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ABSTRACT 

Purpose: We report the results of applying arterial spin labeling (ASL) to intracranial dural arteriovenous fistula 
(DAVF). Methods: Sixteen patients with angiographically confirmed DAVF underwent ASL on a clinical 1.5 T or 3 T 
MR system. ASL was performed by Q2TIPS (second version of quantitative imaging of perfusion by using a single 
subtraction MRI pulse sequence with thin-slice TI1 periodic saturation) with echo-planar imaging. Draining veins such 
as dural venous sinus and cortical veins were evaluated on ASL. Results: ASL clearly depicted draining dural venous 
sinus in all patients with DAVF Borden type I (6/6, 100%) and type II (4/4, 100%). ASL depicted cortical venous reflux 
in only one patient with DAVF Borden type II (1/4, 25%). ASL depicted drainage directly into cortical veins in all pa- 
tients with Borden type III (6/6, 100%). Conclusion: Our preliminary study suggests that ASL can depict draining veins 
in patients with DAVF. 
 
Keywords: Dural Arteriovenous Fistula; Arterial Spin Labeling; ASL 

1. Introduction 

Intracranial dural arteriovenous fistula (DAVF) is thought 
to be an acquired arteriovenous (AV) shunting disease, 
perhaps developing after venous sinus occlusion. DAVF 
is categorized as benign or aggressive depending on the 
pattern of venous drainage revealed by digital subtraction 
angiography (DSA) [1-5]. The DAVF classification sche- 
mes of Borden et al. and Cognard et al. are the most 
widely used [3,4]. Borden type I drains directly into the 
dural venous sinus, Borden type II drains into dural ve- 
nous sinus with cortical venous reflux, while Borden type 
III drains directly into cortical veins. Borden type I is 
considered benign, whereas Borden type II and III are 
considered aggressive [3-5].  

Arterial spin labeling (ASL) is an advanced MR perfu- 
sion imaging technique in which arterial blood water is 
electromagnetically labeled proximal to the brain and used 
as a diffusible flow tracer [6-9]. Recently, Le et al. [10] 
reported on venous ASL signal intensity seen frequently 
in 8 patients with DAVF and 7 patients with small AVM. 
We report the results of ASL applied to a larger group 
(16 patients) with DAVF including all Borden types.  

2. Materials and Methods 

2.1. Patients 

Sixteen patients (12 men and 4 women; age range, 35 -  

78 years; mean age, 62 years) with angiographically con- 
firmed DAVF were evaluated. The location of DAVF 
was at transverse-sigmoid sinus in 10 patients, tentorial 
sinus in 3 patients, superior sagittal sinus in 2 patients, 
and torcular herophili in one patient. The Borden classi- 
fication of DAVF was type I in 6 patients, type II in 4 
patients, and type III in 6 patients. Informed consent was 
obtained from all patients. MRI (ASL) and DSA were 
performed within 2 months of each other.  

2.2. MR Imaging and ASL 

MR imaging was performed on a clinical 1.5 T or 3 T 
MRI unit (Magnetom Verio or Avanto, Siemens AG, Er- 
langen, Germany) using a standard 12-channel head coil. 
10 patients were examined at 1.5 T MRI, another 6 pa- 
tients at 3 T MRI. ASL was performed according to a 
previously described technique [11]. The perfusion im- 
ages were obtained by using Q2TIPS sequence (second 
version of quantitative imaging of perfusion by using a 
single subtraction MRI pulse sequence with thin-slice 
TI1 periodic saturation). Parameters of the ASL sequence 
were as follows: TR/TE/flip angel/slice number/acquisi- 
tion time = 3000 ms/16 ms/90˚/9/4 min 6 sec, and 2550 
ms/13 ms/90˚/9/4 min 6 sec, at 1.5 T and 3 T MRI, re- 
spectively. Inversion time 1/saturation stop time/inver- 
sion time 2 was 700/1750/1800 ms. Field of view (FOV) 
was 220 mm and each voxel size was 3.4 × 3.4 × 8 mm3. 
Perfusion-weighted images (subtraction images) were *Corresponding author. 
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used for evaluation in this study. 

2.3. Image Interpretation 

Two neuroradiologists, who had no background knowl- 
edge of patient clinical data or angiography findings in- 
dependently reviewed the images. The identification of 
draining veins such as dural venous sinus or cortical 
veins on ASL was evaluated. Disagreements were re- 
solved by consensus. These findings of marked hyperin- 
tense venous structures on ASL were defined as the sig- 
nal intensity of venous structures clearly exceeding that 
of adjacent brain parenchyma. 

3. Results 

A summary of results showing identification of venous 
drainage on ASL in patients with DAVF is presented in 
Table 1. In all six patients with DAVF Borden type I, 
ASL depicted draining dural venous sinus as marked hy- 
perintense areas. Marked hyperintense areas on ASL cor- 
responded to draining dural venous sinus on DSA (Fig- 
ures 1 and 2). 

In all four patients with DAVF Borden type II, ASL 
depicted draining dural venous sinus as marked hyperin- 
tense areas. Marked hyperintense areas on ASL corre- 
sponded to draining dural venous sinus on DSA. How- 
ever, ASL depicted cortical venous reflux as marked hy- 
perintense areas in only one patient with DAVF Borden 
type II. In this patient with DAVF Borden type II, marked 
hyperintense areas on ASL corresponded to draining du- 
ral venous sinus and cortical venous reflux on DSA (Fig- 
ure 3). 

In all six patients with DAVF Borden type III, ASL 
depicted drainage directly into cortical veins as marked 
hyperintense areas, providing high lesion conspicuity.  
Marked hyperintense areas on ASL corresponded to drai- 
nage directly into cortical veins on DSA (Figures 4 and 
5).  

4. Discussion 

This is a report on draining veins related to DAVF using 
ASL in a larger series of patients (16 patients) with 
DAVF including all Borden types. Our study suggests  

that ASL can depict draining veins such as dural venous 
sinus in patients with DAVF type I and II or cortical 
veins in patients with DAVF type III as marked hyperin- 
tensity. 

Conventional MR imaging is typically normal in DAVF 
without retrograde cortical venous drainage and/or ve- 
nous congestion. Conventional MR imaging is the pro- 
cedure of choice for demonstrating the complications of 
DAVF, including venous infarction and hemorrhage [12- 
14].  

Three-dimensional time-of-flight (3D-TOF) MR angio- 
graphy and MR digital subtraction angiography (MRDSA) 
are useful for non-invasive MR examinations for screen- 
ing, before and after treatment, in DAVF [15-21]. Espe- 
cially, 3D-TOF MRA is the most frequently used method 
of MRI examination for screening of DAVF because it 
does not require contrast media. However, 3D-TOF MRA 
is usually limited in the full evaluation of DAVF because 
of restrictions on FOV. The FOV of routine 3D-TOF 
MRA is usually placed to include transverse-sigmoid, ca- 
vernous sinuses, anterior condylar confluence, etc, but 
excludes most of the superior sagittal sinus. Therefore, 
routine 3D-TOF MRA is unsuited to screening for DAVF 
at superior sagittal sinus. ASL was able to depict DAVF 
at superior sagittal sinus in our study (Figure 3).  

DAVF Borden type III is extremely aggressive [3-5]. 
The hemodynamics of DAVF-Borden type III is different 
from other types of DAVF. DAVF Borden type III does 
not drain into the sinus, as other types do, but directly 
into cortical veins, resembling that of arteriovenous mal- 
formation (AVM). AVM draining veins and nidus appear 
as marked hyperintensity structures representing rapid 
transit on ASL [22,23]. In our study, ASL clearly de- 
picted drainage directly into cortical veins in DAVF Bor- 
den type III, providing high lesion conspicuity (Figures 
4 and 5).  

ASL uses labeled arterial blood as diffusible water that 
is 90% extracted on the first pass through the capillary 
bed. Therefore, by using ASL (Q2TIPS) in which arteries 
are labeled, the ASL marked hyperintense area is not ty- 
pically seen in the venous system except in the presence 
of arteriovenous connections such as AVM or DAVF. In 
our study, it was difficult for ASL (Q2TIPS) to depict 

 
Table 1. Identification of venous drainage of DAVF on ASL. 

Identification of venous drainage on ASL 
Classification (Borden) Number of case 

Dural venous sinus Cortical veins 

Type I 6 6/6 (100%) N/A 

Type II 4 4/4 (100%) 1/4 (25%) 

Type III 6 N/A 6/6 (100%) 

Note: N/A indicates not applicable. 
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Figure 1. Dural arteriovenous fistula (Borden type I) in a 61-year-old man. (a) Arterial phase of right common carotid an- 
giogram showed dural arteriovenous fistula at right transverse sinus (large arrow) with drainage into right transverse-sig- 
moid sinus (small arrows); (b) ASL shows hyperintense area (arrow) in right transverse-sigmoid sinus, indicating the pres- 
ence of arteriovenous shunting. 
 

   

Figure 2. Dural arteriovenous fistula (Borden type I) in a 72-year-old man. (a) Arterial phase of right common carotid an- 
giogram shows dural arteriovenous fistula at right transverse sinus (large arrow) with right transverse-sigmoid sinus occlu- 
sion and reflux into left transverse-sigmoid and superior sagittal sinuses (small arrows); (b) ASL shows marked hyperintense 
areas (arrows) in left transverse-sigmoid, superior sagittal and straight sinuses, indicating the presence of arteriovenous 
shunting. 

   

Figure 3. Dural arteriovenous fistula (Borden type II) in a 48-year-old man. (a) Arterial phase of right common carotid an- 
giogram shows dural arteriovenous fistula at superior sagittal sinus (large arrow) with drainage into superior sagittal sinus 
(small arrows) and cortical venous reflux (small arrows); (b) ASL shows hyperintense areas (arrows) in superior sagittal si- 
nus and right cortical vein, indicating the presence of arteriovenous shunting. 
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Figure 4. Dural arteriovenous fistula (Borden type III) in a 56-year-old man. (a) Arterial phase of right external carotid an- 
giogram shows dural arteriovenous fistula at right transverse-sigmoid sinus (large arrow) with drainage directly into right 
vein of Labbe (small arrows); (b) ASL shows marked hyperintense areas (arrows) in the right cortical vein, indicating the 
presence of arteriovenous shunting. 
 

   

Figure 5. Dural arteriovenous fistula (Borden type III) in a 65-year-old man. (a) Arterial phase of left external carotid an- 
giogram shows dural arteriovenous fistula at left tentorial sinus (large arrow) with drainage directly into cortical veins (small 
arrows); (b) ASL shows marked hyperintense areas (arrows) around left tentorium cerebelli, indicating the presence of arte- 
riovenous shunting. 
 
cortical venous reflux in DAVF Borden type II. The mag- 
nitude of the venous ASL signal intensity depends on the 
number of spins transversing the fistula, and both label- 
ing time and delay time. On the other hand, other ASL 
such as FAIR (with single slice) can depict cortical ve- 
nous reflux because both arteries and veins are labeled 
[24].  

In this study, it was difficult for ASL (Q2TIPS) to de- 
pict cortical venous reflux in DAVF Borden type II. Our 
study suggested that it is difficult to clearly differentiate 
Borden type I from type II on ASL alone. Therefore, the 
combination of other MR imaging methods may help to 
differentiate this condition. Recent reports have sug- 
gested that some advanced MR imaging techniques such 
as dynamic susceptibility contrast (DSC) and susceptibil- 
ity-weighted imaging (SWI) are capable of detecting and 

evaluating cortical venous reflux and venous congestion 
in patients with DAVF [25-27]. Further studies may be 
necessary to assess the value of the combination of ASL 
and other advanced MR imaging such as DSC and SWI 
for the demonstration of cortical venous reflux in DAVF.  

However, MR imaging including 3D-TOF MRA, MR- 
DSA and advanced MR imaging cannot replace DSA 
because it provides insufficient hemodynamics and spa- 
tial resolution. DSA is still the gold standard for precise 
evaluation of DAVF before and after treatment. 

Our study has some important limitations. First, it was 
difficult for ASL to depict cortical venous reflux in 
DAVF Borden type II, as previously described. Second, 
the site of DAVF was limited. Most cases in this study 
were DAVF at the transverse-sigmoid sinus. Third, it 
may be difficult for ASL to depict DAVF with a very 
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small AV-shunt. Further studies with larger subject groups, 
including DAVF at any site with varying degrees of AV- 
shunting and larger treated cases, will be required to fully 
assess this technique.  

5. Conclusion 

Our study suggested that ASL could depict draining 
veins in patients with DAVF. Especially, ASL clearly de- 
picted drainage directly into cortical veins in DAVF Bor- 
den type III, providing high lesion conspicuity. ASL may 
provide useful non-invasive supplementary MR imaging 
for rough assessment in patients with DAVF. 
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