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Table 1. Hemodynamic study of the patient on admission
Before vazoreactivity
test

After vazoreactivity
test

MAPpressure

80 mm Hg

78 mm Hg

Aorta systolicpressure

100 mm Hg

99 mm Hg

0.66

0.67

Rp/Rs

MAP - mean pulmonary artery; Rp/Rs - pulmonary/systemic vascular resistance ratio

Introduction
Idiopathic pulmonary hypertension (IPAH) is a rare progressive vasculopathy with an unknown etiology, and it is fatal if not
diagnosed and treated in time (1). Moyamoya disease (MD) is
characterized by spontaneous occlusion of the circle of Willis,
associated with an exaggerated development of collateral vascular network at the base of the skull (2). MD associated with
pulmonary hypertension is an unusual presentation. Herein, we
reported a child who presented with exercise-associated syncope and was diagnosed with MD with pulmonary hypertension.

Case Report
A 15-year old boy presented with recurrent syncope while
climbing stairs. He had three syncope attacks in 2 weeks, all of
which were associated with exercise. On admission, his general
appearance was stable. The vital signs were as follows: heart
rate, 98/min; respiratory rate, 16/min; body temperature, 36.5°C;
and blood pressure, 116/72 mm Hg. The pulse oximeter reading
was 94% at room air. There was a narrowly split second heart
sound with a loud pulmonic component. No respiratory distress
was encountered. Mild mental retardation was apparent, and
neurological examination was otherwise normal. Family history
was unremarkable.
Regarding medical history, he had focal seizure twice at
the age of 3 and 4 years. Carbamazepine was started after the
second seizure. Electroencephalogram (EEG) was normal and
cranial magnetic resonance imaging (MRI) revealed no major
parenchymal abnormality. There was no seizure attack after the
initiation of carbamazepine, and the drug was stopped after 5
years. The patient was asymptomatic, and EEG revealed no abnormality. However, he had mild mental retardation and his performance in school was not good.
Electrocardiography showed right ventricular hypertrophy
criteria. Laboratory findings were normal except for pro b-type
natriuretic peptide (pro-BNP), which was mildly elevated (110
pg/mL). The right atrium, right ventricle, and pulmonary artery
were enlarged in echocardiogram. The right ventricular pressure

Figure 1. Bilateral internal carotid artery supraclinoid segment and
right posterior cerebral artery P1 segment occlusion. “Puff of smoke”
appearance indicating the collateralization of cerebrum

was estimated to be 110 mm Hg via tricuspid regurgitation. There
was neither heart defect nor any congenital abnormality in echocardiography.
For other etiologies of pulmonary hypertension, evaluations
including thorax high-resolution computed tomography, pulmonary function test, serologic tests for connective tissue disorders and coagulation studies, thyroid functions, and Doppler
ultrasound for liver were performed, which were all normal. The
patient underwent cardiac catheterization for hemodynamic
study and vazoreactivity test. Angiogram revealed no ventricular septal defect, patent ductus arteriosus, and aortopulmonary
septal defect. The results of hemodynamic study and vazoreactivity test are shown on Table 1. The functional capacity of the
patient was NYHA class 1.
According to our initial findings, the patient was diagnosed
with IPAH, and bosentan and aspirin therapy were started.
Cranial MRI performed 12 years ago in another center was
re-evaluated, and small collateral vessels striking in both hemispheres were observed. Therefore, cranial MR angiography was
performed, and it showed that the cavernous segments of both
internal carotid arteries and the supraclinoid segment of right internal carotid artery were not demonstrated. Moreover, the calibration of supraclinoid segment of the left internal carotid artery
was minute, and significant collateral vessels were seen in MR
angiography. Conventional cerebral angiography confirmed the
diagnosis of MD (Fig. 1).

Discussion
MD is a chronic progressive, occlusive cerebrovascular disorder, and compensatory enlargement of the cerebral arteries
leads to the development of collaterals that appear as a “puff
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of smoke”, thus, the Japanese term “Moyamoya” (3). Children
with MD may present with various symptoms such as aphasia,
dysarthria, hemiparesis, and seizures. Less common presentations such as syncope, visual changes, and chorea can occur
(4). Although the first sign was seizure in our patient, MD was
not diagnosed because of the nonspecific findings on cranial
MRI. After experiencing syncope twice while exercising, he was
diagnosed with pulmonary hypertension based on echocardiography findings, and the secondary causes were excluded. Since
there was co-occurrence of pulmonary hypertension and seizure, the cranial MRI was re-evaluated, and MD was suspected
due to collateral vessels seen in both hemispheres. This is a very
rare presentation of MD in a child. Therefore, it was emphasized
that MD must be kept in mind in all patients diagnosed with IPAH,
particularly those who have had concomitant seizures.
The co-occurrence of pulmonary hypertension and MD has
been previously reported in very few cases (5-7). Among them,
RNF213 homozygosity was found in two patients. Therefore, this
gene may cause a novel entity involving the brain and lung together. We also plan to investigate this gene mutation in our patient.
There is no consensus about therapy in children with MD and
severe pulmonary hypertension because of the rarity of this entity. In one study, two cases with MD and pulmonary hypertension were reported, and both died after vasoreconstructive surgery for MD (8). Thus, surgery in patients with MD may have poor
prognosis, particularly in those with severe pulmonary hypertension, and it should be discussed very carefully with the parents.
The risk of surgery was expected to be high due to pulmonary
hypertension in our patient, and the parents refused the surgery.
There was one report that showed bosentan therapy improved the blood flow in the cerebral hemispheres in a child with
MD (9). Although the role of endothelin pathways in the pathogenesis of MD has not been studied, this case suggested the use
of endothelin receptor antagonists to improve the cerebral circulation. However, bosentan and tadalafil combination therapy
did not improve the pulmonary artery pressures in our patient;
we do not know about the blood flow to both hemispheres yet.
Additional studies are needed to determine whether the patients
may benefit with bosentan or other specific pulmonary artery
hypertension treatments to improve the circulation of cerebral
hemispheres and pulmonary artery pressures.

Conclusion
In conclusion, MD should be considered in children with seizures accompanied with pulmonary hypertension, and the risk
of shunt surgery is very high in these patients. It is not known
whether bosentan or other specific pulmonary artery hypertension treatment influence the mortality or morbidity in this rare
entity.
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Unexpected complication during
transcatheter aortic valve replacement:
Balloon that cannot inflate!
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Introduction
In the treatment of severe aortic stenosis, transcatheter aortic valve replacement (TAVR) procedure is increasingly being
used. In this report, we present a case of balloon rupture during

