
Paraplegia (1995) 33, 640-646 
© 1995 International Medical Society of Paraplegia All rights reserved 0031.1758/95 $12.00 

Persistence of distal motor control in the locked in syndrome. Review 
of 11 patients 
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We report 11 patients with the locked in syndrome (LIS). The functional outcome was 
good in four patients with notable motor recovery, but motor deficit remained seriously 
disturbed in seven patients. All of the patients regained some distal control of finger and 
toe movements, often allowing functional use of a digital switch. The independence thereby 
gained is worthwhile, in some patients allowing environment control, communication by 
means of a computer, and electric wheelchair ambulation. When motor recovery occurs, 
the progression is disto-proximal with dramatic axial hypotonia. In five patients clinical 
insomnia was noted and polysomnography showed a reduction of REM sleep. The 
implications of systems other than the pyramidal tracts in the physiopathology of LIS are 
discussed. 
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Introduction 

The locked in syndrome (LIS) is a well defined 1,2 
neurological condition consisting of complete tetra
plegia with bilateral facio-glosso-pharyngo-Iaryngeal 
paralysis. Communication is only possible through 
blinking and several authors have insisted that such 
situations may be unrecognised and that the patients 
are wrongly considered to be comatose.3-5 

Pathological material4,6,7,8 and magnetic resonance 
imaging (MRI) data9,10 usually show bilateral pontine 
lesions and the motor syndrome of such patients is 
usually attributed to bilateral interruption of cortico
spinal and cortico-bulbar fibers at the pontine level. 
Long term survival of such patients has been previously 
reportedll,12 but the rehabilitation of these patients and 
the achievement of some degree of independence 
remains a challenge. Our patients were referred to the 
same rehabilitation unit between 1983 and 1993. Our 
study focuses on clinical data with particular interest in 
the persistence or return of distal motor performance, 
which was noted in 10 of the 11 patients. This clinical 
aspect is essential in the choice of rehabilitation 
strategies, and the successful use of a digital switch was 
the element that triggered our interest for the analysis 
of the motor control of these patients. 

Methods 

All of the patients presented at some point in their 
medical history with tetraplegia and bilateral motor 
involvement of the face, tongue, pharynx and larynx. 
The patients were conscious and they blinked on 
demand. The neurological examination was performed 
by one of the authors, attention being focused on 

disorder of motor power and of muscle tone; 
disorder of eye movements (oculomotor), especially 

paresis of horizontal gaze; 
disorder of sensation; and 
the existence of sleep abnormalities, especially of 

clinical insomnia. 

In four patients polysomnographic recordings were 
performed during one night, including monitoring of 
the electroencephalogram, chin electromyogram, eye 
movements, electrocardiogram (V2), respiration, and 
oxygen saturation. Each 30 s epoch of data was visually 
classified as quiet sleep without slow wave sleep (SWS) 
(stages 1 and 3), or with SWS (stages 3 and 4), rapid 
eye movement sleep (REM), or wakefulness (W) 
according to the criteria defined by Rechtsaffen and 
Kales.u 

Six patients had MRL Angiographic investigations 
were also performed in six cases. 

Results 

The age of the 11 patients, at the onset of the LIS 
ranged from 17 to 73 years, with nine males and two 
females. The onset was always sudden in patients who 
were previously in good health. The follow-up ranged 
from 7 months to 10 years. Two patients died at the 
ages of 57 and 78, 1 and 5 years after the onset of the 
LIS. In 10 instances the LIS was of vascular origin; in 
five cases the angiograms showed occlusion of the 
basilar artery. The last patient had sustained a severe 
head injury in a traffic accident. Neurological examina
tion after the return of consciousness revealed a 
complete LIS. Angiography of both carotids and both 



vertebral arteries was normal and the most probable 
aetiology was direct contusion of the brainstem. 

Clinical data, motor outcome ( Table 1) 
Our inclusion criteria were the existence of tetraplegia, 
defined as the inability to move any limb against 
gravity, and of bilateral involvement of the face, 
tongue, pharynx and larynx with mutism. According to 
Bauer's classification14 three subgroups can be distin
guished in this population; two with incomplete LIS 
retaining some amount of voluntary movement, eight 
with classical LIS and one with a complete LIS. 
Depending on the motor outcome, we will consider two 
subgroups. Seven patients (1-7) retained major deficit 
and remain totally dependent. The follow-up of this 
group ranges from 6 months to 8 years. These patients 
fall into groups one and two (minimal or no recovery) 
as defined by Patterson and Grabois.15 Four patients 
(7-11) achieved notable recovery of motor function, 
allowing independent gait in three and upper limb 

Table 1 Population 

Patient Age Sex Aet Initial motor Bauer 
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function for manipulation and intelligible speech in 
four patients. These patients fall into groups 3 and 4 of 
the Patterson and Grabois classification, and may be 
considered as having a transient LIS. 

Chronic LIS (patients 1-7) 
The most outstanding clinical feature in this group with 
chronic LIS is the return, in all cases before the 6th 
month of evolution, of minimal distal movements, 
which are undoubtedly voluntary, can be repeated on 
the examiner's order and are precise without syncine
sias. Such motor control can be limited to one finger or 
toe or can involve several muscles. All of the patients in 
this group had brisk tendon reflexes and extensor 
plantar reflexes. Stretch reflexes, ranged from normal 
(patients 2,4,7), to clearly exaggerated (patients 3,5). 

Four of the seven patients have uncontrolled emo
tional facial expression. Four patients recovered some 
control of tongue and pharynx movements but none 
was able to phonate. Paresis of lateral gaze was noted 
in three patients and multilateral nystagmus in two. 

Evolution Follow-up Motor recovery 
status classification (years) (Patterson) 

1 67 M V Blink 
Normal gaze 

2 72 M V Blink 
Vertical gaze 

3 57 M V Blink 

4 24 M V Blink 
Vertical gaze 

5 17 M T Blink 
Vertical gaze 

6 74 M V Blink 
Vertical gaze 

7 67 M V Blink 
Normal gaze 
R hand mvt 

8 30 F V* Blink 
Vertical gaze 

9 24 F V* Blink 
Vertical gaze 
L up limb mvt 

10 22 M V* Blink 
Vertical gaze 

11 44 M V* Blink 
Vertical gaze 

Classic 

Classic 

Total 

Classic 

Classic 

Classic 

Incomplete 

Classic 

Incomplete 

Classic 

Classic 

L up limb mvt 
Deglutition 
Head rotation 

Distal mvts 
Deglutition 
Head rotation 
Died 5 years 

None 
Died 1 year 

Distal mvts 
Deglutition 
Head rotation 

Distal mvts 
Head rotation 

Distal mvts 
Head rotation 

Up limb mvt 
Deglutition 
Phonation 

Gait 
Deglutition 
Phonation 

Gait 
Deglutition 
Phonation 

Gait 
Deglutition 
Phonation 

3 Minimal 

5 Minimal 

1 Minimal 

8 Minimal 

3 Minimal 

0, 6 Minimal 

0, 5 Minimal 

9 Moderate 

10 Good 

2 Good 

2 Good 

Age at the onset of LIS, sex, aetiology (Aet) of the LIS (traumatic (T) or vascular with (V*) or without (V) arteriographic 
confirmation, initial status, duration of follow-up and motor outcome of the eleven patients 
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One patient (4) had undoubtedly voluntary blinking 
but very poor reflex blinking and no ocular movement 
in any direction. Vertical paralysis and/or visual dis
order probably existed but communication did not 
allow better study. Sensory loss was found once (right 
thermo-algic hypoaesthesia). 

In three patients nocturnal insomnia was dramatic 
without diurnal naps nor any complaint of the lack of 
sleep. 

Independence for vital functions was variable in this 
group. All patients but one (5) became completely 
independent for respiration. Four were capable of 
swallowing. Gastrostomy tubes were inserted in the 
three other patients. All of the patients recovered 
micturition control. Initial retention was observed 
twice. In the other patients, systematic indwelling 
catheterisation did not permit conclusions to be made 
about the initial status of micturition. Normal micturi
tion returned within some weeks. Independent mobil
isation was achieved in one patient using an electrical 
wheelchair equipped with an occipital joystick and 
two lateral head switches for direction (backward, 
forward). All of the patients remain completely de
pendent for manipulation except for triggering a 
switch. Three patients used a head switch to trigger a 
simple environment control device. In four patients 
the distal finger movements observed were sufficient 
to reliably trigger a switch attached to a finger ring. In 
two patients (5 and 2) this allowed functional use of 
environmental control devices (controlling light, TV, 
radio, emergency call). In the other patients functional 
use was reduced to an emergency call. 

All of the patients were at first dependent on the use 
by the observer of a yes-no code for communication. 
Four patients were able to trigger a switch and be 
motivated for elaborate communications. Three of 
them, hospitalized before 1988, used a simple spelling 
system, implemented on an Apple II E computer. The 
last patient successfully used an ordinary microcom
puter with a commercially available keyboard access 
software (Handikey Sermia IBM, Issyles Moulineux, 
France), but finally preferred an electronic typewriter 
with a vocal synthesis (Communicator Canon, Proteor 
Dijon, France). Three patients live in nursing homes, 
the four others have returned home and the primary 
carer is a member of the family. The following case 
report highlights the clinical data of this group. 

Case report 
On 13 March 1991 patient 5 sustained a severe head injury 
in a traffic accident. The initial Glasgow score16 was 3. The 
patient was intubated and placed on artificial ventilation. 
On the fifth day, ocular pursuit was noted. Neurological 
examination showed that he blinked on demand. A commu
nication code was established and the patient was recog
nised as being conscious. Tetraplegia was present, and 
absence of voluntary control of head movements. Voluntary 
control of head rotation and neck flexion and extension 
reappeared, allowing the use of an occipital joystick to 
drive a wheelchair, and of a chin joystick to play video 
games. As daytime activity increased, nocturnal ventilation 
became necessary. Well controlled dissociated left thumb 

and index movements also reappeared allowing the trigger
ing of a switch for environmental control (James device 
Siemens, Neuchatel, Switzerland), and communication by 
the use of an electronic typewriter and a vocal synthetizer 
(Communicator Canon). Deglutition remained impossible 
and a gastrostomy tube was inserted. After 2 years in our 
unit, the patient returned to his parent's home where he 
has lived for 18 months, without any notable complication. 

Transient LIS (patients 8-11) 
Four patients had moderate or good recovery. One 
presented at the onset with an incomplete LIS. The 
motor status after 1 year was a right hemiplegia with 
poor control of the upper limb extensors, exaggerated 
stretch reflexes of the upper limb flexors and the lower 
limb extensors, and a left cerebellar syndrome. The 
three other patients had more unusual patterns of 
recovery, with early return of distal motor control as in 
the previous group, and distal-proximal progressive 
evolution. In these three patients axial hypotonia was 
considerable, and clearly limited the independence of 
one patient who had achieved satisfactory limb control. 
All four patients showed some degree of exaggeration 
of stretch reflexes. All have regained speech and 
deglutition. Paresis of horizontal gaze was noted in 
three patients and insomnia in two. 

Case report 
Case 10 is typical of the evolution of these patients. This 
patient was found unconscious in front of the television on 
13 November 1992. He was admitted to an intensive care 
unit. After sedative medication was discontinued, neuro
logical examination showed complete LIS with total paraly
sis of lateral gaze and right eye divergence at rest. During 
the 2nd week, voluntary movements reappeared in all of 
the left lower limb muscle groups and in the upper limb 
distal groups (flexion and extension of the fingers and 
wrist). The use of a TV zap was possible. During the 
following year, motor recovery occurred, following a distal
proximal progression. Strength and control were better on 
the left side. Axial hypotonia was dramatic and was the 
limiting factor in the recovery of a functional gait. He was 
discharged home after 18 months in our unit, and had 
become intelligible although dysarthric. Gait was possible 
for long distances without the use of crutches. Independ
ence was complete for all activities. The patient has not 
returned to work. 

Polysomnographic data 
Polysomnographia was performed in five patients, 
three times in chronic patients, (4-6) once during the 
evolution of the illness (10) and once after satisfactory 
motor function had returned (11). The results are 
summarised in Table 2. One patient showed reduction 
of total sleep time with a preservation of the proportion 
of stage 3 and 4 SWS and of REM. 

The other four patients also showed a reduction of 
total sleep time but have abnormal sleep patterns with a 
reduction of stage 3 and 4 SWS and of REM sleep. 
These abnormalities are dramatic in two patients, but 
are less marked in the other two. 



Table 2 Polysomnographic data 

Patient Total sleep time % SWS % REM 

4 3 h  40 min 24% 
5 6 h  16 min 9. 3% 11. 5% 
6 3 h 39 min l. 6% 2% 

10 4 h  53 min 5. 6% 3. 5% 
11 6 h  39 min 13. 2% 10. 3% 

% of SWS (stage 3 + 4 Rechtsaffen13) and % of REM sleep 

Imaging 
Conventional X-ray scans were performed in 10 pa
tients; in three, abnormalities of the brainstem were 
discovered (hyper density once and ischaemic hypo
density twice). One patient presented with acute 
hypodrocephalus due to the coexistence of brainstem 
oedema and of an Arnold-Chiari malformation. In the 
six other patients the X-ray scans were considered to be 
normal. 

Six patients (5-8, 10, 11) had MRI studies. Pontine 
lesions were present in all of them, but of variable 
extension. In one case (11) the hypersignal extended 
posteriorly and medially to the floor of the fourth 
ventricle. In patient number 10 MRI showed the 
extension of the lesion to the inferior cerebellar cortex. 

Cerebral angiography was carried out in five pa
tients, and angio-MRI in one. In five patients these 
investigations revealed the presence of thrombosis of 
the basilar artery (Figure 1) extending in one patient 
(10) to the two superior cerebellar arteries. It should be 
noted that angiography of both carotids and both 
vertebral arteries was normal in the patient who had a 
head injury, excluding traumatic vertebro-basilar dis
section or thrombosis. The MRI study showed two 
punctuate pontine hypersignals which appeared to be 
primarily traumatic (Figure 2). 

Discussion 

Diagnosis and prognosis of LIS 
The diagnosis of LIS can be easily missed if voluntary 
blinking is not carefully looked for in patients who 
otherwise are apparently unconscious. Ocular move
ments are usually tested horizontally but not vertically 
in the routine examinations of comatose patients and 
will be considered to be absent if lateral gaze paresis 
exists. There is even greater difficulty if vertical paresis 
or visual impairment exist as was the case in the patient 
reported by Larmande, 17 or in our patient 4. 

The most frequent aetiology is basilar artery throm
bosis, being the reason in 10 out of our 11 patients, with 
angiographic evidence in five cases; and in 91 of the 
139 cases reviewed by Patterson. 15 Other aetiologies 
have been previously reported: brainstem hemor
rhage,15 centro-pontine myelinolysis,18 infectious dis
ease.ll Previously reported traumatic LISI5,19.20,21 is 
usually of vascular origin from traumatic dissection or 
thrombosis of the vertebro-basilar axis. The case of our 
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Figure 1 Thrombosis of the basilar artery (patient 10) 

Figure 2 Traumatic lesion of the pons (patient 5) 

patient 5 stresses the possibility that direct pontine 
contusion may also be responsible for a LIS. The 
danger in the context of a severe head injury, is to fail 
to recognise the return of consciousness. 

The severity of a vital prognosis has been well 
documented in the literature (79/139 deaths within the 
first year in Patterson's series).15 The low mortality in 
our series is due to the bias induced by the selection of 
patients referred to a rehabilitation unit. Our data 
however suggest that after the acute period, survival 
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may be prolonged if cutaneous and pulmonary compli
cations are actively prevented.12 

Several authors have reported on the possibility of a 
good motor outcome in complete LIS.19,20,22,23 Our 
series echoes this view with 4/11 patients recovering 
efficient motor control. At the onset, three of these 
four patients presented with total LIS, and were 
clinically indistinguishable from the seven patients in 
which motor control remained minimal. We found no 
correlation between the persistence of lateral gaze and 
favourable outcome as was previously hypothesized by 
Yang.lO The existence of finger movements does not 
preclude further motor recovery. In these four patients 
the motor recovery began before the end of the second 
month. This delay is similar to that reported by 
Maccusker22 in four patients with a favourable motor 
outcome (1 week, 7 weeks, 2 months, 10 weeks) and 
the prognosis of LIS remaining almost complete at the 
third month of evolution is probably poor. When motor 
recovery does take place, as patients 10 and 11 show, it 
may progress for over a year. 

Motor control in LIS 
In our series 10/11 patients regained precise distal 
motor control and the course of motor recovery, in 
three of the four cases in which it occurred was 
distal-proximal. This has not, to our knowledge, been 
previously reported, but careful analysis of previously 
published cases does indicate a similar pattern although 
it was not commented upon by their authors. 

Maccusker22 reports three patients with LIS who had 
a favourable outcome with the return of motor function 
first in hand and toes. In one patient the quality of the 
distal motor control was explicit. In one of their six 
personal cases Patterson and Grabois15 reported the 
persistence in a patient with an otherwise complete LIS 
of voluntar� flexion and extension of the index finger. 
Oksenberg 4 incidentally noted the persistence of 
thumb movements allowing the triggering of a switch. 
Markand25 reports, without further detail, the persist
ance of 'hand movements' in four of his seven patients. 
This clinical feature seems thus fairly characteristic 
of LIS. 

When the LIS remains almost complete the challenge 
is to make the best use of these minimal voluntary 
movements and achieve maximal independence. The 
existence of distal well controlled movements often 
allows the triggering of a digital switch for the use of 
environmental control or for communication devices. 
The independence thereby obtained may be worth
while, and we believe that such patients should be 
referred to rehabilitation units. Many commercially 
available devices exist. For such patients, dependent 
for the positioning of the switch itself, communication 
and environment control functions should be incorpor
ated on the same device. This leaves the possibility of 
using the remaining head control to drive a wheelchair. 
We do not have the experience of gaze controlled 
devices, nor of head driven mouse-emulators but in the 
future they may be valuable alternatives for such 
patients. 

In the four patients with a favourable motor out
come, the recovery of motor function was distal
proximal. Marked axial hypotonia was the second 
prominent clinical feature and these patients did not 
resemble tetraplegia of spinal origin or bilateral hemi
paresia. We believe that physiotherapy for such pa
tients should focus mainly on balancing exercises, with 
extensive matwork. In our experience the control of 
spasticity is not as problematic as it is in other upper 
motor neuron diseases. Occupational therapy should 
focus on the use of distal motor control for manipula
tions. Suspension devices are necessary as long as 
correct elbow and shoulder control are insufficient. 
These findings also raise more fundamental questions 
concerning the physiopathological substratum of LIS. 
LIS is usually interpreted as bilateral interruption, at 
the pontine level, of corti co-spinal and cortico-nuclear 
fibres.9,6,26,27 In this hypothesis, the clinical features 
reported here, namely distal motor control, limited 
spasticity and axial hypotonia are rather surprising, 
albeit previously noted by other authors.15,22,24,25 The 
view of LIS as bilateral pyramidal tract interruption is 
probably an oversimplification, and other structures 
may be involved. At the pontine level, the pyramidal 
tract is intermin�led with the grey matter of the 
cerebellar nuclei, 8 which probably suffers ischaemia 
before the myelinated fibres. Cerebellar involvement 
may to some extent explain the hypotonia. The exact 
projections of the reticulo-spinal pathways are un
known, but seem predominantly distributed to axial 
and proximal motor neurons.28,29 Interruption of either 
corti co-reticular or reticulo-spinal pathways may thus 
also play a role in the axial and proximal deficit. 
Preservation of distal motor control may be due to 
partial sparing of pyramidal fibres. Rubro-spinal fibres, 
located in the pons dorsal to the pyramidal tract28 could 
also play a role in the remaining control of distal finger 
movements.30,31,32 

Sleep disorder 
We have found in the literature ten examples of LIS 
with polysomnographia, reported by Oksenberg (one 
case),24 Markand (seven cases )25 and Cummings (two 
cases).33 Abnormalities were found in six patients with 
a diminution of total sleep time and a dramatic 
reduction of REM sleep and stage 3 and 4 SWS. The 
same abnormalities were found in four of our five 
patients. Similar findings have been reported by Guil
leminault34 and Lavie35 in patients with focal pontine 
lesions. 

The localisation of the brainstem structures involved 
in the genesis of REM sleep has been extensively 
studied in mammals, especially in the cat. 36,37 One 
interesting paradigm is to perform complete transec
tions of the brainstem, at various levels and monitor 
rostral (EEG) and caudal signs of REM (atonia, 
vegetative disregulation). Concording results indicate 
the crucial role of the lateral part of nucleus reticularis 
oralis in the pontine reticular formation, in the genesis 
of both rostral and caudal aspects of REM sleep.36,37,38 



Microsurgical destruction of a smaller, more ventral 
group of neurons leads to the emergence of REM sleep 
without atonia39 and with active motor behaviour, 
especially hunting behavior in the cat.40 Thus these 
data clearly localise in the pontine reticular formation 
structures critical for the genesis of REM sleep in its 
cortical (EEG) and peripheral (atonia) aspects. The 
projection pathways underlying both aspects are un
known. 

The reduction or absence of REM in LIS is thus 
probably not fortuitous but is related to the pontine 
lesion itself, and two different interpretations can be 
proposed. Firstly we could hypothesise that the reticu
lar structures generating REM have been destroyed by 
the lesion; the second hypothesis, is that the reticular 
structures responsible for the generation of REM have 
been disconnected from their cortical targets, interrupt
ing the expression of the cortical features characteristic 
of REM. Indeed the absence of REM sleep reported by 
previous authors and noted in our patients is in fact an 
absence of EEG signs of REM. Indeed EMG data such 
as chin tonus record are not necessarily of unequivocal 
analysis in this context, and 'caudal' vegetative signs 
such as heart rate irregularities or temperature changes 
are not routinely monitored. This hypothesis could 
perhaps be corroborated by the data published by 
Feldman41 describing in one LIS patient a total absence 
of EEG phases of REM sleep, but the existence during 
EEG phases of slow wave sleep of rapid eye move
ments on the oculography records. If the absence of 
REM sleep could be due to the disconnection of REM 
generator from its cortical targets, rather than to its 
destruction, we could further hypothesise that the 
active atonia normally generated during REM sleep 
could remain or even increase, being disconnected 
from the structures responsible of its chronobiological 
regulation. LIS syndrome could thus be considered as a 
particular arousal stage consisting of atonia without 
sleep, as opposed to sleep without atonia as described 
by Jouvet. In this hypothesis which remains as yet 
difficult to test, could one imagine that such active 
atonia could be receptive to pharmacological treat
ment? 

Conclusions 

LIS is uncommon but its incidence may increase with 
the evolution of intensive neurological care. The motor 
deficit is characterised by complete tetraplegia, bilat
eral involvement of the face, tongue, pharynx and 
larynx, but in many patients there is a return of some 
distal dissociated movements. This feature should be 
carefully investigated since it dramatically modifies the 
functional outcome and allows easier use of environ
mental control and communication devices. Besides 
this functional aspect, the theoretical implications have 
been discussed. If the tetraplegia of LIS is due to 
bilateral interruption of cortico-spinal tracts, the func
tional role of other structures, such as the corti co
rubro-spinal tract, in the control of single digit is more 
important than is usually believed and may be revealed 
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by a bilateral lesion of the cortico-spinal tract. Alter
natively the motor syndrome of LIS may be due to 
lesions of other structures than the cortico-spinal tract. 
Involvement of cortico-cerebello-cortico circuits and of 
reticulo-spinal pathways is probable. The specific role 
of the reticular structures responsible for active atonia 
during REM sleep is also discussed. 
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