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  Original Article  

Intracranial dural arteriovenous fistula (AVF) 
is a unique vascular malformation that is supplied 
by dural arteries and drains into dural venous 
sinuses or meningeal veins(1). Dural AVFs account 
for approximately 10% to 15% of intracranial 
arteriovenous shunts and typically occurred in middle-
aged adults with a median age of onset in the sixth 
decade(2). They are predominantly idiopathic, though a 
small percentage of patients have a history of previous 
craniotomy, trauma, or dural sinus thrombosis(3). The 
symptomatology of dural AVF is variable, depending 
on the location of the shunt, the type of venous 
drainage, and the flow characteristics(4,5). Dural AVFs 

may be asymptomatic, or present with symptoms 
related to increased dural sinus blood flow, such as 
pulsatile tinnitus, which is particularly common for 
transverse and sigmoid sinuses lesions(4,6,7).

Digital subtraction angiography (DSA) remains 
the gold standard for detection of intracranial dural 
AVF(8). However, the relatively invasive nature 
of angiography limits its application as a rule-in 
study(9). Computed tomography angiography (CTA) 
and magnetic resonance angiography (MRA) may 
detect the fistula and can be used to screen the 
patients with clinical suspicion of dural AVF(2). The 
characteristic findings of dural AVF on CTA and 
MRA include enlarged feeding arteries, early dural 
sinus opacification, and prominent draining veins(10-12). 
However, these characteristic findings of dural AVF 
were incidentally found on 3D contrast-enhanced T1 
high resolution isotropic volume excitation (THRIVE) 
magnetic resonance imaging (MRI) in some patients 
without clinical suspicion of dural AVF.

The 3D THRIVE MRI is 3D ultrafast spoiled 
gradient echo with isotropic data acquisition that does 
not show partial volume averaging artifacts providing 
more anatomical detail and pathological information 
of small complex areas. Contrast-enhanced THRIVE 
MRI shows good contrast opacification in the cerebral 
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venous structures and even in cerebral arteries with 
minimized flow-related artifacts(13). The application 
of 3D ultrafast spoiled gradient echo improves the 
dynamic liver, gastrointestinal tract, breast, prostate, 
and brain imaging studies(14-18).

Prior studies found that 3D contrast-enhanced 
ultrafast spoiled gradient echo with magnetization 
preparation (MP-RAGE) could depict the venous 
anomaly and cerebral venous disease(19,20). To the 
authors’ knowledge, no study of 3D contrast-enhanced 
THRIVE MRI in diagnosis of intracranial dural AVF 
has been found in the literature.

The purpose of the present study was to 
determine accuracy of 3D contrast-enhanced THRIVE 
in diagnosis of non-cavernous intracranial dural AVF 
compared with DSA.

Materials and Methods
Study setting

The present study was conducted in the 
Department of Diagnostic and Therapeutic Radiology 
of the Ramathibodi Hospital. The study was approved 
by the Institutional Ethics Committee (COA 
MURA2016/206/NP). The informed consent was 
waived.

Patient selection
The cross-sectional study of non-cavernous 

intracranial dural AVF patients that underwent 3D 
contrast-enhanced THRIVE MRI, contrast-enhanced 
MRA, and DSA between January 2011 and December 
2016, were searched on the hospital imaging 
information system. The inclusion criteria were 
the subjects older than 15 years old with diagnosis 
of non-cavernous intracranial dural AVF from 
DSA and that underwent pretreatment 3D contrast-
enhanced THRIVE MRI. The exclusion criteria were 
incomplete or poor quality MRI examination, and 
status post treatment.

A similar search on the authors’ hospital image 
information system was performed to identify the 
control group. They had performed 3D contrast-
enhanced THRIVE MRI, contrast-enhanced MRA and 
DSA due to clinical suspicion of dural AVF, pulsatile 
tinnitus, or headache. They were not diagnosed as 
dural AVF or dural venous sinus abnormality by DSA 
or contrast-enhanced MRA with no clinical concern 
about dural AVF on interval clinical follow up.

3D contrast-enhanced THRIVE technique
The MRI examination was performed at 3.0T 

(Philips Intera, Philips Medical Systems, Best, 

Netherland scanners) with a 32-channel head coil. 
Routine conventional MRI with 3D contrast-enhanced 
THRIVE were performed. Intravenous contrast 
material of 0.1 mmol/kg was administered by hand 
injection, then THRIVE sequence was obtained at 6 
to 10 minutes after injection time. The 3D contrast-
enhanced THRIVE sequence was applied with the 
following parameters: TR/TE=6/3 ms, a flip angle 
of 12°, 0.5 mm slice thickness, a FOV of 24 cm, a 
matrix of 240×240 and an acquisition time of two to 
four minutes. This sequence was oriented in the axial 
plane with coronal and sagittal reconstructions.

DSA
The DSA was performed on a flat panel biplane 

system. The study included both internal and external 
carotid arteries and vertebral arteries with at least two 
intracranial views, which were AP and lateral views. 
Each angiogram was acquired at three frames per 
second with 1048×1048 matrix size and 12-inch FOV.

MRI analysis
Two neuroradiologists including one with six and 

one with three years of experience in brain MRI were 
blinded to the patient information and final diagnosis. 
Both neuroradiologists independently reviewed 3D 
contrast-enhanced THRIVE images to document 
the following findings 1) feeding arteries defined 
as transosseous enhancing curvilinear structures 
connecting to the dural sinus wall, and 2) low signal 
intensity curvilinear structures within dural sinus 
(Figure 1, 2). The diagnosis of DAVF was made in 
case with 1) plus 2) findings. The location of fistula 
was identified as superior sagittal dural sinus, torcular 
herophili, right and left transverse dural sinus, right 
and left sigmoid dural sinus. Shaggy dural sinus 
wall and cortical vein dilatation were the additional 
imaging findings.

The readers were blinded to the clinical history, 
imaging results, and diagnosis. Any discrepancy in 
the interpretation was resolved by consensus. 

Five pilot case studies took place prior to the full 
study to ensure that the two readers were consistent 
on the definition of imaging features.

Statistical analysis
All statistical analyses were programmed in IBM 

SPSS Statistics, version 24 (IBM Corp., Armonk, 
NY, USA). Comparisons on continuous variables 
among the groups were performed by using unpaired 
t-test and Mann-Whitney U test. Chi-squared test 
or Fisher’s exact test was used to test categorical 
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variables. Fisher’s exact test was used once numbers 
were small. A p-value of less than 0.05 was considered 
a statistically significant difference. The accuracy, 

sensitivity, specificity, positive predictive value, 
negative predictive value and 95% confidence interval 
(CI) were analyzed. Agreement between the two 

Figure 1. Dural AVF at the left sigmoid sinus. (A, B) Axial 3D contrast-enhanced THRIVE MRI shows transosseous enhancing curvi-
linear structures adjacent to dural venous sinus wall (thick white arrow), consistent with transosseous feeding arteries. There are 
low intensity curvilinear structures within dural venous sinus (arrow head). Shaggy sinus at left sigmoid sinus (thin white arrow) 
and cortical venous dilatation (black arrow) is also observed.

Figure 2. Dural AVF at the right sigmoid sinus. (A, B) Axial 3D contrast-enhanced THRIVE MRI shows transosseous feeding arteries 
(thick white arrow), low intensity curvilinear structures in dural sinus (thin white arrow) and shaggy sinus at the right sigmoid sinus. 
(C) DSA reveals benign dural AVF at the right sigmoid sinus.
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readers was evaluated by the use of the weighted κ 
statistic. A kappa value of 0.81 to 1.0 was considered 
as excellent agreement, 0.61 to 0.80 good agreement, 
0.41 to 0.6 moderate agreement, 0.21 to 0.4 fair 
agreement, and 0 to 0.2 slight agreement(21,22).

Results
Thirty-three patients were included in the present 

study (Table 1). There were 14 (42.4%) patients of 
dural AVF and 19 (57.6%) patients of control group. 
The 2-tailed independent-samples t-test demonstrated 
that there was no significant difference in mean 
age with the case at 61.2 years and the control 
at 51.8 years (p=0.065) between the two groups. 
Significant difference in gender predominance 
between groups was identified. Control group was 
female predominated, while case group was male 
predominated.

In the control group, DSA was performed in one 
patient. The remaining cases had normal contrast-
enhanced MRA with no clinical concern about dural 
AVF on interval clinical follow up.

In patients with dural AVF, 29 fistula sites 
were identified by DSA. The transverse dural sinus 
was the most common fistula site with 11 fistula 
sites (37.9%). The fistula sites at the sigmoid, 
torcular herophili, and superior sagittal sinus were 
eight (27.6%), seven (24.1%), and three (10.4%), 
respectively (Table 2).

The 3D contrast-enhanced THRIVE MRI 
identified 23 from 29 locations of dural AVFs. On 
3D contrast-enhanced THRIVE MRI, the overall 
accuracy, sensitivity, specificity, positive predictive 
value, and negative predictive value of diagnosis 
of dural AVF were 91.4%, 79.3%, 93.5%, 67.6%, 
and 96.3%, respectively (95% CI 60.3 to 92.0). 
The accuracy, sensitivity, specificity, positive 
predictive value, and negative predictive value of 
each location are listed in Table 3. The shaggy sinus 
and cortical venous dilatation were identified in 11 
cases (78.6%) and 12 cases (85.7%), respectively. 
The false positive and false negative cases are listed 
in Table 4. Most false positive cases, in eight of 
eleven patients, were found at the transverse sinus 
(Figure 3), whereas, most false negative cases were 
found at the transverse sinus in two of six patients and 

Table 1. Demographic data

Demographic data Control (n=19) Case (n=14) p-value

Age (years); mean±SD 51.79±15.0 61.21±12.5 0.065

Sex; n (%) 0.003

Male 4 (21.1) 10 (71.4)

Female 15 (78.9) 4 (28.6)

SD=standard deviation

Table 2. Identification of dural AVF on DSA

Location n (%) 

Transverse sinus (right + left) 11 (37.9) 

Sigmoid sinus (right + left) 8 (27.6)

Torcular herophili 7 (24.1)

Superior sagittal sinus 3 (10.4)

Total 29 (100)

AVF=arteriovenous fistula; DSA=digital subtraction angiography; 
SSS=superior sagittal sinus

Table 3. Sensitivity, specificity, PPV, and NPV of 3D contrast-enhanced THRIVE MRI in diagnosis of dural AVF

Location Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Sigmoid sinus 87.5% (46.6 to 99.3) 98.3% (89.8 to 99.9) 87.5% (46.6 to 99.3) 98.3% (89.8 to 99.9)

Transverse sinus 81.8% (47.7 to 96.7) 85.5% (56.1 to 97.4) 52.9% (47.7 to 96.7) 95.9% (56.1 to 97.4) 

Torcular herophili 71.4% (30.2 to 94.8) 90.2% (57.1 to 99.5) 83.3% (36.4 to 99.1) 92.6% (50.8 to 97.0)

SSS 66.7% (12.5 to 98.2) 96.7% (80.9 to 99.8) 66.7% (12.5 to 98.2) 96.7% (80.9 to 99.8)

Overall 79.3% (59.7 to 91.2) 93.5% (88.4 to 96.5%) 67.6% (49.3 to 82.0) 96.3% (91.9 to 98.5) 

PPV=positive predictive value; NPV=negative predictive value; CI=confidence interval; SSS=superior sagittal sinus

Table 4. False positive and false negative cases in diagnosis of 
dural AVF

Location False positive (No.) False negative (No.)

Transverse sinus 8 2

Sigmoid sinus 1 1

Torcular herophili 1 2

SSS 1 1

Total 11 6

SSS=superior sagittal sinus
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torcular herophili in two of six patients (Figure 4). The 
mean duration gap between 3D contrast-enhanced 
THRIVE and DSA was 13.6 days with a range of 
1 to 52 days.

The k test revealed moderate to excellent level of 

interobserver agreement in the reading with k=0.446 
to 0.864. 

Discussion
Conventional MRI may be the initial imaging 

Figure 3. Dural AVF at the torcular herophili and left transverse sinus. (A, B) Axial 3D contrast-enhanced THRIVE MRI reveals trans-
osseous feeding arteries and low intensity curvilinear structures in bilateral transverse sinuses and torcular herophili, suggestive of 
dural AVF at the bilateral transverse sinuses and torcular herophili. (C, D) DSA reveals dural AVF at the left transverse sinus (white 
arrow) and torcular herophili (black arrow). No dural AVF is found at the right transverse sinus on DSA.

Figure 4. Dural AVF at the torcular herophili. (A) Axial 3D contrast-enhanced THRIVE MRI shows no evidence of dural AVF. (B) DSA 
reveals small dural AVF at the torcular herophili (arrow), which is fed by petrosquamosal branch of the right middle meningeal artery.



1774 J Med Assoc Thai | Vol.104 | No.11 | November 2021

study in patients with dural AVF due to variable 
clinical presentations. Flow void in dural venous 
sinus and fistula site on conventional MRI were 
used to diagnose dural AVF with low sensitivity and 
specificity. Jain et al demonstrated flow void and 
probable location of fistula in only 46% and 19% of 
patients of dural AVF, respectively(23). Furthermore, 
normal conventional MRI does not exclude the 
presence of dural AVF.

The SWI image was recognized for diagnosis of 
dural AVF with advantage of non-contrast enhanced 
study. Tsui et al, demonstrated hyperintensities within 
the draining venous sac or sinuses due to rapid shunting 
of blood with oxyhemoglobin(24). Letourneau-Guillon 
and Krings observed hyperintense venous structures 
on SWI as possible location of the fistula in five of six 
patients(25). In agreement with the study of Jain et al 
that found SWI accurately located 75% of all fistula 
sites in 23 patients(23).

The present study demonstrated a role of 3D 
contrast-enhanced THRIVE MRI in diagnosis of 
dural AVF with high accuracy (91.4%) and specificity 
(93.5%). In patients with dural AVF, transosseous 
enhancing curvilinear structures adjacent to dural 
venous sinus wall and low intensity curvilinear 
structures within dural venous sinus were depicted 
on 3D contrast-enhanced THRIVE MRI. The finding 
of transosseous enhancing curvilinear structures 
adjacent to dural venous sinus wall likely represents 
transosseous feeding arteries of the dural AVF at the 
fistula site. The low intensity curvilinear structures 
within the dural venous sinus may represent flow-
related venous artifacts due to high flow velocity 
or arterialization of venous sinus rather than crack-
like vessels secondary to angiogenesis within dural 
sinus(26).

Two most common locations of dural AVF in 
the present study were at transverse and sigmoid 
sinuses similar to the previous reports(27,28). In the 
present study, 3D contrast-enhanced THRIVE MRI 
demonstrated highest sensitivity and specificity in 
these locations with 81.8%/87.5%, and 85.5%/98.3%, 
respectively. High negative predictive value of 96.3% 
of 3D contrast-enhanced THRIVE MRI was observed. 
As a result, the physicians may be able to use 3D 
contrast-enhanced THRIVE MRI for diagnostic 
exclusion of dural AVF.

The present study found shaggy sinus and cortical 
venous dilatation in most cases. Narvid et al observed 
shaggy sinus on CTA and found in four out of seven 
patients with dural AVF and pulsatile tinnitus(10). This 
finding represents a conglomeration of pathologic 

sequelae implicated in the angiogenic process. 
Cortical venous dilatation suggests presence of 

venous congestion, which is aggressive feature of dural 
AVF in both Borden and Cognard classifications(29,30). 
Willinsky et al reviewed pseudophlebitic pattern 
or engorged veins in 130 patients with intracranial 
dural AVF and this finding was found in 51 patients 
(42%)(31). The pathogenetic mechanism of the cortical 
vein dilatation was explained by the involved dural 
venous sinus receiving arterialized blood flow that 
can lead to mechanical obstruction of the sinus and 
result in retrograde drainage of blood into the cortical 
veins(32). This aggressive feature indicates malignant 
dural AVF, which correlates with an increased 
likelihood of intracerebral hemorrhage and aggressive 
symptoms(33). In the present study, 12 of 14 cases were 
malignant dural AVF resulting in high incidence of 
cortical venous dilatation.

Almost all false positive cases were found at 
the transverse sinus. This may correspond to major 
dural venous variations identified in the transverse 
and sigmoid sinuses, such as septation or normal 
transosseous vessels(34). Adjacent dural AVF can 
interfere with interpretation of transosseous feeding 
arteries. Long duration gap between 3D contrast-
enhanced THRIVE MRI and DSA may cause changes 
of the disease such as shunt location or size of shunt. 
Six false negative cases were noted, most of them 
had small shunt.

The interobserver agreement revealed moderate 
to excellent levels. The detection of fistula at the 
right transverse sinus shows highest interobserver 
agreement, which may be due to relatively large size 
of the right transverse sinus compared with that of 
the left side(35). 

However, the present study had some limitations. 
First, this was a crossectional study with small sample 
size. Second, malignant type of dural AVF was the 
type that may increase sensitivity and specificity of 
the study. Third, DSA was performed in only one 
patient of the control group. The remaining cases of 
the control group were not performed DSA due to 
evidence of normal contrast-enhanced MRA and no 
clinical concern about dural AVF on interval clinical 
follow up. Fourth, duration gap between 3D contrast-
enhanced THRIVE MRI and DSA in the present 
study ranged between one day and two months and 
spontaneous change of the dural AVF may occur and 
cause changes of the imaging findings.

Conclusion
The 3D contrast-enhanced THRIVE is a valuable 
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tool for diagnosis of dural AVF. It also provides the 
information for exclusion of dural AVF.

What is already known on this topic?
There have been many previous studies using 

conventional MRI, SWI sequence, and MRA in 
diagnosis of dural AVF. This study represents the first 
study to determine diagnostic accuracy of 3D contrast-
enhanced THRIVE MRI in diagnosis of intracranial 
dural AVF compared with DSA. 

What this study adds
The 3D contrast-enhanced THRIVE MRI is an 

MRI technique that well demonstrate intracranial 
venous structures with high accuracy, sensitivity, and 
specificity in diagnosis of dural AVF.
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