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Abstract
Background The pathophysiological mechanism of chorea as a
presentation of pediatric moyamoya disease remains unknown,
although ischemia is suspected as a likely cause. The authors
describe two cases of pediatric moyamoya disease, both of
which presented with hemichorea in the stable phase after suc-
cessful bypass surgery.
Clinical Presentation Cerebral blood flow was almost normal
in one case and decreased in the basal ganglia and watershed
area in the other case due to infarcts occurring before surgery.
In both cases, 18F-fluorodeoxyglucose positron emission to-
mography revealed elevated glucose metabolism in the corre-
sponding side of the striatum, which reverted to normal after
recovery from chorea. Magnetic resonance angiography re-
vealed a dilated and extended lenticulostriate artery at the
exact site of the hypermetabolic lesion.
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Introduction

Moyamoya disease is characterized as chronic progressive
stenosis of the terminal portion of the bilateral internal carotid
arteries and development of abnormal collaterals [22]. The
various manifestations of the disease include transient ische-
mic attack, ischemic and hemorrhagic stroke, epileptic sei-
zure, and headache. Movement disorders such as chorea are
an uncommon presentation of pediatric moyamoya disease [1,
2, 11, 15–18, 21, 23, 25]. Because such chorea typically im-
proves after bypass surgery, some researchers have postulated
ischemia in certain parts of the brain, including the basal gan-
glia, as a cause of chorea in moyamoya disease [11, 14, 15, 21,
23]. Neither the pathophysiological mechanism nor the or-
igin of such chorea has been clarified, however. We de-
scribe two cases with moyamoya disease presenting with
hemichorea in the stable phase after successful direct by-
pass in which marked elevation of glucose metabolism in
the corresponding side of the striatum was observed with
18F-fluorodeoxyglucose positron emission tomography
(18F-FDG PET).

Case presentation

Case 1

A 12-year-old girl experienced transient numbness and
weakness on the left side of the body during running and
was admitted to our hospital. Angiography revealed severe
stenosis in the terminal portion of the bilateral internal
carotid artery with extensive development of abnormal col-
lateral vessel networks (Fig. 1) symptomatic of moyamoya
disease. She underwent superficial temporal artery-to-
middle cerebral artery anastomosis of the right hemisphere;
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this was repeated on the left side 1 month later. The surgery
eliminated the transient ischemic attacks. Angiography
3 months after surgery revealed good patency of the by-
passes (Fig. 1). She remained symptom-free for 5 years
after surgery.

At the age of 17 years, she suddenly experienced continu-
ous involuntary movement of the left arm. Her manifestation
was characterized as brief, involuntary, and irregular move-
ments of her left forearm, shoulder, fingers, and face that

continued on their own without conscious effort (video), lead-
ing to a diagnosis of hemichorea. Laboratory examinations
were normal, including the level of free thyroxine, the
thyroid-stimulating hormone. Single-photon emission
computed tomography (SPECT) revealed normal cerebral
blood flow. Magnetic resonance imaging (MRI) revealed a
small asymptomatic ischemic lesion in the right frontal
white matter. 18F-FDG PET revealed markedly elevated
glucose metabolism in the right striatum (Fig. 2). Coronal
section of MR angiography demonstrated a dilated and
extended lenticulostriate artery passing through the right
striatum and connecting to the medullary artery in the
periventricular area (Fig. 2). She was treated with oral in-
take of haloperidol, with the chorea gradually improving
thereafter. Elimination of the chorea was confirmed when
she visited our clinic 2 months after onset. 18F-FDG PET
performed at that time revealed normalized glucose metab-
olism in the right striatum (Fig. 2).

Case 2

A 10-year-old girl experienced transient motor weakness of
the left leg while playing and was admitted to our hospital.
Her father was diagnosed as neurofibromatosis type 1. She
had many café-au-lait spots on her skin, a finding symptom-
atic of neurofibromatosis. Angiography revealed severe ste-
nosis in the terminal portion of the bilateral internal carotid
artery with extensive development of abnormal collateral ves-
sel networks (Fig. 3) symptomatic of moyamoya syndrome.
She underwent superficial temporal artery-to-middle cerebral
artery anastomosis of the left hemisphere; this was repeated on
the right side 1 month later. Surgery eliminated the transient
ischemic attacks.

Three months after surgery, she experienced involuntary
movement of her right extremities. The involuntary

Fig. 1 Case 1 (left hemichorea). Anterior-posterior view of right (a) and
left (b) internal carotid artery angiography before surgery revealing
occlusion of the terminal portion of the internal carotid artery with
development of moyamoya vessels. Lateral view of right (c) and left (d)
external carotid artery angiography after surgery revealing good patency
of bypasses

Fig. 2 Case 1 (left hemichorea).
Axial image of 18F-FDG PET
during the acute phase (a) and
during recovery from chorea (b).
Subtraction image generated by
registered acute and recovery
phase 18F-FDG PET images (c)
revealing marked
hypermetabolism in the right
stratum in the acute phase.
Coronal image of 18F-FDG PET
during the acute phase of (d) and
during recovery from chorea (e).
Coronal section of MR
angiography (f) revealing an
extensively dilated and extended
lenticulostriate artery in the right
striatum (arrow)
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movements, especially prominent in her fingers, were diag-
nosed as hemichorea. While angiography revealed good pa-
tency of bypasses (Fig. 3), SPECT revealed hypoperfusion in
the left basal ganglia and watershed area attributable to the
infarcts occurring before surgery. She underwent 18F-FDG
PET, revealing elevation of glucose metabolism in the left
striatum (Fig. 4). Coronal section of MR angiography re-
vealed a dilated and extended lenticulostriate artery in the left

striatum (Fig. 4). The chorea gradually improved after admin-
istration of haloperidol. 18F-FDG PET performed after
recovery revealed normalized glucose metabolism in the right
striatum (Fig. 4).

Discussion

In the present cases, the striatal metabolism was elevated
and subsequently normalized, corresponding to the activ-
ity of chorea and suggesting a probable association be-
tween the two phenomena. Striatal hypermetabolism has
been reported in various types of chorea, including
chorea caused by group A streptococcal infection
(Sydenham’s chorea) [5, 10, 20], hyperthyroidism [3,
9], and hyperglycemia [12, 19, 24]. As of this writing,
however, no reports have surfaced in relation to
moyamoya disease. Although the prospect of a causal
relationship between chorea and striatal hypermetabolism
remains a subject of discussion [8, 10], striatal hyperme-
tabolism could represent activation of a direct pathway—
an inhibitory signal pathway to the internal segment of
the globus pallidus and substantia nigra, both of which
negatively regulates thalamocortical projection [4]—
resulting in activation of the motor circuit. Several pos-
sible mechanisms have been suggested to explain striatal
hypermetabolism observed in chorea: immunological re-
action in Sydenham’s chorea and hyperthyroidism [3, 8,
9, 13, 20], and the failure of vascular autoregulation in
hyperglycemia [12, 19, 24].

In moyamoya disease, ischemia or decreased cerebral
blood flow is a commonly hypothesized cause of chorea [2,

Fig. 3 Case 2 (right hemichorea). Anterior-posterior view of right (a) and
left (b) internal carotid artery angiography before surgery revealing
occlusion of the terminal portion of the internal carotid artery with
extensive development of moyamoya vessels. Lateral view of right (c)
and left (d) external carotid artery angiography after surgery revealing
good patency of bypasses

Fig. 4 Case 2 (right hemichorea). Axial image of 18F-FDG PET during
the acute phase (a) and during recovery from chorea (b). Subtraction
image generated by registered acute and recovery phase 18F-FDG PET
images (c) revealing marked hypermetabolism in the left stratum in the

acute phase. Coronal image of 18F-FDG PET during the acute phase (a)
and during recovery from chorea (b). Coronal section ofMR angiography
(f) revealing an extensively dilated and extended lenticulostriate artery in
the left striatum (arrow)
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11, 15–18, 21, 23, 25]. The basal ganglia [2, 11, 15, 17, 23]
and the frontal cortical/subcortical region [14, 21] are candi-
dates for the origin of chorea in moyamoya disease. The loca-
tion where MRI revealed ischemic lesions in our cases is
compatible with those reported previously, and such ischemic
lesions occurring before surgery could cause delayed-onset
chorea. On the other hand, it might be a unique finding of
our cases that chorea occurred in the stable phase despite good
augmentation of blood flow from successful bypass.
Furthermore, the striatal hypermetabolism observed in our
cases is unlikely to be related to cerebral blood flow, as it
occurred regardless of the presence of the perfusion defect in
SPECT. A different pathological mechanism of chorea might
be involved in our cases.

Both of our cases had a specific vascular feature—a dilated
and extended lenticulostriate artery—at the exact site of the
hypermetabolic lesion. We have defined this type of collateral
as periventricular anastomosis, which is specific tomoyamoya
disease [6, 7]. Ahn et al. reported that all their cases of
moyamoya disease-induced chorea had similar angiographic
features on the side corresponding to the chorea [1]. They
speculated that these vessels might contribute to the devel-
opment of chorea through their physical disruption of nor-
mal striatal signaling. In our cases, these vessels might also
involve activation of the striatum through some mecha-
nism, such as impairment of vascular autoregulation,
resulting in a hypermetabolic state in the striatum.
Further studies of both striatal metabolism and vascular
morphology might elucidate the pathophysiological mech-
anism of chorea in moyamoya disease.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Ahn ES, Scott RM, Robertson RL Jr, Smith ER (2013) Chorea in
the clinical presentation of moyamoya disease: results of surgical
revascularization and a proposed clinicopathological correlation. J
Neurosurg Pediatr 11:313–319. doi:10.3171/2012.11.PEDS12199

2. Baik JS, Lee MS (2010) Movement disorders associated with
moyamoya disease: a report of 4 new cases and a review of litera-
tures. Mov Disord 25:1482–1486. doi:10.1002/mds.23130

3. Chung EJ, Bae SK, Kim SJ (2013) Generalized chorea with abnor-
mal 18F-fluorodeoxyglucose positron emission tomography find-
ings in a patient with hyperthyroidism. Clin Neurol Neurosurg 115:
108–109. doi:10.1016/j.clineuro.2012.04.031

4. DeLong MR, Wichmann T (2007) Circuits and circuit disorders of
the basal ganglia. Arch Neurol 64:20–24. doi:10.1001/archneur.64.
1.20

5. Dilenge ME, Shevell MI, Dinh L (1999) Restricted unilateral
Sydenham ’s chorea: revers ible contrala teral s t r ia ta l

hypermetabolism demonstrated on single photon emission comput-
ed tomographic scanning. J Child Neurol 14:509–513

6. Funaki T, Fushimi Y, Takahashi JC, Takagi Y, Araki Y, Yoshida K,
Kikuchi T, Miyamoto S (2015) Visualization of periventricular col-
laterals in moyamoya disease with flow-sensitive black-blood mag-
netic resonance angiography: preliminary experience. Neurol Med
Chir (Tokyo) 55:204–209. doi:10.2176/nmc.oa.2014-0360

7. Funaki T, Takahashi JC, Yoshida K, Takagi Y, Fushimi Y, Kikuchi
T, Mineharu Y, Okada T, Morimoto T, Miyamoto S (2015)
Periventricular anastomosis in moyamoya disease: detecting fragile
collateral vessels with MR angiography. J Neurosurg:1–7. doi:10.
3171/2015.6.jns15845

8. Furie R, Ishikawa T, Dhawan V, Eidelberg D (1994) Alternating
hemichorea in primary antiphospholipid syndrome: evidence for
contralateral striatal hypermetabolism. Neurology 44:2197–2199

9. Garcin B, Louissaint T, Hosseini H, Blanc R, Fenelon G (2008)
Reversible chorea in association with Graves’ disease and
moyamoya syndrome. Mov Disord 23:620–622. doi:10.1002/
mds.21941

10. Goldman S, Amrom D, Szliwowski HB, Detemmerman D,
Goldman S, Bidaut LM, Stanus E, Luxen A (1993) Reversible
striatal hypermetabolism in a case of Sydenham’s chorea. Mov
Disord 8:355–358. doi:10.1002/mds.870080318

11. Hong YH, Ahn TB, Oh CW, Jeon BS (2002) Hemichorea as an
initial manifestation of moyamoya disease: reversible striatal hypo-
perfusion demonstrated on single photon emission computed to-
mography. Mov Disord 17:1380–1383. doi:10.1002/mds.10245

12. Hsu JL, Wang HC, Hsu WC (2004) Hyperglycemia-induced uni-
lateral basal ganglion lesions with and without hemichorea. A PET
study. J Neurol 251:1486–1490. doi:10.1007/s00415-004-0571-4

13. Husby G, van de Rijn I, Zabriskie JB, Abdin ZH, Williams RC Jr
(1976) Antibodies reacting with cytoplasm of subthalamic and cau-
date nuclei neurons in chorea and acute rheumatic fever. J ExpMed
144:1094–1110

14. Im SH, Oh CW, Kwon OK, Cho BK, Chung YS, Han DH (2004)
Involuntary movement induced by cerebral ischemia: pathogenesis
and surgical outcome. J Neurosurg 100:877–882. doi:10.3171/jns.
2004.100.5.0877

15. Kamijo K, Matsui T (2008) Dramatic disappearance of moyamoya
disease-induced chorea after indirect bypass surgery. Neurol Med
Chir (Tokyo) 48:390–393

16. Kim YO, Kim TS, Woo YJ, Kim CJ, Oh CK (2006) Moyamoya
disease-induced hemichorea corrected by indirect bypass surgery.
Pediatr Int 48:504–506. doi:10.1111/j.1442-200X.2006.02248.x

17. Li JY, Lai PH, Peng NJ (2007) Moyamoya disease presenting with
hemichoreoathetosis and hemidystonia. Mov Disord 22:1983–
1984. doi:10.1002/mds.21663

18. Lyoo CH, Oh SH, Joo JY, Chung TS, LeeMS (2000) Hemidystonia
and hemichoreoathetosis as an initial manifestation of moyamoya
disease. Arch Neurol 57:1510–1512

19. Oh SH, Lee KY, Im JH, Lee MS (2002) Chorea associated with
non-ketotic hyperglycemia and hyperintensity basal ganglia lesion
on T1-weighted brain MRI study: a meta-analysis of 53 cases in-
cluding four present cases. J Neurol Sci 200:57–62

20. Paghera B, Caobelli F, Giubbini R, Premi E, Padovani A (2011)
Reversible striatal hypermetabolism in a case of rare adult-onset
Sydenham chorea on two sequential 18F-FDG PET studies. J
Neuroradiol 38:325–326. doi:10.1016/j.neurad.2010.10.002

21. Pandey P, Bell-Stephens T, Steinberg GK (2010) Patients with
moyamoya disease presenting with movement disorder. J
Neurosurg Pediatr 6:559–566. doi:10.3171/2010.9.PEDS10192

22. Research Committee on the Pathology and Treatment of
Spontaneous Occlusion of the Circle of Willis; Health Labour
Sciences Research Grant for Research on Measures for
Intractable Diseases (2012) Guidelines for diagnosis and treatment

Childs Nerv Syst

http://dx.doi.org/10.3171/2012.11.PEDS12199
http://dx.doi.org/10.1002/mds.23130
http://dx.doi.org/10.1016/j.clineuro.2012.04.031
http://dx.doi.org/10.1001/archneur.64.1.20
http://dx.doi.org/10.1001/archneur.64.1.20
http://dx.doi.org/10.2176/nmc.oa.2014-0360
http://dx.doi.org/10.3171/2015.6.jns15845
http://dx.doi.org/10.3171/2015.6.jns15845
http://dx.doi.org/10.1002/mds.21941
http://dx.doi.org/10.1002/mds.21941
http://dx.doi.org/10.1002/mds.870080318
http://dx.doi.org/10.1002/mds.10245
http://dx.doi.org/10.1007/s00415-004-0571-4
http://dx.doi.org/10.3171/jns.2004.100.5.0877
http://dx.doi.org/10.3171/jns.2004.100.5.0877
http://dx.doi.org/10.1111/j.1442-200X.2006.02248.x
http://dx.doi.org/10.1002/mds.21663
http://dx.doi.org/10.1016/j.neurad.2010.10.002
http://dx.doi.org/10.3171/2010.9.PEDS10192


of moyamoya disease (spontaneous occlusion of the circle of
Willis). Neurol Med Chir (Tokyo) 52:245–266

23. Spengos K, Tsivgoulis G, Toulas P, Vemmos K, Vassilopoulos D,
Spengos M (2004) Hyperventilation-enhanced chorea as a transient
ischaemic phenomenon in a patient with moyamoya disease. Eur
Neurol 51:172–175. doi:10.1159/000077665

24. Tan Y, Xin X, Xiao Q, Chen S, Cao L, Tang H (2014) Hemiballism-
hemichorea induced by ketotic hyperglycemia: case report with

PET study and review of the literature. Transl Neurodegener 3:14.
doi:10.1186/2047-9158-3-14

25. Zheng W, Wanibuchi M, Onda T, Liu H, Koyanagi I, Fujimori K,
Houkin K (2006) A case of moyamoya disease presenting with
chorea. Childs Nerv Syst 22:274–278. doi:10.1007/s00381-004-
1104-2

Childs Nerv Syst

http://dx.doi.org/10.1159/000077665
http://dx.doi.org/10.1186/2047-9158-3-14
http://dx.doi.org/10.1007/s00381-004-1104-2
http://dx.doi.org/10.1007/s00381-004-1104-2

	Reversible striatal hypermetabolism in chorea associated with moyamoya disease: a report of two cases
	Abstract
	Abstract
	Abstract
	Introduction
	Case presentation
	Case 1
	Case 2

	Discussion
	References


