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Abstract

After revascularization surgery for patients with moyamoya disease (MMD), local and global
hemodynamic changes occur intraoperatively and in the early postoperative period. Local cere-
bral hyperperfusion and watershed shift ischemia are well-known perioperative pathologies
after revascularization for MMD, but early venous filling phenomenon is markedly rare. We
report the case of a 19-year-old woman with hemorrhagic-onset MMD who presented with grand
mal seizure and subarachnoid hemorrhage. She underwent superficial temporal artery (STA)-
middle cerebral artery (MCA) anastomosis combined with indirect pial synangiosis on the
affected hemisphere. Intraoperatively, notable early arterial blood filling in the fine cortical vein
was observed around the site of anastomosis right after the STA-MCA anastomosis under the
surgical microscope and fluorescence indocyanine green video angiography. Recovery of con-
sciousness after general anesthesia was normal, although she exhibited a focal seizure 1 hour
later. Postoperative magnetic resonance imaging was not remarkable, and cerebral hemodynam-
ics significantly improved in the acute stage after surgical revascularization. Considering the
intrinsic vulnerability of the microvascular anatomy of MMD, the present case is notable because
early venous filling was observed intraoperatively. This phenomenon suggests the existence of a
potential arteriovenous shunt as an underlying pathology of MMD, but its implications in the
early postoperative course should be further verified in a larger number of MMD patients under-
going surgical revascularization.
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Introduction

Moyamoya disease (MMD) causes progressive
steno-occlusive changes around the terminal portion
of the internal carotid artery, resulting in the subse-
quent development of abnormal collateral vessels
at the base of the brain.!? The microvascular anatomy
of the affected intracranial arteries in MMD patients
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is characteristic due to its vulnerability from medial
layer thinning and waving of internal elastic lamina.?)
Blood-brain barrier (BBB) disruption around the
affected vessels is also reported in MMD patients.?
The most effective treatment for MMD is revascu-
larization surgery, but recent reports described
potential complications after revascularization for
MMD, such as postoperative ischemic or hemorrhagic
stroke, or cerebral hyperperfusion (CHP) syndrome,
during the postsurgical acute stage.®” However,
there are limited reports focusing on intraoperative
findings regarding hemodynamic changes produced
by direct anastomosis or superficial temporal artery
(STA)-middle cerebral artery (MCA) anastomosis.
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Figure 1 Preoperative brain MR imaging, MRA, and CBF findings. (A) Time-of-flight MR angiography showed
bilateral stenosis in the arteries centered on the terminal portion of the intracranial internal carotid arteries,
including anterior cerebral arteries (A1 segment) and right MCA, which indicated typical MMD. The signal of
peripheral MCA was markedly decreased, and only a faint vascular shadow of Sylvian vein and middle menin-
geal artery were evident. (B) Fluid-attenuated inversion-recovery imaging demonstrated cortical SAH in the right
frontal cortical sulci when the patient developed severe headache and grand mal seizure. (C) N-isopropyl-p-['**1]
iodoamphetamine-SPECT showed decreased cerebral blood flow in the right cerebral hemisphere, especially in
the frontal lobe cortex. CBF: cerebral blood flow, MCA: middle cerebral artery, MMD: moyamoya disease, MR:
magnetic resonance, MRA: magnetic resonance angiography, SAH: subarachnoid hemorrhage, SPECT: single photon

emission computed tomography.

In this case report, we describe the case of an adult
MMD patient whose operative findings suggested
an arteriovenous shunt immediate after anastomosis.

Case Report

A 19-year-old female presented with severe headache
and grand mal seizure. She was brought to a local
hospital, diagnosed with subarachnoid hemorrhage
(SAH) by magnetic resonance imaging, and suspected
of having MMD by magnetic resonance angiography
(MRA) (Fig. 1A and 1B). The subarachnoid hema-
toma was localized in sulci of the right frontal lobe.
She was admitted to our hospital for detailed
examination 2 months after onset. She had a medical
history of adjustment disorder. Digital subtraction
angiography revealed stenosis of cerebral arteries
around the terminal portion of internal carotid artery
and moyamoya vessels at the base of the brain.
These findings were observed bilaterally and were
notable in the right hemisphere (Fig. 2A and 2B).
She was diagnosed with MMD, and Suzuki’s grade

was judged as III and I in the right and left hemi-
spheres, respectively. There was no arteriovenous
malformation (AVM) or fistula by catheter angiog-
raphy before surgery (Fig. 2A—2D). N-isopropyl-p-[**I]
iodoamphetamine-single photon emission computed
tomography (***I-IMP-SPECT) revealed cerebral blood
flow (CBF) reduction in the right hemisphere
(Fig. 1C). She was indicated for right cerebral revas-
cularization surgery to reduce the future risk of
ischemic or hemorrhagic stroke.

She underwent combined revascularization surgery
3 months after onset. Under general anesthesia, we
incised the skin just above STA parietal branch and
performed frontotemporal craniotomy. The brain
surface, arteries, and veins were typical of MMD,
as shown in Fig. 3A. There was no arteriovenous
shunt microscopically. A cortical branch of the right
MCA on frontal lobe was thought to be ideal as the
anastomosis recipient based on its diameter and
color tone (Fig. 3A). The harvested STA frontal
branch was cut into a “fish mouth” shape and
anastomosed to the cortical artery using 10-0 nylon
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Figure 2 Catheter angiography before the revascularization surgery. (A) Anterior-posterior and (B) lateral views
on right ICA angiography demonstrated arterial narrowing in the arteries centered on the terminal portion of
the intracranial ICA with intensification of the basal moyamoya vessels. Sprouting angiogenesis was observed at
the periphery of the middle and posterior cerebral artery boundary (B). Neither major nor peripheral arterial
aneurysm was observed. Arterial (B), capillary (C), and venous phase (D) of angiography showed no arteriovenous

shunt in the frontal lobe. ICA: internal carotid artery.

sutures. The clamp time of the MCA during anas-
tomosis was 24 minutes. Anastomosis was confirmed
patent without blood leakage from the seam, and
there were no microscopic blood clots inside (dotted
circle in Fig. 3B). However, some veins were red
in color, reflecting inappropriate arterial blood inflow
(black arrowheads in Fig. 3B), in contrast to the
superficial Sylvian vein that was dark in color
(white arrows in Fig. 3B). Indocyanine green (ICG)
video angiography revealed the apparent early inflow
of arterial blood from the anastomosis site (dotted
circle in Fig. 3C) toward the adjacent cortical veins
(black arrowheads in Fig. 3D) and its downstream
superficial Sylvian vein (white arrows in Fig. 3E).
The direct anastomosis was completed by a single
bypass, and indirect bypass was performed in an
encephalo-duro-myo-synangiosis manner.

The patient awoke from general anesthesia, and
there were no abnormal findings on computed
tomography just after the surgery (data not shown);
however, she exhibited a partial seizure 1 hour
after the surgery. Diazepam was injected and the
seizure ceased. She was started on the anti-epileptic
drugs levetiracetam and lacosamide. We initiated
strict blood pressure (BP) control of a systolic BP
of 100-130 mmHg and minocycline injection for
7 days to prevent CHP.® Postoperative '?*I-IMP-
SPECT on the postoperative day (POD) 1 and 7
demonstrated significant improvement of CBF
without evidence of local CHP (Fig. 4A). Postop-
erative MRA on POD 2 revealed patency of the
bypass (Fig. 4B and 4C). The patient had no
complications other than the partial seizure. She
was discharged on POD 15 and had no stroke or
transient ischemic attack 3 months after the surgery.
The patient and her parent provided written
informed consent to publish the case report.
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Discussion

We described a case of MMD with a potential arte-
riovenous shunt adjacent to the anastomosis site,
which became evident just after STA-MCA anasto-
mosis intraoperatively. There are only limited reports
on the de novo formation of an arteriovenous shunt
after STA-MCA anastomosis in MMD patients.
Peeters and colleagues reported an MMD patient
who developed dural and pial arteriovenous fistula
(AVF) in the operative field 8 months after STA-MCA
anastomosis that spontaneously resolved within
2 years.” We also reported the de novo formation
of occipital AVM at an area outside the operative
field 4 years after bilateral revascularization surgeries
for child-onset MMD.!® This suggests that delayed
formation of an arteriovenous shunt or AVM can
occur after revascularization surgery for MMD
patients. However, de novo formation of an arterio-
venous shunt immediately after STA-MCA bypass,
as in the present case, has not been reported previ-
ously. The intraoperative early venous filling
phenomenon near the site of STA-MCA anastomosis
in our case suggests arteriovenous shunts as an
underlying pathology of MMD.

The exact mechanism underlying the de novo
formation of the potential arteriovenous shunt
immediately after STA-MCA bypass in our case is
undetermined. Considering its development imme-
diately after STA-MCA anastomosis near the site
of the anastomosis, it is conceivable that the poten-
tial arteriovenous shunt, which was angiographically
absent before surgery, became evident after local
hemodynamic change by direct revascularization in
our patient. Increased angiogenesis under the chronic
ischemic condition in MMD patients may play a
role, at least in part, in the association with
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Figure 3 Intraoperative photographs during STA-MCA anastomosis. (A) The brain surface view of the right frontal
lobe before the anastomosis showed dilated pial arteries, cloudiness of the arachnoid membrane, and xanthochromic
spots in the cortical sulci, indicating hemosiderin deposits due to prior SAH. (B) Right after the STA-MCA anas-
tomosis, fine cortical veins (black arrowheads) next to the site of anastomosis (dotted circle) turned arterial
reddish in color. A part of the downstream superficial Sylvian vein (white arrows) also turned reddish, which
indicated earlier arterial blood filling to the vein. (C) An earlier arterial phase of ICG video angiography demon-
strated that arterial blood flow first came into the site of anastomosis (dotted circle) and toward the recipient
MCA via the donor STA. (D) Subsequently, still in the early arterial phase, fluorescent ICG signal appeared in
the fine cortical veins (black arrowheads), indicating earlier arterial blood filling to the vein. (E) In the latter
arterial phase, early arterial blood filling near the site of anastomosis became more prominent (black arrowheads)
and the laminar ICG signal flow was in part of the downstream superficial Sylvian vein (white arrows). ICG:
indocyanine green, MCA: middle cerebral artery, SAH: subarachnoid hemorrhage, STA: superior temporal artery.

potential arteriovenous shunts. This hypothesis is  fluorescein video angiography strongly suggested

based on the previous observation by Osada and
colleagues about the relatively common association
of pial AVF with dural AVF, in which the authors
hypothesized that hemodynamic compromise by
venous congestion and subsequent activation of
angiogenesis ultimately lead to the appearance of
potential pial AVF.'Y Indeed, angiogenic factors,
such as vascular endothelial growth factors and
matrix metalloproteinase-9, are involved in both
MMD and cerebral vascular malformations.'*'?
Alternatively, recent intraoperative analysis by

that the BBB structure is significantly compromised
in MMD patients? and BBB dysfunction is also a
characteristic pathology of cerebral vascular malfor-
mations.'*®

The clinical implications of the intraoperative
local formation of an arteriovenous shunt immedi-
ately after STA-MCA anastomosis should be further
verified in future studies, although the postoperative
course was generally favorable after the improvement
of cerebral hemodynamics in our case. STA-MCA
anastomosis is a standard surgical procedure for
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Am
Figure 4 Postoperative brain MRA and CBF findings. (A) N-isopropyl-p-['?’I] iodoamphetamine-SPECT on POD 1
showed increased CBF in the right hemisphere compared with the preoperative status. (B) MRA on POD 2 demon-
strated apparently patent STA-MCA anastomosis (dotted circle). (C) Higher magnification at the site of anastomosis
is shown in Panel B. CBF: cerebral blood flow, MCA: middle cerebral artery, MRA: magnetic resonance angiog-

raphy, POD: postoperative day, SPECT: single photon emission computed tomography, STA: superior temporal
artery.

MMD patients, but dynamic changes in local cerebral
hemodynamics by surgical revascularization can
cause intrinsic perioperative pathologies such as
local CHP'® and/or characteristic hemodynamic
ischemia, the so-called watershed shift phenomenon.!7%
Machida et al. reported that cortical venous redness
after STA-MCA anastomosis is significantly correlated
with the postoperative CBF increase in MMD
patients.!® Taken together with previous reports
about the usefulness of intraoperative monitoring
of the cortical hemodynamic changes by ICG video
angiography or by thermography after STA-MCA
anastomosis for predicting postoperative CHP
syndrome in MMD patients,??" the impact of the
formation of a potential arteriovenous shunt immediately
after STA-MCA anastomosis on the postoperative
hemodynamics and clinical course in a larger number
of MMD patients undergoing surgical revasculariza-
tion is of interest.

Our study has several limitations. First, we did
not perform intraoperative ICG video angiography
before the bypass procedure, which could have
convinced the intraoperative local formation of an
arteriovenous shunt immediately after STA-MCA
anastomosis. Second, long-term outcome of the
newly formed arteriovenous shunt is undetermined
because of the very short follow-up period of this
patient. Follow-up catheter angiography in this
patient would be very useful to answer this important
question. Finally, we do not completely rule out
the possibility that STA-MCA anastomosis normal-
ized the arterial transit time only in the local
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cortical area adjacent to the bypass when the
surrounding cortex still manifested as the delayed
arterial transit time. In such condition, rapidly
normalized arterial transit time could lead to the
decrease in local oxygen extraction fraction and
consequently cause venous redness at the site of
the anastomosis.

Conclusions

We reported an adult MMD patient who intraop-
eratively presented with the early formation of a
potential arteriovenous shunt near the site of revas-
cularization just after STA-MCA anastomosis. This
phenomenon suggests that an arteriovenous shunt
is an underlying pathology of MMD, but its impli-
cations in the early postoperative course should be
further verified in a larger number of MMD patients
undergoing surgical revascularization.
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