versus the right TS in 24.0% of cases. The
right TS was NV in 5.7% of cases and was considered smaller ver-
sus the left TS in 3.1% of cases. These findings are concordant
with reports across multiple imaging modalities showing that the
left and right TSs are hypoplastic in 39%–60% and 6%–14% of
patients, respectively.27-29 The percentages reported in the cur-
rent work are lower than of those previously reported, likely sec-
ondary to our strict criteria of NV as .50% nonvisualized
relative to the contralateral side.

Our limited dataset demonstrates no association with hypo-
plastic TS and TSTþ, in disagreement with a recent case-control
report correlating TS hypoplasia and increased relative risk
for TSTþ.28 However, an earlier study described the opposite
finding that the dominant TS was more likely to thrombose, sug-
gesting that more work will be needed in the future to elucidate
whether there is a correlation between TSTþ and TS size.30

This study has several limitations. First, the study inclusion
criteria of patients who had PC-MRV, noncontrast MR imaging,
and MPRAGEþ performed within 24 hours of each other meant
that not all patients with TSTþ were selected. Thus, the true

Table 2: TS signal abnormality on standard MR imaging sequences with NVTS on MRV with and without thrombosis

TSTþ on MPRAGEþ (n = 16) TST– on MPRAGEþ (n = 56)
Sensitivity
(95% CI) (%)

Specificity
(95% CI) (%)Low/Iso Hyper T2*

Normal
Signal Low/Iso Hyper T2*

Normal
Signal

T1 sagittal 7 9 – – 56 0 – – 56.3 (29.9–80.3) 100 (93.6–100.0)
T2WI 6 10 – – 55 1 – – 62.5 (35.4–84.8) 98.2 (90.5–99.9)
FLAIR 5 11 – – 51 5 – – 68.8 (41.3–89.0) 91.1 (80.4–97.0)
GRE – 8 8 – – 56 0 – 50.0 (24.7–75.4) 100 (93.6–100.0)
DWI – 7 8 1 – 0 0 56 93.8a (69.8–99.8) 100a (93.6–100.0)

Note:—Iso indicates isointensity; Hyper, hyperintensity; –, no data.
a Combined DWI hyperintense and T2* hypointense signal with blooming artifacts.
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prevalence of the disease, positive predictive value, negative pre-
dictive value, and accuracy could not be calculated, potentially
decreasing the generalizability of the results and introducing
unforeseen selection bias. Second, because the study was designed
specifically to assess the utility of standardMR imaging sequences
in the diagnosis of TS thrombosis in a subset of patients with pre-
sumed higher pretest probability based on abnormal noncontrast
MRV findings, we did not perform an analysis of patients with
normal MRV imaging findings. While it is known that conven-
tional MR imaging sequences result in false-positive detection for
DST (specificity of 14%–89.9%), a comparison of conventional
MR imaging sequence performance in patients without NVTS for
detection of TS thrombosis in the current study with prior work
could have yielded information on population differences and
selection biases.12,22

Third, although MPRAGEþ is superior to PC-MRV and
MRI– in the diagnosis of TST and is thus established as the diag-
nostic criterion standard for TSTþ in this study, some authors
have shown that MPRAGEþ demonstrates decreased sensitivity
compared with CE-MRV.9,10 This lowered sensitivity has been the-
orized to be from the time delay following gadolinium adminis-
tration to image acquisition, causing enhancement of subacute
thrombus, thus resulting in false-negative findings. This outcome
could result in underreporting of true TSTþ in our study and
decreases the sensitivity and specificity of noncontrast MR imaging
sequences for thrombus detection. Future work using CE-MRV as
the diagnostic criterion standard may be required. Fourth, because
the diagnosis of DST of the superior sagittal sinus, internal cerebral
veins, vein of Galen, and straight sinus is typically less of a diagnos-
tic challenge on noncontrast MRV due to significantly fewer ana-
tomic variations versus the TS, this study did not assess venous
anatomy or MRI– signal on the remainder of the dural venous
sinuses, limiting the generalizability of the results to DST other
than TSTþ. Finally, our selection criteria excluded patients with
known chronic TSTþ, and our current findings cannot necessarily
be extended to the detection of chronic thrombosis. Future work is
needed to assess the clinical utility of DWI for thrombi in the
more chronic phase.

CONCLUSIONS
Unilateral NVTS on noncontrast MRV is a frequent phenom-
enon and presents a diagnostic challenge in determining whether
the findings represent a TS anatomic variation, downstream ve-
nous effects, or technical artifacts versus true thrombosis. In
patients in whom gadolinium contrast is contraindicated or
refused, the DWI sequence can be effectively used to help exclude
TSTþ in the setting of an equivocal noncontrast MRV.
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