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Abstract Neuroacanthocytosis (NA) is a group of neurodegenerative diseases
characterized by the presence of acanthocytes in peripheral blood and various types
of involuntary movements which are often resistant to medical treatment. We report
data concerning four NA patients who benefited from functional surgery; two had
pallidotomies and two had deep brain stimulation (DBS) of the internal pallidum
(GPi). The clinical outcome of pallidotomy was partial in the first patient, but
clearly improved involuntary movements in the second patient without inducing
side effects. In the patients who underwent DBS, GPi 40Hz stimulation gave the
best clinical benefit, improving chorea without an effect upon hypotonia. Higher
frequency stimulation (130Hz) was effective for dystonia but increased chorea,
worsened dysarthria and induced drooling. Low frequency (10Hz) GPi stimulation
was ineffective. Therefore, in this small series of NA patients, both pallidotomy and
pallidal stimulation were partially effective for relieving involuntary movements.
However, in this progressive disease with a wide spectrum of symptoms, the deci-
sion to perform surgery must involve a full assessment of the clinical features of
each patient. -

F. Yokochi .

Department of Neurology, Tokyo Metropolitan Neurclogical Hospital, 2-6-1 Musashidai,
Fiuchru, Tokyo, Japan
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1 Introduction

The term neuroacanthocytosis (NA) encompasses a heterogeneous set of neurodegen-
erative disorders associated with abnormal red blood cell morphology [6, 9, 12, 20, 26).
The commonest conditions are autosomal recessive chorea-acanthocytosis (ChAc),
linked to a mutation in the VPS/3A (formerly CHAC) gene localized on chromosome
9q21 [27], and McLeod syndrome (MLS), an X-linked multi-system disorder with
absence of Kx antigen and weakened Kell glycoprotein antigens, due to mutation in the
XK gene [26]. Both conditions share a common progressive clinical phenotype resem-
bling that of Huntington's disease (HD), characterized by generalized choreatic move-
ments, oral dyskinesias, tongue- and lip-biting, tics and dystonia [8, 26]. Other
neurological signs such as epilepsy, neuropathy, muscular weakness, and cognitive or
psychiatric changes are observed with variable frequency in ChAc and MLS. The
movement disorders of NA are often severe and incapacitating, and may resist conven-
tional drug therapy (i.e. neuroleptics and tetrabenazine).

Posteroventral pallidotomy has been reported to be effective for treating symptoms
induced by long-term treatment of Parkinson’s disease [15, 16, 19]. Its effectiveness in
relieving levodopa-induced dyskinesia paved the way for the development of surgical
treatment for other hyperkinetic disorders such as dystonia. Concurrently, deep brain
stimulation (DBS) has emerged during the last 10 years as the treatment of choice for
several types of movement disorders including Parkinson’s disease [18, 21, 22], essential
tremor [1], and dystonia (5, 31]. Compared to lesion strategies, this technique has the
advantage of being a reversible procedure with low morbidity. The observation that DBS
of the internal pallidum (GPi) was particularly effective in the treatment of hyperkinetic
syndromes led to the idea that it could be potentially useful in the treatment of severe
choreic syndromes [4, 23-25, 33, 34, 37]. However, there are few reports concerning the
surgical treatment of involuntary movements in NA syndromes. Some benefit has been
observed with pallidotomy [10], pallidal DBS [35] or thalamic stimulation [2], but the
outcomes of these surgical treatments have not yet been clearly established.

In this review paper, we report a series of four NA patients treated by functional
surgery for these severely debilitating hyperkinetic syndromes. Two strategies were
used; pallidotomy in two patients and DBS of the GPi in the other two. The clinical
benefits of these two approaches are compared.

2 Methods and Results

2.1 Pallidotomy

2.1.1 Patients
Patient 1 was a 41-year-old man with five siblings [10]. His elder brother was

diagnosed as having NA and committed suicide at age 37. There was a consan-
guineous marriage in his family four generations previously. His initial symptom
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was clumsiness at age 33. He showed restlessness, discoordination when using
chopsticks, and erratic behavior. Slurred speech, unsteady gait and involuntary
movements of his extremities gradually became pronounced. At the age of 38, he
was diagnosed as having NA on the basis of his choreoballistic movements, speech
disturbance, ulcers on his lower lip, the presence of acanthocytes in his blood, and
his family history. His involuntary movements were characterized by orofacial and
lingual dyskinesias, and choreoballistic movements of the neck, trunk and extrem-
ities, and were more severe in the proximal than distal parts of his body. He could
not remain standing for a long time even with support because of the severe flex-
ion and extension movements of his trunk. The flexion of his knee joints and trunk
became more exaggerated when he tried to stand or walk. He could not chew food
because of his lingual dyskinesias, and swallowing was impaired. He had many
ulcers on his lower lip from self-biting. He needed constant assistance by a car-
egiver in all activities of daily living (ADLs). Tests of cognitive function indicated
slight dementia, but he showed no signs of disorientation. He suffered from severe
dysarthria and communicated using only simple words. His other clinical symp-
toms included muscular hypotonia and areflexia of his extremities. Sensory exami-
nation showed a slightly impaired vibration sense in his lower limbs.

Magnetic resonance imaging (MRI) demonstrated symmetrical atrophy of the
caudate nuclei and putamen, with high-intensity signal in the putamen on T2-
weighted sequences (Fig. 1). The proportion of acanthocytes in his peripheral blood
was less than 1%. HD was excluded by genetic testing. The consanguinity sug-
gested the possibility of autosomal recessive disease, and the prominent orofacial
dyskinesias were consistent with ChAc, however MLS was not excluded.

Patient 2 was a 37-year-old man. He had two siblings and his elder brother was
diagnosed as having NA at 29 years and committed suicide at 33 years. There was
no family history of consanguinity. Both parents had acanthocytes in their blood.
His father had no clinical symptoms of NA, but his mother showed slight facial
grimacing. His initial symptoms were foot dragging when walking and exagger-
ated gestures at 32 years of age. At age 33, he was diagnosed as having NA
because of the presence of acanthocytes in his peripheral blood, chorea, and family
history. He gradually developed other symptoms, including writing and speech
disturbances, falling while walking, tongue-biting, and abnormal chewing and
swallowing. He required complete assistance in his ADLs at age 35. He had slight
orofacial, but not lingual, dyskinesias. He showed overextension and flexion of his
trunk and neck, and ballistic swinging of his arms and legs, which was more vio-
lent proximally than distally. These movements were particularly exaggerated
during sitting or standing, and it was difficult for him to remain in either of these
positions. He sometimes hit his head against the wall and thus needed to wear a
protective helmet. He would perform repetitive non-purposeful movements. For
example, he would hold a pillow with both hands, and repeatedly put or pull it
under his head. He would repeatedly hit table tops with his hand. This movement
pattern was similar to that of ballism or negative myoclonus. His intelligence level
was almost normal. His other clinical symptoms were muscle hypotonia and atro-
phy, hyporeflexia with no pathological reflexes, and a hoarse voice. There was no
ataxia or sensory disturbance.
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Fig. 1 MRI of patient 1. Symmetrical atrophy of the caudate nuclei and putamen, with high-
intensity signal in the putamen on T2-weighted sequences. The thermal lesions were very small
and were not located in the GPi. The right lesion involved the optic tract, and the location of the
left lesion was unclear

MRI showed symmetrical atrophy of the caudate nucleus and putamen (Fig. 2)
with high-intensity signals in the putamen on T2-weighted sequences. Figure3
shows the surface EMG recordings of his choreoballistic movements and the per-
formance of diadochokinesis with his left hand.

Genetic analysis showed a heterozygous mutation 4411C > T of VPSI3A. The
patient’s mother was mildly affected and had acanthocytosis, as did his father.
Heterozygous mutations have been reported to be associated with ChAc symptoms
in a Japanese family with apparent autosomal dominant inheritance [28] similar to
the family of patient 2. However, autosomal recessive inheritance cannot be com-
pletely ruled out as a mutation on the second allele cannot be excluded from the
methods used.

2.1.2 Neurosurgical Procedures
Both patients underwent bilateral posteroventral pallidotomy under general

anesthesia in two stages at an interval of 3 months. In both, the first operation was
performed contralateral to the side with more severe involuntary limb movements,



