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Dural arteriovenous fistulae of the transverse and sigmoid sinuses are highly variable 
in symptomatology and prognosis. However, we have identified a subgroup of patients 
who have a high risk of hemorrhage and dementia due to severe venous overload 
caused by high arterial flow into the fistulae and by occlusive changes of the transverse 
and sigmoid sinuses. Three representative cases selected from 31 patients with dural 
arteriovenous fistulae of the transverse and sigmoid sinuses are presented, and 45 
reported similar cases are reviewed to discuss pathophysiology and problems encoun­
tered during treatment. 

Dural arteriovenous fistulae (AVF) often disappear spontaneously [1, 2] and tend 
to be regarded as benign. However, we have reviewed our cases of dural AVF of 
the transverse and sigmoid sinuses and have found a subgroup of patients who 
have a high risk of hemorrhage and dementia. These serious complications were 
related to severe venous overload caused by high arterial flow into the fistulae and 
occlusive changes involving the transverse and sigmoid sinuses. Early diagnosis 
and treatment is mandatory in these dural AVF to improve the prognosis; however, 
the choice of treatment is still controversial [3-16]. We present three representative 
cases selected from 31 patients with dural AVFs of the transverse and sigmoid 
sinuses to demonstrate various types of intracranial hemorrhage and/or dementia 
and to describe both the pathophysiological processes involved and the prognosis 
after treatment. 

Representative Case Reports 

Case 1 

A 75-year-old woman was admitted to our hospital after having a convulSion , followed by 
right hemiparesis. CT showed a small subcortical hemorrhage in the left parietal region (Fig . 
1 B). Also noted were numerous vermiform contrast-enhancing structures over the surface of 
the brain and diffuse decrease in deep-white-matter density (Figs. 1 A and 1 B) . Common 
carotid angiography showed a dural AVF involving the left transverse and sigmoid sinuses 
(Figs. 1 C-1 F). The left occipital artery was the main feeding artery, but there was also a 
considerable contribution from the posterior branch of the middle meningeal artery. The left 
sigmoid sinus was occluded just above the jugular foramen , and the medial part of the right 
transverse sinus was severely narrowed. This resulted in prominent retrograde drainage into 
the superior sagittal sinus and then into the engorged cortical veins , which drained inferiorly 
to the sylvian veins and then to the cavernous sinus bilaterally. Progressive dementia followed 
the hemorrhage. One month later, the patient had a second seizure. CT showed a subcortical 
hematoma in the left frontal lobe. 

Treatment was refused by the patient's family , and 5 months later she became comatose 
after a seizure. CT showed multiple subcortical hematomas in both cerebral hemispheres 
(Figs. 1 G and 1 H). Decrease in deep-white-matter density became more prominent. The 
patient went into a vegetative state and died 6 months later. 
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Fig. 1.-Case 1. 
A and B, Contrast CT scans on ad­

mission showed small subcortical he­
matoma in left parietal region, vermi­
form contrast enhancement over both 
cerebral hemispheres, and diffuse de­
crease in density of cerebral white mat­
ter with obliteration of cortical sulci. 

C and D, Left common carotid an­
giography, anteroposterior/lateral mid 
arterial phase. Dural arteriovenous fis­
tula of left transverse and sigmoid si­
nuses fed by the occipital artery 
(straight arrow). Distal transverse 
sinus was stenotic and sigmoid sinus 
was occluded just above jugular fora­
men on left (curved arrow). 

E and F, Anteroposterior late arterial, 
earty venous phase. Medial part of right 
transverse sinus was almost occluded. 
Retrograde drainage into superior sag­
ittal sinus and engorged cerebral veins 
of both cerebral hemispheres became 
prominent. 
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G and H, Follow-up CT scan 5 
months later revealed multiple subcor­
tical hematomas in both cerebral hem­
ispheres and further decrease in white­
matter density. 

I, Schematic drawing of hemody­
namic abnormalities of case 1 (star 
shows site of arteriovenous fistula; ar­
rows show directions of venous drain­
age; tear drops show site of hemor­
rhage). 

Case 2 

A 62-year-old woman had complained of bilateral tinnitus for a 
year, and progressive dementia was first noted 3 months prior to 
admission. The patient was admitted to our hospital when she 
developed severe headache and vomiting . CT showed subarachnoid 
hemorrhage most prominent in the right sylvian fissure (Fig . 2A). 
Angiography disclosed a dural AVF involving both transverse sinuses 
and confluence of the sinuses (Figs . 26-20). There was occlusion of 
the left transverse and sigmoid sinuses and irregular stenosis of the 
right transverse sinus. The main feeding arteries were the dural 
branches of both OCCipital arteries. An additional blood supply came 
from both middle meningeal arteries , the posterior meningeal artery 
of the left vertebral artery, and the marginal tentorial branches of both 
internal carotid arteries . There was prominent retrograde drainage 
into the superior sagittal sinus, straight sinus , engorged cortical veins 
bilaterally, and the basal vein . 

Embolization of the external carotid branches was performed with 
polyvinyl alcohol particles (150- 249 ~m) . The patient's mental state 
and EEG findings improved markedly within a couple of days after 
embolization. However, progressive dementia and deterioration of 
the EEG pattern became prominent again 3 weeks after embolization, 
necessitating neuroradiologic reevaluation. CT revealed a prominent, 
diffuse decrease in deep-white-matter density and numerous enhanc­
ing superficial vermiform structures representing engorged cortical 
veins (Fig . 2E). The patient underwent repeat embolization followed 
by craniotomy and dural incision to isolate the dural AVF. 

The patient showed a gradual and persistent improvement of 
dementia. Pathologic examination showed that the lumen of the 
excised left transverse sinus was almost completely replaced by dural 
AVF. There was abnormal low density of the deep white matter, 
which was considered to be white-matter edema caused by venous 
congestion . This became less prominent 19 months after emboliza­
tion and surgery (Fig . 2F). 
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Case 3 

A 75-year-old woman was admitted to our hospital for recurrent 
vomiting and vertigo . She had had a subarachnoid hemorrhage 4 
years earlier. CT taken on the day of admission showed a subarach­
noid hemorrhage in the left sylvian fissure and the posterior fossa, as 
well as cerebellar hemorrhage (Fig . 3A). Her level of consciousness 
deteriorated to a semicomatose state 4 days after admission. A 
repeat CT showed an increase in the amount of cerebellar hemor­
rhage (Fig . 38) with mass effect and associated obstructive hydro­
cephalus. External carotid angiography (Figs. 3C and 3D) disclosed 
a dural AVF involving the left transverse sinus. The left transverse 
sinus was isolated because the sigmoid sinus was occluded and the 
medial part of the transverse sinus was absent. This resulted in 
prominent retrograde drainage into the engorged cortical veins over 
the posterior temporal lobe and the left cerebellar hemisphere. These 
cortical veins then drained into the superior sagittal , occipital , and 
sphenoparietal sinuses. Surgical evacuation of the cerebellar hema­
toma was done immediately after embolization of the feeding arteries 
with polyvinyl alcohol particles . The patient did not need a blood 
transfusion , and there was a marked improvement in her state of 
consciousness. Curative surgery for the dural AVF could not be done 
owing to cardiopulmonary disease. 

Fig. 2.-Case 2. 
A, CT scan on admission showed 

subarachnoid hemorrhage in right syl­
vian fissure. 

B, Towne's view of compound right 
and left external carotid angiography. 
Dural arteriovenous fistula in bilateral 
transverse sinuses (arrowheads) and 
confluence of the sinuses fed by bilat­
eral occipital arteries and middle me­
ningeal arteries. Severe stenotic 
change of right transverse sinus and 
occlusion of left transverse and sig­
moid sinuses caused retrograde filling 
of superior sagittal and straight si· 
nuses. 

C, Lateral view of right external ca­
rotid angiography. Dural arteriovenous 
fistula was fed by middle meningeal 
and occipital arteries, which were 
mar1c:edly dilated. Retrograde drainage 
into superior sagittal and straight si­
nuses and basal vein of Rosenthal was 
noted. 

0 , Lateral view of the late phase of 
left external carotid angiography. Note 
mar1c:ed diffuse engorgement of cere­
bral veins, which drained anteroinfe­
riorty into cavernous sinus and ptery­
goid plexus. 

Three months later the patient became comatose again . CT 
showed subcortical hematomas in the left posterior temporal lobe, 
the putamen (Fig. 3E), and the left cerebellar hemisphere. These were 
most likely caused by recanalization of the dural AVF. 

Discussion 

Dural AVF tends to be regarded as a benign disease; 
however, those fistulae occurring in the transverse and sig­
moid sinuses are highly variable in symptomatology and prog­
nosis [3, 10, 11]. Some disappear spontaneously [1 , 2] , while 
others cause severe neurologic deficits or even death . We 
reviewed our file of 31 cases of dural AVFs of the sigmoid 
and transverse sinuses and identified a subgroup of patients 
who have a high risk of hemorrhage and dementia. Details of 
those 31 cases, with emphasis on treatment results [16] , 
were reported elsewhere by one of the authors. 

Eleven of our cases had intracranial hemorrhage. Some 
regard drainage of the dural A VF into the cortical vein as the 
major cause of intracranial hemorrhage [3, 7-11 , 17]. We 
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E, Follow-up CT scan with contrast 3 
months later showed prominent de­
crease in white-matter density and ver­
miform contrast enhancement. 

F, Follow-up CT scan with contrast 
19 months after embolization and sur­
gery, Note decreased prominence of 
low-density white-matter lesion and 
vermiform contrast enhancement, and 
increased prominence of cerebral sulci. 

G, Schematic drawing of case 2 
(SAH = subarachnoid hemorrhage), 

G 

believe that the degree of cerebral venous overload is of 
primary importance in understanding the signs and symptoms 
of dural AVF of the transverse and sigmoid sinuses. Figures 
11, 2G, and 3F are schematic drawings showing the dural 
AVF sites, the direction of venous drainage, and the hemor­
rhage sites in our representative cases. 

In cases 1 and 2, the most outstanding angiographic find­
ings were prominent retrograde filling of the superior sagittal 
sinus with diffuse engorgement of cortical veins. This was 
secondary to severe occlusive changes of the transverse and 
sigmoid sinuses and of high arterial flow into the dural AVF 
(Figs. 11 and 2G). Twelve of our 31 cases showed total 
occlusion of the affected dural sinuses. Diffuse decrease in 
deep-white-matter density seen on CT was considered brain 
edema [18 , 19], which became less prominent after emboli­
zation and surgery in case 2. Diffuse venous overload with 
brain edema is regarded as the cause of dementia. Subcortical 
and subarachnoid hemorrhage, remote from the site of the 
dural AVF, probably resulted from the rupture of dilated pial 

, 
SAH 

or medullary veins in these cases. Similar neurologic and 
angiographic changes were seen in eight more cases in our 
series. 

In case 3, characteristic angiographic findings were local­
ized venous overload of the temporal lobe and posterior fossa 
due to high-flow dural AVF of the isolated transverse sinus 
(Fig. 3F). There was drainage into the superior sagittal and 
straight sinuses via the engorged pial veins. Subcortical and 
subarachnoid hemorrhage near the lesions in these cases 
were thought to be due to rupture of pial or medullary veins 
by localized venous overload. 

We reviewed 45 previously reported cases with good an­
giographic documentation of the dural A VF of the transverse 
and sigmOid sinuses that had caused relatively severe neu­
rologic signs and symptoms [3, 5-8, 12, 17-18, 20-31]. The 
signs and symptoms are summarized in Table 1. There was 
a high frequency of focal neurologic signs , increased intracra­
nial pressure, mental deterioration, and intracranial hemor­
rhage remote from the A VF in those 30 cases that had 
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Fig. 3.-Case 3. 
A, CT scan on admission showed 

cerebellar and subarachnoid hemor­
rhage in left posterior fossa. 

B, CT scan 5 days later showed in­
crease in amount of cerebellar hemor­
rhage. 

C, Lateral arterial phase. Dural arte­
riovenous fistula in left transverse and 
sigmoid sinuses fed by occipital and 
middle meningeal arteries. Occlusion 
of sigmoid sinus (arrow) was noted. 

D, Anteroposterior venous phase. 
Left transverse sinus was isolated by 
occlusion of sigmoid sinus (arrow) and 
absence of medial part of transverse 
sinus. This resulted in retrograde filling 
of markedly engorged pial veins over 
cerebellar hemisphere and temporal 
and occipital lobes on left. 

E, Follow-up CT scan 3 months later 
disclosed large subcortical hematoma 
with blood-fluid level in left temporal 
lobe and putaminal hemorrhage. Also 
shown was decrease in deep-white­
matter density due to venous edema. 

F, Schematic drawing of case 3. 
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TABLE 1: Signs and Symptoms of 45 Reported Cases of High-Flow Dural AVP of the 
Transverse and Sigmoid Sinuses 

Group No. 

2A 2B 
(No. of Cases) (No. of Cases) (No. of Cases) 

Signs and symptoms 30 2 13 
Focal neurologic deficit 16 2 4 
Papilledema 14 0 3 
Bruit 11 0 10 
Mental deterioration 8 0 2 
Headache 8 1 4 
Hemorrhage 5 0 4 

Subarachnoid hemorrhage 3 0 2 
Intracerebral hemorrhage 2 0 1 
Subdural hematoma 0 0 1 

Visual disturbance 7 1 1 
Epilepsy 4 2 0 

Note.-Group 1 = Cases with occlusion of the aHected dural venous sinuses, reflux into the sagittal sinuses and 
Galenic system, and diHuse engorgement of cortical veins. Group 2 = Cases without occlusive changes in the sinuses 
and either (group 2A) with cortical venous drainage due to direct shunting to cortical veins or (group 2B) without 
cortical venous drainage but with signs and symptoms related to diHuse venous overload due to high arterial flow into 
the fistulae . 

• AVF = arteriovenous fistulae. 

occlusion of the dural venous sinuses, reflux into the sagittal 
sinuses and Galenic system, and diffuse engorgement of 
cortical veins (group 1 in Table 1). 

On the other hand, cases without occlusive changes in the 
sinuses and with cortical venous drainage due to direct shunt­
ing to cortical veins (group 2A), had a tendency to have focal 
neurologic deficit close to the lesion. All five of the similar 
cases from our file had subcortical and subdural hemorrhages 
close to the lesion in the transverse sinus. Other cases 
without occlusive changes in the sinuses presented with signs 
and symptoms related to diffuse venous overload secondary 
to a very high arteriovenous shunt (group 2B). 

Regarding treatment , we formerly used polyvinyl alcohol 
particles (150-249 Ilm) to embolize dural AVFs. However, as 
shown in case 2, early recanalization tends to occur shortly 
after embolization in cases treated with polyvinyl alcohol 
particles. A second embolization had to be performed shortly 
before excision of the dural AVF in that case. Blood transfu­
sion was unnecessary during surgery in that case and no 
angiographic evidence of recurrence was seen postopera­
tively in any of those cases treated by a combination of 
embolization and surgery. Recently, we have been using 
cyanoacrylate to treat high-flow dural AVF, which can result 
in complete embolization , eliminating the supply from rela­
tively minor feeding arteries . For superselective cannulation 
into the main feeding arteries, we have been using a combi­
nation of a steerable guidewire and a 3-French Teflon catheter 
or a 2.5-French Tracker catheter: In cases where severe 
arteriosclerotic changes prevent superselective cannulation 
from a transfemoral or transcarotid approach , we have been 
doing intraoperative embolization guided by digital subtraction 
fluoroscopy . Further improvement in catheters, guidewires , 

• Tracker catheter is manufactured by Target Therapeutics , Los Angeles, 
CA 90025. 

and embolic materials is needed to improve the success rate 
of treatment and to diminish complications. 

Based on our experience with patients and our review of 
45 cases from the literature, we believe that high-flow dural 
arteriovenous fistulae of the transverse and sigmoid sinuses 
accompanied by occlusive changes in these sinuses merit 
consideration as a separate group, since, if left untreated , 
they can cause severe venous overload . To improve the 
prognosis in these cases , such patients should be diagnosed 
early and have either curative embolization or embolization 
followed by surgery. 
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