
Clinical Neurology and Neurosurgery 101 (1999) 92–99

Cerebral arteriovenous malformations and movement disorders

Joachim K. Krauss a,*, George D. Kiriyanthan b, Jan J. Borremans b

a Department of Neurosurgery, Inselspital, Uni6ersity of Berne, 3010 Berne, Switzerland
b Department of Neurosurgery, Albert-Ludwigs-Uni6ersity, Freiburg, Germany

Received 8 December 1998; received in revised form 16 February 1999; accepted 16 February 1999

Abstract

A series of six patients with movement disorders associated with cerebral arteriovenous malformations (AVM) is reported. The
AVMs were classified according to the Spetzler–Martin classification as grade V (one patient), grade IV (four patients), and as
grade III (one patient). One patient had action-induced hemidystonia caused by a contralateral frontoparietal AVM which
compressed the putamen and was supplied partially by enlarged lenticulostriate arteries. Two patients presented with unilateral
cortical tremor associated with contralateral high-frontal cortical/subcortical AVMs sparing the basal ganglia. Another patient
developed hemidystonia and hemichorea-hemiballism after bleeding of a contralateral temporooccipital AVM and subsequent
ischemia. Two patients had focal dystonia after thalamic and basal ganglia hemorrhage from AVMs. Five patients were operated
on. The movement disorder was abolished in one patient postoperatively. Different mechanisms were identified that are relevant
for the development of AVM-related movement disorders: mass effect, diaschisis, local parenchymal altered cerebral blood flow,
and hemorrhagic or ischemic structural lesions. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cerebral arteriovenous malformations (AVM) most
frequently become manifest by spontaneous hemor-
rhage or epilepsy. The annual bleeding risk has been
estimated to be 2–3% with an annual mortality rate of
about 1% [1]. Seizures occur in 11–33% of cases [2,3].
Other presenting symptoms include headaches, progres-
sive neurological deficit, and cardiac failure. Movement
disorders secondary to cerebral AVMs have been re-
ported infrequently. There have been incidental reports
within the past three decades on patients with dystonia,
chorea or tremors associated with AVMs. In only few
instances magnetic resonance (MR) imaging studies
were available to delineate the exact topography of the
AVMs and, in general, there have been no studies on
cerebral blood flow in such cases.

The purpose of the present report is to focus better
the uncommon association between cerebral AVMs and

movement disorders. Here, the clinical and radiological
findings in a series of six patients are documented. So
far, this represents the largest series on movement
disorders secondary to cerebral AVMs. Possible patho-
physiological mechanisms with regard to the imaging
findings are analyzed.

2. Patients and methods

The patients reported here were seen over a period of
20 years, from 1976 to 1996. Only patients with an
unequivocal cause-and-effect relationship between the
cerebral AVM and the movement disorder were ac-
cepted in this series. Patients with venous angiomas or
with cavernomas were excluded. Data were collected
from the patients’ charts and clinical notes. The move-
ment disorders were documented by videotaping in four
instances. Computed tomography (CT) studies and
cerebral angiograms were available in all patients.

Imaging findings and clinical features of the patients
are summarized in Table 1. There were four men and
two women. The mean age at admission was 33 years,
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with a range from 22 to 45 years. All patients pre-
sented with AVMs located in eloquent areas. The
AVMs were classified as grade V in one patient, as
grade IV in four patients, and as grade III in one
patient according to the Spetzler–Martin classification
[3]. In three cases (patients 4, 5 and 6) the movement
disorder became manifest only after spontaneous cere-
bral hemorrhage. Five patients underwent microsurgi-
cal interventions. Brief descriptions of the cases are
given below. We concentrate primarily on the findings
relevant to the movement disorders, but not on the
complex issues of surgical or interventional treatment
of these therapeutically challenging AVMs. The sub-
headings in the following denote the most probable
pathomechanisms responsible for the development of
the movement disorder.

3. Summary of cases

3.1. Mass effect and hypoperfusion (diaschisis) of the
basal ganglia

3.1.1. Patient 1
This 37-year-old man was admitted for treatment of

a leftsided frontoparietal AVM. He suffered from gen-
eralized tonic-clonic seizures since childhood. When he
was about 20 years old, he first noted ‘spasms’ of his
right arm while he was writing. He had increasing
difficulty to use his right hand. At age 34, he developed
a mild gait disturbance which became worse over the
next few years. On admission, general physical exami-

nation was unremarkable. Short-term memory deficits
were present. Motor strength was normal. At rest,
muscle tone of the right arm was mildly increased.
Right hemidystonia became evident when he per-
formed any daily routine activities with his right ex-
tremities and upon walking. Then, his arm adopted a
dystonic posture with abduction in the shoulder, exten-
sion of the elbow, wrist and fingers, and radial abduc-
tion of the hand. In addition, there was plantar flexion
and mild supination of his right foot accompanied by
dorsal flexion of the toes. There were no sensory
deficits. CT and MR studies showed a large AVM with
a diameter of slightly more than 5 cm located in the
left suprasylvian frontoparietal region (Fig. 1). The
AVM involved the motor strip and the postcentral
gyrus laterally. The nidus did not encroach the basal
ganglia, but compression of the left putamen was evi-
dent. Digital subtraction angiography revealed that the
AVM was fed by several large arteries branching from
the middle cerebral artery and to a lesser degree from
the anterior cerebral artery (Fig. 2). Small feeders
branched from enlarged lenticulostriate arteries. There
was both superficial and deep venous drainage. Cere-
bral blood flow (CBF) measurements with 99m-Tc
HMPAO SPECT showed decreased parenchymal cere-
bral blood flow in the tissue adjacent to the AVM. The
posterior and medial portions of the AVM were par-
tially embolized via an endovascular approach in three
subsequent sessions. The AVM was then considered
accessible for a microsurgical approach. The postoper-
ative course was complicated by a bleeding postopera-
tively. The patient died 3 weeks postoperatively due to
pneumonia.

Table 1
Summary of imaging findings and clinical features in six patients with movement disorders secondary to cerebral arteriovenous malformations
(AVM) a

Patient/sex/age Probable pathomechanismMovement disorderLocation of AVM Spetzler–Martin
grade

Left suprasylvian fronto- Action-induced hemidystonia Mass effect and hypoperfusion1/M/37 IV
(diaschisis) of the basal gangliaparietal cortex and white (right extremities)

matter
Cortical/ subcortical local parenchymalCortical tremorIVLeft high-frontal cortex and2/M/45

white matter (right arm) altered cerebral blood flow
Right high-frontal cortex Cortical/ subcortical local parenchymalIV3/F/45 Cortical tremor
and white matter (left arm) altered cerebral blood flow

V Structural thalamic/ subthalamicLeft medial temporooccipi-4/F/26 Hemidystonia, hemichorea-
lesion due to posthemorrhagic vasospasmtal white matter ballism (right extremities)

Right thalamus Structural thalamic lesion5/M/22 Focal dystoniaIII
after hemorrhage(left hand)

Right thalamus, internal IV Structural thalamic and putaminal lesion6/M/22 Focal dystonia
after hemorrhage(left arm)capsule and basal ganglia

a Age, age at admission; M, male; F, female.
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Fig. 1. Magnetic resonance (MR) images of a 37-year-old man with right action-induced hemidystonia (patient 1). (a and b) Axial 2700/25
scanning electron (SE) images after partial embolization. The arteriovenous malformations (AVM) is located in the left suprasylvian frontoparietal
cortex and subcortex. The nidus does not directly involve the basal ganglia but there is compression of the left putamen.

3.2. Cortical/ subcortical local parenchymal altered
cerebral blood flow

3.2.1. Patient 2
This 45-year-old man developed focal and general-

ized epileptic seizures when he was 14 years old. He was
treated with anticonvulsive medication. At the age of
21, angiography revealed a left frontal AVM. Twelve
years later, he acutely developed a rightsided hemipare-
sis and aphasia. CT studies demonstrated a hemorrhage
in the left frontal white matter. Repeat angiography

showed the frontal AVM which had increased in size.
In addition, a cherry-sized aneurysm of the anterior
communicating artery was detected. The hemiparesis
and the aphasia improved gradually. Over the next
years, the patient noted occasional rhythmic involun-
tary shaking movements of his right arm. At the age of
44, he became more passive and withdrawn and devel-
oped a gait disturbance. CT imaging showed marked
increase of the size of the anterior communicating
artery aneurysm and bilateral occlusive hydrocephalus.
He underwent bilateral shunting with subsequent im-

Fig. 2. Cerebral angiograms of patient 1 after partial embolization. (a) Anteroposterior, and (b) lateral views. There are feeding arteries from the
left middle cerebral artery and also from enlarged lenticulostriate arteries. Venous drainage is both superficial and deep.
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Fig. 3. Magnetic resonance (MR) images of a 45-year-old woman
with cortical tremor of the left arm (patient 3). (a and b) Axial
2112/25 images. The arteriovenous malformations (AVM) is located
in the rightsided frontal cortex and subcortical white matter just
rostral to the precentral sulcus.

and white matter extending just to the prefrontal sulcus.
In addition, there was a partially thrombosed anterior
communicating artery giant aneurysm causing distorsion
and occlusion of the anterior ventricular system. Angiog-
raphy demonstrated multiple arterial feeders from the left
pericallosal and medial cerebral arteries to the AVM and
superficial as well as deep venous drainage. The AVM
had a maximal diameter of 5 cm. It was partially
embolized. The lumen of the aneurysm was occluded
with coils. It was decided to approach first the giant
aneurysm operatively and remove the AVM in a subse-
quent operation. The aneurysm was clipped with multi-
ple clips and resected via a left pterional craniotomy. The
postoperative course was unremarkable. There was slight
improvement of the aphasia and the hemiparesis. The
postural and action tremor of the right arm was un-
changed. One month postoperatively, the patient became
comatose. CT scans showed a large left frontal hemor-
rhage in the region of the AVM and uncal herniation.
The patient died several hours later.

3.2.2. Patient 3
This 45-year-old woman suffered epileptic seizures one

year prior to admission. The seizures started with tingling
sensations of the left arm, and turned into generalized
tonic-clonic seizures. Gradually, progressive weakness of
the left arm developed. After CT imaging had shown a

Fig. 4. Axial computed tomography (CT) scan of a 26-year-old
woman with right hemidystonia and hemichorea-hemiballism 3 weeks
after hemorrhage of a left medial temporooccipital arteriovenous
malformations (AVM) (patient 4). The hemorrhage extends into the
posterior thalamus. There is a hypodense lesion of the thalamus, the
subthalamic region and the posterior internal capsule.

provement of his hydrocephalic symptoms. He was
admitted at age 45 to our department for further diagnos-
tic studies and treatment. He was alert and fully oriented,
but had moderate memory deficits. Speech was hindered
by a transcortical motor aphasia. The right eye was
amaurotic. There was a moderate rightsided hemiparesis,
and bilateral bradykinesia. There was no tremor at rest.
When he performed any activities with his right arm a
9-Hz tremor appeared after a delay of several seconds.
He had occasional focal motor seizures of his right arm
despite combined anticonvulsive treatment. CT studies
demonstrated an AVM located in the left frontal cortex
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right frontal AVM the patient was referred for further
evaluation and treatment. On admission, a mild left
hemiparesis which was affecting the arm more than the
leg was present. There was also leftsided hemihypesthe-
sia. When the left arm adopted an antigravity posture or
when the patient exerted forceful movements with the
left hand a 10-Hz tremor of the left arm appeared after
a delay of several seconds. The tremor stopped when she
relaxed. Imaging studies revealed a right frontal subcor-
tical and cortical AVM located just rostral to the
precentral sulcus (Fig. 3). The nidus of the AVM had a
diameter of about 4 cm. Angiography showed that it
was fed by the right medial and anterior cerebral
arteries. Both superficial and deep venous drainage was
evident. Electroencephalographic studies showed a right
frontal precentral focus but no interictal epileptic activ-
ity. The AVM was partially embolized in several ses-
sions. After each embolization there was a slight
increase of the leftsided hemiparesis which, however,
recovered to baseline subsequently. The tremor was less
notable when the hemiparesis was temporarily worse.
One year later, the AVM was removed via a frontal
approach. Postoperatively, the patient had a leftsided
hemiplegia which recovered gradually over the next few
weeks. On a follow-up examination 2 years postopera-
tively, the hemiparesis had considerably improved, al-
though it was still more pronounced than
preoperatively. No tremor was evoked with various
manoeuvers. Angiography confirmed complete resection
of the AVM. The patient was free of seizures without
anticonvulsive medication.

3.3. Structural cerebral lesion due to posthemorrhagic
6asospasm

3.3.1. Patient 4
This 26-year-old previously healthy woman collapsed

and became comatose. She was intubated and admitted
to the emergency room. CT studies demonstrated a left
temporooccipital subcortical hematoma involving the
thalamus and upper mesencephalon and adjacent sub-
arachnoid hemorrhage. Angiography revealed a large
AVM in the left medial temporooccipital white matter
and two aneurysms of the proximal leftsided posterior
cerebral artery. According to the distribution of the
bleeding the AVM was considered responsible for the
event. The AVM was fed by branches from the medial
and posterior cerebral arteries with venous drainage to
internal cerebral veins. The aneurysms were occluded
with coils. In the further course severe vasospasm of the
middle and posterior cerebral arteries on the left side
were documented by transcranial Doppler sonography.
When the patient regained consciousness 3 days later,
complex oculomotor disturbances and a right hemipare-
sis were evident. In addition, the patient was aphasic
and dysarthric. Over the next few days she developed

rightsided hemidystonia and hemichorea-hemiballism.
Repeat CT scans 3 weeks after the bleeding demon-
stated an occlusive hydrocephalus and a hypodense
lesion of the thalamus, subthalamic region and the
posterior internal capsule on the left side (Fig. 4). After
ventriculoperitoneal shunting she became more alert.
Within 4 weeks the choreatic and ballistic movements
became more disabling. Feeding branches to the AVM
were embolized in three subsequent sessions. One year
postoperatively, the hemidystonia was still present, but
the hyperkinetic choreic and ballistic movements had
subsided almost completely.

3.4. Structural posthemorrhagic cerebral lesions

3.4.1. Patient 5
This 22-year-old man had intermittent headaches

since he was a child. At age 16, he noted double vision
and left weakness. Emergency imaging studies showed a
rightsided hematoma which was confined to the thala-
mus and the posterior internal capsule. Three weeks
later he noted painful sensations of his left arm and leg.
Over the next 4 months a dystonic posture of his left
hand became evident. He was admitted for further
evaluation and treatment at the age of 22. There was a
marked leftsided hemiparesis, leftsided hemihypesthesia,
and dystonia of his left hand with a ‘bajonet’ deformity
and crawling of his left fingers. In addition, there was a
spontaneous dorsal flexion of his left big toe. Angiogra-
phy demonstrated an AVM of slightly less than 3 cm in
the right thalamus which was supplied by the right
posterior cerebral artery. The AVM was approached via
a temporal approach. Postoperatively, there was a tran-
sient increase of the hemiparesis. The dystonia of the left
hand was unchanged. Several months postoperatively
the patient collapsed and died. Autopsy was refused.

3.4.2. Patient 6
This 20-year-old man had an unremarkable medical

history until the age of 19. During work he had noted
paresthesias and progressive weakness of his left arm.
Within hours he became comatose. Imaging studies
revealed a subarachnoid hemorrhage and a hematoma
in the right thalamus, the posterior limb of the internal
capsule and the posterior putamen. Angiography
showed a thalamic AVM which was fed by thalamoper-
forating branches from the right posterior communicat-
ing artery and drained into the internal cerebral veins.
Marked left hemiparesis and hemihypesthesia were evi-
dent. During the next few weeks the hemiparesis gradu-
ally improved. Parallel to the amelioration of the
hemiparesis the patient noted increased muscle tone of
his left arm. On admission 6 months after the bleeding,
there was a moderate left spastic hemiparesis and a
hemihypesthesia. In addition, hemianopsia to the left
side was noted. The left arm was held in a dystonic
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posture with outward rotation in the shoulder, exten-
sion in the elbow, dorsal flexion and abduction of the
wrist, and hyperextension of the fingers. The dystonia
became worse with various activities. Treatment with a
variety of drugs did not result in improvement of the
movement disorder. The AVM was resected via a pos-
terior parietal approach. The early postoperative course
was unremarkable. Within the next year the hemipare-
sis improved while the dystonia of the left arm was
unchanged. A follow-up angiography confirmed com-
plete removal of the AVM.

4. Discussion

Movement disorders may be secondary to a variety
of diseases affecting the brain including intraaxial and
extraaxial tumors, perinatal trauma, head injury, neu-
rodegenerative disorders, neuronal storage diseases, is-
chemic infarctions, hemorrhage, and infectious diseases
[4–10]. In patients with dystonia and chorea focal
thalamic or basal ganglia lesions or compression of
these structures may be identified [7,9–11]. AVMs have
been described only exceptionally to cause movement
disorders. The frequency of AVM-related movement
disorders remains unclear. Remarkably, hyperkinesias
or tremors have not been reported as a presenting
symptom in large historic and contemporary series
focusing on different aspects. Lobato et al. did not
describe any movement disorders when he compared
the clinical presentation of 133 patients with symp-
tomatic AVMs and 55 patients with cavenomas [12].
Studies that investigated the mass effect of AVMs or
the effect on perfusion of adjacent brain tissue were
also unrevealing [13,14]. In addition, no descriptions of
AVM-related movement disorders were found in multi-
patient series with thalamic or basal ganglia AVMs
[15–17]. On the other hand, it is notable that in a study
on 28 patients with symptomatic dystonia four were
found to have a cerebral AVM [10].

Movement disorders that have been described earlier
to be associated with AVMs include dystonic syn-
dromes such as cervical dystonia, hemidystonia, hemia-
thetosis, and paroxysmal hemichoreoathetosis, various
tremors, and single instances of hemichorea, hemibal-
lism, action myoclonus, and palatal myoclonus (Table
2) [10,18–32]. A total number of 23 cases reported
previously were identified. Patients with cavernomas or
venous anomalies were not included in this review. It
appears that dystonic syndromes are the most common
AVM-related movement disorders. In almost all of
these patients the thalamus or the basal ganglia, in
particular, the caudate and the putamen were involved.

The patients described in the present report illustrate
the spectrum of movement disorders that can be sec-
ondary to AVMs and emphasize the variety of possible

Table 2
Reported cases of movement disorders secondary to cerebral arteri-
ovenous malformations

Author Movement disorder No. patients

1HemichoreaCushing and Bai-
ley [19]

Mackenzie [20] Hemichorea 1
Paterson and 1Hemiathetosis

McKissock [21]
1Avenarius et al. Hemiballism

[22]
Shaw et al. [23] 1Cervical dystonia

2Cervical dystoniaLobo-Antunes et
al. [24]

Focal dystonia and tremor 2
1Avanzini et al. Intention/action myoclonus

[25]
Unilateral tremor 1Podlas et al. [26]

Diamond et al. Unilateral action tremor 1
[27]

Hemichoreoathetosis 1
2Marsden et al. Cervical dystonia

[10]
Hemidystonia 2

Friedman et al. 2Hemidystonia
[28]

Transient hemichoreo- 1Vincent [29]
athetosis
Palatal myoclonus 1Chalk et al. [30]
Paroxysmal choreoathetosisShintani et al. [31] 1

Ezura et al. [32] 1Hemichorea
Krauss et al. 1Action-induced hemidysto-

nia
Hemidystonia/ hemichorea- 1
ballism

2Unilateral cortical tremor
Focal dystonia (arm/hand) 2

pathomechanisms that may be associated with their
development. Basically, four different underlying causes
were identified: parenchymal altered cerebral blood
flow at the site of the location of the AVM, diaschisis,
mass effect and hemorrhagic or ischemic structural
lesions. We think that it is important to differentiate
between these different possible mechanisms. Unusual
movement disorders should encourage a more thorough
investigation for the underlying causes. On the other
hand, with regard to the delayed onset of movement
disorders after structural lesions in the basal ganglia the
causal association might be overlooked. Furthermore,
the mechanism by which the movement disorder is
caused has also prognostic implications.

Local parenchymal altered cerebral blood flow is the
most likely cause in the two patients who presented
with cortical tremor secondary to cortical/subcortical
high-frontal AVMs. There was no indication for func-
tional basal ganglia involvement in these cases. The
term ‘cortical tremor’ has been coined only recently by
Ikeda et al. who described high-frequency postural and
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action tremors in patients with electrophysiologic evi-
dence of cortical myoclonus [33]. Cortical tremor is
considered a variant of cortical reflex myoclonus [34].
The occurrence of both focal motor seizures and corti-
cal tremor has been reported to be associated with
subcortical infarction [35]. Remarkably, the seizures
and the tremor were alleviated after resection of the
AVM in patient 3 of this series.

It is thought that the action-induced hemidystonia in
patient 1 is related both to mass effect caused by the
unruptured AVM and by diaschisis. It has been gener-
ally considered that mass effect is evidence for rupture
of AVMs. Miyasaki et al., however, have shown that
mass effect is not uncommon in AVMs without previ-
ous bleeding [13]. Factors that were associated with
mass effect were large size of AVMs, marked venous
drainage and brain edema around the AVM. All these
factors were present in the patient and resulted in
compression of the left putamen. Since the hemidysto-
nia was markedly pronounced by prolonged activity of
the right arm a dynamic element most likely is also
involved. The putamen is supplied by lenticulostriate
ateries branching directly from the middle cerebral
artery. In this case the AVM was partially supplied by
enlarged lenticulostriate arteries. As shown by blood
flow studies hypoperfusion was found in the par-
enchyma adjacent to the AVM. It is conceivable that
prolonged activity of the right arm resulted in further
decrease of putaminal blood flow triggering thus the
appearance of the movement disorder.

Different aspects are relevant in patients 4, 5 and 6 of
the series. Patient 4 developed both hemidystonia as
well as hemichorea-hemiballism contralateral to the left
medial temporooccipital AVM after a delay of few
days. Most likely vasospasm resulting in hypodense
lesions of the thalamus, subthalamus and internal cap-
sule is responsible for the movement disorders. Is-
chemic infarction is the most frequent cause for
hemichorea-hemiballism [6,36]. Usually vascular
hemiballism is self-limiting and improves after days to
weeks. The structural posthemorrhagic lesions in the
thalamus and the putamen in patients 5 and 6 corre-
spond to well known localizations that may cause focal
dystonia.

It appears that the natural history of AVM-related
movement disorders is characterized most frequently by
persistence of the hyperkinesias in patients with unrup-
tured AVMs. There is only one report on spontaneous
improvement of AVM-related cervical dystonia [23]
and one report on transient hemichoreoathetosis associ-
ated with hyperglycemia [29]. Medical therapy has
rarely been reported to be effective. Limited benefit has
been achieved with high-dose anticholinergic medica-
tion in a patient with hemidystonia [28]. Carba-
mazepine therapy resulted in amelioration of
paroxysmal choreoathetosis in a patient with a parietal

AVM [31]. As seen in patient 3 of the study, however,
such movement disorders may disappear after surgical
removal of the AVM. Podlas et al. described abolition
of appendicular tremor in their patient after emboliza-
tion of a thalamic AVM [26].

Overall, AVM-related movement disorders appear to
be more frequent in patients with large AVMs corre-
sponding to Spetzler–Martin grades IV and V. Surgical
removal of such AVMs remains difficult and may re-
quire multistage surgery. The optimal treatment of such
patients is still under debate.
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