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Abstract

We present a case of pontine infarction caused by subclavian steal phenomenon (SSP) due to subclav-
ian artery stenosis (SAS) and an arteriovenous shunt in the forearm in a 74-year-old man with hemo-
dialysis and stenting for SAS with improvement of SSP. He developed dysarthria during dialysis. He
was admitted to our hospital and diagnosed with a pontine infarction. As the basilar artery appeared
to be occluded on magnetic resonance angiography, an emergency diagnostic angiography was per-
formed. Aortagram showed severe stenosis of the left subclavian artery. Right vertebral artery (VA) an-
giogram revealed retrograde arterial blood flow from the right VA to the left VA via the VA union,
which suggested SSP. In addition, the steal was augmented by an ipsilateral hemodialysis arte-
riovenous shunt. Percutaneous subclavian artery stenting was performed 12 days later, and there was
no recurrence of symptoms in the follow-up period. To our knowledge, this study is the first to report
a patient with SSP who developed a pontine infarction due to SAS and an arteriovenous shunt during

hemodialysis and who underwent subclavian artery stenting and had a good outcome.
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Introduction

In subclavian steal syndrome (SSS), retrograde blood
flow is observed in the vertebral artery (VA) (mainly due
to stenosis of the subclavian artery), which can result in
symptoms such as vertebrobasilar artery circulatory insuf-
ficiency, cerebral infarction, and ipsilateral arm lethargy
and numbness.” The subclavian steal phenomenon (SSP) is
rarely symptomatic and is often detected incidentally.” As-
ymptomatic SSP during dialysis is rare (2.6%),” as are
symptomatic cases,” with only five cases reported so far.
Among these cases, there are no reports of acute cerebral
infarction. We herein describe a case of SSP augmented by
hemodialysis arteriovenous shunt resulting in a pontine in-
farction, which was successfully treated with stenting for
subclavian artery stenosis (SAS).

Case Report

A 74-year-old man was admitted to our hospital with
dysrhythmia, right hemiparesis, and a National Institutes
of Health Stroke Scale score of 6 during dialysis. One week
earlier, he presented with transient ischemic attack symp-
toms with dysrhythmia during hemodialysis. His medical
history included chronic renal failure due to nephritis, re-
quirement for hemodialysis, critical limb ischemia, dyslipi-
demia, and angina pectoris. He had a hemodialysis arte-
riovenous shunt in his left forearm. He was on dual anti-
platelet therapy (clopidogrel and aspirin) for angina pecto-
ris.

Diffusion-weighted magnetic resonance imaging showed
an acute brainstem infarction in the left pons. Magnetic
resonance angiography (MRA) revealed occlusion of the
basilar artery (BA) (Fig. 1A, B). Cerebral angiography was
then performed, and his right vertebral artery angiogram
showed retrograde blood flow through the VA union to the
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Fig. 1 (A) Diffusion-weighted magnetic resonance imaging revealed left pontine infarction. (B) Magnetic resonance angiogra-

phy (MRA) showed a suspected occlusion of the basilar artery (BA).

left VA. In addition, the retrograde blood flow was in a di-
rection through the left subclavian artery (SA) and was
sucked into the left dialysis shunt (Fig. 2A). A small
amount of blood ascended from the right VA to the BA,
which seemed to indicate a BA occlusion (Fig. 2B). Right
vertebral artery angiogram with compression of the left
brachial artery revealed increased antegrade blood flow to
the BA and decreased retrograde blood flow to the left VA
(Fig. 2C). Furthermore, left internal carotid angiogram
showed blood flow to the BA via the posterior communi-
cating artery (Fig. 2D). Computed tomography angiography
(CTA) showed SAS accompanied by calcification (Fig. 3A).
Moreover, carotid echocardiography showed reversal flow
of the left VA. The left arm brachial artery-basilic vein ar-
teriovenous shunt blood flow rate in this patient was 914
mL/min. We considered that treatment of SAS could ame-
liorate these conditions, which was performed at a later
date.

Stenting for subclavian artery stenosis

On the 13th hospital day, a 7-Fr femoral sheath and a 4-
Fr brachial sheath were inserted under general anesthesia,
and endovascular treatment was initiated. Aortagram
showed severe stenosis of the left SA (Fig. 3B). The steno-
sis rate, the length of the lesion, and the diameter of the
proximal and distal normal SA was 80.2%, 16.04 mm, and
14.60 mm and 12.89 mm, respectively. A 0.035-in. stiff wire
(300 cm; Terumo, Tokyo, Japan) was guided from the left
brachial artery to the ascending aortic arch via the af-
fected left SA, and a 6-Fr gooseneck snare catheter
(Amplatz Gooseneck 6-Fr 25 mm; Medtronic, Minneapolis,
MN, USA) from the femoral artery to the ascending aorta.
A 0.035-in. stiff wire was caught by gooseneck snare cathe-
ter (Medtronic) and was pulled out of the femoral artery
sheath. A balloon-expandable stent (Omnilink Elite 10.0
mm/29 mm; Abbott, Chicago, IL, USA) was derived from

the femoral artery and positioned at a sufficient margin
from the left VA to cover most of the stenotic lesion. The
balloon was expanded and the stent was deployed (Fig. 3C,
D). MRA and diffusion-weighted imaging on postoperative
day 1 showed improved antegrade blood flow in the left
VA and BA and no new infarcts (Fig. 4A, B). Carotid echo-
cardiography showed antegrade blood flow in the left VA.
Postprocedural therapy using argatroban was initiated to
prevent in-stent thrombus formation. The patient was
transferred to a rehabilitation hospital with no procedural
complications (modified Rankin Scale score of 3) on the
36th day. After treatment, SSP no longer occurred, includ-
ing during dialysis.

Discussion

To our knowledge, this study is the first to report SA
stenting in a patient with a pontine infarction due to en-
hanced SSP related to severe SAS and a subcutaneous ar-
teriovenous shunt medically created for hemodialysis. The
patient had a prior transient ischemic attack (TIA) during
hemodialysis and later developed a cerebral infarction. We
hypothesized that SAS and an arteriovenous shunt for
hemodialysis enhanced the blood steal phenomenon and
hemodynamic mechanisms caused a perforating branch in-
farction in the pontine during hemodialysis.

SSS is a configuration of signs and symptoms resulting
from retrograde blood flow in the VA due to stenosis or
occlusion of the proximal SA.”” It is predominantly caused
by atherosclerosis, although other factors such as vasculi-
tis, thoracic outlet syndrome, postsurgical stenosis, or con-
genital abnormalities may be involved.” When the stenosis
is at least moderate (>50%), over 90% of patients show ret-
rograde blood flow in the VA.” However, not all are symp-
tomatic, and tools like duplex ultrasonography and tran-
scranial Doppler studies may incidentally detect this rever-
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Fig. 2 (A) The retrograde blood flow was in a direction through the left SA and was sucked into the dialysis shunt (arrow). (B)
Right vertebral angiography showed retrograde blood flow to the left vertebral artery (VA) (arrows indicate direction of blood
flow). (C) Right vertebral angiography with left arm compression showed increased antegrade blood flow to the BA (arrows indi-
cate direction of blood flow). (D) Lateral view of the left internal carotid angiography showed flow from the anterior circulation to

the BA via the posterior communicating artery.

sal.” If the blood supply from the collateral circulation is
sufficient to respond to increased demand, most patients
remain asymptomatic.” Only a few of the patients become
symptomatic, which includes exercise-induced arm pain or
fatigue."” Unilateral flow reversal can cause TIA, while bi-
lateral flow reversal can induce non-lateralizing cerebral
ischemia.” Furthermore, hemodialysis patients with a sub-
cutaneous arteriovenous shunt medically created for blood
access may exhibit a similar steal phenomenon."”

A study reviewing 2192 cases of stroke showed that SSP
was diagnosed in 2.2% of cases, while cerebral infarctions
in the posterior circulation were considered related to the
subclavian steal in 20% of these cases and approximately
0.4% of all cases.” Other reports show that SSP was diag-
nosed in 0.6%-6.4% of cerebral infarction cases.”" The
present case was due to a combination of severe SAS and
a high-flow arteriovenous shunt during hemodialysis.

The SSS caused by an arteriovenous shunt during hemo-
dialysis is quite rare. A previous report found that a high-
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flow arteriovenous shunt in hemodialysis >2000 mL/min
caused symptomatic vertebrobasilar artery insufficiency.”
In the present case, the arteriovenous shunt flow rate was
914 mL/min, which may have had less effect on SSP than
that in other reports. Nevertheless, based on our findings
that flow from the retrograde left VA was sucked into the
arteriovenous shunt and that compression of the left bra-
chial artery reduced blood flow into the retrograde left VA
and resulted in the antegrade blood flow of the BA (Fig. 2
C), we considered that the arteriovenous shunt contrib-
uted to worsening SSP.

Surgical treatment options include treatment of the SAS
or reduction of the arteriovenous shunt flow rate in the
hemodialysis shunt. Treatment of atherosclerotic occlusive
lesions affecting the proximal SA includes various tech-
niques such as bypass surgery, percutaneous transluminal
angioplasty (PTA), stenting, endarterectomy, and transposi-
tion.” A retrospective medical study involving 51 cases of
SA bypass surgery showed a mortality rate of 0% over a
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Fig. 3 (A) Computed tomography angiography showed heavy stenosis at the beginning of the subclavian artery (arrow). (B) Aor-

tography showed stenosis at the beginning of the subclavian artery (arrow). (C) The expandable stent balloon was dilated at the
site of stenosis. (D) After stent deployment, aortography showed antegrade blood flow to the left VA.

Fig. 4 (A) (B) MRA and DWI on postoperative day 1 showed improved blood flow in the left VA and BA and no new infarcts.

period of 8 years, with four cases exhibiting recurrence."”
In addition, from a cohort of 53 cases, follow-up at 24.5
months indicated a mortality rate of 0% and a positive
outcome characterized by a 100% patency rate.” Moreover,
a retrospective study of 110 cases of endovascular treat-
ment showed a patency rate at 3 years of 93% for subclav-

ian stenosis and 65% for obstruction. Furthermore, a re-
port of 61 cases showed 98% patency at 1 year and 82% at
5 years." Endovascular treatment options include PTA and
stenting. Percutaneous PTA and stenting are associated
with higher long-term patency and less restenosis and oc-
clusion.”*”
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Considering invasiveness, we selected endovascular
treatment. Furthermore, SAS was the primary factor of SSP
in our case, while the effect of the shunt on hemodialysis
was the secondary one. Thus, endovascular stenting was
the preferred treatment.

Conclusion

We report a case of SA stenting in a patient with pon-
tine infarction caused by enhanced SSP related to severe
SAS and a subcutaneous arteriovenous shunt medically
created for hemodialysis.
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