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ABSTRACT

Background: We report a case of acute occlusion of the middle cerebral artery (MCA) due to pulmonary
arteriovenous malformation (PAVM), for which mechanical thrombectomy was performed and a good outcome
was achieved.

Case Description: A 59-year-old woman presented with severe right hemiplegia and dysarthria, and a National
Institutes of Health Stroke Scale (NIHSS) score of 10. Magnetic resonance imaging (MRI) diffusion-weighted
imaging revealed high-signal areas in the left lenticular nucleus to the corona radiata, and right temporal lobe.
Magnetic resonance angiography revealed the left MCA occlusion. Chest plain computed tomography (CT)
revealed PAVM in the lower lobe of the left lung. Transvenous thrombolytic therapy was started 2 h after onset, and
mechanical cerebral thrombectomy was performed with an aspiration catheter and stent retriever. A red thrombus
was retrieved in one pass and complete recanalization was achieved. After treatment, her symptoms improved
markedly, but a symptomatic intracerebral hematoma was observed in the contralateral right temporal lobe. The
patient underwent embolization for PAVM on day 24 and was transferred for rehabilitation (NIHSS score = 2).

Conclusion: Although rare, PAVM is a treatable cause of stroke in relatively young adults; thus, it is important to
keep in mind the possibility of its presence.

Keywords: Acute ischemic stroke, Hereditary hemorrhagic telangiectasia, Paradoxical cerebral embolization,
Recombinant tissue plasminogen activator, Stent retriever

INTRODUCTION

Pulmonary arteriovenous malformation (PAVM), or pulmonary arteriovenous fistula, is a rare
vascular anomaly in which dilated abnormal vessels directly connect the pulmonary and systemic
circulation without capillaries.'*!?) CT studies from Japan show a prevalence of 38/100,000,
and its incidence is twice as common in women.'"”’ PAVMs can cause paradoxical cerebral
embolisms, brain abscesses, migraine headaches, and occasionally fatal pulmonary hemorrhage
due to rupture.'”! About 40-80% of PAVM cases are associated with hereditary hemorrhagic
telangiectasia (HHT),”!°!" an autosomal dominant inheritance, in which comorbid epistaxis and
gastrointestinal bleeding due to telangiectasia are problematic. The incidence of stroke and brain
abscess in PAVM cases is 30% and 10-20%, respectively, with a mortality rate of up to 40%.1°! In
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particular, PAVM is an important cause of stroke in young
adults, which is associated with stroke onset of 15 years
younger, death 13 years younger, and a reduction of 9 years
in disability-adjusted life-years compared with stroke from
other causes.

Although the efficacy of acute recanalization therapy for
ischemic stroke is well established, there are few reports for
cerebral embolism associated with PAVM.["I In this report,
we describe a case of mechanical thrombectomy (MT) for
middle cerebral artery (MCA) occlusion due to PAVM,
which resulted in a favorable outcome. We also provide an
initial review of case reports of acute recanalization therapy
of ischemic stroke due to PAVM. Reports of MT are rare.™

CASE PRESENTATION

A 59-year-old woman with no medical or family history
was brought to the emergency room at 7:50 AM with the
right hemiplegia that occurred while she was taking a bath.
At the time of initial examination, she had Glasgow Coma
Scale 14 (E4V4M6), amenable but slow response, and severe
right hemiplegia (Manual Muscle Test 1/5) with marked
dysarthria. She was diagnosed with a National Institutes of
Health Stroke Scale (NIHSS) score of 10. MRI diffusion-
weighted imaging (DWI) showed a vague high-signal area
in the left lenticular nucleus and corona radiata, and a small
clear lesion in the temporal lobe, with a DWI-Alberta Stroke
Program Early Computed Tomography (CT) Score of 9/11
[Figure 1a]. MRI fluid-attenuated inversion recovery showed
a left hyperintense MCA sign, perfusion-weighted image
showed diffuse left hypoperfusion [Figure 1b], and magnetic
resonance angiography (MRA) showed occlusion of the
distal M1 segment of the left MCA [Figure lc]; however,
neck MRA showed no embolic source in the proximal
vessels including the aortic arch. An electrocardiogram
showed no evidence of atrial fibrillation. Chest CT showed
a PAVM in the S10 inferior lobe of the left lung [Figure 1d].
Thrombolytic therapy with intravenous recombinant tissue
plasminogen activator (rtPA) was started (9:50 AM), with
concurrent endovascular therapy.

MT for left MCA occlusion

The right femoral artery was punctured under local anesthesia
(10:22 AM), and a 9F Optimo (Tokai Medical Products,
Aichi, Japan) was inserted into the left internal carotid artery.
Heparin-added saline was used for irrigation of each catheter,
but heparin bolus administration was avoided because the
patient was receiving rtPA. Angiography showed occlusion of
the M2 segment of the left MCA [Figures 2a and b]. React
71 (Medtronic, Minneapolis, MN, USA) and Phenom 21
(Medtronic) were used as coaxial system. Synchro Select Soft
(Stryker Neurovascular, Fremont, CA, USA) was guided to
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the distal part of the occlusion and followed by Phenom 21.
Thrombectomy was performed using a combined technique
with a Solitaire 3 x 20 mm (Medtronic), and a 1-cm red
thrombus was retrieved in one pass, resulting in complete
recanalization (11:26 AM, Thrombolysis in Cerebral
Infarction 3, Figures 2¢ and d). Activated clotting time was
162 before treatment and 166 at the end of treatment.

Immediately after treatment, the patient became conscious,
and her severe right hemiplegia improved markedly.
Head CT showed an intracerebral hematoma in the
contralateral right temporal lobe, but no new abnormal
findings were found on the treated side [Figure 2e]. Acute
antithrombotic therapy was not given in the acute phase.
On the next day of treatment, the left hemispatial neglect
and the left homonymous hemianopsia became apparent,
but there was no increase in the intracerebral hematoma,
and the patient was managed conservatively. Transthoracic
echocardiography, Holter electrocardiography, and venous
echocardiography of the lower extremities showed no
abnormal findings. Blood biochemical tests, coagulation tests,
tumor markers, and immunological tests also showed no
abnormal findings. Head CT on day 9 showed no worsening
of the hematoma, and edoxaban 30 mg was started on day
10. Head MRI and MRA on day 11 showed no evidence of
recurrent stroke [Figures 2f and g]. Chest CT angiography on
day 10 confirmed the diagnosis of PAVM in the left lung S10
[Figure 3a], and the venous sac was 19 x 12 mm. No embolic
source was found in the aortic arch. As it was considered that
there was no other lesion except the PAVM that could cause
cerebral embolism, endovascular treatment of the PAVM was
performed on day 24 to prevent recurrent stroke.

Coil embolization of the left pulmonary PAVM

Under local anesthesia and systemic heparinization, an
8F Optimo was inserted from the right femoral vein into
a branch of the left pulmonary artery, the feeder of the
PAVM. The PAVM was a single lesion, simple type with a
single feeder (2.6-2.8 mm in diameter), and a single drainer
[Figures 3b and c]. Coil embolization was performed by
double catheter technique: Excelsior 1018 (Stryker) straight
and 45° were guided into the sac of the PAVM using a Meister
45° (Asahi Intec, Aichi, Japan). Through each catheter, Micrus
FrameS 18 8 mm x 30 cm (Cerenovus, New Brunswick, NJ,
USA) and Target XXL 6 mm x 40 cm (Stryker) were carefully
placed in the sac to avoid migration to the venous side. Target
XXL was added and packed back into the feeder. Hydrogel-
coated coils (AZUR 4 mm x 10 ¢cm, Terumo, Tokyo) were
also used in the feeder. A total of 10 coils were used and
shunt blood flow disappeared [Figures 3d and e].

The patient’s post-treatment course was uneventful. Her
left homonymous hemianopsia and left hemispatial neglect
remained but tended to improve. She was transferred for
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Figure 1: MR diffusion-weighted imaging showing a vague left ischemic lesion and a small right lesion (a), perfusion imaging showing diffuse
left hypoperfusion (b), and MR angiography showing left middle cerebral artery occlusion (arrow) (c). Chest CT showing a pulmonary
arteriovenous malformation in the left lung (arrowheads) (d).

Figure 2: Left internal carotid arteriography before (a and b) and after treatment (c and d). The occlusion of the left middle cerebral artery
(arrows) was successfully recanalized (arrowheads). Post-treatment CT showing a contralateral intracerebral hematoma (e). Follow-up MR
imaging (f) and MR angiography (g) showing no evidence of recurrent stroke.
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Figure 3: Chest CT angiography (a) and pretreatment angiography (b and c¢) showing a pulmonary
arteriovenous malformation (PAVM) in the lower lobe of the left lung (arrows). The PAVM was
embolized with a total of 10 coils (d) and shunt blood flow disappeared (e).

rehabilitation on day 46 without stroke recurrence (NIHSS 2,
modified Rankin Scale 2).

DISCUSSION

Literature review of acute recanalization therapy for
stroke with PAVM

The prevalence of PAVM in acute ischemic stroke is rare,
ranging from 0.02% to 0.5%."'* The majority of case reports
describe only one case,!" with few reports of multiple cases
treated with MT. In the present study, we searched PubMed
from January 1, 2012, to August 31, 2022, for reports of
acute recanalization for PAVM-related ischemic stroke by
thrombolysis with rtPA or endovascular therapy such as MT.
To the best of our knowledge, there were 15 cases (including
the present study = 17 strokes) [Table 1].0-6#91315171 The mean
age was 48.3 (17-84) years, 13 (87%) were female, and NITHSS
scores ranged from 0 to 27 (mean 11.6). Cerebral large vessel
occlusion was present in 9/16 (56%). Thrombolysis with rtPA
was performed in 11 patients (one transarterial), and MT was
performed in three patients, including the present case.!™”!
No intracranial hemorrhagic complications were reported
except for the present case (6.7%). Neurological outcomes
varied from favorable to death due to cerebral herniation.
Three patients had a history of pulmonary disease at the time
of stroke onset and one patient (6.7%) had been diagnosed
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with PAVM. Seven patients underwent embolization, and
four patients underwent surgical treatment for PAVM.

Evidence for recanalization therapy for stroke with PAVM

At present, there are no practical guidelines for acute
recanalization therapy for PAVM-related paradoxical
cerebral embolism. According to the British Thoracic Society
Clinical Statement, there is no evidence for the safety and
efficacy of thrombolytic therapy.’” Furthermore, there is
no mention in the AHA guidelines."" Case reports of MT
are rare, and the treatment strategy is not yet established.
In general, the potential for bleeding complications is
an issue with thrombolytic therapy, and the risk of fatal
pulmonary bleeding in PAVM is particularly high in
pregnant women.”!”) In addition, the risk of epistaxis and
gastrointestinal bleeding from comorbid telangiectasia
should be considered, especially in cases of HHT. Lin et al.”)
recommend thrombolytic therapy as the treatment of choice
for patients with isolated PAVM within a time window,
whereas patients with HHT require careful consideration.

There is also no evidence for optimal antithrombotic
management after acute recanalization therapy for cerebral
embolism due to PAVM. In the present review, antiplatelet
agents were administered in five patients and anticoagulants
in two patients. However, two patients had early recurrence
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of ischemic stroke despite receiving antiplatelet therapy.!*
Early treatment of PAVMs would be desirable if possible.

Diagnosis of PAVM in the acute phase of stroke

Because PAVM is rare and cerebral infarction is often the
initial presentation,” it is not easy to diagnose PAVM in the
clinical setting of acute recanalization therapy for stroke. In
the present review, only one case of PAVM was diagnosed
at the time of stroke onset. In the present case, PAVM was
diagnosed by plain chest CT. PAVMs are characterized by
homogenous, well-circumscribed, non-calcified nodules
connected with blood vessels, and the use of contrast media
is not mandatory for the detection of PAVMs.!"”! The clinical
diagnosis of HHT is based on Curacao criteria.”? The
diagnosis of HHT is confirmed when three or more of the
following criteria are present and suspected when two of these
criteria are present: epistaxis, visceral lesions, telangiectasia,
and family history. In this case, only a visceral lesion was
present; thus, the possibility of HHT was considered low.
In the acute phase of stroke, Kane et al. reccommend asking
“Do you, or does anyone in the family, have nose bleeds?”!
It may also be useful to perform a visual examination, noting
capillary dilation of the fingers, lips, and tongue, and to ask
about the patient’s and family’s history of gastrointestinal
bleeding,! stroke, brain abscess, and lung lesions.

MT for stroke with PAVM

In cases of cerebral large vessel occlusion due to PAVM, MT
may be less risky than thrombolysis in terms of hemorrhagic
complications, especially when HHT is present.l! In the
present case, a red thrombus similar to a cardiac embolus
was retrieved with the usual technique. A symptomatic
intracerebral hemorrhage was observed in the contralateral
side, possibly due to thrombolytic therapy. PAVM-related
ischemic stroke is considered to be more common in cortical
and subcortical lesions, and proximal large vessel occlusion
is considered rare."! However, in the present study, large
vessel occlusion was observed in the majority of patients,
suggesting that there may be situations in which MT should
be considered for PAMV-related ischemic stroke. Most of
the reports reviewed here focused mainly on PAVM, with
relatively little discussion of stroke management.®*! Although
this is a rare condition, further case studies and research are
needed. At present, it is important to carefully determine
the risk-benefit of acute recanalization therapy for ischemic
stroke with PAVM.

Treatment of PAVM

Endovascular embolization is the first-line treatment for
PAVM.I%121 Previously, treatment was indicated at 3 mm
or greater; however, currently, paradoxical embolism is

considered independent of the size of the feeding vessel, and
embolization is recommended for all treatable PAVMs.['>!2
Hydrogel-coated coils were used in the present case, which
may lead to a lower recanalization rate.!!

CONCLUSION

We report a case of acute recanalization therapy with MT for
a cerebral embolism due to PAVM. Although rare, PAVM is
a treatable condition that can cause ischemic stroke in young
adults; thus, it is important to keep in mind the possibility of
its presence.
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