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"Alien hand" and loss of bimanual coordination after
dominant anterior cerebral artery territory infarction
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SUMMARY Three patients with dominant anterior cerebral artery territory infarction demonstrated
a severe disturbance of upper limb motor control with impaired bimanual coordination, the "alien
hand" sign, and intermanual conflict, in addition to signs of callosal interruption and a transcortical
motor aphasia. Recordings of movement-related potentials in one patient showed an attenuated
Bereitschaftspotential and a greater asymmetry of the NS' component of the premotor negativity
with left finger than with right finger movement. The impairment of bimanual motor control and
associated abnormal motor behaviour of the right hand in these cases are postulated to be due to
involvement of the supplementary motor area and related areas of the medial frontal cortex.

The anterior cerebral artery supplies the rostral sen-
sorimotor cortex and the anterior two-thirds of the
corpus callosum by way of its calloso-marginal and
pericallosal branches. Proximal occlusion of the an-
terior cerebral artery may not only damage the motor
cortex, resulting in weakness of the contralateral
limbs, but may also produce a number of other
abnormal motor phenomena. These include compul-
sive movements of a reflex nature, described as forced
grasping and groping, and a grasp reflex.1 Abnormal
motor behaviour of a more complex and semi-
purposive nature may also occur in the contralateral
upper limb and has been described as the alien hand

2 3sign. In extreme cases, where one hand acts at
cross-purposes to the other, the term intermanual
conflict has been used to describe this behaviour.
Anterior cerebral artery occlusion may also disrupt
interhemispheric connections. If the dominant artery
is occluded the non-dominant hemisphere is discon-
nected from centres concerned with the organisation
of speech and skilled motor activity in the dominant
hemisphere resulting in agraphia and apraxia in the
ipsilateral upper limb.4" The combination of these
effects produces a unique and disabling disturbance
of upper limb motor control.
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We describe three patients with infarction in the
dominant anterior cerebral artery territory who dem-
onstrated the alien hand sign and intermanual conflict
as well as marked impairment of bimanual coordi-
nation as part of their neurological syndrome. It is
postulated that these abnormalities of motor behav-
iour resulted from damage to the supplementary
motor area and related areas in the medial frontal
cortex.

Case reports

Case I
A 75 year old dextral woman was admitted to a rehabil-
itation hospital 6 weeks after the sudden onset of a dense
right hemiplegia and mutism. Her initial illness had been
complicated by urinary and bowel frequency, urgency and
incontinence. A past history of treated hypertension of 10
years, and a transient episode of right hand paraesthesiae
12 months prior to presentation was elicited.
On examination she was found to have a blood pressure of

150/85 mm Hg and signs of aortic valve sclerosis. She was
alert but disinhibited, laughing readily and inappropriately,
and cursing in a jocular fashion. There was a minimal right
upper motor neuron facial paresis, mild right upper limb
weakness (MRC grade 4/5), particularly evident proximally,
and severe weakness of the right leg (grade 1-2/5), particu-
larly distally. Right sided hyperreflexia was present. Vision
and somatic sensation were normal. Although initially mute,
her speech subsequently was soft and dysfluent with abnor-
mal prosody but normal comprehension, repetition and
reading. Object naming to visual and tactile presentation in
either hand was intact. She had a left dyspraxic agraphia and
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a mild left ideomotor dyspraxia was also evident with more
complex tasks. Bimanual coordination was markedly
impaired; for example she was unable to use simultaneously
a knife and fork when eating, or to do up buttons when
dressing. A number of other abnormal motor phenomena
were also noted. On the left side, semi-coordinated move-
ments of the hand or arm would occur whilst speaking or if
she was distracted by other tasks. On the right side, a tonic
palmar grasp reflex was present, and initially this hand
showed an uncontrollable tendency to reach out and take
hold of objects and then be unable to release them. The
patient would repeatedly express astonishment at these
actions. At times the right hand interfered with tasks being
performed by the left hand, and she attempted to restrain it
by wedging it between her legs or by holding or slapping it
with the left hand. Attempts to execute regular repetitive
self-paced flexion-extension movements of individual fingers
of the right hand resulted in errors of timing and sequencing
which were not seen in the left hand.
A cranial CT scan showed extensive infarction of the left

superior and medial frontal and parietal cortex and of the
genu and body of the corpus callosum (fig 1).
Movement-related potentials Potentials (fig 2) were
recorded by averaging lS s epochs of EEG preceding 100
extension movements of the index finger of each hand from
electrodes at C3, Cz and C4 (10-20 system) referenced to
linked-ears.6 With movement of the left index finger the
negativity preceding movement onset by 150-250 ms, corre-
sponding to the NS' component of Shibasaki et al7 and the
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Fig 2 Movement-related potentials associated with right
and leftfinger extension. Note the wider (bilateral)
distribution of the NS' component of the premotor negativity
with right-sided movements than with left-sided movement,
and the attenuation of the preceding Bereitschaftspotential
(BP) for both right and left-sided movement. The arrows
indicate movement onset which was detected using an
infra-red system.6

motor potential of Deecke et al8 9 and Lee et al,'0 which is
thought to represent activity in pyramidal tract neurons in
pre- and post-Rolandic areas,"0 was localised to the (con-
tralateral) C4 electrode site. By contrast, with movement of

Fig 1 Transverse (a and b) and
semi-coronal (c and d) CT scans of
Case 1, 2 months after left anterior
cerebral artery occlusion showing
extensive destruction of the left
medialfrontal and parietal cortex
andcorpus calosum.
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the right index finger, this potential was present at each elec-
trode site, although of maximal amplitude contralaterally at
C3. The earlier negativity preceding NS' (the Bereit-
schaftspotential), was poorly developed at all electrode sites
for both right and left finger movement. Subcomponents of
this earlier negativity as described by Barrett et al" could
not be identified.

Case 2 (P.A.)
A 58 year old obese dextral woman was first seen 6 weeks
after the sudden onset of right hemiparesis and abnormal
speech. There was a past history of endogenous depression,
hypertension and a recent myocardial infarction. On exam-
ination there was mild right facial and upper limb weakness
with a tonic palmar grasp reflex, profound weakness of the
right leg, right-sided hyperreflexia, ankle clonus and a
Babinski response. Spontaneous speech was hesitant, with
word-finding difficulties but normal comprehension, repeti-
tion and naming of visually-presented objects. Tactile nam-
ing of objects was normal with the right hand (10/10) but
was severely impaired with the left hand (0/10) although in
most instances the object could be retrieved from a col-
lection of unrelated items indicating a tactile anomia.

Writing was normal with the right hand while the left
hand produced only stereotyped doodling. The left hand was
severely dyspraxic making stereotyped waving movements
in the air when she was instructed to perform simple or com-
plex movement sequences or to use objects. There was also a
constructional apraxia with perseveration when using the
right hand. Tasks involving the coordinated use of both
hands, such as eating or dressing, were severely impaired, the
two hands appearing to act quite independently of each
other. At times the right hand would be raised toward the
head or would interfere with tasks being performed by the
left hand.

Case 3 (R.S.)
A 68 year old dextral woman was examined some weeks
after the acute onset of a right hemiparesis, speech difficulty
and urinary incontinence. Examination showed residual
right sided weakness which was more severe in the leg, with
mild spasticity in the arm and a strong palmar grasp reflex.
Her speech was hesitant with occasional paraphasic errors
and echolalia but normal comprehension, repetition and
visual naming of objects presented in either hemifield. Tac-
tile naming of objects was normal with the right hand (5/5)
while there was a mild tactile anomia with the left hand (6/8
correct). Writing was normal with the right hand but was

impaired with the left hand which was also mildly dyspraxic
when attempting to use common objects or to perform
motor sequences. Construction of simple geometric shapes
was normal with the right hand but markedly impaired with
the left hand. When the patient was attempting to write with
her left hand the right hand would frequently be raised and
would reach over and attempt to take the pencil from the left
hand. The left hand would respond by grasping the right
hand to restrain it. The performance of bimanual tasks such
as eating or manipulating buttons was severely impaired.
During conversation the right hand would frequently drift
upwards or make other purposeless movements.

McNabb, Carroll, Mastaglia
Discussion

The present cases each displayed the characteristic
pattern of limb weakness and associated sphincteric
disturbance found after infarction in the territory of
the anterior cerebral artery."2 In the most recent case
(Case 1) the anatomical location of the lesions was
confirmed by computed tomography which showed
infarction of the medial frontal cortex and corpus cal-
losum. In addition, each patient showed features of a
transcortical motor aphasia (table) with reduced,
non-fluent spontaneous speech (one patient was mute
initially), normal auditory comprehension, reading
and repetition, and in one case echolalia (Case 3).
This type of aphasia, which has been reported only
infrequently in patients with anterior cerebral artery
occlusion, 13 -'5 has previously been ascribed to
lesions involving the supplementary motor area
(SMA) or its connections with Broca's area. 15 - 17
The lesions responsible for the alien hand and other

abnormal motor phenomena have not been well
localised. Brion and Jedynak2 introduced the concept
of the alien hand (la main etrangere) to draw atten-
tion to the uncooperative behaviour of the left hand
in three patients with tumours of the corpus callosum.
Similar phenomena have been described in patients
with other lesions of the corpus callosum and for the
first few weeks after commissurotomy in epileptic
patients.3 18 In contrast to patients with callosal
lesions in whom the alien hand and conflicting hand
in bimanual tasks was the left hand, in the present
cases and in the two cases described by Goldberg et
all9 with left medial frontal cortex infarction, the
right hand displayed these abnormalities. We believe,
as did Goldberg et al,'9 that these abnormal forms of
motor behaviour are the result of damage to the
medial frontal cortex, which includes the SMA, rather
than to callosal interruption which is the basis for the
apraxia of the left hand and agraphia.4 5

There is now considerable evidence implicating the
SMA, which lies upstream from the primary motor
cortex, in the planning and programming of coordi-
nated motor tasks.202' Penfield and Jasper22 showed
that stimulation of the SMA in man evoked complex

Table Summary ofneurologicalfindings in the present cases

Case I Case 2 Case 3

Contralateral hemiparesis (leg > arm) + + +
Transcortical motor aphasia + + +
Grasp reflex + + +
Forced grasping + - -
Alien hand + + +
Intermanual conflict + + +
Ipsilateral apraxia + + +
Ipsilateral agraphia + + +
Ipsilateral tactile anomia - + +
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movements of the contralateral upper limb and at
times arrest or slowing of movement, as well as vocal-
isation or speech arrest. Stimulation of the anterior
cingulate cortex, which is reciprocally interconnected
with the SMA, has also been shown to produce highly
integrated forms of motor behaviour.23 Regional
cerebral blood flow studies in normal subjects per-
forming a sequence of finger movements with one
hand showed an increase in blood flow in the SMA
bilaterally, even when the subject imagined the uni-
lateral movement sequence without actually making
any movement.24 Single cell recordings in primates
have also shown a relationship between bilateral
SMA unit activity and the performance of unilateral
learned motor tasks.25

Lesions of the dominant SMA in man have been
reported to cause mutism, transcortical motor apha-
sia, forced grasping, groping and a grasp reflex,
reduced spontaneous motor activity and impaired
bimanual coordination.'5 1626-28 Unilateral SMA
ablation in monkeys results in a long-lasting deficit in
the execution of precision movements of the two
hands and marked impairment of the cooperative use
of the hands in bimanual tasks,29 deficits which are
remarkably similar to those observed in the present
cases. The alien hand sign and associated abnormal
motor behaviour, and the speech disturbance in these
cases, may therefore be an expression of impaired
programming, execution or inhibition of normal
motor subroutines as a result of damage to the SMA
or interconnected areas of the dominant medial fron-
tal cortex.
The virtual absence of the Bereitschaftspotential

before finger movement in Case 1 is of interest, in
view of the postulated origin of this potential from the
SMA by some workers.30 31 If the Bereit-
schaftspotential does indeed arise from the SMAs,
both of which are active during unilateral voluntary
movement, it should be attenuated following a
destructive lesion of one SMA. However, the
significance of this finding in Case I is uncertain as, in
our experience, it is not always possible to record the
potential even in normal subjects and even under
optimal recording conditions. Of interest also was the
different distribution of the NS' potential with right
and left-sided finger movement in this case. This
potential is believed to represent activation of pyr-
amidal neurons and is normally distributed bilaterally
with a maximal slope contralateral to the side of the
movement.7 11 In contrast to normal subjects in
whom there is greater asymmetry of NS' for domi-
nant hand movements and a more symmetric distri-
bution with bilateral simultaneous hand movement,32
in Case I there was a greater bilateral distribution of
this potential with right finger movements. It is possi-
ble that this difference was due to simultaneous acti-

vation of motor centres in both hemispheres because
of the difficulty the patient had in making individual
finger movements with the right hand without simul-
taneously activating the left hand.

The authors are grateful to Mr GW Thickbroom who
performed the motor potential recordings and to Mrs
P McBryde for secretarial assistance.
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