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Abstract: Moyamoya disease (MD) is a rare vaso-occlusive disorder that primarily affects intracranial
cerebral arteries. The involvement of extracranial vessels is unusual. However, there are previous reports
suggesting MD to be a systemic disorder, causing disease manifestations in vessels of other parts of the body.
We report the case of a female patient with MD and multiple episodes of ischemic strokes followed by bypass
surgery of cerebral arteries during infancy. Due to corresponding ischemic lesions the girl showed global
retardation of psychomotor development and central right sided movement disorder. At the age of 10 years
the girl was admitted to our hospital with recurrent syncope. While cranial MRI excluded any newly added
ischemic lesions, electrocardiography revealed evidence of right ventricular hypertrophy, and subsequent
echocardiography then indicated pulmonary hypertension, which was confirmed by cardiac catheterization.
Despite an upfront combination pulmonary vasodilating therapy, the pulmonary vascular disease appeared to
be progressive. Genetic analysis showed heterozygous ¢.12341C>T mutation in the RNF213 gene. This case
presentation demonstrates that pulmonary arterial hypertension is a rare comorbidity in patients with MD,
especially in patients with genetic predictors such as the RNF213 mutation. Thus, regular echocardiographic
screening for early signs of pulmonary arterial hypertension in patients with MD should be part of regular
clinical work-up. Early detection and treatment of pulmonary arterial hypertension in MD might help to

improve the long-term outcome in the individual patient.
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Introduction

Moyamoya disease (MD) is a rare non-atherosclerotic
and non-inflammatory arterial disorder that primarily
involves medium-sized and small arteries. Arterial
hyperplasia involves the three layers—intima, media or
adventitia—causing progressive dysplastic stenosis of main
cerebrovascular vessels and leading to an exaggerated
development of a collateral network, which gives the
angiographical aspect of a “puff of smoke”. Usually this
results in only minor ischemic strokes or transient ischemic
attacks (1). Besides this, few patients experience serious
complications of these ischemic strokes. The prognosis is
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usually closely connected to the burden of cerebrovascular
impairment. In most cases, the origin is idiopathic, and
involvement of extracranial vessels is unusual. However,
there are reports suggesting MD to be a systemic disorder,
causing disease manifestations in vessels of other parts of
the body. We present the following case in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-249).

Case report

Following three episodes of ischemic strokes in a girl at
the age of 12 months (frontal right), 14 months (parietal
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Figure 1 Cerebral MRI angiogram at age of 12 months showing
an exaggerated development of a collateral network as classical
finding in Moyamoya disease.
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Figure 2 Cerebral MRI angiogram at age of 16 months after first
bypass surgery (right side: superficial temporal artery to middle
cerebral artery (STA-MCA).

right) and 15 months (parietal left), MD was diagnosed
by the characteristic presentation at magnetic resonance
angiography. Bilateral bypass surgery [right side: superficial
temporal artery to middle cerebral artery (STA-MCA); left
side: superficial temporal artery to anterior cerebral artery
(STA-ACA)] was performed at the age of 16 and 20 months
(Figure 1, preoperative, age 12 months; Figures 2 and 3,
postoperative, age 16 months). Due to the ischemic lesions
the girl presented with global retardation of psychomotor
development and central movement disorder, accentuated
to the right side. She was able to walk alone at the age of
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Figure 3 Transversal image showing cortical hyperperfusion on
the left hemisphere and the right sided STA-MCA shunt.

24 months and started to talk at the age of 18 months with
a delayed but progressing psychomotor development. The
girl received regular logopedic therapy, physiotherapeutic
and occupational therapy. A structured cognitive testing
at the age of 6 years showed mild cognitive impairment
(Snijders-Oomen non-verbal test (SON-R 2V:-7) 65
points, Hannover-Wechsler-Test (HAWIVA III) 61 points.
Regular visits in our clinic did not show additional signs
or symptoms of MD regarding on additional ischemic
attacks. She received ASS 100 mg per day and Clopidogrel
25 mg/day for inhibition of platelet aggregation. Repeated
echocardiograms showed normal structured heart without
pathologic findings and with normal biventricular function.

At the age of 10 years, the girl was admitted to our
pediatric emergency department because of recurrent
syncope and loss of consciousness for about one minute
during the day, this time after getting up in the morning.
On admission, general appearance was stable, heart rate
was 104/min, respiratory rate 17/min, body temperature
36.9 °C, blood pressure 120/77 mmHg, oxygen saturation
99% at room air. Physical examination showed normal
findings. In the neurological examination the known
neurological impairment was evident, but no additional
symptoms. Laboratory findings were normal (AST, ALT,
CK, D-dimer, blood count, clotting time, Quick), except an
elevation of NT-proBNP [144 pg/mL (Ref. <112 pg/mL)]
and Creatinine [66 pmol/L (29-56 pmol/L)]. Cranial
MRI did not show any newly added ischemic lesion.
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Table 1 Hemodynamic data during the first cardiac catheterization
at the age of 10 years (at baseline and during acute vasoreactivity
testing)

Parameter Baseline 0, 100% + NO 20 ppm
mPAP (mmHg) 44 35

mSAP (mmHg) 58 61
mPAP/mSAP 0.75 0.57

PAWP (mmHg) 7 6

Cl (L/min/m?) 3.2 4.5

PVRI (WU*m?) 9.1 6.5
PVRI/SVRI 0.64 0.47

mPAP, mean pulmonary arterial pressure; mSAP, mean systemic
arterial pressure; PAWP, pulmonary arterial wedge pressure; Cl,
cardiac index; PVRI, pulmonary vascular resistance index; SVRI,
systemic vascular resistance index; NO, nitric oxide.

Remarkably, resting electrocardiography revealed criteria
of right ventricular hypertrophy. In the subsequent
echocardiographic examination there were indirect signs
of elevated pulmonary pressure, in detail endsystolic
flattened interventricular septum, mild RV hypertrophy,
and shortened acceleration time of pulmonary flow curve.
The estimated systolic pulmonary arterial (PA) pressure
assessed by Doppler of the tricuspid valve regurgitation
jet was approximately 50 mmHg (plus systemic venous
pressure), RV function assessed by TAPSE was appropriate
(16 mm). The chest X-ray revealed enlargement of the
pulmonary trunk and its branches and mild infiltrates at
both sides. To confirm pulmonary hypertension, the patient
underwent cardiac catheterization for hemodynamic study
and acute vasoreactivity test. The corresponding mean PA
pressure was 44 mmHg and pulmonary vascular resistance
index (PVRI) 9.1 WU*m”. The ratio of PVRI to systemic
vascular resistance index was 0.64 (see also Table 1). The
acute vasoreactivity testing showed distinct reduction of
pulmonary vascular resistance and PA pressure under nitric
oxide (NO) and oxygen (PVR/SVR ratio 0.47, mPAP
35 mmHg), therefore the patient was considered as
responder and a pulmonary vasodilating combination
therapy including Amlodipin (starting with 2.5 mg/day,
then uptitrated during the following months) and Sildenafil
60 mg/day was started in addition to the ongoing platelet
inhibition (ASS, Clopidogrel). For other etiologies of
pulmonary hypertension, evaluations including thorax
high-resolution computed tomography, pulmonary
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Figure 4 Invasive pulmonary angiography with significant
rarefication of pulmonary arteries, irregular gauge of peripheral

vessels and vessel break-off.

Figure 5 Similar to the Moyamoya-typical collateral network in
cerebral vessels, pulmonary angiography shows corresponding

findings in peripheral pulmonary arterial vessels (“puff of smoke”).

function test, serologic tests for connective tissue disorders
and coagulation studies, thyroid functions, and Doppler
ultrasound for liver were performed, which were all normal.

Regular echocardiographic examinations after initiation
of therapy showed signs of disease progression, therefore
repeat catheterization was performed 2 years after the
pulmonary hypertension diagnosis, confirming an increase of
PA pressure to a near systemic pressure level. Angiography
revealed significant rarefication of pulmonary arteries with
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irregular gauge of peripheral vessels and vessel break-
off (Figures 4,5). Due to the progredient character of the
invasive measurements we decided for treatment escalation
with Bosentan (125 mg/day). Complementary genetic
analysis revealed heterozygous ¢.12341C>T mutation in the
RINF213 gene (p. Thr4114Ile, NM_001256071.3).

Discussion

Only a few cases have been published describing the
association of MD with pulmonary arterial hypertension
(PAH) (2-5) or renovascular hypertension (6). In the
reported case, the late onset of PAH was very remarkable.
Preceding echocardiographic examinations did not show
any abnormalities and no sign of PAH. First evidence of
PAH was found after onset of associated clinical symptoms
(syncope) at the age of 10 years. In this specific case, the
very first signs of reduced exercise capacity might have been
blurred by the neurological impairment and the delay of
psychomotor development. Therefore, it seems appropriate
to screen patients with MD regularly for early signs of PAH
even in absence of clinical symptoms, and consequently
perform invasive hemodynamic diagnostics for confirmation
if echocardiography suggests elevated PA-pressure. Non-
invasive MRI-based methods can provide additional
diagnostic information (7).

In the presented case, it was also remarkable, that despite
an upfront combination pulmonary vasodilating therapy,
the PAH was progressive within a relatively short period
of time. This supports the theory of a rather progressive
character of the pulmonary vascular disease in MD, with
considerable poor prognosis particularly in patients carrying
the RNF213 mutation (8). Therefore, advanced treatment
(i.e., dual/triple combination therapy, or even parenteral
treatment with prostacyclin) might be reasonable options.

Heterozygous RNF213 mutations have been described
in the literature as showing a strong association to MD and
being a risk allele for vascular diseases, such as pulmonary
arterial hypertension (9-12). The RNF213 is a 591 kDa
protein with two functional domains (AAAb ATPase and
RING domain) (13) and plays important roles in cellular
function (14). A recent case presentation suggests that the
NF-kB- and apoptosis-inducing functions of RNF213
may be negatively regulated and result in MD onset (15).
The variant which was found in our patient has not yet
been described, but results in change of protein structure
(p- Thr41141le) which is close to other described MD-related
mutations (16) suggesting a change of functional relevance.
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The understanding of MD as a multisystemic
arteriopathy should result in more awareness of PAH as a
rare, but incisive complication of the disease (17). Regular
echocardiographic or MRI angiographic screening for early
signs of PAH in patients with MD should be part of regular
clinical work-up, even in absence of clinical symptoms.
This should be considered in particular previous to planned
procedures (i.e., operations, interventions, imaging), as
there is usually a higher complication rate due to general
anesthesia in patients with PAH (18).
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