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M4otor inhibition from the brainstem is normal in
torsion dystonia during REM sleep

D R Fish, D Sawyers, S J M Smith, P J Allen, N M F Murray, C D Marsden

Abstract
The maintenance of axial atonia during
REM sleep was monitored in 14 patients
with primary torsion dystonia, 10
patients with secondary torsion dystonia,
and 10 normal subjects using submental
EMG and video EEG telemetry. The
excitability of the corticospinal tract
during REM sleep was also assessed
using scalp magnetic stimulation in
seven patients and three controls.
During REM sleep dystonic patients had
well maintained atonia evidenced by
infrequent bursts of submental activity,
no episodes of complex semi-purposeful
behaviour and reduced motor responses
to magnetic stimulation. These findings
suggest that the inhibitory centres in the
region of the locus coeruleus and their
descending pathways to the spinal alpha
motor neurons are intact in torsion
dystonia.
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The pathophysiological basis of the motor
abnormalities in primary torsion dystonia is
unknown. Voluntary movements and muscle
stretch produce an overflow of activity to
distant muscles, with activation rather than
relaxation of antagonists, and spinal reciprocal
inhibition is abnormal.' These changes may
be due to distortion of descending motor
commands to the spinal cord, perhaps as a

result of a disturbance of basal ganglia func-
tion. However, necropsy neurochemical" and
histological45 studies in patients with primary
torsion dystonia have raised the possibility
that pathology in the pontomedullary struc-
tures, particularly in the region of the locus
coeruleus, may be involved in the patho-
genesis of dystonia.
Hornykiewicz et al 2 performed detailed

necropsy neurochemical studies on the brains
of two patients with primary torsion dystonia.
There were substantial changes in the
noradrenaline, serotonin and dopamine con-
tent of several regions of the telencephalon,
diencephalon and brainstem. In particular
noradrenaline was reduced in the locus
coeruleus but elevated in several of its projec-
tion areas. Histological examination, however,
showed no cell loss in the locus coeruleus
itself. The authors speculated that the reduc-
tion in noradrenaline was a consequence of
decreased noradrenergic input from the
adjacent lateral tegmentum.' Subsequently,
Jankovic and Svendsen' found necropsy
changes in noradrenaline levels in the mid-

brain of a patient with idiopathic cranio-
cervical dystonia which they interpreted as a

possible consequence of reduced noradrener-
gic function in the locus coeruleus. Zweig et
al 4 performed histological studies on the
brains of four patients with the clinical diag-
nosis of primary torsion dystonia. One patient
had neurofibrillary tangles and mild neuronal
loss in the locus coeruleus, and occasional
neurofibrillary tangles in several other brain-
stem structures. Another patient had promi-
nent cell loss in several brainstem nuclei
including the substantia nigra pars compacta,
locus coeruleus, raphe nuclei and pedun-
culopontine nucleus but no abnormalities
were found in the other two cases.4 Gibb et
al' performed necropsy histological studies
on four patients with cranial dystonia. One of
these patients had a small pontine angioma,
but no abnormalities were found in the other
cases. The significance of these histological
and neurochemical changes in the brainstem
is uncertain. The region of the locus coeruleus
appears to be implicated in some, but not all
patients with primary torsion dystonia. These
abnormalities could represent the primary
lesion responsible for the disorder. Alter-
natively, they could be secondary to undetec-
ted abnormalities elsewhere in the brain or the
effect of treatment.

Direct study of the brainstem inhibitory
systems is not yet possible in conscious
human subjects, but REM sleep offers a

potential tool with which to investigate the
inhibitory pathway that descends from the
region of the locus coeruleus to the brainstem
and spinal cord. Normal subjects show
profound atonia during REM sleep. The
physiological basis of this phenomena has
been investigated extensively in animals.
Supratentorial structures undoubtedly
influence REM sleep phenomena6 but brain-
stem structures alone are sufficient for the
occurrence ofREM atonia. Complete transec-
tions of the brainstem at different levels in the
cat have shown that stage REM atonia can be
produced if the pons and caudal structures are
intact.7 REM atonia, however, is prevented by
bilateral lesions in the region of the locus
coeruleus.8"' The neurons involved in this
inhibitory process may be situated diffusely
within this region. Small bilateral lesions of
the cells adjacent to the locus coeruleus
(known as the locus coeruleus alpha and peri
locus coeruleus alpha) partially inhibit REM
atonia. A further restoration of muscle tone
during REM sleep may be seen following
larger bilateral lesions in this area that involve
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the locus coeruleus itself.'0 Lack of REM
atonia in animals is associated with complex
semi-purposeful behaviour during stage REM
sleep.'0 13 14

Similarly, patients with brainstem lesions
may have periods of stage REM sleep without
atonia,1'5'8 accompanied by "delirious" motor
behaviour which may represent the unin-
hibited acting out of dreams. Cat and rabbit
experiments have demonstrated that the des-
cending inhibitory pathway from the region of
the locus coeruleus thought to be responsible
for REM atonia runs in the lateral tegmento-
reticular tract,'9 and probably excites the cells
of the medullary nucleus magnocellularis.20
These project to the ventrolateral reticulo-
spinal tract2' and ultimately lead to pre-
dominantly postsynaptic inhibition of the
alpha motor neurons.22 Superimposed on the
resulting background inhibition during REM
sleep alpha motor neurons also receive
excitatory inputs which occasionally are of
sufficient amplitude to cause membrane
depolarisation, and lead to muscle twitches or
myoclonic jerks.23
This evidence suggests that the atonia of

stage REM sleep may be used to study an
important descending inhibitory pathway. In
this study the hypothesis that torsion dystonia
is due to reduced function of the inhibitory
pathway descending from the region of the
locus coeruleus was investigated by studying
motor inhibition during REM sleep in
patients with primary and secondary torsion
dystonia using submental EMG, video recor-
dings of clinical behaviour and scalp magnetic
stimulation.

Subjects and methods
Three groups were studied: 10 normal subjects
(six females and four males, median age 29
years, range 21-64), 14 patients with primary
torsion dystonia (eight females, six males,
median age 38-5 years, range 15-81) and 10
patients with secondary dystonia (two females,
eight males, median age 44-5 years, range 20-
74). The clinical details of the patients with
torsion dystonia are given in tables 1 and 2. An
additional patient (Case 15) was studied with
magnetic stimulation only.
This study was approved by the Medical

Ethics Committee of The National Hospitals
for Neurology and Neurosurgery. No altera-
tions were made to treatment and all subjects
gave informed consent. Sleep studies were
performed in a quiet single room after one
night of adaptation using the video cable
telemetry equipment previously described24
and the techniques of Rechtschaffen and
Kales.25 Subjects retired to bed when they
chose, and awoke spontaneously in the morn-
ing.

1 The assessment of atonia using stibmental
EMG
In normal subjects during stage REM sleep the
submental EMG shows a low level of back-
ground activity with occasional brief bursts of
excitation (fig 1). The number of these bursts
were used to assess the maintenance of atonia.
All records were coded and scored blind to the
diagnosis by two independent observers (DF
and DS). Each period of REM sleep was
divided into two second mini-epochs and the
percentage ofthese which contained at least one

Table 1 The patients with primary generalised torsion dystonia*

Patient Age Age
number (years) Sex onset FH DS Drugs (daily dose)

1 43 M 8 Y 3 None
2 22 F 8 Y 5 Benzhexol 90mg
3 21 M 7 Y 28 Diazepam 5 mg Benzhexol 10 mg
4 27 F 5 Y 18 Benztropine 4 mg
5* 39 M 7 Y 21 Diazepam 30 mg
6*t 38 M 10 Y 9 Primidone 750 mg Valproate 1 g
7 26 F 10 Y 11 None
8 27 F 5 N 4 None
9 58 F 53 N 6 Benzhexol 8 mg Dexamphetamine 10 mg
10 57 F 51 N 8 Benzhexol 35 mg Propanolol 180 mg
11 46 M 18 Y 7 Benzhexol 6 mg
12 81 F 48 N 4 Benzhexol 3 mg
13 15 M 5 Y 26 Benzhexol 20 mg Pimozide 30 mg Diazepam 16 mg
14 72 F 29 N 4 None
15 27 F 7 Y 1 Benzhexol45 mg

*Ashkenazy Jew.
tPatient had previous thalamotomy.
DS = Disability score (0-30) on Fahn and Marsden Scale.'5. FH = Family history of dystonia.

Table 2 The patients with secondary torsion dystonia*

Relevant Age
Patient clinical onset
number Sex Age details (years) Sites DS Drugs (daily dose)

16 M 20 Enceph 9 Gen 21 Benztropine 2 mg Diazepam 10 mg
17t M 30 Birth injury 4 Gen 29 Haloperidol 3 mg Diazepam 15 mg
18 F 40 Birth injury 13 Gen 6 Clonidine 150 ug Benzhexol 6 mg
19 F 61 Drugs 56 Cranial 11 Benzhexol 6 mg
20 M 43 Enceph 2 Gen 20 None
21 M 52 CVA 46 Trunk 1 Sulpiride 600 mg Diazepam 10 mg
22 M 74 Enceph 31 Gen 14 Benzhexol 4 mg
23 M 46 Pyramidal signs 37 Legs 4 Madopar 975 mg
24 M 67 Rapid disease progress 38 Gen 16 Diazepam 6 mg Orphenadrine 150 mg
25 M 48 Rapid disease progress 42 Gen 8 None

Enceph = Encephalitis. Gen = Generalised. t = Thalamotomy.
DS = Disability score (0-30) on Fahn and Marsden Scale32.
*Reproduced from reference 31, copyright 1990, American Medical Association.
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Figure 1 REM sleep
showing a brief burst of
submentalis EMG activity
in a normal subject
(subment = submentalis
surface EMG, EOG =
electro-oculogram).
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burst of submentalis activity that was more
than 50% above the baseline was then deter-
mined. The interobserver correlation co-

efficient for this measurement was 0-82 (linear
regression), and the mean of the two scores was

used (fig 2).

2 Clinical behaviour
Overnight video monitoring was performed
using a low light sensitivity camera. The entire
recording was reviewed by one of us (DF) to
assess the clinical behaviour.

3 Scalp magnetic stimulation
The effect of stageREM sleep on the amplitude
and latency of the response of abductor digiti
minimi (ADM) to scalp magnetic stimulation
was subsequently studied in seven patients
with primary torsion dystonia (Cases 1-3, 5, 7,
8 and 15) and three control subjects. Data on
one control (Case 3) was obtained from two
separate nights. Sleep was monitored using the
above techniques, except for the EEG which
was recorded directly on to paper. Scalp mag-
netic stimulation employing an anticlockwise
current with the coil centred over the vertex
was performed using methods previously des-
cribed.26 Between stimuli the coil rested on the
head because preliminary studies had shown
that this reduced the tendency for stimuli to
awaken the subject. The magnitude of stimula-
tion was 25% above the relaxed threshold. The
activity of the rightADM was monitored using
surface EMG. The baseline to peak amplitude,
and the latency to onset of each ADM response
were measured. Baseline levels of these
parameters were determined for each subject
using four stimuli before and after the over-

night sleep with the subjects as relaxed as

Figure 2 The percentage
of 2s miniepochs during
stage REM sleep
containing at least one
burst of submentalis (SM)
EMG activity, expressed
as the mean of the two
observers.
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possible. Relaxation was checked using the
audio channel of the ADM surface EMG. The
number of stimuli given to each subject during
REM sleep was determined by the amount of
this sleep stage and the posture of the subject.
No stimuli were given during muscle twitches.
The interval between stimuli was at least 20
seconds. The amplitudes of the responses dur-
ing REM sleep were expressed as a percentage
of the median awake value. The absolute
latency of the ADM response was measured;
this includes not only the time for conduction
from motor cortex to spinal cord, but also a
large peripheral component. Cervical stimula-
tion, which would allow computation of the
central conduction time, was only performed in
one subject (Case 3) during wakefulness, but
could not be done during sleep because of the
need for patient cooperation. The change
therefore in total ADM latency for each res-
ponse obtained during REM sleep was defined
as the latency of the REM response-median
awake latency.

Results
1 The frequency of bursts of submentalis
activity during REM sleep
All control subjects and patients showed a
reduced background level of submental EMG
activity during REM sleep compared with
wakefulness. The group ofpatients with secon-
dary torsion dystonia had fewer bursts of
submentalis activity than the group of normal
subjects (p < 0-01 Mann Whitney, two tailed,
fig 2). The results for the group ofpatients with
primary torsion dystonia were similar to the
control group (p = 0 07 Mann Whitney, two
tailed, fig 2).

2 Clinical behaviour
Review of the overnight video recordings
documented that no episodes of complex semi-
purposeful or delirious behaviour occurred
during REM sleep in either patients or con-
trols.

3 The effect of stage REM sleep on the response
to scalp magnetic stimulation
Four patients with torsion dystonia yielded
information (Cases 1, 3, 8 and 15). One other
patient was awoken from her only period of
REM sleep by the first stimulus (which did not
produce a detectable response in ADM), and
two other patients had no stage REM sleep
under these recording circumstances. The
recording gains were adjusted during the night
to try and detect small responses. However,
responses below about 2% of the wake level
were unlikely to be detected. The normal
subjects received a total of92 stimuli. Sixty five
ofthese stimuli produced a detectable response
in ADM. Cases 1, 3, 8 and 15 with primary
torsion dystonia received a total of 81 stimuli
during stage REM sleep. Sixty of these
produced a detectable response in ADM.
Although there was substantial intra and
inter subject variability in both controls and
patients, most responses during REM sleep
were of small amplitude and prolonged latency
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Table 3 The effect of stage REM sleep on the amplitude and latency ofADMEMG responses to scalp magnetic
stimulation in A) normal subjects and B) patients with primary dystonia. The amplitudes are expressed as a percentage
of the wake baseline. The change in latency is defined as the latency from stimulation to the onset of response-the wake
baseline latency

Subject nunber
A Normal subjects 26 27 28

Number of stimuli 16 19 57
Number of detectable ADM responses 7 10 48
Median amplitude ofADM response during REM sleep

as percentage of wake level (maximum) 33% 14% 53%
(141%) (59%) (> 360%)

Median change (ms) in ADM response latency during
REM sleep compared to wake level (range) +1 3 +1 9 +1-7

(-08to24) (-08to2-5) (-2-0to42)

Case number

B Dystonic patients 1 3 8 IS

Number of stimuli 24 16 32 9
Number of detectable ADM responses 23 10 22 5
Median amplitude ofADM responses during REM sleep
compared to wake level (maximum) 21% 13% 14% 33%

(158%) (21%) (71%) (83%)
Median change (ms) in ADM response latency during
REM sleep compared to wake level (range) +1-6 + 8-6 + 2-9 +1-7

(0 to 20) (43 to 94) (-08 to 54) (-3-7 to 33)

compared to wakefulness (table 3). Case 3
consistently showed particularly small and
delayed responses during REM sleep (fig 3).

Discussion
The three methods used to assess atonia (sub-
mental EMG, video recording of the clinical
behaviour and scalp magnetic stimulation)
demonstrated unequivocally that motor inhibi-
tion is well maintained during REM sleep in
patients with torsion dystonia.

Patients with torsion dystonia did not show
more bursts of increased submental activity

0 10 20 30 40 50
Time (ma)

Figure 3 EMG responses of the right ADM to central
magnetic stimulation given at the beginning of each sweep,
during wake and stage REM sleep in Case 3 with
primary torsion dystonia. The top two traces show the
response to stimulation with the coil centred over the
vertex, current anticlockwise, at a strength of25% above
threshold, duringREM sleep. The third trace shows the
response to similar stimulation during wakefulness. The
fourth andfifth traces show the response ofADM to
electrical stimulation at the cervical level and wrist
respectively. The ADM responses during REM sleep
were much smaller than in wakefulness and delayed in
this case by about 8 ms.

during REM sleep than normal subjects.
Indeed these were significantly reduced in the
secondary group. This finding is in agreement
with the observation of Wein and Golubev27
that patients with torsion dystonia have
reduced numbers of gross body movements
during sleep. Similarly EMG recordings have
shown reduced numbers of gross body
movements and muscle twitches during both
nonREM and REM sleep in children with
hereditary DOPA responsive dystonia showing
marked diurnal variation;28 interestingly, in the
latter condition these were restored by treat-
ment with levodopa.
No episodes of complex semi-purposeful or

delirious behaviour occurred during stage
REM sleep. This is in contrast to the activity
seen during REM sleep in cats with pon-
tomedullary lesions in the region of the locus
coeruleus,' 01314 and the delirious behaviour
observed in some patients with structural or
degenerative lesions involving this region.""l

In another study on the same group of
patients with torsion dystonia Fish et al29 have
reported that the dystonic movements occurred
only rarely during sleep, and were usually
associated with arousals or lightenings of sleep.
This was similar to the dyskinetic movements
of Parkinson's disease, Huntington's Chorea
and Gilles de la Tourette syndrome. This
would be in favour of maintained descending
inhibition during sleep, but could also be
explained by a direct effect of sleep on the
cerebral generators of these movements.
There was marked variability of response

amplitudes of ADM to central magnetic
stimulation during REM sleep in both the
normal subjects and patients with dystonia.
This may reflect the rapid fluctuations in alpha
motor neuron excitability that are known to
occur in REM sleep.23 Occasional responses
were seen above the wake levels in normal
subjects and once in patients with dystonia.
They were less frequent than in the previous
study of Hess et al.26 This difference may have
arisen because of the avoidance of stimulation
during muscle twitches and the use of more
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stimuli in this study. Nevertheless, motor
inhibition during REM sleep in patients with
primary torsion dystonia was confirmed by the
small amplitude and prolonged latencies of
responses of ADM to scalp magnetic stimula-
tion in this sleep stage compared with wakeful-
ness. A high level of spinal inhibition would, by
increasing the number of descending volleys
necessary for depolarisation ofthe spinal motor
neuron, tend to increase the latency of respon-
ses. The present findings therefore support the
report of marked inhibition of H reflexes,
indicating spinal inhibition, during stage REM
in two patients with secondary dystonia.30 The
consistently very prolonged latency of ADM
responses during REM compared with wak-
efulness that occurred in one patient (Case 3)
with severe torsion dystonia during REM sleep
is unexplained, but the possibility of some

facilitation during wakefulness is recognised.
Presumably REM atonia is mediated by the

same structures and pathways in both normal
subjects and patients with torsion dystonia.
This study does not exclude the possibility that
torsion dystonia could be due to selective
brainstem lesions, but does suggest that the
inhibitory centres in the region of the locus
coeruleus and their descending pathway to the
alpha motor neurons are intact.
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