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The treatment strategies and surgical indications for an
unruptured anterior cranial fossa dural arteriovenous fistula
(adAVF) are controversial1,2 because of difficulty in confirming
the risk of hemorrhage. Many angiography grading methods2 of
venous drainage in dural arteriovenous fistula (DAVF) have been
proposed, but all classifications are qualitative and based on
venous reflux rather than a quantitative assessment of venous
pressure or flow volume. Digital subtraction angiography (DSA)
is an invasive method, with iodinated contrast material injection
and radiation, and noninvasive methods are needed to evaluate
venous drainage patterns, the necessity for treatment, and treatment
follow-up.

The treatment indications of incidentally discovered adAVMs
are controversial1-3. To confirm the aggravation of venous
hypertension or cortical reflux for incidentally discovered
adAVMs, we hypothesized that venous hypertension or cortical
reflux is a consequence of increased flow volume. Accordingly,
we quantitatively assessed cortical reflux or cerebral venous
hypertension using four dimensional (4-D) flow imaging4-6.

In the present study, preoperative, time-resolved three dimen-
sional (3-D) phase-contrast MRI5,6 (four-dimensional (4-D) Flow
MRI) was used to quantify flow in an unruptured adAVF. This is a
preliminary investigation of the flow quantification analysis of an
unruptured adAVF using 4-D flow 3.0-T MRI.

CASE PRESENTATION

The patient was a male in his late fifties who developed
temporary visual field loss. The patient’s clinical history was un-
remarkable, with no history of craniofacial trauma. T2-weighted
MRI suggested a venous varix around the gyrus rectus and the
presence of an abnormal flow void in the surface of the left frontal
lobe. Preoperative carotid angiography and three dimensional
CT angiography (3DCTA) (Fig. 1) revealed an adAVF fed by
branches from the left anterior ethmoidal arteries supplied by the
left ophthalmic arteries and right anterior branch of the middle
meningeal artery. The draining veins flowed directly into the
frontal cortical vein on the right side without forming a varix and
were Type III in the Borden classification2. On the left side,
selective cannulation of the internal and external carotid arteries
failed because of technical difficulties. Flow in the blood vessels
was measured using 4-D flow phase-contrast 3.0-T MRI4 (Fig. 2
and Supplementary Video) (Philips Medical system; 3.0
T-Achieva; TR: 8.7 ms, TE: 5.4 ms, FA: 13°, velocity encoding
(VENC): 70 cm/s, voxel size: 1.19 × 1.36 × 1.4 mm). MRI data
were evaluated using GT Flow4 software (Gyro Tools, Zurich,

Switzerland). Regions of interest were defined manually through
the respective vessels for measurements of mean flow volume
(mL/min) and maximum systolic, mean, and minimum end dia-
stolic flow velocity (cm/s) before surgery (Table 1). Surgical
treatment was decided after analysis of all neurological findings
and radiological data. A bifrontal skin incision was placed and
followed by bicoronal craniotomy. Tortuous and dilated cortical
veins on the right medial frontal surface were identified after
the right frontal dural incision was placed. The dilated veins
collapsed after coagulation and cutting of the vascular connection
between the dura and draining veins. Postoperative bilateral
digital subtraction carotid angiography confirmed the complete
obliteration of the adAVF. Postoperative 4-D flow MRI revealed
no abnormal shunt flow in the bilateral frontal cortex. There was

Figure 1: Lateral view of three-dimensional computed tomography
angiography of the anterior skull base displaying the draining veins
flowing directly into the frontal cortical vein on the right side.
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no deterioration of the visual field or visual acuity or any olfactory
dysfunction after surgery, and the patient was discharged without
neurological deficit.

DISCUSSION

This study demonstrated that 3-D velocity mapping acquired
by preoperative, time-resolved, 4-D flow phase-contrast MRI4

revealed abnormal blood velocity in the draining vein of an
unruptured adAVF. This is the first preliminary report describing
an abnormal flow profile in an adAVF using MRI techniques.

The authors examined whether 4-D flow data could be used to
judge the necessity of treating an unruptured adAVF. Over
90%1-3 of adAVFs are reported to be associated with intracranial
hemorrhage. However, inadequate information is available on the
natural history of an unruptured adAVF1-3. Tanei et al1 reported
that an increased venous varix size is an indication for aggressive

therapeutic intervention in a patient receiving conservative treat-
ment. However, it is difficult to detect enlargement of a venous
varix on initial radiological images because there is no compara-
tive information. Sommer et al3 reported studies on the flow
velocity of adAVFs using transcranial Doppler sonography
(TCD). In Sommer’s report3, three adAVFs were diagnosed using
TCD, demonstrating the usefulness of TCD in the diagnostic
assessment of intracranial arteriovenous shunts before subjecting
patients to more invasive procedures. Furthermore, there was
increased flow velocity in various intracranial arteries, and,
in some patients, arterialized intracranial veins were detected.
Sommer et al. also reported3 a patient with an adAVF in whom the
mean velocity of the ipsilateral ophthalmic artery was 75 cm/s,
whereas that of the contralateral ophthalmic artery was 28 cm/s.
The authors did not report any other raw adAVF data. In addition,
the authors did not report the velocity data for the draining veins
or the pulsatility index (PI). In this study, 4-D flow findings
included abnormal increased systolic and diastolic flow velocities
and increased flow volume in the draining veins. It was difficult to
assess the flow velocities of the middle meningeal artery oph-
thalmic artery, and superficial temporal artery, in this case because
these feeding arteries were adAVF feeders. Therefore, we did not
confirm the preoperative ophthalmic artery data. In contrast, it
was very easy to detect the single draining vein accurately with
4-D flow MRI. This is the obvious unique significance of
4-D flow MRI to detect time-dependent differences. DAVM
occurs in various venous dural sinuses. In various locations,
4-D flow MRI is most suitable for adAVF detection. In many
cases of adAVF, there are cortical draining veins to the dural sinus
or varices in the draining vein. The presence of the drainage vein
makes adAVF suitable for 4-D flow imaging. Additionally, after
the fistula point, because there is no flow into the draining vein,
flow studies for cortical drainage vein are also suitable for flow
volume. In cases with DAVF located in the cavernous sinus or
transverse to sigmoid sinus, it is difficult to decide the appropriate
location for 4-D flow imaging.

Figure 2: Lateral view (left to right) of three-dimensional streamline velocity mapping revealing high-
flow velocity of the draining veins (white arrow heads).

Table 1: The preoperative quantitative flow data for the cer-
ebral blood vessels, measured using four-dimensional
flow phase-contrast 3.0-T magnetic resonance imaging

Flow volume (mL/min) Max velocity (cm/s)

Pre Drainage 65.8 14.1

Right ICA 179.6 27.9

Left ICA 196.3 33.4

Right A2 of ACA 52.3 20.6

Left A2 of ACA 67.7 24.7

Pre SSS 307.6 31.6

Post SSS 253.2 28.4

ICA, internal carotid artery; ACA, anterior cerebral artery; Max Velocity,
maximum systolic flow velocity; Min velocity, minimum end diastolic
flow velocity; Post, postoperative; Pre, preoperative; SSS, superior
saggital sinus
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There are three main benefits of this technique. First, the tech-
nique is non-invasive compared to digital subtraction angiography,
which requires iodinated material injection and radiation. Second,
the technique provides the ability to provide the correct location of
the target artery or vein in real time, in contrast to transcranial
Doppler. Last, the study permits quantitation. However, the 4-D
flow MRI method in this study has limitations and necessitates
dedicated software, lengthy scan time and incompletely visualized
blood flow in the tortuous or small vessels4-6. Time-resolved
4-D MR did not visualize the entire blood flow in the tortuous
vessels because of the multidirectional blood flow in the twisted
vessels. In this study, the straight-lined segments of draining veins
were selected, and two or more measurement was performed.
Recently, our group4 reported the feasibility of reducing the scan
time and reproducibility of our methods. In this study, there
were significant correlations between systolic velocity and the
blood flow volume of intracerebral arteries. Reproducibility is
demonstrated with the data from the bilateral internal carotid artery,
middle cerebral artery, and anterior cerebral arteries. Additionally,
approximate cerebral blood flow data4-6 using phase contrast MRI,
have been reported (Table 2).

This method deserves further examination in the future. Four-
dimensional flow MRI can compensate for the lack of flow
information in non-contrast-enhanced magnetic resonance
angiography. This case provides an important example of pre-
operative 4-D flow imaging of an unruptured adAVF, which may
be of potential benefit for assisting in preoperative treatment
strategy planning.

We suggest that this technology has the potential to evaluate
the risk stratification for adAVF, and we also suggest the necessity
of additional studies to clarify the utility of quantitative 4-D flow

studies for decision making regarding surgical treatment for
adAVF. DAVF is commonly diagnosed with MRA or MRI
findings; however, catheter angiography has been required to
confirm the presence of cortical venous reflux and ectasia, which
increases the risk of hemorrhage, and these angiography findings
are used for the decision-making process for conservatively
managed patients. DSA is an invasive method involving iodinated
contrast material injection and radiation, and noninvasive eva-
luation methods are needed for venous drainage and follow-up.
The collection of time course data to assess the development or
relationship between angiography findings of varix size or cortical
reflux and quantitative 4-D flow data from a larger number of
incidentally discovered and conservatively managed adAVF cases
is required. In the future, by using 4-D flow imaging, angiography
would be unnecessary for the management of incidentally dis-
covered and conservatively managed adAVF cases.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
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Table 2: Reported quantitative cerebral flow volume data
from healthy volunteers measured using phase-contrast
magnetic resonance imaging

Elsankari Wåhlin Sekine

Right ICA 238± 71 (ml/min) 281± 70 (ml/min) 5.64± 1.34 (ml/sec)

IJV 519± 205 (ml/min) 337± 144 (ml/min)

ICA, internal carotid artery; IJV, internal jugular vein

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

658

https://doi.org/10.1017/cjn.2014.6 Published online by Cambridge University Press

http://dx.doi.org/10.1017/cjn.2014.6
https://doi.org/10.1017/cjn.2014.6

	Outline placeholder
	Case Presentation
	Figure 1Lateral view of three-dimensional computed tomography angiography of the anterior skull base displaying the draining veins flowing directly into the frontal cortical vein on the right�side.
	Discussion
	Figure 2Lateral view (left to right) of three-dimensional streamline velocity mapping revealing high-flow velocity of the draining veins (white arrow heads).
	Table 1The preoperative quantitative flow data for the cerebral blood vessels, measured using four-dimensional flow phase-contrast 3.0-T magnetic resonance imaging
	Table 2Reported quantitative cerebral flow volume data from healthy volunteers measured using phase-contrast magnetic resonance imaging


