
DIAGNOSTIC NEURORADIOLOGY

Diagnostic accuracy of CTA and MRI/MRA in the evaluation
of the cortical venous reflux in the intracranial dural arteriovenous
fistula DAVF

Yen-Heng Lin1,2
& Yu-Fen Wang1

& Hon-Man Liu1,3,4
& Chung-Wei Lee1

&

Ya-Fang Chen1
& Hong-Jen Hsieh2

Received: 1 May 2017 /Accepted: 9 November 2017 /Published online: 30 November 2017
# Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract

Purpose Computed tomography angiography (CTA) andmagnetic resonance imaging/angiography (MRI/MRA) are used for the
diagnosis of intracranial dural arteriovenous fistulas (DAVFs). The purpose of this study was to compare the diagnostic accuracy
of CTA and magnetic resonance imaging/angiography (MRI/MRA) for detection of cortical venous reflux (CVR) in intracranial
DAVFs.

Methods The records of patients with angiography-confirmed intracranial DAVFs who also received CTA and MRI/MRA from
January 2008 to July 2016 were reviewed. CTA and MRI/MRAwere reviewed for signs of CVR, and the diagnostic accuracy of
individual signs was evaluated by receiver operating curve (ROC) analysis.

Results A total 108 patients were included in this study. CTA signs of CVR included abnormal dilatation, early enhancement, and
the presence of a medullary or pial vein. MRI/MRA signs of CVR included abnormal dilatation, early enhancement, flow-related
enhancement, flow void, and medullary or pial venous collaterals. The sensitivity of individual CTA signs ranged from 62 to
96%, and specificities from 79 to 94%. The sensitivities of individual MRI/MRA signs ranged from 58 to 83%, and specificities
from 77 to 93%. The area under ROC curve (AUC) of CTA and MRI/MRAwere 0.91 and 0.87, respectively (P = 0.04 in direct
comparison). In subgroup analysis, CTA had better diagnostic accuracy for higher grade disease (P = 0.05) and non-aggressive
manifestation (P = 0.04).

Conclusions Both CTA andMRI/MRA have good diagnostic accuracy for detection of CVR in patients with intracranial DAVFs.
There is modest evidence that CTA is better than MRI/MRA.
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Introduction

Intracranial dural arteriovenous fistulas (DAVFs) have vari-
able clinical manifestation and natural history. A definite di-
agnosis is usually established by catheter angiography.
Although there are many different classification systems, the
classification schemes by Cognard [1] and Borden [2] are the
most widely used. Both systems indicate that cortical venous
reflux (CVR) is highly associated with an aggressive clinical
course [3–5]. Although catheter angiography is considered the
gold standard for diagnosis of CVR, it is invasive and radia-
tion exposure is a concern. Less-invasive computed
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tomography angiography (CTA) and magnetic resonance
imaging/angiography (MRI/MRA) are alternative imaging
techniques [6, 7]. A prior meta-analysis suggested using
MRI/MRA in symptomatic cases as a rule-in test because of
its better accuracy [8].

Nevertheless, the role of diagnostic imaging in cases of
DAVF is more than just detection. Imaging data should be
used for risk classification, prognostication, and treatment
planning. CVR is associated with more aggressive disease,
and is used for the treatment planning of patients with
DAVFs [9]. Modality choice based on diagnostic accuracy is
important for practitioners in the initial clinical work-up.
Previous reports have shown that CTA and MRI/MRA can
both detect CVR with similar accuracy [5, 6, 9–11].
However, large-scale studies comparing their diagnostic accu-
racy have not been performed.

Thus, the purpose of this study was to compare the diag-
nostic accuracy of CTA and MRI/MRA for the detection of
CVR in patients with an intracranial DAVF.

Methods

Patients

This retrospective study was approved by our Institutional
Review Board, and because of the retrospective nature
patients informed consent was waived. The records of
patients treated at our neuroangiography were searched
for patients with a DAVF treated from January 1, 2008,
to July, 1, 2016. Patients who were diagnosed with a
DAVF by catheter angiography who also received MRI/
MRA and CTA within 2 months were included in the
study. The quality of the CTA and MRI/MRA examina-
tions were checked by a diagnostic neuroradiologist.
Patients were excluded from the study if (1) any of the
imaging studies were insufficient or of poor quality, (2) a
direct type carotid-cavernous fistula was present, (3) a
spinal dural arteriovenous fistula was present, and (4)
the intracranial DAVF had been previously treated.

Patient clinical data

Patient clinical data were reviewed in the electronic medical
record database. The clinical presentation was considered
non-aggressive if the patients had no subjective complaints,
eye symptoms, or pulsatile tinnitus. If focal neurological def-
icits, dementia or rapid functional decline, seizures, con-
sciousness disturbance, or intracranial hemorrhage were pres-
ent, the clinical presentation was considered aggressive. The
Cognard classification was used to classify DAVFs [1]. Less
advanced DAVFs without CVRwere defined as Cognard type
IIA+B or IIB, and advanced DAVFs with CVR were defined

as Cognard type III, IV, or V. If with multiple DAVFs, then the
location was defined according to the most advanced lesion.

Imaging techniques

CTA was performed by one of two 64-slice CT scanners: a
LightSpeed VCT (scanner A; GE Healthcare, Milwaukee,
WI) and a Sensation 64 (scanner B; Siemens Medical
Solutions, Forchheim, Germany). The scanning protocol used
a previously reported hybrid algorithm [6]. In brief, patients
were scanned from the aortic arch to the vertex (average,
32 cm) before and after administration of contrast medium.
From aortic arch to vertex, the mean scanning time was 7.2 s
for scanner A and 8 s for scanner B. Intravenous contrast me-
dium was delivered via dual injectors. A bolus test was per-
formed with 12 ml of contrast medium (Ultravist 370, Bayer
Schering Pharm, Berlin Germany) and 16ml of normal saline at
rate of 4 ml/s to determine the peak enhancement, followed by
60 ml contrast medium and 35 ml normal saline at the same
rate. Image acquisition was performed with 32 × 0.625 or 64 ×
0.6 mm collimation, and reformatted into 1 mm axial, coronal,
and sagittal views for review. 3D-reformatting was also avail-
able when necessary. The average dose-length products were
746.40 and 602.88 mGy, respectively.

MRI/MRA was performed with multiple scanners at our
hospital, or at other hospitals, with 3T (N = 22) and 1.5T
(N = 86) machines. All acquisition contained at least two
planes. Contrast medium was used in 75 patients. The param-
eters in our institute were all recorded. T1-weighted images
were as followed: repetition time (TR) of 400–900 msec, echo
time (TE) of 9–21 msec, section thickness of 3–5 mm, and
field of view (FOV) of 16–30 cm. T2-weighted images were
as followed: repetition time (TR) of 2780–7067 msec, echo
time (TE) of 80.64–103.3 msec, section thickness 2.5–5 mm,
and field of view (FOV) of 16–24 cm. MRA was obtained
using 3D time-of-flight (TOF, N = 92) and contrast-enhanced
(N = 75) techniques. 3D-TOF parameters were as followed:
TR of 6.69–40 msec, TE of 2.46–7.2 msec, flip angle of 15–
25, FOV of 18–30 cm; section thickness of 0.5–2 mm.
Contrast-enhanced MRA parameters were as followed: TR
of 2.864–8.26 msec, TE of 1.052–4.2 msec, flip angle of
15–45, FOV of 20–30 cm; section thickness of 1–3.2 mm.
MRAwere evaluated in source images.

Catheter angiography

Experienced interventional neuroradiologists performed cath-
eter angiography with a biplane angiography unit (Axioms,
Artis; Siemen Medical Solution, Erlangen, Germany).
Selective angiography of internal carotid artery, external ca-
rotid artery, and vertebral artery were routinely performed.
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Image analysis

The CTA and MRI/MRA source images were read by
board-certified neuroradiologists (YHL and YFW, with 4
and 7 years’ experience, respectively). No additional
training in reading the images was given. Readers were
unaware of the patients’ clinical characteristics and angio-
graphic results when reading imaging studies, and the two
modalities were not read in the same session. A standard
high-quality monitor for diagnostic radiology (3
megapixels, 1536 × 2048 native resolution, monochrome)
was used to view the images. The images were stored in
the PACS system to simulate the usual diagnostic process.
The images were viewed in a random sequence, and < 20
studies were reviewed in a single session.

Individual CTA and MRI/MRA imaging signs were
recorded as positive or negative. The CTA signs of CVR
included abnormal dilatation, early enhancement, and the
presence of a medullary or pial vein [6]. The MRI/MRA
signs of CVR included abnormal dilation, flow-related
enhancement, clustered of flow void, early enhancement,
and presence of a medullary or pial vein [11, 12].
Individual CTA and MRI/MRA signs with corresponding
catheter angiography are shown in Fig. 1. The above signs
comprised the grading system for CVR. If a discrepancy
occurred between the two readers, the findings were
discussed until a consensus was reached. The grading
systems for CTA and MRI/MRA were used to consider
the trade-off between sensitivity and specificity, as well

as the correlation between different signs. Details of the
grading systems are shown in Table 4.

Catheter angiography results were examined for the pres-
ence and location of CVR by one of the authors (YHL) un-
aware of the patients’ clinical data and CTA and MRI/MRA
results. The reading results were compared with those of the
original report in the medical records.

Statistical analysis

Patient characteristics were summarized by descriptive statis-
tics. Diagnostic accuracy indicators, including sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy were calculated for individual
imaging signs. The grading system was analyzed by receiver
operating characteristic (ROC) curve analysis, with the area
under the ROC curve (AUC) obtained by non-parametric
method. Inter-observer agreement of the individual signs and
grading system were evaluated by simple and weighted kappa
values, respectively. Point and interval estimates were calcu-
lated. Direct comparisons between CTA and MRI/MRA
ROCs were performed using a logistic regression model with
contrast as CTA over MRI/MRA. The significance level was
set at 0.05. We have reported the results according to the
Standards for Reporting Diagnostic accuracy studies
(STARD 2015) guidelines(see Supplementary material 1).
Statistical analyses were performed using SAS software, ver-
sion 9.4 (SAS Institute, Inc., Cary, North Carolina).

Fig. 1 a–h A 31-year-old man with left transverse-sigmoid sinus DAVF
was presented with seizure. aAxial CTangiography demonstrates dilated
cortical venous pouch (white arrow). Early enhancement is revealed as
compared with the adjacent dural sinuses. b Sagittal view of CTA shows
dilated medullary veins in the occipital lobe (black arrows). c
Reformatting CT angiography clearly depicts the venous pouch and its
drainage (white arrow). d Axial T2-weighted image shows the dilated
structure (white arrow) with dark signal, suggestive of flow void in the
venous structure. e Axial time-of-fight image reveals the flow-related

signal in the venous pouch (white arrow). f Coronal contrast-enhanced
MR angiography demonstrates there is early, intense, enhancement in the
venous structure as compared with adjacent dural sinus (white arrow). g
Sagittal T1-weighted post-contrast image shows the dilated medullary
vein the occipital lobe as well (black arrows). h Angiography confirms
the Cognard type IV DAVFwith direct drainage into ectatic cortical veins
(black arrows). The image is corresponding to the reformatting CTA
nicely
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Results

Patient characteristics

A total of 237 patients with angiography-proven intracra-
nial DAVFs seen from January 1, 2008, to July, 1, 2016,
were identified in the medical records. Among them, 108
(46%) who received both CTA and MRI/MRA were in-
cluded in the analysis. Of all MRI/MRA studies, 31 (29%)
did not contain contrast-enhanced MRA data, 12 (11%)
did not contain time-of-flight MRA data, and 5 (5%)
had poor quality of T2-weighted images. These studies
were included for evaluating the individual imaging signs,
but not in the ROC analysis. Thus, data of a total of 92
(85%) patients completely fulfilled the inclusion criteria
and were used for the ROC analysis.

Of the patients, 70 (65%) presented with non-
aggressive disease, and the others 38 (35%) presented
with aggressive disease. Among them, 28 (26%) had
DAVFs in the cavernous sinus, and 46 (43%) in the trans-
verse to sigmoid sinuses. Other locations included the
superior sagittal sinus, hypoglossal or anterior condylar
region, temporal or sphenoid osseous-dural region,
tentorium, olfactory groove, foramen magnum, and falx

cerebelli. Using the Cognard classification, 47 (44%) pa-
tients were type I or IIA, 34 (31%) were type IIB or IIA+
B, and the remaining 27 (25%) patients were higher types.
Ninety-nine (92%) patients received endovascular embo-
lization, 3 (3%) received surgery, and 6 (6%) received
radiosurgery. Patient characteristics are summarized in
Table 1.

Individual signs

For CTA, early cortical venous enhancement had the highest
sensitivity of 98%, and the presence of a medullary vein or
pial vein had the highest specificity of 94% for diagnosis of
CVR. For MRI/MRA, cortical venous dilatation had the
highest sensitivity of 83%, and the presence of a medullary
vein or pial vein had the highest specificity of 93% for diag-
nosis of CVR.

For inter-observer agreement of the individual CTA signs,
the kappa values ranged from 0.85 to 0.96, indicating substan-
tial agreement. For individual MRI/MRA signs, the kappa
values ranged from 0.74 to 0.96, indicating moderate to sub-
stantial agreement from. Details of the kappa analysis, and the
PPV, NPV, and overall accuracy are show in Table 2.

Table 1 Characteristics of the
included patients Total (N = 108)

Age—years (SD) 59.98 (14.51)
Female gender—no. (%) 53 (49)
Presenting symptom—no. (%)

Asymptomatic 12 (11)
Eye symptom 20 (19)
Pulsatile tinnitus 38 (35)
Focal neurological deficit 11 (10)
Dementia or functional decline 9 (8)
Seizure or conscious disturbance 12 (11)
ICH 6 (6)

Location of disease—no. (%)
Cavernous sinus 28 (26)
Transverse-sigmoid sinus 46 (43)
Superior sagittal sinus 9 (8)
Hypoglossal or condylar osseous-dura 7 (6)
Temporal or sphenoid osseous-dura 10 (9)
Tentorium 1 (1)
Olfactory groove 2 (2)
Foramen magnum 3 (3)
Falx cerebelli 2 (2)

Treatment—no.(%)
No treatment 5 (5)
Endovascular treatment 94 (87)
Surgery 3 (3)
Radiosurgery 6 (6)

Cognard classification—no. (%)
I 33 (31)
IIA 14 (13)
IIB or IIA+B 34 (31)
III 1 (1)
IV 21 (19)
V 5 (5)
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ROC analysis

The ROC analysis included 92 patients, and the results are
summarized in Table 3. The consensus results indicated
the AUC of CTA (Fig. 2) was 0.91, and the AUC of MRI/
MRA was 0.87 (P = 0.04). The weighted kappa value be-
tween the two readers was 0.88 for CTA, and 0.81 for
MRI/MRA.

To consider the effect ofMRI contrast medium, we perform
ROC analysis for MRI/MRA after exclusion the related signs
of contrast-enhanced MRI/MRA, namely early enhancement
and presence of dilated medullary or pial vein. AUC of non-
contrast MRI/MRA was 0.80 (95%CI: 0.71–0.90). As com-
pared with CTA and contrast-enhanced MRI/MRA, P values
were 0.01 and 0.03, respectively. Other subgroup analyses
were performed according to the disease location, clinical ag-
gressiveness, and angiographic grade (Table 3). Locations

were classified as cavernous sinus, transverse to sigmoid si-
nuses, and others. In cavernous sinus group there were 22
patients, and the CTA AUC was 0.92 and the MRI/MRA
AUC was 0.88 (P = 0.5). In the transverse to sigmoid sinuses
group there were 39 patients, and the CTA AUCwas 0.96 and
the MRI/MRA AUC was 0.93 (P = 0.16). In the other loca-
tions group there were 31 patients, and the CTA AUC was
0.86 and the MRI/MRA AUC was 0.82 (P = 0.18). In the less
advanced disease group, there were 68 patients and the CTA
AUC was 0.91 and the MRI/MRA AUC was 0.89 (P = 0.2).
In the advanced disease group there were 59 patients, and the
CTA AUC was 0.97 and the MRI/MRA AUC was 0.90 (P =
0.05). In the aggressive disease group there were 34 patients,
and the CTA AUC was 0.70 and the MRI/MRA AUC was
0.70 (P = 1). In the non-aggressive disease group there were
58 patients, and the CTA AUC was 0.90 and the MRI/MRA
AUC was 0.82 (P = 0.04).

Table 2 Diagnostic performance of individual imaging signs of CTA and MRI

Sensitivity
(%)

Specificity
(%)

PPV (%) NPV (%) Accuracy
(%)

Kappa

CTA

Cortical venous dilatation (N = 108)—(95% CI) 96 (91–100) 79 (68–90) 83 (74–92) 95 (89–100) 88 (82–94) 0.85 (0.75–0.95)

Early enhancement (N = 108)—(95% CI) 98 (95–100) 83 (73–93) 86 (77–94) 98 (93–100) 91 (85–96) 0.91 (0.82–0.99)

Presence of medullary or pial vein (N = 108)—
(95%CI)

62 (49–75) 94 (88–100) 92 (83–100) 70 (60–81) 78 (70–86) 0.96 (0.90–1)

MR

Cortical venous dilatation (N = 107)—(95% CI) 83 (73–93) 77 (66–89) 79 (68–90) 82 (71–93) 80 (73–88) 0.76 (063–0.88)

Flow-related enhancement (N = 96)—(95% CI) 82 (71–93) 88 (79–97) 86 (76–96) 85 (75–95) 85 (78–92) 0.74 (0.60–0.88)

Flow void in cortical vein (N = 103)—(95% CI) 87 (77–96) 80 (70–91) 82 (72–92) 85 (75–95) 84 (76–91) 0.72 (0.59–0.86)

Early enhancement (N = 76)—(95% CI) 77 (63–91) 78 (65–91) 75 (62–89) 80 (68–92) 78 (69–87) 0.79 (0.65–0.93)

Presence of medullary or pial vein (N = 105)—(95%
CI)

58 (44–71) 93 (88–100) 91 (81–100) 69 (59–80) 76 (68–84) 0.93 (0.86–1)

Table 3 ROC analysis of
diagnostic performance of CTA
and MRI for the detection of
corticovenous reflux in
intracranial DAVF

CTA MR Difference P
value

Total (N = 92)—AUC (95%CI) 0.91 (0.88–0.97) 0.87 (0.80–0.94) 0.04 (0.002–0.08) 0.04

Location

Cavernous or paracavernous
(N = 22)—AUC (95%CI)

0.92 (0.80–1) 0.88 (0.74–1) 0.04 (− 0.09–0.18) 0.5

SS-TS (N = 39)—AUC (95% CI) 0.96 (0.88–1) 0.93 (0.84–1) 0.03 (− 0.01–0.07) 0.16

Others (N = 31)—AUC (95% CI) 0.86 (0.71–1) 0.82 (0.65–0.99) 0.04 (− 0.01–0.10) 0.18

Severity

IIB (N = 68)—AUC (95% CI) 0.91 (0.85–0.98) 0.89 (0.82–0.97) 0.02 (− 0.01–0.05) 0.2

III, IV, V (N = 59)—AUC (95% CI) 0.97 (0.94–1) 0.90 (0.81–0.98) 0.07 (− 0.01–0.13) 0.05

Clinical presentation

Aggressive (N = 34)—AUC (95%
CI)

0.70 (0.36–1) 0.70 (0.36–1) 0 (− 0.02–0.02) 1

Non-aggressive (N = 58)—AUC
(95% CI)

0.90 (0.83–0.98) 0.82 (0.72–0.93) 0.08 (0–0.16) 0.04
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The ROC curves and analysis for comparison between
CTA, contrast-enhanced MR, and non-enhanced MR for the
detection of cortical venous reflux in intracranial DAVF were
shown as Supplementary material 2 and 3.

Discussion

The results of this study showed that both CTA and MRI/
MRA can detect CVR in intracranial DAVFs, but that CTA
may be slightly better than MRI/MRA. CTA had better sensi-
tivities than MRI/MRA for imaging signs, whereas the

specificities were similar. For MRI/MRA, contrast medium
use can improve accuracy. In subgroup analysis, CTA
outperformed MRI/MRA in patients with advanced DAVFs
with CVR. CTA was also superior to MRI/MRA in patients
with non-aggressive disease. The accuracy of the two modal-
ities was similar irrespective of disease location.

The results can be partially explained by the technical dif-
ferences of the two modalities. CTA had higher spatial reso-
lution in the rapid acquisition time used in our protocol,
whereas temporal and spatial resolution is usually a trade-off
in MRI/MRA. These differences result in higher sensitivities
of CTA than MRI/MRA for the corresponding individual

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 20% 40% 60% 80% 100%

se
ns

iti
vi

ty

1-specificity

ROC curve

CT

MR

Fig. 2 Receiver operating
characteristic (ROC) curve of
CTA and MRI/MRA of the CTA
and MRI/MRA on the cortical
venous reflux of intracranial
DAVF. The curve were
constructed with non-parametric
method according to the grading
system in Table 4

Table 4 Criteria of CTA and MRI grades for corticovenous reflux by individual imaging signs

CTA grade 1 2 3 4

cortical venous dilatation or early enhancement - + - Any

cortical venous dilatation and early enhancement - - + Any

intramedullary collateral - - - +

MR grade 1 2 3 4

cortical venous dilatation and/or flow void - + Any Any

Flow related enhancement and/or early enhancement - - + Any

intramedullary collateral - - - +
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imaging signs. CTAwas better than MRI/MRA for detection
of cortical venous dilatation, which can be ascribed to the
higher spatial resolution of CTA. For detection of early corti-
cal venous enhancement, CTA also exhibited higher sensitiv-
ity than MRI/MRA, which is due to the relatively short acqui-
sition time and optimal scanning timing in the CTA protocol.
Flow-related enhancement in MRI/MRA is read by time-of-
flight (TOF) MRA, reflecting the rapid, high flow in the cor-
tical vein. It is worth mentioning that the source images of
thin-slice TOFMRA are pertinent and important for the inter-
pretation of arteriovenous shunting. There is no corresponding
CTA sign, and this is useful in clinical practice, but this sign is
not more sensitive than cortical venous dilatation. The pres-
ence of cortical venous flow void on MRI/MRA exhibited
good diagnostic accuracy, and is a result of rapid flow.
However, this sign is usually used in conjunction with other
imaging signs. The presence of a medullary and pial vein had
a high kappa value in both CTA andMRI/MRA, suggestive of
its robust clinical use. Nevertheless, it comes from the recruit-
ment of a potential venous outflow route, and tends to occur in
more severe disease, and the overall sensitivity is not high. In
terms of inter-observer agreement, CTA performed better than
MRI/MRA in corresponding items, meaning CTA is actual
more robust in general use. The results of the ROC analysis
provide overall accuracy data, and the trade-off between sen-
sitivities and specificities. Since the sensitivities of CTA are
higher than MRI/MRA in corresponding image signs, it is not
surprising that CTA outperforms MRI/MRA.

Subgroup analyses were used in search for the source of
differences, and may provide information regarding appropri-
ate clinical application. We found that CTA was better than
MRI/MRA in patients with advanced DAVFs and with non-
aggressive disease. In comparison to angiographic findings,
we found that MRI/MRA is prone to miss the diagnosis of

type III and V disease, which is probably due to its lower
temporal resolution in non-ectatic venous structures. In sub-
group of aggressive disease, both methods had only modest
accuracy with AUCs of 0.70, as well as a wide confidence
interval (0.36 to 1). This result is likely because there were a
limited number of cases with aggressive disease without
CVR. Thus, result about this subgroup cannot be considered
conclusive and further research is required.

Diagnosis of intracranial DAVF by CTA and MRI/MRA
should take different aspects into account. A prior meta-
analysis showed MRI/MRA is better than CTA in diagnosing
symptomatic DAVF, and contrast medium use may not im-
prove the accuracy [8]. It is important to know that CVR has
been shown to be associated with an aggressive clinical course
and poorer outcomes in cohort studies. [4, 13] A study by
Letourneau-Guillon et al. [14] demonstrated the potential role
of CTA and MRI/MRA in the detection CVR. In this study,
we further explored the diagnostic accuracy of the two modal-
ities in difference situations. Summarizing the current evi-
dence, we have developed an algorithm for choosing non-
invasive imaging modalities (Fig. 3). CTA is reserved for
endovascular treatment planning because of the potential ad-
verse effects of radiation exposure. In patients with non-
aggressive disease, we recommend CTA when the suspicion
of a cavernous DAVF is high. This is because the relatively
low prevalence of CVR in CS (34%, as compared with 54%
overall in our database) may justify the use of CTAwith better
accuracy at the expense of radiation exposure. For non-
cavernous DAVF, MRI/MRA is likely appropriate. In this
group of patients, primary diagnosis and follow-up can be
done without further catheter angiography given the low pos-
sibility of an aggressive clinical course and the good accuracy
of CTA and MRI/MRA [15]. In patients with aggressive dis-
ease, MRI/MRA is recommended for primary diagnosis and

Suspicious for 
intracranial DAVF

Aggressive 
symptom? MRI DAVF?

Referral for treatment

Catheter 
angiography

Consideration for  
other diagnosis 

DAVF 
with CVR ?

eye 
symptom?

Clinical 
follow-up 

or 
consider treatment if 
intolerable symptoms

MRI

CTA

No Yes

Yes

Yes
No

Indeterminate

Yes

No

No

Fig. 3 Suggested diagnostic
algorithm for the suspicious
intracranial DAVF. The
suggestion were made based on
need for the treatment for DAVF
patients with aggressive clinical
symptoms or angiographic
cortical venous reflux
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detection of associated brain lesion, such as intracranial hem-
orrhage, venous hypertension, and ischemia. However, con-
trast medium is warranted in MRI/MRA. Catheter angiogra-
phy is still indicated in patients with equivocal non-invasive
imaging results, to avoid poor clinical outcomes if misdiagno-
sis occurs in advanced disease.

The current study was retrospective in which the MRI/
MRA protocol was that used for routine clinical use, which
may be more realistic for daily practice. AdvancedMRI/MRA
techniques, namely time-resolved MRA (tr-MRA), perfusion
MRI/MRA, susceptibility-weighted image (SWI), and arterial
spin-labeling (ASL) are expected to increase the diagnostic
accuracy for detection of CVR. Unfortunately, these methods
were rarely performed in our patients and therefore not con-
sidered in this study. Among these techniques, tr-MRA pro-
vides dynamic information which can help capture the direc-
tion of flow and some studies have reported its potential diag-
nostic value [16, 17]. However, the added diagnostic accuracy
beyond conventionalMRA needs further evaluation due to the
trade-off between temporal and spatial resolution. Perfusion
imaging is able to detect hemodynamic changes, especially
increased cerebral blood volume, which can occur in patients
with venous congestion. [18] Arterial spin-labeling, a method
of non-contrast perfusion imaging, is also promising in CVR
detection [19]. The relationship between CVR and perfusion
changes needs further investigation. We believe it is currently
more a research tool than an alternative clinical diagnostic
technique. SWI is also a promising technique for detection
of dilated cortical andmedullary veins on its minimal intensity
projection. Studies have also described the feasibility of SWI
for diagnosis of CRV [20, 21]. These studies, however, were
of a small sample size with a case-control design; more large-
scale studies to support it use is warranted.

The CTA protocol in this study was pre-specified.
Advanced CT techniques to increase the diagnostic accuracy
are also promising, but were not included in this study. For
example, perfusion CT imaging, as its MRI/MRA counterpart,
has been studied for its potential role in evaluation of DAVF.
[22] Williams et al. [23] also investigated the role of 4D-CTA
for DAVF diagnosis and classification. The diagnostic accu-
racy of above techniques needs more data to support their
routine clinical use. On the other hand, radiation exposure is
an issue in the use of perfusion and 4D-CTA. In this study, we
used a standard imaging protocol that can be performed in the
majority of imaging centers.

We compared the diagnostic accuracy of CTA and MRI/
MRA, and proposed an algorithm for diagnostic evaluation in
clinical practice. In the future, prospective validation of our
algorithm is warranted. Further investigation of subgroups
with larger numbers of patients is needed. The cost-
effectiveness of the two modalities should also be investigated.

There are several limitations to this study. First, the series
contained more advanced disease cases, and less cavernous

DAVF cases, as compared with prior reported series, partly
due to inclusion was based on angiographic diagnosis [24,
25]. However, the distribution of the different groups was still
diverse, making generalization to clinical practice feasible.
Second, the heterogeneity of the MRI/MRA protocols, and
lack of advanced pulse sequence data make it possible that
there was underestimation of its accuracy and that the role of
the individual pulse sequence was indeterminate. This issue is
inherently drawback for retrospective study. However, al-
though our study involved MRI/MRAwith multiple different
machines, sensitivity analysis for studies in our institute only
did not change our results (not shown). Awell-designed, pro-
spective study in the future can overcome this issue. Third, the
overall case number was relatively low, especially in the sub-
groups. Amulti-centers study can help to overcome this weak-
ness. Fourth, the accuracy of readers was not evaluated in this
study. We did not use a multiple-reader, multiple comparison
study design. Different interpretation of result between readers
may need further evaluation.

Conclusions

Both CTA and MRI/MRA are useful in detection of CVR in
patients with intracranial DAVFs. There is modest evidence
that CTA has slightly better overall diagnostic accuracy than
MRI/MRA, and maybe performs better in the subgroups of
patients with advanced disease and non-aggressive disease.
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