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BACKGROUND Diagnosis of a microarteriovenous malformation (micro-AVM) is difficult, especially in the acute stage of rupture because of the small
size of the nidus and the existence of hematoma. We report two cases of ruptured micro-AVMs detected by arterial spin labeling (ASL).

OBSERVATIONS In one case, a 45-year-old male was transported with a complaint of right hemiparesis. Computed tomography (CT) revealed a right
parietal lobar hemorrhage. Standard magnetic resonance imaging (MRI) showed no abnormal findings as the cause of the hemorrhage. ASL 23 days
after the onset demonstrated high signals on the medial wall of the hematoma. Digital subtraction angiography (DSA) showed a micro-AVM in
accordance with the site of high signals on ASL. In another case, a 38-year-old female was transported with a complaint of left hemianopsia. CT on
admission revealed a right parietal lobar hemorrhage. Standard MRI showed no abnormal findings as the cause of the hemorrhage. ASL 15 days after
the onset demonstrated high signals on the internal wall of the hematoma. DSA showed micro-AVM in accordance with the site of high signaling on
ASL. Both cases were successfully treated with open surgery.

LESSONS ASL can manifest micro-AVMs as high signals within the hematoma. ASL is a useful less-invasive screening tool for the detection of
ruptured micro-AVMs.
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Arterial spin labeling (ASL) has emerged as a magnetic reso-
nance imaging (MRI) technique that can be used to evaluate cere-
bral blood flow (CBF). It can visualize CBF using magnetically
labeled protons in arterial blood as an endogenous tracer. ASL is
advantageous because it is noninvasive and can be performed with-
out the administration of a nuclear tracer or contrast media. ASL
has been reported to be effective as a screening tool to diagnose
cerebral ischemia, epilepsy, and hyperperfusion syndrome.1–5

An intracranial arteriovenous malformation (AVM) is one of the poten-
tial causes of intracranial hemorrhaging in children or young adults. Digi-
tal subtraction angiography (DSA) is the gold standard for the definitive
diagnosis of AVMs. MRI is a less invasive screening tool that can be

used to diagnose AVMs, which are detected as signal flow voids within a
hematoma in the acute stage of rupture. However, it is sometimes difficult
to diagnose an AVM especially when the nidus is small. Here, we report
two cases of ruptured micro-AVMs successfully detected with ASL.

Illustrative Cases
Case 1

A 45-year-old male was transported as an emergency to our hos-
pital with sudden onset of right hemiparesis, dysarthria, and motor
aphasia. Computed tomography (CT) on admission revealed a right
parietal lobar hemorrhage (Fig. 1A). MRI was also conducted on
the same day, but magnetic resonance angiography (MRA) and

ABBREVIATIONS ASL = arterial spin labeling; AVM = arteriovenous malformation; CBF = cerebral blood flow; CT = computed tomography; DSA = digital subtraction
angiography; DAVF = dural arteriovenous fistula; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging; T2WI = T2-weighted image;
TOF = time of flight.
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T2-weighted image (T2WI) showed no remarkable findings indicat-
ing the cause of the hemorrhage (Fig. 1B and C). We treated the
patient conservatively with blood pressure management and admin-
istration of glycerol. A second MRI was performed 23 days after the
onset. T2WI and MRA showed subtle abnormal findings on the
medial wall of the hematoma, but the image was not clear enough
to support the existence of abnormal vessels (Fig. 1D and E). On
the other hand, ASL demonstrated clear dotted high signals on the
medial wall of the hematoma cavity (Fig. 1F), which facilitated the
use of angiography. DSA revealed a micro-AVM in accordance with
the site of ASL high signaling (Fig. 1G). The AVM was composed
of a 7 mm nidus with two feeding arteries that were the branches
of the left anterior parietal artery. A draining vein arose from the
medial side of the nidus and flew toward the internal cerebral vein.
Contrast media pooled within the nidus until the late venous phase.
A fusion image of the DSA and the ASL CBF maps clearly demon-
strated the spatial correspondence of the nidus and the ASL high
signal lesion (Fig. 1H). The AVM was removed 32 days after the
onset of the rupture, and the intraoperative DSA showed no resid-
ual shunt (not shown). The ASL high signal disappeared with MRI
8 days after the operation. The patient was discharged to a rehabili-
tation hospital 15 days after the operation without additional neuro-
logical deficits.

Case 2
A 38-year-old female was transported as an emergency to our hos-

pital with left hemihypoesthesia and left hemispatial neglect. CT
revealed a right parietal lobar hemorrhage (Fig. 2A). MRA and T2WI
performed on the same day showed no remarkable findings suggest-
ing the cause of the hemorrhage (Fig. 2B and C). The patient was
medically treated in the acute phase. Follow-up T2WI 15 days after
onset showed no apparent source of bleeding (Fig. 2D). MRA showed
subtle abnormal findings in the lateral aspect of the hematoma, which
was not clear enough to support the existence of abnormal vessels
(Fig. 2E). On the other hand, ASL demonstrated clear dotted high sig-
naling at the site of MRA high intensity (Fig. 2F), which facilitated the
use of angiography. The AVM was composed of a 7.4 mm nidus that
was fed by the right temporoparietal artery (Fig. 2G). A draining vein
arose from the lateral side of the nidus, which drained toward the
superior sagittal sinus. Contrast media was pooled within the nidus
until the late venous phase. A fusion image of DSA and ASL clearly dem-
onstrated the spatial correspondence of the nidus and the ASL high sig-
nals (Fig. 2H). Successful AVM removal was achieved 30 days after the
onset of the rupture, and intraoperative DSA showed no residual shunt.
ASL high signals disappeared with MRI 10 days after the operation. The
patient was discharged to a rehabilitation hospital 17 days after the oper-
ation without additional neurological deficits.

FIG. 1. A: CTon admission showing the left parietal hemorrhage. B and C: T2WI (B) and TOF-MRA (C) on admission showing no abnormal vascular
structure within the hematoma. D: T2WI 23 days after the hemorrhage showing a hematoma with an adjacent small low-intensity lesion (arrow). E: TOF-
MRA showing slight high intensity signals at the site of a T2 low-intensity lesion (arrow). F: ASL showing clear high signal at the site of a T2 low-intensity
lesion (arrow). G: Digital subtraction angiography (left, arterial phase; middle, venous phase; right, late venous phase) showing the nidus in the arterial
phase (arrowhead) and the pooled contrast media within the nidus and part of the drainage system until the late venous phase (double arrowhead).
H: Three-dimensional (3D) angiography (left) and a fusion image of the 3D angiography and the ASL images (right) showing the spatial correspondence of
the site of the nidus and the ASL high intensity.
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Discussion
Micro-AVMs are defined as a subgroup of pial AVMs characterized

by a nidus of 1 cm or smaller.6 The incidence of micro-AVMs was
reported to be 8%–10.7% of surgically treated AVMs.7,8 Micro-AVMs typ-
ically tend to cause large intracranial hemorrhages, resulting in signifi-
cant neurological deficits in young adults.8 Early angiography may
misdiagnose ruptured micro-AVMs with large hematomas. Slow flow
within the nidus, intralesional thrombosis, posthemorrhagic vascular
spasm, or compression of the nidus by the hematoma may account for
the lack of visualization of a micro-AVM in the acute stage of rupture.9,10

If initial angiography is negative or dubious, repetition of DSA and super-
selective angiography are recommended,8,11 but these have some inva-
sive aspects, such as radiation exposure, catheter use, and contrast
media injection. MRI is a less-invasive screening tool that can be used
to detect AVMs before DSA. However, micro-AVMs are also difficult to
diagnose with standard MRI protocols especially in the acute phase of
hemorrhaging because of their small size and the existence of the sur-
rounding brain edema and the hematoma.12 Time-of-flight (TOF) MRA is
a T1-based technique that utilizes inflow effect and is clinically useful to
visualize vascular structure. Blood flow is shown as hyperintense signal
in TOF, which could be vague within the intracerebral hematoma.13 This
could be disadvantageous to diagnose ruptured micro-AVMs. From the

results of this study, ASL can be a useful screening tool to detect rup-
tured micro-AVMs before a definitive diagnosis with DSA, especially
when the patients are children or young adults.

Observations
We report the efficacy of ASL for detecting ruptured micro-AVMs

that are not obvious in the other magnetic resonance sequences. In
ASL, arterial blood is magnetically labeled at the cervical segment,
and brain images are acquired following a short delay to allow the
labeled arterial blood to flow through the cerebral arteries and into
the capillary bed.14,15 Under normal conditions, the labeled blood is
not detected within the venous structures as the capillary transit
time is longer than the T1 delay time of the labeled arterial
spins.14,15 In the presence of an arteriovenous shunt, such as an
AVM and dural arteriovenous fistula (DAVF), the transit time of the
labeled blood is shortened due to the lack of a capillary bed. Con-
sequently, ASL signals can be detected within the draining system,
which can suggest the diagnosis of an intracranial arteriovenous
shunt.16,17 This venous signal on ASL was reported useful for the
diagnosis of DAVF or small AVM, and the diagnostic sensitivity was
as high as 78%.9 In addition, Heit et al.18 reported the utility of
venous ASL signals for the diagnosis of residual AVM following

FIG. 2. A: CTon admission showing the right parietal hemorrhage. B and C: T2WI (B) and TOF-MRA (C) on admission showing no abnormal vascular
structure within the hematoma. D: T2WI 15 days after the hemorrhage showing a hematoma without an obvious source of bleeding. E: TOF-MRA showing
slight high intensity signals at the lateral margin of the hematoma (arrow). F: ASL showing a clear high signal at the site of the TOF high intensity lesion.
G: DSA (left, arterial phase; middle, venous phase; right, late venous phase) showing the nidus in the arterial phase (arrowhead) and the pooled contrast
media within the nidus until the late venous phase (double arrowhead). H: Three-dimensional (3D) angiography (left) and the fusion image of the 3D angi-
ography and the ASL images (right) showing the spatial correspondence of the site of the nidus and the ASL high intensity.
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stereotactic radiosurgery. In the present cases, ASL high signals
were observed within the nidus in addition to part of the draining
system. Fusion images from ASL and DSA clearly showed the spa-
tial correspondence of the sites of the micro-AVMs and the ASL
high signals. ASL high signals within the nidus are due to pooled
blood within the nidus. In ASL for cerebral aneurysms, the pooled
blood within the aneurysms can be detected by the ASL as trapped
labeled spin within the aneurysm.19 This ASL high signal was
reported to be useful for detecting residual filling in cerebral aneur-
ysms after treatment with flow diverter.19 In our cases, ASL high
signaling might reflect occlusion of the drainage system and subse-
quent pooled blood within the nidus, which facilitates rupture of the
AVM. One of the conclusive mechanisms of AVM rupture is
increased resistance in the drainage system.20 Thus, this ASL high
signal within the nidus might be an imaging feature of ruptured
micro-AVM. We did not perform ASL in the initial MRI in the acute
stage of bleeding, which is a limitation of this study. If early ASL
can demonstrate the existence of AVM in the acute stage with high
sensitivity, it would be informative to avoid invasive examinations.

Lessons
ASL can demonstrate micro-AVMs as high signals within the

hematoma. ASL is a useful and less-invasive screening tool for the
detection of ruptured micro-AVMs.
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