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The results of clinical and electrophysiological 
investigations in a patient with a locked-in syn- 
drome due to a pontine infarction, mainly on 
the right side, are presented. EEG showed 
only slight disturbances, while BAER and 
SSER revealed response alterations as could 
be expected from physical examination. 
BAER revealed altered central conduction af- 
ter stimulation of either side. After median 
nerve stimulation on the right side SSER was 
slightly delayed, while no reproducible cortical 
response was seen after stimulation on the left 
side. Our patient survived and showed partial 
recovery. 
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Introduction 

A ‘locked-in’ condition was first described by 
Alexandre Dumas in ‘The Count of Monte 
Cristo’ (1844). In this novel the character of 
Noirtier de Villefort became ‘a corpse with li- 
ving eyes’, able only to communicate by moving 
his eyelids. In the medical literature the locked- 
in syndrome was first mentioned as such by 
Plum & Posner’. Their patient was tetraplegic, 
mute but fully alert and had interruption of the 
corticobulbar and cortico-spinal tracts by an in- 
farction of the ventral pans. The communica- 
tion was restricted to blinking and vertical eye 
movements. The locked-in syndrome is not only 
found in vascular lesions such as pons and mid- 
brain infarction with or without basilar artery 
occlusion or brain stem haemorrhagei-‘. Other 
causes (reviewed by McCusker ef al. 8), are pon- 
tine tumour, abscess, trauma and myelinolysis, 
postvaccinal encephalitis, postinfective poly- 
neuropathy, air embolism and heroin abuse. 
Recently, the syndrome has been also observed 
in multiple sclerosis9, after chiropractic manipu- 
lation’“, due to a vascular malformation, a me- 
gadolicho-basilar artery” and following Reye’s 
syndrome’*. Most patients with a ventral pon- 
tine infarction die because of the extension of 
the lesion or secondary respiratory complica- 
tionr?‘. We describe a patient with substantial 
recovery after a ventral pontine infarction in 

Summary 

whom we were able to examine a number of 
EEG’s and evoked responses. 

Methods 

Somatosensory evoked responses (SSER) were 
elicited by median nerve stimulation at the 
wrist. Potentials were recorded from the cervi- 
cal spine (C7) and the scalp (Cz, C3’ and C4’, 
conform to the lo-20 system). Stimulus rate was 
2.5 Hz, duration 100 usec. Brain stem auditory 
evoked responses (BAER) were evaluated with 
condensation- and rarefaction clicks (70 dB hea- 
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ring level) with leads from the forehead and the 

mastoid process on either side. 

Case History 

A 53-year-old man had been in good health 

except for an eye injury due to a grenade explo- 

sion in 1948 resulting in a severe loss of vision in 

the right eye, but leaving light perception intact. 

In December 1982 he complained about a dull 

pain on the right side of his neck and paresthesia 

in the right arm, but these symptoms soon disap- 

peared. Within a few hours. however, his com- 

plaints returned in association with a rightsided 

hemiparesis and slurred speech. After admis- 

sion to a hospital elsewhere the patient also 

experienced increasing weakness on the left side 

and finally became unable to swallow, speak or 

move. There was a gaze paralysis to the right 

with a left-beating nystagmus. He was a bit 

drowsy, but communication was possible by 

blinking of the eyes. The clinical diagnosis of 

basilar artery thrombosis was made and he was 

treated with dexamethasone and warfarin. At 

admission to our hospital, the blood pressure 

was 130/85 mm Hg, the pulse 80/min regular and 

ECG was undisturbed. Physical examination re- 

vealed divergent strabism. a senile arc in the left 

eye and synechiae in the right anterior eye 

chamber. He was a bit drowsy but his reactions 

were adequate. The pupils were equally small 

and light reflexes were present on both sides. 

Vision and hearing seemed to be unchanged. 

Fig. 1. 

CT-scan at the pontine level. A clear hypodense area (maxi- 

mum diameter of the lesion is in this plane) is seen at the 

basis pontis, mainly on the right side. 

There was a spontaneous conjugate deviation of 

the eyes to the left. Vertical eye movement was 

intact, but horizontal movement was impossi- 

ble. The cornea1 reflex was lower on the right 

side, but facial sensation was intact. There was a 

bilateral central facial motor paresis. although 

blinking was possible. Movements of the jaws. 

palate, tongue and head were absent. The pa- 

tient had a flaccid tetraplegia with little symmc- 

tric reactions on noxious stimuli. Body scnsa- 

tion seemed to be undisturbed. The stretch 

reflexes showed moderate bilateral activity with 

bilateral extensor plantar reflexes. The abdomi- 

nal skin reflexes were absent. Laboratory cxa- 

minations were unremarkable. Our diagnosis 

was a locked-in syndrome due to ventral pontine 

infarction mainly on the right side. CT-scans 

showed a hypodense area mainly on the right 

side of the pons, ventral to the IVth ventricle 

with maximum (rostrocaudal) diameter of 1.5 

cm. After i.v. contrast there was no enhance- 

ment (Fig. 1). 

In Doppler blood flow measurements no dis- 

turbances were seen in carotid artery tlow. The 

EEG was only mildly disturbed and showed 

dominant 8 Hz activity in the parieto-occipital 

area with amplitude 30-70 uV. Some 7 and 8.5 

Hz activity with scattered delta waves was pre- 

sent. The fronto-central area showed IS-25 Hz 

activity (amplitude 15 WV) with frontotemporal 

polyrhythmic theta frequency activity. Photic 

driving response was present during photic sti- 

mulation. A normal alpha blocking response 

was seen after opening the eyes. On the 6th day 

the patient’s pulmonary condition worsened; he 

became febrile and showed irregular cluster 

breathing. Chest X-ray was indicative of atelec- 

tasis or infiltration. He was transferred to the 

intensive care unit. Nutrition was maintained by 

a naso-gastric tube. After intubation he recei- 

ved oxygen. Later on a tracheotomy was perfor- 

med. The artificial ventilation could be termina- 

ted on the 17th day. Thence he was able to move 

his right arm and leg and his head. After dis- 

charge from the intensive care unit, the tempe- 

rature became normal under antibiotic treat- 

ment. First he was able to communicate by 

blinking, later on by using a word and letter 

board as he learned to use his right hand again. 

The stretch reflexes were hyperreactive on both 

sides but lower on the right. During the follo- 
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wing month his paresis on the right side diminis- 
hed and some motor activity developed in mus- 
cles supplied by the Vth, IXth, Xth, Xlth and 
XIIth cranial nerves on both sides. During the 
first 2 months the patient showed mild, pseudo- 
bulbar emotionai lability and gnashing of teeth 
but he was well aware of it. After 2 months 
abduction was possible for both eyes, but adduc- 
tion was, bilaterahy, impossible. The leftsided 
hemiparesis recovered somewhat. After closure 
of the tracheostoma, 2 weeks later, training of 
swallowing and speaking was initiated. At that 
time neurological examination revealed partial 
return of horizontal eye mobility, partial hea- 
ring loss on the right side (not present before the 
stroke) and a leftsided sensory loss for all moda- 
lities. There was still a mainly rightsided bulbar 
paresis of pharyngeal, palatal and lingual mus- 
cles. The pharyngeal reflex was weaker on the 
right side. Rehabilitation was delayed by his 
poor lung function. Three months after admis- 
sion he was transferred to a rehabilitation cen- 
tre, while still having dysarthria, pharyngeal pa- 
resis and partial hearing loss on the right side 
and a leftsided hemihypesthesia. The quadriple- 
gia was most severe on the left side. Twelve 
months later the clinical condition was almost 
the same except for the fact that he also had 
myoclonic jerks of his head and extremities. He 
was sitting in a wheelchair and had a rather good 
function of his right arm and leg (muscle 
strenght gr.3-4). Swallowing and speaking was 
possible. 

Results 

After admission SSER was slightly disturbed on 
the right and heavily disturbed on the left (Fig. 
2); the response was unaltered 14 months later. 

In BAER wave IV and V were difficult to 
distinguish separately on both sides due to va- 
gue form distension, the I-III waves being nor- 
mal (Fig. 3). Pure tone audiograms revealed a 
clear sensorineural hearing loss on the right; the 
threshold was 50dB for 0.52 kHz, decreasing to 
30dB at 8 kHz. The stapedial reflexes were nor- 
mal on both sides. 

Discussion 

Reports on survival from locked-in syndrome 
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Fig. 2. 
SSER after stimulation of the left (A) and right (B) median 
nerve at the wrist. Stimulus duration 100 psec, rate 2.5 Hz. 
Amplifier low cut- off filter 5 Hz, high cut- off filter 500 Hz; 
average of 1000 single responses. Note absence of response 
in (A). Latency of N20 24.6 msec and of P27 28.4 msec (B). 

are rare8. Most patients died; recovery is often 
incomplete as in our patient. Reviewing the lite- 
rature, Liu ef at,r3 found that 31 of 34 reported 
cases died within a few weeks from onset. Three 
patients survived for over two year@4. Upon 
neurological examination we concluded that our 
patient had a pontine infarction on the right side 
extending to and over the midline, as confirmed 
by CT-scans. He had lesions at the pontine level 
in both cortico-spinal and cortico-bulbar tracts, 
the medial lemniscus on both sides, the right 
spinothalamic tract, the medial longitudinal fas- 
ciculus on both sides (as apparent from impair- 
ment of adduction) and the entry zone of the 
VIIIth nerve (see below). It is surprising that 
patients with such lesions are not unconscious. 
It can be stated that consciousness depends on 
the integrity of the reticular formation in the 
rostra1 pons and midbrain areas, which are pre- 
served in the locked-in syndrome’. Chase et UP 
found that in the largest lesion with normal state 
of alertness the lesion involved most of the base 
and no more than 25% of the pontine tegmen- 
turn on one side. Therefore EEG shows only 
mild disturbances just as in our patient (see 
alsos*6J4.15). The reason is sparing of the rostra1 
pontine tegmentum with its central reticular 
pathway, which is supplied by the superior cere- 
bellar arteryi6. The breathing irregularity may 
be due to vascular insufficiency in the lower 
pontine and upper medullar tegmentum. Gnas- 
hing of teeth and spasm of the jaw musculature 
have been also described in a patient by Feld- 
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Fig. 3. 
BAER from stimulation of the right (R) and left (L) side. (1) 
alternating stimulation (N=4800); (2) average of (3) and 
(4); (3) condensation clicks only (N= 1600); (4) rareFaction 

man’“. The lesion responsible for jerky rhythmic 
myoclonus of various muscles can be localized in 
the pons in what is known as the Guillain-Molla- 
ret triangle. The timing is noteworthy: in our 
patient myoclonus appeared after several 
months. This can be explained by the fact that it 
appears not until sufficient time has lapsed for 
degeneration of neurons projecting to the infe- 
rior olive and glial proliferation resulting in 
what is known as inferior olive pseudohyper- 
trophy as reported for palatal myoclonus”. Un- 
fortunately, our patient was not reexamined for 
palatal myoclonus. 

Preservation of hearing is typical of the loc- 
ked-in condition. In our patient hearing was 
clearly disturbed on the right, although to a 
limited degree, probably due to a lesion in the 
VIIIth nerve entry zone. BAER showed distur- 
bances on both sides for late wave activity. 
These waves were present but with morphologi- 
cal deterioration, probably indicating desyn- 
chronization. Similar findings have been repor- 
ted by Seales et ~1.‘~. These authors also 
concluded prolonged peak latencies for waves 

L 

clicks only (N= 1600). The stimulus was a click of 70 dB HL 
intensity, repetition rate 9 Hz. The dashed lines indicate the 
normal limits for male adults for the waves I, III and V. 

IV-V, but judging the published responses we 
would be more hesitant. Increased latency had 
been concluded before in locked-in syndrome 
by Gilroy et al. l9 and Portenoy et al. 2”. In princi- 
ple, the sensorineural hearing loss on the right in 
our patient could be expected to be associated 
with prolonged latency for peaks IV-V on the 
other side of the pons, after the decussation, 
provided that sufficient synchronized lateral 
lemniscus activity could be picked up. The lack 
of such activity, on both sides in this case, is 
indicative of a diffuse lesion of nerve fibers in 
the central pons on their way to the lateral lem- 
niscus. SSER was especially disturbed on stimu- 
lation of the left median nerve as expectedi4. 
After photic stimulation the patient showed 
photic driving, as reported in similar case@, in- 
dicating intact visual afferent projection to the 
occipital lobe and normal reactivity. 

The authors are indebted to G.P.M. Walters for supplying 
patient data, J.L. Merx for CT-scans and E.J. Colon and M. 
Hoekstra for response data. 
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