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Case Report

Extremely Rare Breakdown of the Moyamoya Vessels Resulting in Intraventricular
Hemorrhage after Direct Bypass Surgery in a Pediatric Patient with Moyamoya

Disease
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Revascularization surgery is established for both ischemic and hemorrhagic moyamoya disease (MMD), although
hemorrhagic complication is a serious problem especially in adult MMD patients showing postoperative hyperperfusion.
Herein, we present an extremely rare case with pediatric MMD showing intraventricular hemorrhage the day following direct
bypass surgery, possibly due to a breakdown of the terminal branch of well-developed perforators working as moyamoya
vessels. Clinicians should consider this rare complication after bypass surgery for MMD regardless of preoperative

hemodynamics or patient age.
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Introduction

The majority of cases of pediatric moyamoya disease (MMD)
present with ischemic symptoms, while approximately 50%
of adult MMD cases present with intracranial hemorrhage due
to long-term hemodynamic stress to the collateral moyamoya
vessels. The Japan Adult Moyamoya Trial has provided
recent evidence that direct bypass surgery has a preventive
effect against rebleeding in adult MMD patients showing
intracranial hemorrhage over a 5-year follow-up [1]. Moreover,
direct bypass surgery has been reported to obliterate peripheral
artery aneurysms by decreasing hemodynamic stress [2].
Herein, we present an extremely rare case of pediatric MMD
showing postoperative hemorrhage due to a breakdown of
the moyamoya vessels on the day following bypass surgery.

Case description

A 9-year-old healthy female presented with bilateral transient
hemiparesis. Head magnetic resonance (MR) imaging and
digital subtraction angiography (DSA) revealed stenosis of
the terminal portion of the bilateral internal carotid arteries,
proximal portion of the anterior cerebral arteries and middle
cerebral arteries with well-developed moyamoya vessels,
fulfilling the diagnostic criteria of MMD [3] (Fig. 1a, b). No
cerebral microbleeds were detected in T2* weighted MR
imaging, and no microaneurysms were detected with DSA.
Hemodynamic assessment using '*I-IMP single photon
emission computed tomography (SPECT) revealed a decrease
in cerebral blood flow (CBF) in the right anterior cerebral
artery and middle cerebral artery territory (Fig. 1c), although
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A-P view
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Figure 1. Digital subtraction angiography demonstrates stenosis of the terminal position of the internal carotid artery,
proximal position of the anterior cerebral artery and middle cerebral artery with well-developed moyamoya vessels (a:
right, b: left). Initial hemodynamic assessment using single photon emission computed tomography shows a decrease in
cerebral blood flow in the right anterior middle cerebral artery territory (c), which improved at 4 months after right bypass

surgery (d). A-P: anterior-posterior.

acetazolamide challenge was not performed because of her
unstable symptoms. The patient underwent volume loading
without antithrombotic agent and her symptoms improved.
One month later, direct/indirect combined bypass surgery
(superior temporal artery-middle cerebral artery anastomosis
with encephaloduromyosynangiosis ) was initially performed
in the right hemisphere, and improvement of CBF was
confirmed at one month after surgery (Fig. 1d). The same
surgery was performed for the left hemisphere at 4 months
after the first surgery. In direct bypass, one of M4 segment of
middle cerebral artery in frontal cortex was selected as the
recipient. Her postoperative course was uneventful and patency
of direct anastomosis was verified by MR angiography, and
she showed no hyperperfusion on SPECT. Nevertheless,
computed tomography and T2* MR imaging surprisingly
detected asymptomatic intraventricular hemorrhage in the
ipsilateral hemisphere the day following surgery (Fig. 2a, b).
Blood pressure lowering (a systolic blood pressure between
80 and 120 mm Hg) was performed by continuous intravenous
infusion of nicardipine hydrochloride, if necessary. She was
discharged without any symptoms at 9 days after the surgery.
Postoperative DSA was not performed because of patient

refusal, although no aneurysmal formation was detected on
follow-up MR angiography.

Discussion

Bypass surgery is an established treatment for both isch-
emic and hemorrhagic MMD with compensating cerebral
blood flow, resulting in reduced hemodynamic stress to the
moyamoya vessels in the long term [1, 4]. However, peri-
operative complications have been reported including hyper-
perfusion and watershed shift infarction, which can affect
morbidity and mortality [5, 6]. MMD specific vasculature
can contribute to these complications with a rapid increase in
blood flow until cerebral hemodynamics reach stabilization.
As such, careful perioperative management is mandatory [7].

Herein, we present a pediatric MMD case showing post-
operative breakdown of the moyamoya vessels causing
intraventricular hemorrhage. Epidemiologically, it is difficult
to explain this hemorrhagic event as a natural course of
pediatric MMD [8]. Microangiographical analyses demon-
strated a clear anastomosis between the peripheral branches
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Figure 2. Postoperative evaluations. Postoperative computed tomography (a) and T2* magnetic resonance (MR) images (b)
showing intraventricular hemorrhage (arrow) in the left lateral ventricle. Multiplanar reconstruction images of the time-of-
flight MR angiography reveal a well-developed left Heubner artery extending to the anterior horn of the lateral ventricle,
where the hemorrhage occurred (arrow head, c: coronal view, d: sagittal view). The schema shows the mechanism of
intraventricular hemorrhage after bypass surgery (e). Asterisk indicates the estimated point of hemorrhage. ACA: anterior
cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery, STA: superficial temporal artery.

of the perforating arteries and medullary branches from
the cortical arteries, which may explain the compensatory
mechanism of cerebral blood flow in pediatric MMD [9].
Retrospectively, we confirmed a well-developed left Heubner
artery extending to the anterior horn of the lateral ventricle,
where the hemorrhage occurred (Fig. 2¢, d). We believe that
a rapid but tiny increase in local blood flow from the direct
bypass that couldn't be detected by hemodynamic assessment
contributed to the peripheral moyamoya vessel breakdown
through the medullary branches originating from the cortical
arteries in this pediatric MMD case (Fig. 2e). In adult MMD,
hemorrhagic presentation as a natural course results from
persistent hemodynamic stress of the moyamoya vessels
and occurs in the basal ganglia, thalamus or periventricular
region [4]. Moreover, peripheral aneurysms in the collateral
vessels or moyamoya vessels can be identified on cerebral
angiography in some adult MMD patients [10, 11]. In an
extensive review of adult MMD cases showing intraventricular
hemorrhage, Irikura et al. reported more frequent occurrence
of marked enlargement of the choroidal arteries and the
derived medullary arteries [12]. These findings suggest that
the hemodynamic load in the vessels supplying the walls of

the ventricles and the periventricular region can affect hem-
orrhagic presentation in adult MMD. A similar mechanism
may contribute to the intraventricular hemorrhage following
bypass surgery in our pediatric MMD. In a review of postop-
erative complications in pediatric MMD patients after revas-
cularization surgery, hemorrhagic complications occurred in
1.5% of cases after indirect bypass surgery, while no cases
were reported after direct bypass surgery [13]. We found
only one pediatric patient who developed hemorrhage in
ipsilateral basal ganglia after direct revascularization surgery
in the report [14]. Therefore, to our knowledge this is the
second reported case showing postoperative hemorrhage
due to breakdown of the moyamoya vessels, potentially due
to direct surgery, in pediatric MMD.

Cerebral microbleeds are occasionally detected in MMD,
indicating minor rupture of the moyamoya vessels, which
were suggested to be a potential risk factor for hemorrhage
following direct bypass surgery in patients with MMD [15].
Although, cerebral microbleeds were not detected in the
present case, our findings provide support for this hypothesis
that direct bypass can affect the fragile moyamoya vessels
even in pediatric patients. Therefore, clinicians should consider
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this complication, and provide mandatory strict control of
the blood pressure after bypass surgery for MMD regardless
of preoperative hemodynamics or patient age.
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