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BACKGROUND AND PURPOSE: Although dynamic contrast-enhanced MR angiography studies for ar-
teriovenous malformations (AVFs) and brain tumors have shown promising results, no formal attempt
has yet been made to similarly evaluate dural AVFs. To assess the practical applicability of 2D
thick-section contrast enhanced MR digital subtraction angiography (MRDSA) for the diagnosis and
management of dural AVFs, MRDSA and intra-arterial digital subtraction angiography (IADSA) were
comparatively evaluated.

METHODS: We performed 80 consecutive MRDSA studies for 25 dural AVFs, including 11 cavenous
sinuses, 9 sigmoid sinuses, 2 tentorial sinuses, one anterior condylar vein, one craniocervical junction,
and one spine. MR images were continuously obtained following the initiation of a bolus injection of
gadrinium chelates and subtraction images were constructed. We thereafter evaluated the imaging
quality and hemodynamic information from all 46 MRDSA images performed in parallel with IADSA in
either perioperative or follow-up studies.

RESULTS: Most MRDSA images detected early venous filling, sinus occlusion, leptomeningeal venous
drainage, and varices. It was difficult, however, to identify the feeding arteries because of both the
partial volume effect and a low spatial resolution. Most important, MRDSA accurately detected
aggressive lesions with leptomeningeal venous drainage and varices.

CONCLUSION: Our MRDSA technique was found to have limited value for depicting all the anatomic
details of dural AVFs, though it was able to identify important hemodynamic abnormalities related to
the risk of hemorrhaging. MRDSA is therefore useful as a less invasive, dynamic angiographic tool, not
only for perioperative studies but also for follow-up studies.

Dural arteriovenous fistulas (dural AVFs) constitute 10%–
15% of all intracranial arteriovenous anomalies.1,2 Previ-

ous studies have indicated that dural AVFs are pathologic ar-
teriovenous shunts and communications that occur within the
layers of the dura matter.3 They have been considered to be
congenital lesions resulting from an enlargement of intradural
arteriovenous shunts, but they are more likely to be secondary
to events such as trauma, surgery, and infection.4-6 Although
they are generally classified according to the pattern of their
venous drainage,2,7-10 their wide anatomic distribution and
variability result in a broad range of clinical presentations,
including hemorrhage, focal neurologic deficits, seizures, or
intracranial hypertension. Therefore, accurately identifying
the hemodynamic features, including early venous filling, lep-
tomeningeal venous drainage, varices, and circulation time, is
essential for making a timely diagnosis of dural AVFs.

With regard to the hemodynamic evaluation, intra-arterial
digital subtraction angiography (IADSA) remains the single diag-
nostic technique for a hemodynamic evaluation despite the fact
that it is invasive with some complications.11,12 Dynamic con-
trast-enhanced MRA studies have recently become increasingly
useful as a noninvasive technique to evaluate the hemodynamics
of the neck, aorta, and its abdominal branches, as well as the pelvis
and lower extremity vessels.13-16 In the central nervous system
(CNS) area, however, no formal attempt has yet been established

to evaluate dural AVFs in the same manner, and only a few such
studies have been reported.17-21

We herein postulate that we may be able to obtain valuable
hemodynamic information, which is compatible with the data
obtained by IADSA, by using the MR imaging technique in
combination with a bolus contrast injection and thick-section
2D acquisition. In the present study, we comparatively evalu-
ated MR digital subtraction angiography (MRDSA) and
IADSA to assess the practical applicability of 2D thick-section
MRDSA in the diagnosis and management of dural AVFs.

Patients and Methods
Since 2000, our department has used MRDSA in addition to rou-

tine MR studies to evaluate patients with dural AVFs. Between Janu-

ary 2000 and March 2005, 25 consecutive patients (9 men and 16

women; mean age, 64.3 � 12.0 years) underwent MRDSA for periop-

erative and/or follow-up purposes. All patients also underwent stan-

dard IADSA for perioperative and/or follow-up purposes if necessary.

We performed 80 consecutive MRDSA studies for 25 dural AVFs,

including 11 cavenous sinuses, 9 sigmoid sinuses, 2 tentorial sinuses,

one anterior condylar vein, one craniocervical junction, and one

spine. Table 1 summarizes the patient characteristics. In this study, we

evaluated 46 MRDSA images performed in parallel with IADSA for

both preoperative (n � 24) and postoperative (n � 22) cases.

Regarding treatment, 17 patients with leptomeningeal venous

drainage and/or varices were considered to be at high risk for hemor-

rhaging22-24 and therefore were all treated. Four patients who did not

have leptomeningeal venous drainage were considered to be at low

risk for hemorrhaging, though they were treated because they had

symptomatic bruit. The remaining 4 patients were treated conserva-

tively, because they demonstrated benign dural AVFs with only an
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antegrade flow. Endovascular embolization alone (transarterial or trans-

venous embolization [TVA or TVE]) was performed for 18 patients,

whereas combined therapy with endovascular embolization and surgical

obliteration was performed for 3 patients and the remaining 4 patients

were treated conservatively. We performed MRDSA within the first

through third preoperative day and within the first through third post-

operative day. The patients underwent routine pre- and/or postcontrast

MR imaging, including MR angiography along with MRDSA with a 1.5T

MR device (Signa Horizon LX CV; GE Medical Systems, Milwaukee,

Wisc). 2D MRDSA was performed by fast spoiled gradient recalled-echo

sequence (TR/TE, 5.4/1.4; flip angle, 60°; field of view, 20�20 cm; matrix

size, 256 � 128 BW; 31.2 kHz; section thickness [single section], 4–10

cm; scanning time, 0.8 seconds per scan). By using a power injector, we

administered 0.2 mmol/kg of gadolinium chelates via the right antecubi-

tal vein at a rate of 4 mL/s. The injector started 5 seconds after the initia-

tion of scanning and continued for 40–50 seconds. From these serial

images, we selected a mask image (the last image before contrast arrival)

and subtracted it from the images that followed by using the manufac-

turer’s standard system software incorporated into the imager. In our

system, the scanning interval is short enough to visualize the arterial com-

ponent of the angioarchitecture. For this reason, it is not necessary to

optimize the timing of the start of data collection in our system.

We comparatively evaluated the imaging quality of hemodynamic

features, including the feeding arteries, early venous filling, sinus oc-

clusion, leptomeningeal venous drainage (cortical reflux), varices,

and a pseudophlebitic pattern (venous congestion) between MRDSA

and IADSA. The image analysis was conducted independently by 2

observers (N.H. and M.M.) blinded to the IADSA findings during the

initial reading.

Results
No complications were observed during the MRDSA pro-

cedures. We successfully obtained continuous serial hemody-

Table 1: Patient characteristics

Age (y) 64.3 � 12.0 (37–88)
Sex (M:F) 9:16
Presentation

Asymptomatic 1 (4%)
Tinnitus 8 (32%)
Headache 3 (12%)
Vertigo 1 (4%)
Myelopathy 1 (4%)
Chemosis 6 (24%)
Diplopia 1 (4%)
ICH 2 (8%)
SAH 2 (8%)

Location
Cavenous 11 (44%)
Sigmoid 9 (36%)
Tent 2 (8%)
Anterior condylar 1 (4%)
Craniocervical 1 (4%)
Spine 1 (4%)

Treatment
Observation 4 (16%)
IVR (TAE) 1 (4%)
IVR (TVE) 17 (68%)
IVR/craniotomy 3 (12%)

Follow-up (mo) 12.6 � 11.4 (1–33)

Note.—ICH indicates intracerebral hemorrhage; SAH, subarachnoid hemorrhage; IVR,
interventional radiology; TAE, transarterial embolization; TVE, transvenous embolization.

Table 2: Detection of the presence of dural AVF by MRDSA and by IADSA

Reviewer

MRDSA IADSA
Sensitivity

(%)
Specificity

(%)

Positive
Predictive

Value
(%)

Negative
Predictive

Value
(%)Present Absent Present Absent

Preoperative study
Feeding arteries R1 3 21 23 1 13.0 100 100 4.8

R2 2 22 8.7 100 100 4.5
Early venous filling R1 24 0 23 1 100 —* 95.8 0/0

R2 24 0 100 —* 95.8 0/0
Sinus occlusion R1 1 23 1 23 100 100 100 100

R2 1 23 100 100 100 100
Leptomeningeal venous drainage R1 12 12 16 8 75.0 100 100 66.7

R2 14 10 87.5 100 100 80
Varices R1 5 19 5 19 100 100 100 100

R2 5 19 100 100 100 100
Pseudophrebitic pattern R1 3 21 3 21 100 100 100 100

R2 2 22 66.7 100 100 95.4
Postoperative and follow-up study

Feeding arteries R1 0 22 3 19 0 100 100 13.6
R2 1 21 33.3 100 100 9.5

Early venous filling R1 6 16 6 16 100 100 100 100
R2 5 17 83.3 100 100 94.1

Sinus occlusion R1 0 22 0 22 100 100 100 100
R2 0 22 100 100 100 100

Leptomeningeal venous drainage R1 2 20 1 21 —* 90.4 0/2 95.0
R2 0 22 —* 100 100 95.4

Varices R1 0 22 0 22 100 100 100 100
R2 0 22 100 100 100 100

Pseudophrebitic pattern R1 0 22 0 22 100 100 100 100
R2 0 22 100 100 100 100

* Not calculated because of the small number. R1 indicates reviewer 1; R2, reviewer 2.
Note.—AVF indicates arteriovenous fistula; MRDSA, magnetic resonance digital subtraction angiography; IADSA, intraarterial digital subtraction angiography.
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namic images in all 25 cases. Large cerebral vessels were clearly
visualized on MRDSA in all cases. Smaller branches were also
observed in all cases, but they tended to be less clear in com-
parison to the large vessels.

Table 2 summarizes the detection characteristics of dural
AVF by MRDSA in comparison to the IADSA findings. Most
MRDSA images detected early venous filling (�83.3% sensi-
tivity), sinus occlusion (100% for both sensitivity and speci-
ficity), and a pseudophlebitic pattern (�66.7% sensitivity and
100% specificity) (Figs 1–3). Most important, MRDSA de-
tected aggressive lesions with leptomeningeal venous drainage
(�75.0% sensitivity and 90.4% specificity) and varices (100%
for both sensitivity and specificity). In a preoperative study,
one false-positive with early venous filling and 2 false-nega-
tives with leptomeningeal venous drainage were observed. In
the postoperative and follow-up studies, on the other hand, 2
false-positives with leptomeningeal venous drainage, one
false-negative with early venous filling, and one false-negative
with leptomeningeal venous drainage were observed. Regard-
ing the feeding arteries, MRDSA detected the main feeding
artery in only 3 cases preoperatively and in one case postoper-
atively. The middle meningeal artery was seen on axial images
(1 of 22 cases), and the occipital artery and the tentorial artery
were seen on sagittal images (3 of 12 cases). The sensitivity for
detecting feeding arteries was low (0%–33.3%). MR angiogra-
phy source imaging was more useful for detecting feeding ar-

teries in all cases. In our series, the feeding arteries were easy to
detect in aggressive lesions with varices or a pseudophlebitic
pattern (Fig 2).

In the follow-up study, we performed MRDSA for 22 cases
as outpatient examinations (mean follow-up of 12.6 � 11.4
months). One case with a cavenous dural AVF was suspected
to have a recurrence based on the MRDSA findings at 26
months after the primary treatment, and these findings were
compatible to those of the IADSA study. We performed a sec-
ond embolization for this case. The detection rate for the re-
current dural AVFs after a complete obliteration was 100%
(1/1), though it was a small number. Representative cases are
illustrated in Figs 1–3.

Discussion
Cranial dural AVFs and spinal dural AVFs can be classified

as aggressive based on the presence of leptomeningeal venous
reflux either with or without varices.25 The presence of varices
on a draining vein or leptomeningeal venous drainage has also
been reported to increase the risk of hemorrhaging.22 More-
over, Willinsky et al indicated that the cases with a pseudo-
phlebitic pattern (tortuous and elongated veins on the venous
phase) are associated with an aggressive presentation with or
without retrograde leptomeningeal venous drainage in an
IADSA study.26 The rate of hemorrhaging in these lesions
without previous bleeding was 1.8% per year.22 With regard to

Fig 1. A 68-year-old woman with left cavenous sinus dural AVF.

A-C, Preoperative IADSAs (A and B) show a cavenous sinus dural AVF with early filling in the bilateral inferior petrosal sinus (IPS; arrowheads ) and the dilated superior ophthalmic vein
(SOV; arrow ). C, Preoperative MRDSA (axial) shows early venous filling in the cavenous sinus (arrowhead ), IPS (double arrowheads ), and reflux into the sphenoparietal sinus (arrows ) and
SOV (double arrows ).

D-F, After TVE, IADSAs (D and E) show a small residual shunt (arrowhead ) in the cavenous sinus. F, Postoperative MRDSA is unable to detect this shunt.
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the rebleeding of dural AVFs exhibiting intracranial hemor-
rhaging, dural AVFs with retrograde leptomeningeal venous
drainage have been reported to show a high risk of early re-
bleeding (35% within 2 weeks after the first hemorrhage) and
normally with graver consequences than the first hemor-
rhage.27 We, therefore, advocate complete and early treatment
in all cases of dural AVFs with leptomeningeal venous drain-
age due to an intracerebral hemorrhage. On the basis of these
previous reports, a clear angiographic analysis, primarily for
the venous drainage systems, is thus suggested to be the first
step in the treatment of dural AVFs. Moreover some reports
have also suggested that a careful angiographic follow-up of
patients is required even after successful therapy because they
have a possibility to develop into either recurrent dural AVFs
or second dural AVFs.28-31

In a radiographic analysis for dural AVFs, IADSA has been
the standard technique. This technique, however, is invasive,
with an estimated complication rate of approximately 0.5%–
1.3%.11,12 On the other hand, conventional CT and standard
MR techniques are of limited value in the diagnosis and clas-
sification of dural AVFs.18 These methods provide only static
images of dural AVFs. Contrast-enhanced time-of-flight
(TOF) MRA may allow the visualization of an abnormal arte-
rial flow and a static venous anatomy, but only MRDSA pro-
vides a dynamic assessment of the cerebral circulation. An
assessment of the dynamic flow patterns plays an important

role in the radiographic diagnosis of dural AVFs. Our goal in
this study was to depict the hemodynamics of dural AVFs by
using the 2D thick-section MRDSA.

Dynamic contrast-enhanced MR angiography has rapidly
become the technique of choice for the assessment of lesions in
the neck, aorta and its abdominal branches, as well as the pel-
vis, and extremities.13-16 In the CNS area, hemodynamic in-
formation from images with a high temporal resolution is es-
sential for accurately diagnosing specific cerebrovascular
diseases, including an evaluation of collateral flows and lep-
tomeningeal anastomosis in atherosclerosis or Moyamoya
disease, the circulation time in sinus thrombosis, and for
the observation of early venous filling of arteriovenous mal-
formations (AVMs). Although spin-echo images and TOF an-
giography might show findings suggestive of dural AVFs, the
impact of dynamic MR projection angiography on the im-
proved detection of dural AVFs is evident.18 Moreover, the use
of subtraction seems to be quite effective in cases associated
with hematoma.32 In addition, a short measurement time is
beneficial for MRDSA because motion artifacts are not en-
countered. Even so, motion artifacts have a tremendous effect
on the image quality. To avoid such motion artifacts, we in-
structed the patient to remain still for the duration of scanning
(40 –50 seconds). Moreover, we used soft pads to fix the head.
These techniques were sufficient to obtain clear subtracted
images. We did not use any registration technique such as

Fig 2. A 69-year-old woman with a left sigmoid sinus dural AVF presenting with intracranial hemorrhaging.

A and B, Preoperative IADSAs show a sigmoid sinus dural AVF with aggressive leptomeningeal drainage (arrowheads ). The main feeding artery is shown to be the occipital artery (arrow ).
C, Preoperative MRDSA (sagittal) shows early venous filling with a pseudophlebitic pattern (venous congestion; arrowheads ). The main feeding artery is shown to be the occipital artery
(arrow ).

D and E, After TVE, IADSAs show the disappearance of the dural AVF. F, Postoperative MRDSA is unable to detect this shunt.
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pixel shifting. The greatest advantage of MRDSA is that the
display of 2D MRDSA mimics IADSA, which is a very familiar
diagnostic tool for neuroradiologists and neurogurgeons.
Some clinical studies have shown the usefulness of MRDSA in
assessing AVMs17,32-34 and brain tumors.35,36 There have been
no clinical evaluations reported so far, though several case
studies have been reported on the significance of MRDSA for
assessing dural AVFs.17-21

In the present study, MRDSA showed hemodynamic infor-
mation that mimicked IADSA in all cases. Most MRDSA im-
ages detected early venous filling, sinus occlusion, and a pseu-
dophlebitic pattern. As a result, abnormalities in MRDSA
always indicate abnormalities in IADSA, but not vice versa.
Moreover, MRDSA, like IADSA, detected aggressive lesions
with leptomeningeal venous drainage (�75% sensitivity and
90.4% specificity) and varices (100% for both sensitivity and
specificity), which were associated with a risk of hemorrhag-
ing.22,25 MRDSA can thus indicate the important hemody-
namic abnormalities related to the risk of hemorrhaging.
Regarding the angiographic grading such as Cognard classifi-
cation,8 which classified the venous drainage pattern, MRDSA
could sufficiently classify the grades of Cognard without
IADSA findings. MRDSA detected the venous flow pattern
clearly in all cases. On the other hand, a careful follow-up
examination is necessary after the treatment, because the com-
plete obliteration rate has been reported to be 60% in TAE37

and 80% in TVE.38 We consider this technique to be valuable
especially for follow-up purposes after the treatment because
it is less invasive than IADSA. MRDSA is very effective for
identifying an abnormal flow not only preoperatively but also
postoperatively.

There are some disadvantages when making assessments by
using MRDSA. First, only one or 2 (axial, coronal, or sagittal)
planes are obtained.39 We chose the axial plane for assessing
cavenous dural AVFs, tentorial dural AVFs, anterior condylar
dural AVFs, and craniocervical dural AVFs, the sagittal plane
for sigmoid dural AVFs, and the coronal plane for spinal dural
AVFs, to avoid any overlapping with normal vessels. If we
chose an inadequate direction of the image, it would be diffi-
cult to evaluate the hemodynamic information in detail on
MRDSA, and therefore the findings would be misleading. Sec-
ond, small feeding arteries are often obscured, probably be-
cause of a partial volume effect and a low spatial resolu-
tion.32,39 In our study, MRDSA failed to detect small
abnormalities such as feeding arteries and a residual shunt.
MR angiography source images that performed along with the
MRDSA help to detect the feeding arteries and maybe shunt
surgery points in combination with MRDSA. The feeding ar-
tery, however, is not so important for diagnosing and classify-
ing the dural AVFs. With regard to the presence of a residual
shunt, we suspect it when there is a discrepancy between the
symptoms and the MRDSA findings; however, most cases with

Fig 3. A 69-year-old man with left tentorial sinus dural AVF presenting with an intracranial hemorrhage.

A-C, Preoperative IADSAs (A and B) show a tentorial sinus dural AVF with varices (arrowheads ). The main feeding artery is shown to be the tentrial artery (arrow ). C, Preoperative MRDSA
(axial) shows early venous filling (arrowhead ) with varices (double arrowhead ). The main feeding artery is shown to be the tentorial artery (arrow ).

D-F, After TVE, IADSAs (D and E) show the disappearance of the dural AVF. F, Postoperative MRDSA shows no abnormal pattern.
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a low-flow residual shunt without leptomeningeal venous
drainage or varices are treated conservatively. When a residual
shunt grows into an aggressive fistula that requires an opera-
tion, follow-up MRDSA can certainly detect such an abnor-
mality. Overall, MRDSA can show sufficient information re-
garding the angioarchitecture concerning flow pattern
including early venous filling, sinus occlusion, leptomeningeal
venous drainage, and varices.

At the present time, MRDSA cannot replace IADSA be-
cause of these disadvantages. The present findings, however,
suggest that this technique is highly effective for evaluating
dural AVFs, especially for aggressive lesions, which should be
treated, in both perioperative and follow-up studies. The most
important point is that MRDSA reduces the patient psycho-
logical burden because this technique is much less invasive
than IADSA. MRDSA is useful, especially for outpatient exam-
inations. We suppose that MRDSA will become the technique
of choice for the assessment of dural AVFs. IADSA is necessary
as an additional examination only when the treatment is nec-
essary or recurrence is suspected on the basis of the MRDSA
findings. Indeed, MRDSA was able to detect one recurrence in
our series. This technique will allow neuroradiologists the
ability to avoid performing IADSA for examinations.

Conclusions
The 2D thick-section MRDSA technique is considered to

be limited in depicting all the anatomic details of dural AVFs.
MRDSA, however, is highly effective for evaluating dural
AVFs, especially for the aggressive conditions that require
treatment, in both perioperative and follow-up studies. We
suppose that in the future MRDSA will become the technique
of choice instead of IADSA for the assessment of dural AVFs.
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