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Retrograde Cortical and Deep Venous Drainage
in Patients with Intracranial Dural

Arteriovenous Fistulas: Comparison of MR
Imaging and Angiographic Findings

Mika Kitajima, Toshinori Hirai, Yukunori Korogi, Masayuki Yamura, Koichi Kawanaka,
Ichiro Ikushima, Yoshiko Hayashida, Yasuyuki Yamashita, and Junichi Kuratsu

BACKGROUND AND PURPOSE: We assessed MR imaging, specifically contrast-enhanced
three-dimensional (3D) magnetization-prepared rapid gradient-echo (MP-RAGE), in evaluat-
ing retrograde venous drainage in patients with intracranial dural arteriovenous fistulas
(dAVFs) that may result in catastrophic venous infarction or hemorrhage.

METHODS: Twenty-one patients with angiographically proved dAVFs underwent nonen-
hanced spin-echo (SE) and fast SE imaging, 3D fast imaging with steady-state precession, and
enhanced SE and 3D MP-RAGE imaging. Retrograde venous drainage was categorized as
cerebral cortical, deep cerebral, posterior fossa medullary, ophthalmic, or spinal venous. We
assessed retrograde venous drainage and graded its severity. MR imaging and angiographic
severities were correlated. Sensitivity, specificity, and accuracy were calculated to evaluate the
diagnostic utility of each technique compared with conventional angiography. We retrospec-
tively correlated angiograms and MR images.

RESULTS: Enhanced 3D MP-RAGE and T1-weighted SE images had higher diagnostic
accuracy higher than nonenhanced images, especially when retrograde drainage involved
cerebral cortical, posterior fossa, and spinal veins. Correlation of severity for enhanced
MP-RAGE images and enhanced T1-weighted images with angiograms was good to excellent
and better than that with nonenhanced images. All sequences had low diagnostic accuracy when
drainage was via deep cerebral veins. On retrospective review, 3D MP-RAGE images showed
two thrombotic inferior petrosal sinuses.

CONCLUSION: Enhanced MR images were superior to nonenhanced images in assessing
retrograde venous drainage in intracranial dAVFs. Enhanced 3D MP-RAGE is superior to
enhanced T1-weighted SE imaging for determining the route and severity of venous reflux
because of its increased spatial resolution and ability to contiguously delineate the venous
system.

Dural arteriovenous fistulas (dAVFs), or dural
shunts, were also called dural arteriovenous malfor-
mations before it was understood that almost all were
acquired lesions (1). These lesions may cause various
signs and symptoms ranging from pulsatile tinnitus to
intracranial hemorrhage (1–10). dAVFs are due to

impaired venous outflow that results in retrograde
venous drainage and venous hypertension and, even-
tually, venous infarction with hemorrhage. Nonag-
gressive neurologic symptoms, such as isolated head-
ache, vertigo, and bruit, are observed in more than
50% of patients with dAVFs, whereas aggressive neu-
rologic symptoms intracranial hypertension, intracra-
nial hemorrhage, focal neurologic deficits, and sei-
zures are less common. The incidence of intracranial
hemorrhage, the most critical symptom, is 7%–27%
in patients with dAVF (1–3).

In patients with intracranial dAVFs and retrograde
venous drainage, two major classifications based on
the presence of retrograde leptomeningeal venous
drainages have been proposed (2, 4). An increase in
the direct retrograde venous drainage into a cortical
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vein was significantly related to a high incidence of
hemorrhage (2, 8, 11, 12).

Although the diagnosis and assessment of dAVFs
are based primarily on the results of conventional
angiography, MR imaging is useful (13, 14). On T2-
weighted spin-echo (SE) images, retrograde venous
drainage is identified as prominent flow voids in the
subarachnoid space. The involved sinuses are demon-
strated as high-signal intensity on three-dimensional
(3D) fast imaging with steady-state precession (FISP)
(14). Two-dimensional time-of-flight venography and
contrast-enhanced 3D magnetization-prepared rapid
gradient-echo (MP-RAGE) sequences aid in the eval-
uation of veins and dural sinuses (15). Although dif-
ferent MR images can be used to assess normal and
abnormal dural sinuses and veins shown in these
reports, the sequence that is most appropriate for
assessing retrograde venous drainage in patients with
intracranial dAVFs remains unknown.

The purpose of this study was to evaluate the di-
agnostic accuracy of nonenhanced and contrast-en-
hanced SE, 3D FISP, and contrast-enhanced 3D MP-
RAGE images in depicting retrograde venous
drainage in patients with intracranial dAVFs.

Methods

Patients
Twenty-one consecutive patients (five men, 16 women; age

range, 50–78 years; mean age, 64.6 years) with 21 angiographi-
cally proved dAVFs underwent MR imaging, including nonen-
hanced and enhanced SE or fast SE, 3D FISP, and enhanced
3D MP-RAGE sequences. Conventional angiography and MR
examinations were performed within 0–65 days (mean, 13.6
days) of each other. All patients were examined for suspected
dAVFs. Their clinical symptoms were exophthalmos and che-

mosis (n � 17), tinnitus (n � 2), dementia (n � 1), and
worsening of visual acuity (n � 1).

Conventional Angiography
Conventional angiography was performed by using digital

subtraction angiography (DSA) with bilateral selective cathe-
terization of the external carotid arteries (ECAs) and internal
carotid arteries (ICAs) and vertebral arteries (VAs). Fistula
sites were the tent (n � 1) and the unilateral cavernous (n �
14), bilateral cavernous (n � 4), transverse (n � 1), and sig-
moid (n � 1) sinuses. All 21 patients had retrograde venous
drainage. The routes were the deep venous system (n � 11) and
the superior ophthalmic (n � 12), cerebral cortical (n � 11),
posterior fossa (n � 7), and spinal (n � 3) veins (Table 1).

Two radiologists (Y.K., M.K.) graded the severity of the
retrograde cortical venous drainage in consensus, as follows:
grade 0 � no retrograde cortical venous drainage, grade 1 �
involved volume of 0–25%, grade 2 � 26–50%, and grade 3 �
�50%. The volume of involved cortical veins was visually
determined visually relative to the whole of the cortical veins
on the anteroposterior and lateral angiograms. Ten patients
had no retrograde cortical venous drainage, two patients had
grade 1 drainage, seven patients grade 2, and two patients had
grade 3.

In 15 patients with carotid cavernous fistulas, the superior
and/or inferior petrosal sinuses were not seen during the ve-
nous phase. The superior sagittal sinus was not seen in one
patient with a tentorial dAVF, and the sigmoid and transverse
sinuses were not visualized in two patients with transverse
and/or sigmoid sinus dAVFs.

MR Imaging
MR examinations were performed with a 1.5-T supercon-

ducting unit (Magnetom Vision; Siemens, Erlangen, Ger-
many). In all patients, axial T1-weighted (TR/TE/NEX � 627–
690/14–17/1) SE and T2-weighted (3700/96/1, echo train
length � 7) fast SE images of the entire brain were obtained.
SE images were obtained with a 21-cm field of view (FOV) and
a 224 � 256 matrix. Section thickness was 5 mm with a 1-mm

TABLE 1: Angiographic findings

Patient/Age
(years)/Sex Fistula Site Feeding Artery

Obstructed Petrosal
Sinus Retrograde Drainage Veins

1/69/F R/L CS R/L ECA, ICA R/L superior, inferior Cortical, deep
2/66/F R/L CS R/L ECA, ICA R/L superior, inferior Cortical, deep
3/58/F R/L CS R/L ECA, ICA R/L superior, inferior Cortical, deep, superior ophthalmic, PF
4/62/F L CS R/L ECA, ICA L superior, R/L inferior Deep, superior ophthalmic, PF, SV
5/77/M L CS R/L ICA R/L superior, inferior Cortical, deep
6/51/F R CS R/L ECA, ICA R/L superior, inferior Superior ophthalmic
7/62/F R CS R/L ECA, ICA R/L superior, inferior Deep, superior ophthalmic
8/62/F L CS R/L ECA, ICA R/L superior, inferior Superior ophthalmic
9/76/F R/L CS R ICA, R/L ECA R/L superior, inferior Cortical, deep, superior ophthalmic, PF
10.52/M R CS R/L ECA Not applicable Cortical
11/50/F L CS L ECA Not applicable Superior ophthalmic
12/52/F L CS L ECA R/L superior, inferior Deep
13/70/F L CS L ECA, ICA R/L superior, inferior Superior ophthalmic
14/77/F L CS L ECA, ICA L superior, R/L inferior Cortical, deep
15/70/M Tent L ECA, ICA; R/L VA a Cortical, deep
16/64/M L CS L ECA, ICA R/L superior, inferior PF
17/50/F L transverse sinus L ECA, ICA; L a Cortical, deep, PF, SV, superior ophthalmic
18/70/F L CS R ECA, ICA Not applicable Superior ophthalmic, PF
19/78/F L CS R/L ECA, R, ICA L inferior Cortical, superior ophthalmic, SV
20/70/M L sigmoid sinus L ECA a Cortical, PF
21/71/F R CS R ECA, ICA L inferior Superior ophthalmic

Note.—PF, leptomeningeal vein of the posterior fossa; SV, spinal vein; VA, verbetral arteries.
a Obstruction was in the L sigmoid sinus and superior sagittal sinus (patient 15), R transverse sinus (patient 17), or R transverse sinus (patient 20).
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intersection gap. In 19 patients, contrast-enhanced T1-
weighted SE images were also obtained after the administra-
tion of gadopentetate dimeglumine (0.1 mmol/kg; Magnevist;
Nihon Schering, Osaka, Japan) with a same parameters as
those used for nonenhanced T1-weighted imaging.

All patients underwent 3D FISP imaging. The parameters
were TR/TE � 32/6.5, 20° flip angle, 64-mm slab thickness, 64
partitions, 20-cm FOV, and 192–256 � 256–512 matrix. Zero-
fill interpolation was applied in the section selection direction,
and the section thickness was 0.5 mm. The cavernous sinus
(CS) was located at the center of the volume slab.

Contrast-enhanced 3D MP-RAGE images were also ob-
tained in all patients, with TR/TE/TI � 13.5/7/3000, 15° flip
angle, 135-mm slab thickness, 108 partitions, 20-cm FOV, and
224 � 256 matrix. The section thickness was 1.3 mm. The
center of the slab was same as that of the 3D FISP images.

Image Interpretation
Two readers (M.Y., K.K.) who were cognizant of the pres-

ence of dural fistulas but not their sites reviewed the SE, 3D
FISP, and enhanced 3D MP-RAGE images in random order.
During their assessment of individual images, they did not have
access to information obtained with other techniques or con-
ventional angiography or from the clinical records. They re-
corded the presence of retrograde venous drainage, as shown
on all images. When this drainage was identified, its route was
noted by using conventional angiographic classification, and its
severity was assessed.

Diagnostic criteria for retrograde venous drainage were ab-
normal flow voids on T2-weighted fast SE images, hyperinten-
sity of veins on 3D FISP images, and laterality of the vein size
on nonenhanced and enhanced T1-weighted SE and enhanced
3D MP-RAGE images. To differentiate veins from arteries, the
readers paid careful attention to the anatomic location and
tortuosity of the vessels.

In the retrospective qualitative study, two radiologists (Y.K.,
M.K.) who were cognizant of the patient’s history interpreted
the MR image and angiogram together. They assessed the
patency of the dural sinuses, particularly in the superior and
inferior petrosal sinuses, and noted abnormal parenchymal
intensity associated with venous congestion.

Data Analysis
First, to determine interobserver variability, the degree of

agreement between the observers was analyzed by using �
statistics. � values of up to 0.4 were recorded as positive, but
poor correlation, 0.41–0.75 was good and �0.75 was excellent.
Second, the sensitivity, specificity, and accuracy of each imag-
ing technique were calculated to assess its diagnostic utility
compared with that of conventional angiography as the stan-
dard. In patients with retrograde cortical venous drainage, we
used � statistics to compare its severity on conventional angio-
grams and on the various MR images.

Results
Confidence levels for image interpretation by the

two readers were 0.9 –1.0 for T1-weighted images,
0.76 – 0.95 for T2-weighted images, 0.73–1.0 for en-
hanced T1-weighted images, 0.81–1.0 for 3D FISP
images, and 0.65–1.0 for enhanced 3D MP-RAGE
images. All � values, except for those from the
evaluation of ophthalmic veins on enhanced T1-
weighted image and of deep veins on enhanced
MP-RAGE images, were more than 0.75. Table 2
shows the sensitivity, specificity, and accuracy of
each imaging technique.

For the evaluation of cerebral retrograde cortical
venous drainage, enhanced T1-weighted SE and en-
hanced 3D MP-RAGE images yielded diagnostic ac-
curacy higher than that of the other techniques (Fig
1). For the evaluation of the ophthalmic vein, nonen-
hanced T1-weighted SE and 3D MP RAGE images
were superior (Fig 2). All sequences had relatively
low diagnostic accuracy for the evaluation of deep
veins (Fig 3). Enhanced 3D MP-RAGE images were
more sensitive than the other images for evaluating
posterior fossa and spinal veins (Figs 3 and 4), al-
though their specificity for the veins in the posterior
fossa was relatively low. Diagnostic accuracy for all
reflux routes was 85.7% on enhanced MP-RAGE,
82.7% on enhanced T1-weighted SE, 79.1% on T2-
weighted fast SE, 76.7% on nonenhanced T1-
weighted SE, and 75.7% on 3D FISP imaging. In
evaluating the severity of cortical retrograde venous
drainage, good-to-excellent correlation was observed
among enhanced MP-RAGE images, enhanced T1-
weighted images, and angiograms for both readers. �
values were �0.594 with both MR sequences. � values
for the other sequences were 0.132–0.465.

In our retrospective evaluation, enhanced MP-
RAGE images were particularly useful for assessing
the small veins of the posterior fossa and for identi-
fying thrombosis in the dural sinuses. In four patients,

TABLE 2: Mean sensitivity, specificity, and accuracy judged by two
observers

Veina

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Cortical
T1 weighted 50 100 73.8
T2 weighted 77.3 100 88.1
CE T1 weighted 100 100 100
3D FISP 77.3 86.7 85.7
3D CE MP-RAGE 100 90 95.3

Ophthalmic
T1 weighted 91.7 100 95.2
T2 weighted 66.7 94.5 78.6
CE T1 weighted 40.0 100 68.5
3D FISP 45.9 100 69.1
3D CE MP-RAGE 91.7 83.4 88.1

Deep
T1 weighted 13.4 100 54.8
T2 weighted 47.3 100 69.1
CE T1 weighted 34.7 95.0 68.4
3D FISP 46.8 95.5 69.1
3D CE MP-RAGE 51.4 85.0 69.1

Posterior
T1 weighted 25.9 100 73.8
T2 weighted 25.9 100 73.8
CE T1 weighted 50.0 96.5 81.6
3D FISP 18.8 96.5 69.1
3D CE MP-RAGE 59.0 82.3 76.2

Spinal
T1 weighted 0 100 85.7
T2 weighted 16.7 100 85.7
CE T1 weighted 75.0 100 94.8
3D FISP 0 100 85.7
3D CE MP-RAGE 100 100 100

a CE � contrast enhanced.
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enhanced 3D MP-RAGE images showed filling de-
fects in the inferior petrosal sinuses. In patients 1 and
3, the sinuses were hypointense on 3D FISP images
but not opacified conventional angiographs, even in
the late venous phase; this appearance was consid-
ered to reflect sinus thrombosis (Fig 5). In patients 6
and 21, the inferior petrosal sinuses were hyperin-
tense on 3D FISP images; high flow in the sinuses was
confirmed on conventional angiographs. With respect
to parenchymal changes, the temporal white matter
adjacent to the area of retrograde venous drainage
was hyperintense on T2-weighted fast SE images in
patients 19 and 20.

Discussion
Impairment of venous outflow in patients with

dAVFs results in retrograde venous drainage and ve-
nous hypertension and eventual venous infarction with
hemorrhage. Two major classifications have been pro-
posed on the basis of retrograde leptomeningeal venous

drainage. Cognard et al (2) reviewed findings in 205
patients and found a relationship between the type of
retrograde venous drainage and the clinical presenta-
tion. Patients with dAVFs draining directly into a cor-
tical vein had a high incidence of hemorrhage, particu-
larly those with venous ectasia. Other groups that
examined the correlation between the severity of retro-
grade venous drainage and clinical presentations
showed that direct retrograde leptomeningeal venous
drainage results in an incidence of hemorrhage higher
than that of sinosal drainage with retrograde leptomen-
ingeal venous drainage (4, 6–12).

Evaluation of retrograde venous drainage on
conventional angiography requires good visualiza-
tion in the venous phase. Retrograde venous drain-
age is identified as abnormally dilated, tortuous,
engorged pial or medullary veins in the late venous
phase; this is known as the pseudophlebitic pattern.
Other conventional angiographic findings in pa-
tients with dAVFs are focal regions of delayed
circulation and venous rerouting to the orbit or to
transosseous veins. Abnormally dilated pial or
medullary veins in patients with dAVFs are identi-
fied as flow void on T2-weighted SE images. Wil-
linsky et al (13) attempted to correlate the severity
of retrograde venous drainage determined on T2-
weighted SE images with the clinical presentation
and suggested that evidence of moderate or severe
retrograde venous drainage may be useful for iden-
tifying a subgroup of patients in whom aggressive
symptoms or signs might develop.

Our study showed that enhanced MR images
were superior to nonenhanced images for evaluat-
ing retrograde venous drainage, probably because
undilated veins and slow flow retrograde venous
drainage may not be detected with T2-weighted SE
images. Both enhanced 3D MP-RAGE and T1-
weighted SE images had high diagnostic accuracy,
not only for the detection of retrograde cortical
venous drainage but also for its severity. Although

FIG 1. Case 19. A 78-year-old woman with dAVF in the left CS.
A, Lateral intra-arterial DSA of the left ECA shows the arteriovenous shunt in the left CS (long arrow) and retrograde venous drainage

to the superior ophthalmic vein (short arrow) and cerebral cortical veins (arrowheads). Severity of the drainage was grade 2 (26%–50%
of cortical veins on angiography).

B, Axial T2-weighted SE MR image shows flow voids (arrows) in the subarachnoid space, suggesting dilated cortical veins in bilateral
frontal and parietal lobes.

C, Abnormal dilated cortical veins (arrows) are more prominent on this axial enhanced T1-weighted SE image than in B.

FIG 2. Case 13. A 70-year-old woman with dAVF in the left CS.
Enhanced 3D MP-RAGE image clearly shows marked dilatation
and thrombus in the anterior part of the left superior ophthalmic
vein (arrows).
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enhanced 3D MP-RAGE images were highly sen-
sitive, their specificity was slightly lower than that
of enhanced T1-weighted SE images.

3D MP-RAGE is a small–flip angle, gradient-
recalled-echo sequence in which a 3D Fourier
transformation acquisition is implemented with a
180° inversion preparation pulse. The resulting se-
quence yields heavily T1-weighted contrast; a rela-
tively high signal-to-noise ratio; thin, continuous
images with postprocessing capability; rapid acqui-
sition times; and depiction of flow-related enhance-
ment (16 –20). Enhanced 3D MP-RAGE sequence
relies not only on time-of-flight effects but also on
the T1-reducing effect of gadolinium to depict the
flow (21). Although these effects are beneficial for
identifying normal vasculature on enhanced 3D MP
RAGE images, it may make the differentiation of
normal and affected veins more difficult than it is
on enhanced T1-weighted SE images. Therefore,
enhanced 3D MP-RAGE imaging is slightly less
specific than enhanced T1-weighted SE imaging.

3D FISP and T2-weighted SE images had relatively
high diagnostic accuracy in patients with cerebral ret-
rograde cortical venous drainage. On 3D FISP im-
ages, high-flow vessels had high signal intensity attrib-
utable to flow-related enhancement, which is
advantageous for evaluating high-flow retrograde ve-
nous drainage (14, 22). Although 3D FISP images
have a high spatial resolution (0.5 mm) and detect-
ability of high flow is high, they have drawbacks: their
acquisition time is long; the slab thickness is limited;
and, on peripheral images in the slab, the signal in-
tensity of even high-flow vessels is decreased because

FIG 3. Case 17. A 50-year-old woman
with dAVF in the left transverse sinus.

A, Lateral intra-arterial DSA of the left
ECA shows obstruction of the left trans-
verse sinus (arrows). Abnormal vessels
(arrowheads) are observed around the ob-
structed left transverse sinus. Severity of
the drainage was grade 2 (26%–50% of
cortical veins on angiography).

B, Enhanced 3D MP-RAGE image
shows abnormal dilated veins at the base
of the cerebrum (arrow) and in the poste-
rior fossa (arrowhead). Bilateral posterior
cerebral arteries were identified on other
sections (not shown).

FIG 4. Case 4. A 62-year-old woman
with dAVF in the left CS.

A, Lateral intra-arterial DSA of the left
ICA shows retrograde venous drainage to
the superior ophthalmic (arrow) and pon-
tomedullary (arrowheads) veins.

B, Enhanced 3D MP RAGE image
shows cephalocaudal, contiguous en-
hancing structures (arrow) at the ventral
side of midbrain corresponding to retro-
grade venous drainage to the pontomed-
ullary vein.

FIG 5. Case 3. A 58-year-old woman with dAVF in the bilateral
CSs. Enhanced 3D MP-RAGE image (and 3D FISP image, not
shown) depicts a filling defect in the right inferior petrosal sinus
(arrow). This finding suggests thrombosis in the right inferior
petrosal sinus.
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of saturation effect. These limitations may account
for the lower diagnostic accuracy of 3D FISP images
than on enhanced images.

In the evaluation of the ophthalmic vein, enhanced
3D MP-RAGE images had relatively high diagnostic
accuracy. On enhanced 3D MP-RAGE images, the
fat-suppression effect improves delineation of in-
traorbital structures. Enhanced images were more
accurate than nonenhanced images for the diagnosis
of retrograde venous drainage to the posterior fossa.
Enhanced 3D MP-RAGE images were more sensitive
than T1-weighted SE images because of the high
spatial resolution with no gaps, the reduction of vas-
cular dephasing, the decreased susceptibility artifacts,
and the suppression of fat signals (19). Although our
study population included only three patients with
retrograde venous drainage to the pontomedullary
vein, detection of this was possible only on enhanced
3D MP-RAGE images, possibly because their high
spatial resolution and decreased phase artifact.

The diagnosis of retrograde venous drainage into
deep veins was difficult regardless of the imaging
technique used. Although all images were highly spe-
cific, detection was possible in only half of our pa-
tients, even on enhanced 3D MP-RAGE images. This
result suggested a visualization overlap on MR im-
ages between normal veins and veins with retrograde
drainage. Many veins and sinuses, such as the sphe-
noparietal sinus entering into the deep venous sys-
tems, and their direction and volume of flow are
complex, even in healthy individuals.

On retrospective study, abnormal findings in the
inferior petrosal sinuses were observed in four pa-
tients. Assessment of the petrosal sinus is important
in patients with intracranial dAVFs. In those with
carotid-cavernous dural fistula, thrombosis or occlu-
sion of the posterior drainage leads to increased an-
terior drainage, which results in worsening of exoph-
thalmus and/or chemosis. Furthermore, in patients
with dAVFs, interventional curative procedures in-
volve embolization of the affected sinuses and drain-
ing routes (23, 24), and the inferior petrosal sinus is
one of the most frequent routes used for the trans-
venous approach. Therefore, enhanced 3D MP-
RAGE images may be useful for evaluating veins and
sinuses before interventional procedures.

Our study had some limitations. First, most of the
lesions were dAVFs at the CS; therefore, our results
might not be applicable to fistulas in other sites. In
our three patients with fistulas in other sites, however,
retrograde venous drainage was well delineated on
enhanced MP-RAGE images. Because retrograde ve-
nous drainage of dAVFs are similarly seen regardless
of the location of the fistula location, we believe that
our results are applicable to dAVFs at any location.
Evaluation of dAVFs at locations other than the ca-
rotid cavernous region is also desirable. Second, we
included only patients with known retrograde venous
drainage, as confirmed on conventional angiography.
Therefore, the incidence of false-positive findings was
not fully established. A large sample of dAVFs with
or without retrograde venous drainages should be

evaluated to establish the actual rates of sensitivity
and specificity. Third, enhanced MP-RAGE images
cannot provide hemodynamic information equivalent
to that obtained with intra-arterial conventional an-
giography. Although advances have made demon-
stration of cerebral hemodynamics on MR imaging
equivalent to that of intra-arterial conventional an-
giography (25, 26), we suggest that enhanced high-
resolution images, particularly 3D MP-RAGE im-
ages, are best for evaluating the retrograde venous
drainage in patients with intracranial dAVFs.

Conclusion

Contrast-enhanced MR images are superior to
nonenhanced images for assessing retrograde ve-
nous drainage in patients with intracranial dAVFs.
Enhanced 3D MP-RAGE imaging, which provides
high spatial resolution and contiguous depiction of
the venous system, may be better than enhanced
T1-weighted SE imaging for understanding the
routes and severity of retrograde venous drainage.
In addition, to evaluate sinus patency, the en-
hanced 3D MP-RAGE sequence was more appro-
priate than others.
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