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ABSTRACT

Background: Diagnosing ruptured micro-arteriovenous malformation (AVM) could be difficult using digital
subtraction angiography (DSA) in the acute stage, and a repeat DSA is recommended in DSA-negative cases.
Arterial spin labeling (ASL) is a useful noninvasive tool for detecting AVM, but the efficacy of a repeat ASL for
DSA and ASL-negative ruptured micro-AVM in the acute stage is unclear. Here, we report a case of ruptured
micro-AVM that was not detected in the acute stage by ASL but in the chronic stage by ASL.

Case Description: A 43-year-old man developed right upper-extremity paralysis, and computed tomography
(CT) revealed a left frontal lobe hemorrhage. Magnetic resonance imaging, including ASL, CT angiography, and
DSA, showed no abnormal findings associated with hemorrhage in the acute stage. The second ASL 93 days after
the hemorrhage showed a high signal on the cortical vein of the left frontal lobe and superior sagittal sinus, and
subsequent DSA detected a micro-AVM in the left precentral gyrus.

Conclusion: Repeat ASL is less invasive and useful for detecting micro-AVMs which showed no findings on ASL
and DSA in the acute stage.

Keywords: Arterial blood, Arterial spin labeling, Digital subtraction angiography, Hematoma, Micro-
arteriovenous malformation

INTRODUCTION

Digital subtraction angiography (DSA) is the gold standard for the definitive diagnosis of
arteriovenous malformations (AVM). However, some cases of ruptured AVM with hematoma
do not show any findings on DSA in the acute stage.*”! Repeat DSA is recommended in
DSA-negative cases,!"'”! but there is no consensus regarding the timing and frequency. Arterial
spin labeling (ASL) is a magnetic resonance imaging (MRI) technique that can evaluate cerebral
blood flow less invasively using magnetically labeled protons in arterial blood as endogenous
tracers. ASL has been reported as a useful screening tool for diagnosing cerebral ischemia,
epilepsy, hyperperfusion, and arteriovenous shunt (AVS).?>!!l In addition, one study previously
reported the efficacy of ASL in detecting ruptured micro-AVM.®! In the case, a high ASL signal
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was observed in the nidus, and it was thought to reflect
pooled blood within the nidus, which was observed by DSA.
Here, we report a case of micro-AVM identified by a repeat
ASL for the first time in the chronic stage.

CASE REPORT

A 43-year-old male with no history of hypertension,
hyperlipidemia, or diabetes mellitus was admitted to our
hospital with sudden onset of the right upper-extremity
paralysis. On admission, computed tomography (CT)
revealed left frontal lobe hemorrhage [Figure 1la]. There
were no remarkable findings suggesting abnormal vessels
that could cause hemorrhage on three-dimensional CT
angiography on admission. We conducted DSA the day after
onset, but no abnormal findings were observed. MRI (3T,
Ingenia 5.7, PHILIPS, USA), including ASL (post-labeling
delay: 1200 ms) [Figure 1b] and magnetic resonance
angiography (MRA) [Figure 1c] conducted 3 days after onset
did not show abnormal vascular structures. Although slight
upper-extremity paralysis persisted, activities of daily living
were performed independently. We conducted a second
MRI 93 days after onset. Fluid-attenuated inversion recovery
revealed shrinkage of the hemorrhage [Figure 1d]. The ASL
showed a high focal signal on the cortical vein in the left
frontal lobe and superior sagittal sinus (SSS) [Figure le],

and MRA revealed a thicker left posterior internal frontal
artery adjacent to the hematoma [Figure 1f], which was not
seen in the first ASL and MRA. Highly suspecting AVM, we
performed a second DSA 98 days after the onset and detected
micro-AVM in the left frontal lobe, which was not observed
in the initial DSA [Figures 2a-c]. The micro-AVM was located
in the left precentral gyrus and was composed of a 6 mm
nidus with a single feeding artery from the left posterior
internal frontal artery and a single draining vein arising from
the posterior side of the nidus and flowing toward the SSS
through the frontal cortical vein where the ASL showed a
high signal. We scheduled a stereotactic radiation therapy
because the AVM was in the precentral gyrus. This patient
provided written informed consent.

DISCUSSION

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.!'"* Under normal
conditions, 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.'>!¥ In the presence
of an AVS, such as an AVM or dural arteriovenous fistula
(DAVF), the transit time of the labeled blood is shortened

Figure 1:(a) Computed tomography (CT) on admission. Magnetic resonance imaging (b and c) 3 days
and (d-f) 93 days after onset (a) CT: Hematoma in the left primary motor cortex. (b) Arterial spin
labeling (ASL): No obvious high signal around the hematoma. (c) Magnetic resonance angiography
(MRA): No abnormal vessel around the hematoma (d) Flow-attenuated inverted recovery: Shrinkage
of hematoma. (e) ASL: High focal signal on the convexity of the left frontal lobe and suprasagittal
sinus (white arrow), which was not seen in previous ASL. (f) MRA showing a newly depicted vessel
(white arrowhead) flowing in the direction of the hematoma.
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Figure 2: Digital subtraction angiography (DSA). (a) 1 day after onset (b) 93 days after onset
(a) abnormal vessel and early venous filling were not observed. (b) Micro-arteriovenous malformation
(AVM) (white arrowhead) was observed, which was not seen on DSA 5 days after onset. (c) Enlarged
micro-AVM image. The micro-AVM comprised a 6 mm nidus with a single feeding of a branch of
the left anterior parietal artery. A draining vein arose from the posterior side of the nidus and flowed
toward the superior sagittal sinus through the cortex vein on the frontal lobe.

due to the lack of a capillary bed. Consequently, ASL signals
can be detected within the draining system, suggesting a
diagnosis of intracranial AVS."* This venous signal on ASL
has been reportedly useful for diagnosing DAVF or small
AVM, with a diagnostic sensitivity as high as 78%." In the
present case, no findings were observed in acute-stage ASL.
This was consistent with acute-stage DSA, which showed no
evidence of AVS. However, in the chronic stage, a high ASL
signal was observed in the cortical vein and SSS for the first
time, and the high ASL signal was believed to indicate an
AVS, corroborated by chronic stage DSA.

According to the previous reports, acute-stage DSA may not
reveal a vascular malformation in some cases of ruptured
AVM with hematoma.l*”! Several mechanisms, such as slow
blood flow within the nidus, intralesional thrombosis, post-
hemorrhagic vascular spasm, or compression of the nidus by
the hematoma, have been suggested as factors for the absence
of AVM visualization in the acute stage.® In the present
case, only chronic-stage ASL and DSA detected micro-
AVMs. This could be because shrinkage of the hematoma
over time affected the revascularization of the micro-AVM
in the chronic stage. Angiography should be repeated in
patients with intracranial hemorrhage without a specific
cause and whose initial angiography is negative or unclear
about AVS.I"!%) However, DSA has invasive aspects, including
radiation exposure, catheter use, and injection of contrast
media. Furthermore, the appropriate timing and frequency
of additional DSA are still unclear; hence, less-invasive
screening tools are needed. In the present case, chronic-stage
ASL demonstrated a high signal on drainage systems, which
was not seen in the acute stage, and subsequent DSA detected
micro-AVM. Repeat ASL is expected to be a useful screening
tool for determining the timing of repeat DSA because of its
less invasive nature.

CONCLUSION

Ruptured micro-AVMs might be misdiagnosed during acute-
stage examinations. Repeat ASL is less invasive and useful for
detecting micro-AVMs which showed no findings on ASL
and DSA in the acute stage.
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