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Abstract Direct revascularization surgery, such as superficial temporal artery (STA)-middle
cerebral artery (MCA) bypass, is effective in preventing ischemia and hemorrhage
for moyamoya disease. On the other hand, when ischemia of the anterior cerebral
artery (ACA) region progresses after ipsilateral STA-MCA bypass, it is difficult to
perform revascularization from the viewpoint of the donor artery. A 55-year-old
woman with right hemiparesis was diagnosed with cerebral infarction due to moya-
moya disease. Left STA-MCA bypass was performed with no postoperative complica-
tions, but memory impairment and decreased motivation were observed 2 months
after the operation. Magnetic resonance imaging and angiography revealed new

Keywords infarction in the bilateral ACA area and deterioration in the signal intensity of bilateral
= moyamoya disease ACAs. Revascularization of the bilateral ACA regions was considered necessary, but the
= anterior cerebral left STA was already used in the previous surgery. Therefore, STA-radial artery (RA)-A3

artery bypass using RA graft combined with right STA-MCA bypass was performed. STA-A3
= bypass surgery bypass using an RA graft may be the optimal treatment for ischemia of the ACA region
= radial artery that progresses after STA-MCA bypass.

Key Messages

When the ischemia of the ACA region progresses after
ipsilateral STA-MCA bypass, it is difficult to perform revas-
cularization from the viewpoint of donor artery. We per-
formed STA-RA-A3 bypass using a RA graft for the
progressive infarction in the ACA region with success.
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Introduction

Moyamoya disease is a condition mainly caused by chronic
stenosis of the internal carotid artery (ICA) at its terminal
portion. For the decrease in blood flow in the middle cerebral
artery (MCA) region, direct and indirect revascularization
have been conducted.”? When the stage of moyamoya
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disease progresses and the blood flow in the anterior cerebral
artery (ACA) region decreases after superficial temporal
artery (STA)-MCA bypass, the ipsilateral STA has already
been used for revascularization and it is difficult to harvest a
donor vessel. Herein, we report the clinical course and
surgical procedure of a patient which the ischemia of the
ACA region progressed after STA-MCA bypass and we per-
formed contralateral STA-radial artery (RA)-A3 bypass using
a RA graft.

Case Report

History

A 55-year-old woman with past medical history of hyper-
tension, diabetes mellitus and dyslipidemia, was aware of
right hemiparesis. The neurological findings at the time of
admission showed moderate right hemiparesis. Diffusion-
weighted magnetic resonance (MR) imaging (DWI) showed
ischemic stroke in the bilateral frontal lobe, especially in the
left side (~Fig. 1A). Cerebral angiography showed that the
terminal part of the bilateral ICA was narrowed, bilateral M1
stenosis was severe, and the blood flow to the MCA areas was
poor. Bilateral ACA area was supplied via left A1, and the
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stenosis of the left A1 was mild (~Fig. 1B, C). Based on the
above results, this patient was diagnosed with moyamoya
disease in the third stage of Suzuki’s angiographic classifica-
tion. Since the ischemia of the left cerebral hemisphere was
more severe than the right, we decided to conduct left STA-
MCA anastomosis first and then the right side, to prevent
cerebrovascular events. We conducted left STA-MCA anasto-
mosis, and postoperative course was good with no ischemic
or hemorrhagic complications and MR angiography showed
good patency of the bypass (=Fig. 1D). The patient was
followed at outpatient clinic receiving medical treatment.

About 2 months after the operation, symptoms such as
ambiguous memory, inability to calculate, and decreased
motivation appeared. DWI showed acute infarction in the
bilateral ACA region, especially in the left side (~Fig. 1E). In
addition, MR angiography showed deterioration in signal
intensity of bilateral ACAs (~Fig. 1F). Since medical treat-
ment had already been conducted, revascularization of
bilateral ACA region was considered necessary. We decided
to perform revascularization surgery to the bilateral ACA
area in addition to the right STA-MCA bypass. We conducted
STA-RA-A3 bypass using RA graft so the bilateral ACA areas
are refluxed from the right side.

Fig.1 Preoperative and postoperative imaging of the first surgery: (A) Preoperative diffusion-weighted imaging (DWI) showed ischemic stroke
in the bilateral frontal lobe, especially in the left side. (B) Preoperative right internal carotid angiography showed that the terminal part of the
right internal carotid artery (ICA) was narrowed and the right M1 stenosis was severe. (C) Preoperative left internal carotid angiography showed
that the left M1 stenosis was severe and the blood flow to the middle cerebral artery (MCA) areas was poorer than the right side. Bilateral anterior
cerebral artery (ACA) area was supplied via left A1, and the stenosis of the left A1 was mild. (D) Postoperative magnetic resonance (MR)
angiography showed good patency of left superficial temporal artery (STA)-MCA bypass (arrow). (E) DWI performed 2 months after the first
operation showed acute infarction in the bilateral ACA region, especially in the left side. (F) MR angiography showed deterioration in signal

intensity of bilateral ACAs (arrow).
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Neuroanesthesia was induced and the patient was placed
in the supine lateral position. We designed a curved skin
incision along the parietal branch of right STA. The parietal
branch of STA was harvested under the microscope. The skin
incision was extended to the midline, the skin flap was
flipped, and the frontal branch of STA was exposed approxi-
mately 2 cm from the back side of the flap. At the same time,
we prepared to harvest the RA of the left forearm. The frontal
and temporal craniotomies were made. After making dural
incisions, STA parietal branch was anastomosed to the
temporal M4 (~Fig. 2A). After opening the interhemispheric
fissure, the right A3 was confirmed and RA was anastomosed
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to the A3 (=Fig. 2B). And then, the proximal part of the RA
and the STA frontal branch were anastomosed end to end.
The patency of the bypass flow was confirmed by the
microvascular Doppler and the operation was completed
(=Fig. 2C).

Postoperative DWI showed no ischemic stroke and cere-
bral angiography demonstrated that blood flow in the right
ACAregion was supplied via STA-RA-A3 bypass, and the flow
of the left ACA region was also supplied from the bypass
through the anterior communicating artery (ACoA) to some
extent (~Fig. 2D). Transient right hemiparesis appeared, but
the symptom improved soon and the patient was transferred

o

Fig. 2 Intraoperative photographs and postoperative imaging of the second surgery: (A) Superficial temporal artery (STA) parietal branch

(arrow) and the temporal M4 (arrowhead) were anastomosed with 10-0 nylon. (B) The radial artery (RA, arrows) and the right A3 (arrowhead)
were anastomosed with 8-0 nylon. (C) Final view of the surgery. The RA (arrows) connecting the STA and A3 is visible through the temporal
(arrowhead) and frontal (asterisk) craniotomies. (D) Postoperative cerebral angiography showed good bypass patency (arrow) and cerebral blood
flow in the right anterior cerebral artery (ACA) region was supplied via STA-RA-A3 bypass and the flow of the left ACA region was supplied from

the bypass through the anterior communicating artery to some extent.
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to a hospital for rehabilitation. A few months after the
operation, the patient was able to carry out daily activities
on her own. The patient was followed in the outpatient
hospital without any sign of stroke recurrence on MR imag-
ing for more than 4 years.

Discussion

Moyamoya disease is a condition mainly caused by the
stenosis of the terminal parts of the bilateral ICA, and often
develops into cerebral ischemia and hemorrhage.>* Direct
revascularization such as STA-MCA bypass' and indirect
revascularization as encephalo-duro-arterio-myo-synangio-
sis procedure2 have been established as surgical procedures
for the prevention of vascular events for moyamoya disease.

In this case, the patient suffered frontal lobe infarction in
the ACA region 2 months after STA-MCA bypass surgery.
There are few reports of this type of infarction, although
cerebral ischemia is a known complication of bypass sur-
gery for moyamoya disease.>® In the previous report, the
infarction of ACA region occurred 3 to 4 days after the
surgery, and the mechanism was considered that postoper-
ative development of bypass flow had stimulated occlusive
changes in the carotid fork and diminished moyamoya
vessels, resulting in hypoperfusion in the ACA region.® In
our case, the infarction developed 2 months after the
surgery and the progression of stenosis of Al on the
ipsilateral side of the surgery caused a new cerebral infarc-
tion in the bilateral ACA region. The mechanism of this case
is considered that the stage of moyamoya disease itself
progressed and the hemodynamics of the collateral circula-
tion changed after the bypass surgery as previously
reported in the past.”-® Since the patient was resistant to
the best medical treatment, we considered that revascular-
ization to the ACA region was necessary.

Both direct revascularization and indirect revasculari-
zation have been reported as the surgical method of
revascularization of the ACA region in moyamoya dis-
ease.>'0 For direct revascularization such as STA-ACA
bypass, the most common method is to harvest the frontal
branch of STA as much as possible and anastomose it to the
cortical branch of ACA."" There have been some reports of
bypass surgery for atherosclerotic lesions of the ACA area in
the past. A3-A3 side to side bypass is effective for ischemia
associated with stenosis of the ACA on one side,'? but the
procedure is not effective for ischemia of the ACA region on
both sides. A method of directly bypassing STA and ACA has
been reported,’® but the length of the donor is often
insufficient when sutured deep into the ACA region. There-
fore, the RA,'* the occipital artery,15 and the contralateral
STA'® have been proposed as a method for intervening
grafts. In this case, the left STA has already been used in
previous surgery and direct revascularization from the
ipsilateral side to the ACA region is difficult. Since the
STA-MCA on the right side was planned to be performed,
RA graft was used to make adequate flow to A3 from the
right side that intended to provide blood flow to the
opposite ACA region via the ACoA. In general, compared
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with atherosclerotic cerebrovascular disease, moyamoya
disease has a low frequency of collateralization via the
ACo0A."® Fortunately, the ACoA was developed in this pa-
tient, and the blood flow was expected to be covered by the
collateralization.

It is unclear whether STA-ACA anastomosis is required at
the same time as STA-MCA bypass for all cases of adult
moyamoya disease. As mentioned earlier, in pediatric cases,
there is a high possibility that stage progression and path-
ological changes will occur, and it is expected to have an
effect of improving intelligence by performing revasculari-
zation over a wide area. It seems highly invasive to perform
STA-ACA bypass in all adult cases because the disease often
does not progress. A long donor is required to make a bypass
to the ACA region, but long harvesting of the STA frontal
branch may cause postoperative wound problems due to
the ischemia of the scalp. The current problem is that it is
unpredictable when the stage progresses or cerebrovascular
events occur. According to past reports, the existence of
hypertension and dyslipidemia has been proposed as risk
factors for causing cerebrovascular events in asymptomatic
moyamoya disease.'” In addition, diabetes was an indepen-
dent predictor of recurrent ischemic stroke in surgically
treated moyamoya disease groups.18 In another report,
asymptomatic adult moyamoya disease does not appear
to be a much more stable disease. In particular, decreased
cerebrovascular reactivity indicate progression of moya-
moya disease and require regular close observation.'®
This patient also had hypertension, diabetes, and dyslipi-
demia, which might cause the stage progression. However,
since the pathophysiology has not been clarified at present,
there is no choice but to carry out detailed postoperative
follow-up, and detailed and large-scale analysis of risk
factors is awaited in the future.

Conclusion

STA-A3 bypass using a RA graft may be optimal treatment for
ischemia of the ACA region that progresses after STA-MCA
bypass. Further analysis is waited for risk factors for ischemic
progression in moyamoya disease that will make it possible
to select the optimal treatment method.
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