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Pre- and Post-Treatment MR Imaging and
Single Photon Emission CT in Patients with
Dural Arteriovenous Fistulas and Retrograde

Leptomeningeal Venous Drainage

Yutaka Kai, Jun-ichiro Hamada, Motohiro Morioka, Tatemi Todaka,
Takamasa Mizuno, and Yukitaka Ushio

BACKGROUND AND PURPOSE: Dural arteriovenous fistulas (DAVFs) with disturbed re-
gional cerebral blood flow (rCBF) include retrograde leptomeningeal venous drainage (RLVD).
We examined rCBF disturbances in patients with DAVFs by studying MR imaging and single
photon emission CT (SPECT) changes before and after treatment.

METHODS: In 22 patients with DAVFs and RLVD, we studied their symptoms, pre- and
post-treatment MR imaging and SPECT findings, and treatment results. Patients were assigned
to two groups: Type 1 included those with RLVD into more than one venous sinus, and type 2,
those with RLVD into a single venous sinus.

RESULTS: Eleven patients had type 1 RLVD. In these patients, preoperative T2-weighted MR
images showed no hyperintense areas, and angiographic evidence showed flow into more than
one venous sinus. The other 11 patients had type 2 RLVD. In these patients, preoperative
SPECT demonstrated hypoperfused areas that coincided with hyperintense areas on T2-
weighted MR images. After treatment, the hyperintense areas disappeared, and symptoms
improved in seven of these patients (type 2a). Their preoperative SPECT studies demonstrated
preservation of vasoreactivity after an acetazolamide challenge. In the other four patients (Type
2b), the hyperintense areas and symptoms persisted after treatment. Their preoperative SPECT
studies revealed a marked disturbance of vasoreactivity.

CONCLUSION: In patients with drainage into a single venous sinus, we consistently observed
areas of hyperintensity on MR images. These results and findings of hypoperfusion on SPECT
scans apparently reflect venous congestion, whereas unpreserved vasoreactivity after an acet-
azolamide challenge on SPECT scans reflects venous infarction. The preservation of vasoreac-
tivity after the challenge appears to be a good prognostic indicator.

Patients with dural arteriovenous fistulas (DAVFs)
and cerebral ischemia and/or cerebral hemorrhage
manifest regional cerebral blood flow (rCBF) abnor-
malities due to disturbance of venous perfusion (1–3).
The angiographic characteristics of DAVFs with dis-
turbed rCBF include retrograde leptomeningeal ve-
nous drainage (RLVD) in the draining system (4).
While single photon emission CT (SPECT) results,
positron emission tomography (PET) findings (5–7),
and signal intensity abnormalities on MR images are

useful for their identification (8), the degree of rCBF
disturbance in DAVFs with RLVD remains to be
elucidated. We examined rCBF disturbances in pa-
tients with DAVFs by studying the changes on MR
images and SPECT scans before and after treatment.
We also assessed symptomatic improvements achieved
with surgical and/or interventional therapy.

Methods
Between April 1994 and December 2001, we treated 22

patients with DAVFs and RLVD. They included nine men and
13 women ranging in age from 31 to 71 years. In all cases,
continuous-mode angiography provided detailed information
about the location of the fistula, the arterial supply, and the
venous drainage pattern. Patients’ symptoms, angiographic
findings, and areas with abnormal signal intensity on T2-
weighted MR imaging before treatment are listed in Table 1.
Of the 22 patients, two had an intracerebral hemorrhage, and
one had a subarachnoid hemorrhage. Progressive mental dis-
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turbance was recognized in seven patients, and exophthalmos
was observed in six. Two patients each reported double vision
and headache, and one patient each experienced dysesthesia of
the lower limbs and a visual field disturbance.

On the basis of detailed continuous-mode angiographic
study (15 frames per second), we assigned the 22 patients into
two groups according to the RLVD pattern. Type 1 (n � 11)
comprised those with angiographic evidence of RLVD into
more than one venous sinus, and type 2 (n � 11) included those
with RLVD into a single venous sinus. The feeding arteries
were the external carotid and/or internal carotid arteries. Nine
patients had one (n � 7) or more (n � 2) varices in the venous
drainage.

All patients underwent SPECT with technetium-99m hexa-
methyl-propylene amine oxime (99mTc-HMPAO) at a dose of
740 MBq. Patients in whom preoperative T2-weighted MR
images showed lesions with abnormal intensity lesions or in
whom SPECT scans showed areas of abnormal perfusion were
re-examined by using the same studies after their DAVFs were
treated with open and/or interventional surgery.

Results

Of the 22 patients, 11 had type 1 RLVD. These
patients had drainage into more than one venous
sinus, and their preoperative T2-weighted MR images
showed no hyperintense areas. The other 11 patients
had type 2 RLVD with drainage into a single venous
sinus. On T1-weighted images, the lesion was sur-
rounded by an area of hypointensity; on T2-weighted
images, an area of hyperintensity was seen (Table 1).
Of the 11 type 1 patients, three experienced hemor-
rhagic episodes; no type 2 patients had evidence of
hemorrhage. Single or multiple varices were noted in
seven type 1 patients, and two type 2 patients had single

varices in the RLVD route. Although SPECT images
did not demonstrate areas of hypoperfusion in any of
the 11 type 1 patients, all such images did in the 11 type
2 patients. These areas coincided with the areas of
hyperintensity on T2-weighted MR images (Table 2).

In all type 1 patients, surgery improved their preop-
erative symptoms of progressive mental disturbance,
exophthalmos, and double vision. However, two pa-
tients who had had an intracerebral hematoma contin-
ued to experience mild hemiplegia. None of the type 1
patients were in worse condition after treatment.

Surgical intervention resulted in the disappearance
of the hyperintense areas and normalization of the
hypoperfusion in seven of 11 type 2 patients. Their
symptoms of progressive mental disturbance, dyses-
thesia of the lower limbs, and headache were im-
proved at 2–4 weeks after treatment. After an acet-
azolamide challenge, images in these seven patients
demonstrated preservation of vasoreactivity (type 2a).
In the remaining four type 2 patients, we noted the
persistence of the areas of hyperintensity and hypoper-
fusion despite treatment. Vasoreactivity had not been
preserved after an acetazolamide challenge (type 2b) in
these patients, and their symptoms of visual field distur-
bances and progressive mental disturbances were not
completely resolved after treatment.

Illustrative Cases
Type 1RLVD into More Than One Venous Sinus and

No Hyperintensity on Preoperative T2-Weighted MR
Images. Case 7.—This 67-year-old man had experi-

TABLE 1: Clinical features in 20 patients with RVLD in DAVFs

Patient/Age, y/Sex Clinical Presentation

Angiographic Findings

Location* Varices Drainage Pattern Accessory Route

A: Type 1, Non-hyperintensity on T2-Weighted MR Images
1/66/M Mental disturbance SSS Multiple RLVD only Yes
2/66/F Exophthalmos CS None RLVD only Yes
3/62/F Exophthalmos CS None RLVD only Yes
4/63/M Subarachnoid hemorrhage T-SS Single RLVD only Yes
5/68/F Double vision CS None RLVD only Yes
6/49/F Cerebral hematoma T-SS Single Sinus, RLVD Yes
7/67/M Cerebral hematoma Sig S Multiple Sinus, RLVD Yes
8/59/M Mental disturbance CS Single Sinus, RLVD Yes
9/52/F Mental disturbance CS Single Sinus, RLVD Yes
10/60/F Mental disturbance CS None Sinus, RLVD Yes
11/53/F Double vision CS Single Sinus, RLVD Yes
B: Type 2, Hyperintensity on T2-Weighted MR Images
12/51/F Mental disturbance T-SS Single Sinus, RLVD No
13/58/M Lower-limb hypesthesia SSS Single RLVD only No
14/66/F Exophthalmos CS None RLVD only No
15/31/F Exophthalmos CS None Sinus, RLVD No
16/50/M Exophthalmos CS None Sinus, RLVD No
17/71/M Headache T-SS None Sinus, RLVD No
18/63/F Headache CS None Sinus, RLVD No
19/47/M Visual field disturbance T-SS None RLVD only No
20/50/F Mental disturbance T-SS None RLVD only No
21/63/M Mental disturbance T-SS None RLVD only No
22/70/F Exophthalmos CS None RLVD only No

* CS indicates cavernous sinus; SSS, superior sagittal sinus; T-SS, transverse-sigmoid sinus; and SigS, sigmoid sinus.
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enced a cerebral hemorrhage in the left temporal
lobe. Angiograms demonstrated DAVFs in the left
transverse sigmoid sinus. T1-weighted MR imaging
showed a small hypointense area in the left temporal
lobe. It originated at the site of the hematoma. Mul-
tiple signal-void lesions were observed near the trans-
verse sinus. MR imaging revealed no area with ab-
normal intensity on the cortical surface (Fig 1A),
and SPECT demonstrated no areas of hypoperfusion.
Angiographic study showed that the lesion was fed by
the left occipital and middle meningeal arteries. On
continuous-mode angiograms, these feeders flowed
directly into the dilated abnormal vein through the
fistula point. Retrograde venous flow was recognized
in the cortical vein, and final drainage was into the
left transverse-sigmoid sinus. Additional drainage

into the superior sagittal sinus was observed. Multiple
varices were recognized in the path of the cortical
venous drainage (Fig 1B and C).

Embolization with permanent particles (200–400-�m
cellulose porous beads [CPB]) (9, 10) resulted in occlu-
sion of the fistulas via the occipital and middle menin-
geal arteries. However, because the DAVFs were not
completely obstructed after embolization followed by
interruption of the RLVD, the patient underwent
direct surgery. Hemostatic clips were applied to the
draining vein at the exit site of the fistulas. His post-
operative course was uneventful. However, right mild
hemiplegia resulting from his intracerebral hema-
toma persisted. Angiographic study performed 6
months after surgery revealed no residual DAVFs.

FIG 1. Type 1. Case 7 in a 67-year-old man. with cerebral hemorrhage.
A, T2-weighted MR image reveals no hyperintense lesion in the left temporo-parietal lobe.
B, Left external carotid angiogram, lateral projection, shows DAVFs adjacent to the left transverse sinus. Venous drainage is

retrograde into the left transverse sinus. An accessory drainage route into the superior sagittal sinus is recognized. Multiple varices are
seen in the venous drainage path.

C, Schematic diagram of a DAVF with an accessory route (star) in the retrograde venous drainage (single arrows). The accessory route
with retrograde flow (top double arrows) and the surrounding venous flow (left and right double arrows) drain into another sinus through
this accessory route. F indicates the fistula point; OA, occipital artery; SS, sigmoid sinus; and TS, transverse sinus.

TABLE 2: MR Imaging and SPECT findings in nine patients with DAVF hyperintensity on T2-Weighted MR Images

Patient

Before Treatmen Findings After Treatment Findings

Outcome
T2-Weighted
MR Imaging

SPECT

T2-Weighted MR Imaging

SPECT

At Rest
With

Acetazolamide At Rest
With

Acetazolamide

Type 2a
12 Hyperintensity Hypoperfusion Preserved T2-normalization at 1 mo Normal Not done Good
13 Hyperintensity Hypoperfusion Preserved T2-normalization at 2 wk Normal Not done Good
14 Hyperintensity Hypoperfusion Preserved T2-normalization at 2 wk Normal Not done Good
15 Hyperintensity Hypoperfusion Preserved T2-normalization at 1 wk Normal Not done Good
16 Hyperintensity Hypoperfusion Preserved T2-normalization at 3 wk Normal Not done Good
17 Hyperintensity Hypoperfusion Preserved T2-normalization at 2 wk Normal Not done Good
18 Hyperintensity Hypoperfusion Preserved T2-normalization at 3 wk Normal Not done Good

Type 2b
19 Hyperintensity Hypoperfusion Non-preserved T2-hyperintensity continued,

subcortical hemorrhage
Hypoperfusion,

peripheral
hyperperfusion

Non-preserved Poor

20 Hyperintensity Hypoperfusion Non-preserved T2-hyperintensity continued Hypoperfusion Non-preserved Poor
21 Hyperintensity Hypoperfusion Non-preserved T2-hyperintensity continued Hypoperfusion Non-preserved Poor
22 Hyperintensity Hypoperfusion Non-preserved T2-hyperintensity continued Hypoperfusion Non-preserved Poor
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Type 2a RLVD into a Single Venous Sinus and Hy-
perintensity with Post-Treatment Disappearance of the
Lesion on T2-Weighted MR Images. Case 13.— At the
time of admission, this 58-year-old man had a 1-year
history of progressively worsening dysesthesia of the
right lower limb. MR imaging revealed a signal-void
lesion with irregular enhancement adjacent to the
superior sagittal sinus. Areas of hypointensity were
observed on T1-weighted MR images, and hyperin-
tense areas were seen on T2-weighted MR images in
the left parietal lobe (Fig 2A).

Angiographic study demonstrated DAVFs in the
superior sagittal sinus. We closely examined the route
of the vessels on continuous-mode angiograms. The
feeding arteries were the bilateral middle meningeal
arteries. They drained directly into the cortical vein
via two fistula points. A single large varix was recog-
nized in the cortical venous drainage. The retrograde
venous route was separated into two parts and finally
drained into the superior sagittal sinus without flow
into another sinus (Fig 2B and C). The area of hypo-

perfusion coincided with the hyperintense area on
T2-weighted MR images and was increased after the
acetazolamide challenge (Fig 2D and E). Endovascu-
lar embolization via the transarterial approach with
2-cm straight coils (Target Scientific Corp., Boston,
MA) resulted in occlusion of the fistulas. Subsequent
angiograms demonstrated complete disappearance of
the DAVFs. Images demonstrated pooling of the con-
trast medium in a venous lake. However, an angio-
gram obtained 1 month later revealed slight refilling
of the DAVFs, and direct surgery was performed.
The draining vein was permanently interrupted with
hemostatic clips at the exit of the fistula. After 2
weeks, the patient’s dysesthesia of the right lower
limb improved, and T2-weighted MR images showed
the disappearance of the hyperintense area (Fig 2F).
Post-treatment SPECT revealed normal perfusion of
the left parietal lobe (Fig 2G). Angiographic study
performed 6 months after surgery revealed no resid-
ual DAVFs.

FIG 2. Type 2a. Case 13 in a 58-year-old man.
A, T2-weighted MR image reveals a hyperintense lesion in the left parietal lobe.
B, External carotid angiogram, lateral projection, of the left middle meningeal artery,

reveals DAVFs at the superior sagittal sinus. The feeder middle meningeal arteries drain
directly into the cortical vein. Final venous drainage is into the superior sagittal sinus via
a varix. No accessory route is recognized.

C, Schematic drawing of a DAVF without an accessory route in the retrograde venous
drainage. The surrounding flow (arrows) cannot drain into another area, resulting in
severe venous congestion (shadow). F indicates fistula point; MMA, middle meningeal
artery; and SSS, superior sagittal sinus

D, 99mTc-HMPAO SPECT scan shows an area of hypoperfusion at the site of the
lesion.

E, After an acetazolamide challenge, the area of hypoperfusion is increased.
F, Post-treatment T2-weighted MR image shows the disappearance of the hyperin-

tense area.
G, Post-treatment SPECT image reveals normal perfusion of the left parietal lobe.
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Type 2b RLVD into a Single Venous Sinus and Persis-
tent Hyperintensity on Post-Treatment T2-Weighted MR
Images. Case 21.—This 63-year-old man had a 6-month
history of mental disturbances. T2-weighted MR images
showed areas of hyperintensity at the left temporo-
occipital lobe (Fig 3A). On continuous-mode angiogra-
phy, the feeders were the left occipital arteries. A
DAVF was recognized in the left transverse-sigmoid
sinus with RLVD into a single venous sinus (Fig 3B).
The hypoperfusion area on SPECT images coincided
with the area of hyperintensity on T2-weighted MR
images; it did not increased after the acetazolamide
challenge (Fig 3C and D).

The left occipital arteries were embolized with CPB.
However, because a subsequent angiogram revealed
slight refilling of the DAVF, direct surgery was per-
formed. Permanent clips were applied to the draining
vein at the site where the fistula exited without disturb-
ing the normal venous return. The patient’s postopera-
tive course was uneventful. After treatment, the hyper-
intense area on T2-weighted MR image not only
persisted but also expanded to the left parietal lobe (Fig
3E). SPECT images obtained immediately after treat-
ment revealed hyperperfusion in the left parietal lobe
(Fig 3F). After 6 months, SPECT demonstrated hypo-

FIG 3. Type 2b. Case 21 in a 63-year-
old man.

A, T2-weighted MR image reveals a hy-
perintense lesion in the left temporo-oc-
cipital lobe.

B, External carotid angiogram, lateral
projection, of the left occipital artery
shows DAVFs adjacent to the left trans-
verse sinus. No accessory route is recog-
nized.

C, 99mTc-HMPAO SPECT scan shows a
hypoperfused area at the site of the le-
sion.

D, The hypoperfused area is not in-
creased after the acetazolamide chal-
lenge.

E, After treatment, the hyperintense area seen on the T2-weighted MR image persists and expands to the left parietal lobe.
F, SPECT image obtained immediately after treatment reveals hyperperfusion in the left parietal lobe.
G, SPECT image obtained 6 months after treatment demonstrates hypoperfusion in the left parietal lobe.
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perfusion at the same site (Fig 3G). Angiographic study
performed 6 months after surgery revealed no residual
DAVFs; however, the patient continued to be slightly
disoriented.

Discussion
Some DAVFs produce only tinnitus, whereas oth-

ers are associated with neurologic deficits or intracra-
nial hemorrhage (1, 11–13). The type of symptoms
and focal neurologic deficits are determined by the
characteristics of the venous drainage (3, 12, 14, 15).
DAVFs with RLVD tended to be associated with
variceal or aneurysmal venous dilatation (14, 15), and
patients tended to develop venous hypertension,
which resulted in neurologic deficits due to hemor-
rhage, brain edema, and/or ischemia (14).

Willinsky et al (8) reported that, in DAVFs with
cortical venous drainage, T2-weighted MR images
depicted areas of hyperintensity in the venous terri-
tory. They proposed that this finding is direct evi-
dence of venous hypertension and congestive enceph-
alopathy. We already reported that the pattern of
venous drainage and MR imaging findings are corre-
lated in DAVF patients with RLVD (16).

In our series, 11 of 22 patients with DAVF had
RLVD into more than one venous sinus (type 1). In
the others, type 2 RLVD was into a single venous
sinus. Hyperintensity on T2-weighted images was
noted in all 11 type 2 patients; none of the type 1
patients had these areas of hyperintensity. Moreover,
seven type 1 patients had one or more varices in the
RLVD route. Only two of the 11 type 2 patients had
varices; in both cases, they were single varices. Three
type 1 patients had hemorrhagic episodes, whereas no
type 2 RLVD patients experienced hemorrhage.

We speculate that, in patients with drainage into
more than one venous sinus, the retrograde venous
flow increased within a short time, resulting in in-
creased hemodynamic stress, varix formation, and the
development of hemorrhage or neurologic deficits
shortly after the appearance of this type DAVF. Our
previous histopathologic study (17) showed that, in
type 1 patients, the thickness of the vessel wall was
extremely irregular. This finding suggests that they
have a tendency to develop varices in the RLVD
route and for hemorrhagic episodes. On the other
hand, in type 2 patients with drainage into a single
venous sinus, the volume of retrograde venous drain-
age was diminished due to the absence of an acces-
sory route. Therefore, their retrograde venous flow
was not markedly increased, and venous perfusion
was slowly impaired over a long period, without
bleeding. The resulting venous congestion was visu-
alized as areas of hyperintensity on T2-weighted MR
images. Pathologically, the entire media was thick-
ened with prominent local intimal thickening (17).
Type 2 patients had a weaker tendency to develop
varices and hemorrhagic episodes.

In patients with DAVFs, SPECT is useful for eval-
uating the degree of rCBF disturbance (5). In all of
our type 1 patients without hyperintense areas on

T2-weighted MR images, SPECT scans did not show
hypoperfusion. On the other hand, in all type 2 pa-
tients, the areas of hyperintensity on T2-weighted MR
images coincided with areas of hypoperfusion on
SPECT scans. We posit that these differences repre-
sent different degrees of rCBF disturbance in DAVFs
with or without accessory drainage. The areas of hy-
perintensity on T2-weighted MR images that coincide
with the areas of hypoperfusion on SPECT scans may
reflect the presence of venous congestion due to
rCBF disturbance, and the degree of this disturbance
may be more severe in patients without accessory
drainage.

In type 1 patients, the DAVFs tended to progress
rapidly, and hemorrhagic episodes occurred in the
early stage of progression. Therefore, these patients
experienced severe clinical episodes before the manifes-
tation of hypoperfusion on SPECT scans. In seven type
2a patients, all of whom had preserved vasoreactivity
after the acetazolamide challenge, the hyperintensity on
T2-weighted MR images disappeared after treatment.
We posit that, together, the preoperative findings re-
flected the presence of venous congestion that was re-
versible by surgical intervention. We further suggest that
unpreserved vasoreactivity after an acetazolamide chal-
lenge reflects venous infarction that cannot be reversed
with surgery and that the degree of rCBF disturbance is
more severe in these patients (type 2b) than in the
others. The examination of vasoreactivity after an acet-
azolamide challenge was important for evaluating the
degree of rCBF disturbance in patients with DAVF and
RLVD (Fig 4). Kuroda et al (18) reported that the
acetazolamide test is valuable for assessing the cerebral
perfusion reserve and for predicting the long-term prog-
nosis of patients with internal carotid artery occlusion.

In patients with DAVF, RLVD, and preserved va-
soreactivity, surgery improved their symptoms of
mental disturbance, dysesthesia of the right lower
limb, and headache at 2–4 weeks after treatment. In
seven type 2a patients with venous congestion, the
interval between symptom onset and successful treat-
ment was 2–4 months (mean, 3.58 months). In four
type 2b patients with venous infarction, the interval
between symptom onset and surgery was 5–12 months
(mean, 7.5 months). The duration of rCBF distur-

FIG 4. Diagram summarizes our MR imaging and SPECT find-
ings in DAVFs with RLVD.
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bance attributable to RLVD is also an important
factor in evaluating the degree of rCBF disturbance
(19, 20).

We ascribe the presence of RLVD with drainage
into more than one venous sinus in DAVF patients to
different pathologies and a complex interplay of yet
unknown factors that lead to the development of
these accessory routes.

Conclusion
In patients with DAVF and RLVD, the pattern of

venous drainage is correlated with the MR imaging
findings. In patients with drainage into more than one
venous sinus, preoperative T2-weighted images
showed no hyperintense areas. Patients with drainage
into a single venous sinus presented with venous con-
gestion, which was reflected as areas of hyperintensity
that coincided with areas of hypoperfusion on SPECT
scans. In patients with preserved vasoreactivity after
the acetazolamide challenge, surgery tended to alle-
viate their preoperative symptoms. Their rCBF dis-
turbance was attributable to venous congestion. On
the other hand, in patients with unpreserved vasore-
activity after the acetazolamide challenge, surgery
tended not to alleviate their symptoms. Their rCBF
disturbance was due to venous infarction. Therefore,
we conclude that the preservation of vasoreactivity
after an acetazolamide challenge can be interpreted
as a good prognostic indicator.
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