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Summary

Arterial spin-labeling (ASL) magnetic reso-
nance imaging (MRI) enables non-invasive ac-
quisition of the brain perfusion information in
cerebrovascular disease. We investigated hemo-
dynamic changes in intracranial dural arteriov-
enous fistulas (DAVFs) using ASL-MRI.

ASL-MRI by a Q2TIPS sequence on a
3.0-Tesla MRI was performed for three patients
with Cognard’s Ila+b type of DAV Fs before and
after treatment. Perfusion images obtained by
ASL-MRI (ASL images) before treatment were
visually compared with those by single-photon
emission — computed  tomography  images
(SPECT images). Increasing rates of temporal
changes of regional perfusion values in ASL im-
ages (ASL values) before and after treatment
were also calculated.

In all three patients, ASL images before treat-
ment demonstrated high perfusion in regions
around the shunting areas, where normal or low
perfusion were detected on SPECT images; thus,
ASL images might have demonstrated the abun-
dant arterial shunting flow via the fistulas. On
days eight to 20 after treatment, ASL values
around the shunt areas remained the same or de-
creased, and those in the regions other than the
shunt areas increased in all three patients. This
might have been due to a combination of the fol-
lowing: a decrease in shunt flow volume, an
amelioration of venous congestion, and a sus-
tained an upward shift in the autoregulation of
the brain perfusion pressure. All regional ASL
values decreased on days 112 and 120 after treat-

ment in two patients, which possibly reflects a
reduction in the upward shift in autoregulation.

ASL-MRI might be useful for identifying the
hemodynamic behavior of DAVFs before and
after treatment.

Introduction

The pathology of intracranial dural arteriov-
enous fistulas (DAVFs) is the presence of arte-
riovenous shunts within the dura !-3. It has been
reported that the venous hypertension and ob-
struction of the venous drainage induced by the
abnormal arterial blood flow supplied via
shunts occasionally provoke central nervous
disorders such as venous infarction, intracranial
hemorrhage, and other neurological deficits 4-10.
Several authors have described the cerebral
perfusion abnormalities in patients with DAV-
Fs which were improved after treatment 4.
Single-photon emission computed tomography
(SPECT) and positron emission tomography
(PET) have been applied to examine the he-
modynamic features of DAVFs 11-14. However,
the frequent evaluations are hindered by fac-
tors such as expense, cumbersome procedures,
and drug-induced side-effects.

Arterial spin-labeling (ASL) magnetic reso-
nance imaging (MRI) is one of brain perfusion
imaging methods on MRI and able to generate
brain perfusion images without the injection of
the extrinsic tracer 1>19. ASL-MRI will facili-
tate the frequent and noninvasive acquisitions
of the perfusion information, which is expected
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to be helpful for evaluating the temporal he-
modynamic changes in DAVFs. Moreover,
ASL-MRI is sensitive to the blood flow in larg-
er arteries as well as that in capillaries. We per-
formed ASL-MRI to patients with DAVFs and
found that it could demonstrate temporal
changes in not only brain perfusion but also ar-
terial shunting flows. In this study, we estimated
the clinical applicability of ASL-MRI in pa-
tients with DAVFs.

Materials and Methods

The current retrospective research was ap-
proved by our institutional review board (Re-
ceipt No.21-43, 2009).

Patients

From May to August 2008, three patients
with DAVFs were admitted to our hospital. Ta-
ble 1 showed the profiles of these three pa-
tients.

Patient 1 was a 60-year-old woman manifest-
ing aphasia and conversational impairment.
Digital subtraction angiography (DSA) re-
vealed the arterial blood flowing from the bi-
lateral occipital arteries, left posterior auricular
artery, left middle meningeal artery, and left ac-
cessory meningeal artery directly into the tor-
cular Herophili - left transverse - sigmoid sinus,
and then draining into the left superior petrosal
- cavernous sinus - cortical vein and the left-
sided Labbe’s vein in a retrograde fashion, and
the right transverse-sigmoid sinus in an ante-
grade fashion (Cognard’s Ila+b type / Lalwani’s
grade 3). Head MRI revealed a suspected ve-
nous infarction at the left temporal lobe where
the abnormal findings were shown including
the dilated vessels along the cerebral surface
and the increased signal on T2-weighted imag-
es. Transcatheter arterial embolization by N-
butyl-2-cyanoacrylate (NBCA) through all of
the feeding arteries was performed. DSA on
the tenth day after treatment showed a disap-
pearance of the retrograde flow into cortical
veins. The patient’s Wechsler Adult Intelligence
Scale-1II (WAIS-III) score improved after
treatment.

Patient 2 was a 73-year-old woman who had
experienced bilateral conjunctival hyperemia.
DSA showed the arterial shunting flows from
the bilateral sides of the ascending pharyngeal
arteries, middle meningeal arteries, and menin-
gohypophyseal arteries into the bilateral cav-

ernous sinuses, and then draining into the bilat-
eral superior ophthalmic veins, left inferior
ophthalmic veins, the basilar plexus in an ante-
grade fashion, and left uncal vein in a retro-
grade fashion (Cognard’s Ila+b type / Barrow’s
D type). In particular, the retrograde flow
through left uncal vein flowed into the left len-
tiform nucleus. Head MRI showed high inten-
sity on the T2-weighted images, with low inten-
sity on T2-star-weighted images of the left len-
tiform nucleus, which was suggestive of venous
congestion. The bilateral conjunctival hypere-
mia disappeared within two weeks after tran-
scatheter cavernous sinus coil embolization. Se-
rial MRI study after treatment revealed a di-
minished high intensity on the T2-weighted
images, and a resolution of the low intensity on
the T2-star-weighted images of the left lenti-
form nucleus.

Patient 3 was a 64-year-old man urgently hos-
pitalized for a general tonic convulsion. DSA
enabled visualization of the arterial shunting
flow from the bilateral occipital arteries, right
posterior auricular artery, right middle menin-
geal artery, and left ascending pharyngeal ar-
tery, into the right transverse - sigmoid sinus,
and then draining into the right side of the su-
perior and inferior cerebellar hemispheric veins
and the cortical veins along the temporo-parie-
to-occipital lobe in a retrograde fashion, and
the superior sagittal and straight - left trans-
verse - sigmoid sinuses in an antegrade fashion
(Cognard’s ITa+b type / Lalwani’s grade 3). On
MRI study, T2-prolongation with multiple flow
voids was observed in both the right cerebellar
hemisphere and the right temporo-parieto-oc-
cipital lobe. A small hemorrhage was identified
at the right temporal lobe on CT images. The
patient was initially treated with percutaneous
transcatether arterial embolization. However,
the retrograde cortical venous flow was still
recognized. Then, the additional transcatheter
right transverse - sigmoid sinus coil emboliza-
tion under right suboccipital craniotomy was
performed on the next day. DSA on 16th day
after the initial treatment demonstrated a dis-
appearance of the retrograde cortical venous
flow. No recurrent convulsions were noted af-
ter treatment.

ASL-MRI

All ASL-MRI were performed on a clinical
3.0-Tesla MRI unit (MAGNETOM Trio, A Tim
System, Siemens AG, Erlangen, Germany) with
a 12-channel head coil. The perfusion images
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were obtained by the second version of the
quantitative imaging of perfusion using a single
subtraction (QUIPSS II) MRI pulse sequence
with  thin-slice TI1 periodic saturation
(Q2TIPS). This is a pulsed arterial spin-labeling
method that enables the acquisition of multiple
sections 1%. Since Q2TIPS installed on our MRI
unit was one of the finished MRI sequence
products and was generously provided for the
clinical application, ASL-MRI was performed
as a component of routine clinical brain MRI
examination. ASL-MRI was performed 12-39
days before treatment (three patients), 8-20
days after treatment (three patients), and 112-
120 days after treatment (two patients).

The Q2TIPS system consisted of both labe-
ling and image-acquisition sequences. The labe-
ling sequence had several important parame-
ters: a labeling slab position; an imaging slab
position; and three timing parameters termed
TI1, TI1S and TI2 9. The labeling slab was the
region in which proximal arterial blood was la-
beled by an inversion recovery (IR) radiofre-
quency pulse. The imaging slab was the region
in which perfusion imaging data acquisition
was performed. Firstly, IR pulse was performed
for labeling the arterial blood on the labeling
slab (the elapsed time; t = 0). The labeled arte-
rial blood would stream toward the imaging
slab with a given cerebral blood flow rate
termed f. Secondly, the periodic saturation
pulse was performed at the labeling slab during
a given time period from TI1 to TI1S (t = TI1-
TI1S). That meant that only {f x TI1} of the la-
beled blood volume would pass from the labe-
ling slab to the distal part and the remaining
labeled blood would be eliminated thereafter.
Finally, the imaging data acquisition was per-
formed in the imaging slab after a given time
termed TI2 (t = TI2) 1921, The parameters of
the labeling sequence are as follows: TI1 / TI1S
/ TI2 (ms) = 700/1800/2000; the labeling slab
width / the imaging slab width / the gap be-
tween the labeling and imaging slabs (mm) =
100/114/25.

The image acquisition in the Q2TIPS system
employed an echo-planar imaging (EPI) se-
quence. The imaging sequence had an impor-
tant parameter, a flow limit. The flow limit
meant the cut-off value of flow velocity of elim-
inating fast-moving spins by crusher gradients.
If the flow limit was set to infinity, or no crush-
er gradients, the perfusion values would be
overestimated. On the other hand, if the flow
limit was set to 0 cm/s, the gain in flow accuracy

would be canceled out by extended echo time
(TE) and decreased signal-to-noise ratio (SNR).
In our series, a flow limit = 4 cm/s was chosen as
a trade-off because it was empirically confirmed
that the flow distribution were more physiolog-
ically reasonable values if the flow limit were
set between 1 and 5 cm/s 22, In other words, the
labeled arterial blood would be detected on
ASL-MRI in any places including arteries, veins
or parenchyma as long as it was less than 4 cm/s
of flow velocity. The other parameters of the
imaging sequence are as follows: repetition time
/ echo time (ms) = 2500/17; field of view (mm)
= 256x256x114; slice thickness /interslice gap
(mm) = 6/1.2; total slice number = 16; coverage
area = whole brain; slice acquisition order = se-
quential, proximal-to-distal direction; matrix =
64x64; voxel size (mm) = 4x4x6; phase partial
Fourier acquisition rate = 7/8; total image
number = 91 (first image volume acquired with-
out a labeling pulse as an MO image volume,
and 45 pairs of labeled and unlabeled image
volumes). The acquisition time of Q2TIPS
(minutes: seconds) amounted to 3: 57.
Voxel-wise calculation and subsequent map-
ping of the ASL images (ASL map) were per-
formed according to the following equation for
quantitative CBF, as proposed by Wang et al.23:

f=2x8M /(20 x MO x TI1 x exp(-TI2/T1a)),

Where A is the brain/blood partition coeffi-
cient of water, M is the difference of the longi-
tudinal magnetization between the unlabeled
and labeled images in the region of interest
(ROI), o is the inversion efficiency, and T1a is
the longitudinal relaxation time of blood. Here,
A, o, and Tla were assumed to be 0.9, 0.95 and
1496.19 (ms), respectively.

The intracranial regional perfusion values
(ASL values) were calculated as follows: an
ASL map was converted to the analyze format
using the free computer software MRIcro (ver-
sion 1.40 build 1, Professor Chris Rorden,
Georgia Institute of Technology, Atlanta GA,
USA, http://www.cabiatl.com/mricro/mricro/in-
dex.html). A normalized ASL map was created
from the converted ASL map using the free
computer software package SPM2 (Statistical
Parametric Mapping 2, Institute of Neurology,
London, http://www.fil.ion.ucl.ac.uk/spm/) run-
ning on Matlab (MathWorks Inc., Natick, MA,
USA). Masking ROI maps (including the bilat-
eral frontal lobes, parietal lobes, temporal lobes,
occipital lobes, and limbic lobes; and the lenti-
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Figure I Normalized ROI maps of hemisphere (white areas on A) at the level of the basal ganglion, and the other regional areas
at the level of the interpeduncular cistern (B), basal ganglion (C), and centrum semiovale (D) are shown. The areas on (B), (C),
and (D) indicate frontal lobe, limbic lobe, lentiform nucleus, thalamus, temporal lobe, occipital lobe, and parietal lobe in the
order of the gradient from white to black. Each ROI was separated and used for the calculation of the regional perfusion value.

form nucleus, thalamus, cerebellar hemisphere, las, Joseph Maldjian, MD, Wake Forest Univer-
and the brain stem) were created using the free  sity School of Medicine, North Carolina, USA,
add-on software WFU pickatlas (WFU PickAt-  http://www.fmri.wfubmc.edu/download.htm)
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Table 1 Patient profiles

Patient Number 1 2 3
age/sex 60/F 73/F 64/M
Chief complaint Difficulty in conversation Bilateral conjunctival General tonic convulsion
Aprophoria hyperemia Small hemorrhage on right
temporal lobe
Shunt area Torcular Hemophili -left Bilateral cavernous sinuses | Right transverse -signmoid
transverse -sigmoid sinus sinus
Classification Cognard type II a+b Cognard type II a+b Cognard type II a+b
Lalwani grade 3 Barrow type D Lalwani grade 3

Feeding arteries

Bilateral occipital arteries
Left posterior auricular ar-
tery
Left middle meningeal ar-
tery
Left accessory meningeal
artery

Bilateral ascending
pharyngeal arteries
Bilateral middle
meningeal arteries
Bilateral
meningohypophyseal
arteries

Bilateral occipital arteries
Right posterior auricular
artery
Right middle meningeal
artery
Left ascending pharyngeal
artery

Draining course

Left superior petrosal
-cavernous sinus
-cortical vein (retrograde)

Left Labbe’s vein
(retrograde)

Right transverse
-sigmoid sinus (antegrade)

bilateral superior

ophthalmic veins
(retrograde)
left inferior

ophthalmic veins
(retrograde)

Left uncal vein (retrograde)
Basilar plexus (antegrade)

Right cerebellar
hemispheric veins
(retrograde)
Temporo -parieto
-occipital cortical veins
(retrograde)
Superior sagittal -left trans-
verse
-sigmoid sinus (antegrade)
Straight-left transverse

Treatment Transcatheter arterial em- Transcatheter sinus coil -sigmoid sinus (antegrade)
bolization embolization Transcatheter arterial

embolization and sinus coil

Outcome Improvement on MAIS-III | Improvement in conjuctival embolization

test hyperemia No recurrence of
convulsion
Period of 39th day before treatment 11th day before treatment 19th day before treatment
ASL imaging 8§POD* 20POD 19POD
acquisition 112POD 120POD

K*POD: postoperative day

/

running on SPM2. The masking ROI maps
were also normalized in the same processing as
for normalization of ASL maps (Figure 1). The
ASL values of all ROI were calculated with the
normalized ASL maps and masking ROI maps
by using ImageJ (Wayne Ragsband, National
Institutes of Health, Bethesda, Maryland, USA,
http://rsb.info.nih.gov/ij/index.html).

SPECT imaging

All SPECT studies were performed on days
4- 36 before treatment in all patients using a
triple-head rotating gamma camera (Multi-
SPECT 3, Siemens AG, Erlangen, Germany)
with a fan-beam collimator. The spatial resolu-
tion was 5.7 mm full width at half maximum

(FWHM) at 10 cm. The SPECT scans were ini-
tiated ten minutes after the intravenous injec-
tion of 600MBq of 99mTc-ethyl-cysteinate dim-
mer (ECD) (FUJIFILM RI Pharma Co., Ltd.,
Tokyo, Japan) in Patient 1, and 15 minutes after
the intravenous injection of 167 MBq of 123I-
N-isopropyl-p-iodoamphetamine (IMP) (Ni-
hon Medi-Physics Co., Ltd., Nishinomiya, Ja-
pan) in Patients 2 and 3. The SPECT acquisi-
tion was undertaken in 30 steps (90 projections)
with a circular camera orbit and a 1.23-fold
zoom, and at each step, counts were collected
for 40 seconds. Reconstruction of the images
was performed by filtered back projection us-
ing Butterworth (order = 5, cutoff = 0.3 cycle/
cm) and Ramp filters with Chang’s attenuation
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Figure 2 A 60-year-old woman with fistulas at the torcular Herophili-left transverse - sigmoid sinus (Cognard’s ITa+b type/Lal-
wani’s grade 3). Lateral view of the left external common carotid angiogram (A) showed the shunt flow from the occipital artery
via fistulas at the torcular Herophili- left transverse - sigmoid sinus draining in a retrograde fashion into Labbe’s vein. 9m-Tc
ECD SPECT imaging with a gray scale (162 and 20 of the maximal and minimal gamma-ray counts, respectively) (B) demon-
strated low perfusion in the left temporal lobe (arrow). T2-weighted image (C) demonstrated the high intensity with the flow
void in the left temporal lobe, suggesting venous infarction with the retrograde venous reflux (arrow). ASL-MRI with a gray scale
(120 and 0 of the maximal and minimal ASL values (mL /100 g brain tissue / minute), respectively) before treatment (D, E) also
showed hypointensity (arrow on E). However, there was a discrepancy in the bilateral cerebellar hemispheres, where hyperin-
tensity was seen on ASL-MRI (arrowhead on E), but no abnormal findings were seen on SPECT imaging (arrowhead on B). On
days 8-20 after treatment, T2-weighted image (F) revealed the disappearance of the flow void, suggesting the resolution of the
retrograde venous reflux (arrow). The ASL values decreased in the bilateral cerebellar hemispheres (arrowhead on G), whereas
ASL values increased in other regions (H) compared with those observed before treatment (D, E). On days 112-120 after treat-
ment, T2-weighted image (I) showed the atrophic change and the sustainment of high intensity in the left temporal lobe (arrow).
Lower ASL values were observed in all regions (J, K), as compared to those before treatment in the corresponding regions.

correction (0.02/cm). The matrix and pixel sizes
of the SPECT images were 128x128 and
2.89%2.89x5.78 mm, respectively.

Digital subtraction angiography

Digital subtraction angiography (DSA) ex-
aminations were performed using a clinical angi-
ography system (Axiom Artis TA; Siemens AG,
Erlangen, Germany) on days 11-29 before treat-
ment, day O for treatment, and days 10-16 after
treatment. DSA of the bilateral common carotid
arteries, internal carotid arteries, and external
carotid arteries, and on either side of the verte-
bral artery was performed at least once for each
patient during the pretreatment examination.

Data Analysis

Visual estimation of preoperative ASL images
as compared to SPECT images

Preoperative ASL images were visually com-
pared with SPECT images from each patient
by two radiologists (a neuroradiologist (TN)
with five years’ experience and a nuclear medi-
cine radiologist (TO) with five years experi-
ence) in consensus fashion. The ASL values for

regions with abnormal findings were also con-
sidered to obtain more detailed information.
Possible speculations for the findings were con-
sidered based on the DSA findings and ASL-
MRI characteristics for the following reasons.
Some previous reports have noted a relation-
ship between abnormal cerebral perfusion and
venous drainage pattern in cases of DAVFs 78,
On the other hand, the shunt blood flow
through fistulas might affect ASL images since
the arterial blood with less than 4 cm/s of flow
velocity would be visualized.

Computerized analysis of temporal changes on
serial ASL images

Increasing rates were calculated between
pre- and post-treatment ASL values for all
ROlIs. Possible reasons for ASL value changes
were attempted based on post-treatment DSA
findings.

Results

Figure 2 shows the findings of patient 1 as a
representative case.
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Visual estimation of preoperative ASL-MRI
compared with SPECT imaging

The following coincidences and discrepancies
between ASL-MRI and SPECT imaging were
identified. Additional speculations for these phe-
nomenon were attempted in terms of the facts
that ASL-MRI can reflect not only the paren-
chymal perfusion but also the arterial blood flow
of 4 cm/s or less while SPECT imaging virtually
corresponds to the parenchymal perfusion.

Regions of high perfusion on ASL-MRI but
normal or low perfusion on SPECT imaging

High perfusion on ASL images was seen in
regions where SPECT images showed either
normal or low perfusion in the bilateral cere-
bellar hemisphere in patient 1, the pontomes-
encephalic marginal zone in patient 2, and the
right cerebellar hemisphere in patient 3. Most
of these regions in all three patients appeared
to coincide with the fistula area on DSA. It
seemed that ASL images reflected the shunt
blood flow that accumulated directly in these

regions while SPECT images reflected the nor-
mal or low perfusion in the brain tissue.

Regions of low perfusion on both ASL-MRI
and SPECT imaging

Low perfusion on both ASL and SPECT im-
ages were observed in the left temporal lobe in
patient 1, and in the left lentiform nucleus in
patient 2. In both cases, these regions showed
the high intensity on T2-weighted images and
the retrograde shunt flow drainage into the
cortical veins on DSA. However, these regions
were at some distance from the shunting points.
On DSA, the shunt flows reached these regions
later than the regions around fistulas. It might
be possible that both ASL and SPECT images
predominantly reflected the low perfusion in
the brain tissue.

Regions of normal perfusion on ASL-MRI but
low perfusion on SPECT imaging.

SPECT images revealed the low perfusion in
the bilateral frontal lobes in patient 2, and in the

Table 2 Temporal changes in ASL-values (mL/100g/min) on region-of-interests

Patient Nos. 1 2 3 ROI1/Acquisition period Pretreatment SPOD2 112POD Pretreatment 20POD

~

T. Noguchi

120POD Pretreatment 199POD

Right | Frontal lobe 443 | 499 (5.6)3 | 188(-25.5) | 30.8 |48.9 (181) |30.1(-0.7) |54 |22.8(173)
Parietal lobe 401 | 485(85) |20.0(-20.1) | 349 |38.6(3.7) |193(-156) |41 |88 (4.7)
Temporal lobe | 48.4 | 58.5 (10.2) | 37.0 (-11.4) | 459 |58.0(12) |[37.0(-89) |125 |23.8(113)
Occipital lobe | 492 | 67.8 (18.6) | 30.4 (-18.8) | 30.7 | 44.1 (134) |22.0(-87) | 105 |156(5)
Limbic lobe 545 | 63.0(84) |37.9(-167) | 433 |564(132) |33.6(9.7) | 167 |368(20.1)
iﬁng;rm 477 | 493 (1.6) | 307 (-17) |542 |44.6(-9.6) |329(-21.2) |21.1 |50.3(29.2)
Thalamus 69.8 | 803 (10.4) | 348 (-35) | 694 |502(-192) |35.4(:34) |27.8 |49.5(21.6)
Cerebellum 727 | 702 (2.5) | 47.9 (-24.8) | 56.0 | 443 (-11.7) | 41.1 (-14.8) | 42.7 | 42.7 (0)
Brain stem 772 | 793 (2.1) | 551 (-22.1) | 82.9 | 60.6 (-22.4) | 51.1 (-31.9) | 150 | 52.5 (37.5)

Left | Frontal lobe 437 |539(102) |31.2(-125) | 233 |47.0(23.7) | 307 (74) | 143 |283(14)
Parietal lobe 385 |503(11.7) | 31.8(-6.8) |37.1 |41.8(47) |21.0(-161) |56 |11.6(6.1)
Temporal lobe | 404 | 51.1 (10.7) | 36.9 (-3.6) |41.5 |50.7(92) |38.1(-33) | 131 |31.0(18)
Occipital lobe | 444 | 66.5 (22.1) | 30.6 (-13.8) | 29.4 |39.5(10.1) |232(-62) |37 |1L6(7.9)
Limbic lobe 483 |59.0(10.7) | 42.6 (-57) | 43.0 |48.6(5.6) |347(-82) |155 |38.4(22.9)
ﬁ;’;gff;rm 422 |535(11.3) | 288 (-13.5) | 30.6 | 50.7 (20.1) | 247 (-5.9) |28.8 |40.5(11.7)
Thalamus 624 |695(72) |303(-32.1) | 53.9 |40.6(-13.3) | 333 (-20.6) | 28.5 | 50.4 (21.9)
Cerebellum 713 | 67.7(-3.6) | 46.7 (-24.6) | 549 |472(-7.8) | 33.1(21.9) | 256 | 355 (9.8)
Brain stem 754 | 78.6 (33) | 42.8(-32.6) | 84.0 | 713 (-12.7) | 61.3 (-22.7) | 24.0 | 56.4 (32.4)

I ROLI: region-of-interest, 2 POD: postoperative day, 3 ( ): the difference from the ASL-value pretreatment.
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right temporo-parieto-occipital lobe in patient
3, whereas no abnormal findings were found on
ASL images in either case. On the other hand,
in patient 3, the right temporo-occipital lobe
demonstrated a high intensity on T2WI and
plenty of shunt blood flow on DSA. Thus,
SPECT images might indicate the extensively
lower perfusion (i.e., interruption of flow due to
venous congestion) than that suggested by
DSA. It should be noted that an equation be-
tween the abundant shunt flow versus the pa-
renchymal low perfusion in those regions might
yield a symmetrical appearance on ASL images.

Computerized analysis of temporal changes in
serial ASL images

Table 2 shows temporal changes in ASL val-
ues in all ROI. The following observations and
speculations for those were described.

8-20 days after treatment in all patients

At 8-20 days after treatment, ASL values in
the regions around shunting points remained
the same or decreased in all patients, i.e. in the
bilateral cerebellar hemispheres in patient 1; in
the right lentiform nucleus, bilateral thalami,
bilateral cerebellar hemispheres, and the brain
stem in patient 2; and the ASL values remained
unchanged in the right cerebellar hemisphere
in patient 3. On DSA, a reduction in shunt flow
and an effacement of retrograde venous drain-
age were observed after treatment in all pa-
tients. Decreases in ASL values in these areas
appeared to be associated with the correspond-
ing decrease in shunt flow.

On the contrary, the ASL values in the re-
gions other than the shunting points increased
in all patients. These findings may reflect a
transient excessive hyperperfusion caused by
the resolution of the venous congestion and the
post treatment hyperperfusion.

112 and 120 days after treatment in patients 1
and 2

On days 112 and 120 after treatment, pa-
tients 1 and 2 had lower ASL values in all re-
gions compared to those in the same regions
prior to treatment. These findings seemed to
reflect the recovery of autoregulation and the
stable supply of the blood flow, both of which
would be expected to facilitate a return to the
normal state of the brain perfusion. This specu-
lation, however, could not be certified because
no DSA examinations were performed around
days 112 and 120 in either of those patients.

Discussion

Dural arteriovenous fistulas (DAVFs) are
well-known to be associated with brain hemor-
rhage or venous infarction due to the impedi-
ments of the normal venous perfusion 2424, The
abundant arterial blood flow via arteriovenous
shunts, steno-occlusive changes in the sinuses,
and the subsequent abnormal retrograde ve-
nous drainage were thought as the main patho-
logical factors.

Some patients with DAVFs have been re-
ported to develop the symptoms such as the
progressive dementia, Parkinsonism, or other
disorders of higher-brain function 3. The path-
ologic areas for these symptoms showed the
low perfusion on brain SPECT imaging and im-
proved after proper treatment. Early diagnosis
and treatment are important to avoid the de-
velopment of secondary neurological deficits
caused by DAVFs5>.

Two patients with DAVFs were previously
reported to have developed pathological high
perfusion after treatment 13-25. One had a treat-
able headache, but the other experienced fre-
quent generalized convulsions, which resulted
in slight disorientation sequelae. A number of
factors could potentially contribute to the de-
velopment of the high perfusion, including va-
soparalysis in regions with impaired autoregu-
lation, a rapid resolution of the venous hyper-
tension, and delays in the treatment.

Evaluations of intracranial hemodynamics
will be quite important to elucidate the patho-
logical context. However, the detailed etiologi-
cal mechanisms have not been fully elucidated.
A small number of institutions with nuclear
medicine facilities and a high examination cost
are just two of many practical limitations. While
ASL-MRI as a quantitative perfusion MRI has
some problems that remain to be resolved, it
also has several advantages including the non-
invasive procedure, the frequently repeatable
examination, and the high cost-benefit. Thus,
ASL-MRI may provide a useful adjunct tool
for resolving diagnostic and methodological
questions about cerebral perfusion images.
Thus far, ASL-MRI has been demonstrated to
be reliable and its results reproducible in the
assessment of cerebral blood flow (CBF) in
various pathological states, including cerebrov-
ascular disease 2028 neurodegenerative disease
29.30 and temporal lobe epilepsy 31-32. However,
to date there have been no clinical studies of
DAVF using ASL imaging.
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The most noteworthy finding of the present
study was the visualization of shunt flow. This is
because ASL-MRI could visualize blood flow
in any places including arteries, veins, or paren-
chyma as far as it was less than 4 cm/s of flow
velocity. The sensitivity of ASL images for
shunt blood flow may confound the proper
quantification of brain perfusion in DAVF cas-
es. However, ASL images may be useful for de-
tecting shunt flow, which in turn might facilitate
monitoring responses to treatment and nonin-
vasively following patients for recurrence.

ASL images of DAVFs before and after treat-
ment were investigated, and the following find-
ings suggested a number of diagnostic possibili-
ties. Most regions around shunt-flow areas had
high ASL values, whereas SPECT images re-
vealed no abnormalities or low perfusion in all
patients in those same areas. Generally, ASL
images allow the tracing of intracranial flow. In
the brain, high ASL values may predominantly
reflect abundant arterial shunt flow via fistulas,
rather than perfusion blood flow in regions of
interest. In other regions not involving shunting,
ASL values would be expected to vary based on
one or more of the following: blood flow distur-
bances due to venous congestion, the volume
and transit time of shunting inflow, and/or in-
creases in the autoregulation of brain perfusion.
Decreases in ASL values in these regions on
days 8-20 after treatment appeared to corre-
spond to decreases in shunt flow. However, the
ASL values in the regions other than those in-
volving shunting increased in all three patients.
These findings may reflect a transient high per-
fusion caused by resolution of the venous con-
gestion and maintenance of the increase in reg-
ulation of brain perfusion after treatment. On
days 112 and 120 after treatment, patients 1 and
2 had lower ASL values in all ROI, as compared
to those before treatment, which seemed to re-
flect a recovery of autoregulation and a stable
supply of blood flow, both of which would be
expected to facilitate a return to a normal state
of perfusion. Although there were no specific
findings on DSA, ASL values might be more re-
vealing, i.e., they might remain the same or de-
crease compared with values observed before
treatment. There are some clear limitations of
the present study, in particular the small sample
size and the short duration of surveillance. In
addition, the three patients examined here were

all in a critical condition, and all presented with
cerebral perfusion abnormalities on SPECT im-
ages. Patients with less severe disease should be
examined in future studies of DAVFs. Moreo-
ver, no method is currently available for the ob-
jective evaluation of individual ASL images.
Statistical analyses of data from a database of
normal ASL images would be desirable. Where-
as the serial ASL images studies of the three
patients described here were highly suggestive,
the findings do not provide sufficient support
for our hypothesis that ASL images reflect a
combination of shunt flow, venous congestion,
and the autoregulation of brain perfusion. In
particular, it may not necessarily be denied that
ASL-MRI acquisition and post-processing
method including the quantification fail since
they have not been fully validated yet. Further
studies will therefore be needed to confirm this
and other hypotheses.

Conclusions

The pre-treatment ASL images studies of all
three patients with DAVFs demonstrated hy-
perintensity in regions surrounding shunting
areas, in which no abnormalities were detected
on SPECT images. It is possible that ASL im-
ages could be useful for revealing abundant ar-
terial shunt flow via fistulas.

The ASL values in the regions surrounding
shunting areas in all three patients remained
the same or decreased, while the ASL values of
other regions increased on days 8-20 after
treatment. This was thought to be due to a de-
crease in shunt flow volume, an improvement
in venous congestion, and a maintained in-
crease in the autoregulation of brain perfusion.
All regional ASL values decreased on days 112
and 120 in two patients, which might have been
a reflection of decreased autoregulation. Thus,
ASL images could potentially enhance our un-
derstanding of the detailed hemodynamic
changes associated with DAVFs before and af-
ter treatment.
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