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DEFINITE s y n d r o m e s h a v e b e e n i d e n t i f i e d b y c l i n i c a l m e a n s a m o n g t h e v a s c u l a r 
l é s i o n s o f t h e b r a i n - s t e m a n d d i e n c e p h a l o n a n d t h e i r p a t h o l o g i c a l c o r r e l a t e s h a v e 
b e e n e x t e n s i v e l y s t u d i e d . H o w e v e r , t h e p a t h o p h y s i o l o g i c a l m e c h a n i s m s o f t h e 
a c c o m p a n y i n g s e n s o r y s i g n s a n d s y m p t o m s a r e h t t l e k n o w n . P r o b l e m s m a y a l s o 
a r i s e w h e n a t t e m p t i n g t o e v a l u a t e s e n s a t i o n i n t h e s o - c a l l e d l o c k e d - i n p a t i e n t s 
( P l u m a n d P o s n e r , 1966) o r w h e n t r y i n g t o a s s e s s o b j e c t i v e l y t h e s p é c i f i e d é f i c i t s f o r 
d i a g n o s t i c a n d p r o g n o s t i c p u r p o s e s . S o m e o f t h è s e p r o b l e m s c a n b e a p p r o a c h e d b y 
a p p l y i n g t o i n t a c t p a t i e n t s e l e c t r o p h y s i o l o g i c a l p r o c é d u r e s w h i c h a r e a p p r o p r i a t e l y 
d e s i g n e d f o r t e s t i n g v a r i o n s b r a i n - s t e m r é f l e x e s (cf . K i m u r a , 1973) o r c o r t i c i p e t a l 
p a t h w a y s (c f . H a U i d a y , 1 9 6 7 ; D e s m e d t , 1971 ; D e s m e d t a n d N o ë l , 1973) . T h e p r é s e n t 
p a p e r i s c o n c e m e d w i t h t h e f u n c t i o n a l a s s e s s m e n t o f t h e c e n t r a l s o m a t o s e n s o r y 
p a t h w a y i n p a t i e n t s w i t h s e v e r a l t y p e s o f v a s c u l a r l é s i o n s . 

MATERIAL AND METHODS 
Seven patients were selected on the basis of a fairly complète clinical report document ing a 

localized vascular lésion in the brain-stem or diencephalon. They were investigated in the acute 
stage and also in most cases af ter a delay which varied between six and twenty-two months . T h e 
patients were arranged in three groups as shown in Table I. Six of the patients are still alive a n d 
no pathological évidence is therefore available. The patients in the acute stage were transferred on 
a couch with due précautions f rom the intensive care unit of the Depar tment of Medicine of St . 
Pierre Hospi ta l to the near-by laboratory of the Brain Research Unit for a per iod of about three 
hours . In the patients of G r o u p C, endotracheal aspiration through the tracheostomy was m a d e 
whenever necessary during small interruptions of the testing runs. N o sedation was used for the 
tests which were not unpleasant. The patients could actually be kept in a fairly relaxed state in 
spite of the unusual environment. 

T h e testing room was at 24° C. The skin température of the limbs was maintained at or above 
34° C, as measured by a thermistor plate. The stimulus was a square electrical puise of 200 (xsec 
durat ion delivered to the Angers II and III (index and middle) (silver ring électrodes) of one hand o r 
t o the médian nerve at the wrist (thin steel needles inserted near the nerve). The stimulus intensity 
chosen between 3 and 20 m A was checked throughout each run with a Hewlett Packard current 
probe. The cérébral responses were recorded with thin steel needles inserted in the scalp. T h e active 
recording électrode for the h a n d stimulation tests was placed 7-5 c m f rom the mid-line over t he 
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pariétal contralateral projection, and sometimes also on the symmetrical ipsilateral région (Cs and 

C4 in the nomenclature of the Ten-Twenty E E G System). The référence électrode was usually 

placed on the mid-upper forehead. When stimulating the posterior tibial nerve at the ankle with 

similar techniques, the cérébral response was picked up on the mid-line, 2 cm behind the vertex 

(Cz). Whereas intervais of at least five seconds should be used between stimuli when studying the 

late components of the cérébral response, they can be reduced to two seconds when considering only 

the latency and features of the "p r imary" components (Desmedt, 1971 ; Desmedt and Noël, 1973). 

The cérébral potentials were averaged with a Fabr iTek computer model 1062 or 1074, with analog 

to digital conversion of 10 bits accuracy and sweeps of 100 |j.sec per address when studying the early 

components . Such an averaging with 10 points per msec and a System bandpass extending^from 

1 t o 3,000 H z have been found necessary to extract without distortion the early "p r imary" 

components of the somatosensory cérébral potential (Desmedt, Brunko, Debecker and Carmeliet, 

1974). In most patients 512 to 2,048 samples were averaged in order to obtain well-defined cérébral 

potentials on which the latencies could be accurately estimated. Several independent runs were 

p rogrammed in order to résolve any remaining ambiguity due to the small size and to the abnormal 

configuration of some of the cérébral potentials. Fig. 1A shows the normal wave fo rm of the cérébral 

potential evoked by stimulation in the upper l imb. Af te r the early surface-négative N i component , 

there is a gênera) ly surface-positive component whose second peak is usually at about 40 msecs 

(P40 in the nomenclature referring t o polarity and peak latency). This is foUowed by a surface-

négative component . The cérébral potentials evoked by stimulation in the lower l imbs have a 

longer latency and they do not présent an early surface-négative component (Desmedt, 1971; 

I 1 I I I I I I I I I 

0 20 40 60 80 msec 0 20 40 60 80 
FIG. 1 {Case 1).—Averaged cérébral potentials evoked by electrical stimulation (arrow) of the 

right (A) and left (B) médian nerves at the wrist. Three separate trials performed on the same day 

are shown in B. The vertical interrupted lines indicate the onset latency of the cérébral potentials. 

N i early surface-négative component is présent in A but not in B. Negativity of the active recording 

électrode drives the trace upwards in ail the records. 
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Desmedt and Noël , 1973, 1975; Noël , 1974). In each session several tests were per formed to 

compare the cérébral responses evoked f rom the différent limbs and also t o document the consistency 

of the pathological potentials. A second or even a third session on the foUowing days was necessary 

in some of the patients. 

RESULTS 

T h e s o m a t o s e n s o i y e v o k e d p o t e n t i a l s w e r e f o u n d t o p r é s e n t f a i r l y n o r m a l f e a t u r e s 

i n t h e p a t i e n t s o f g r o u p B w h i l e t h e y e x h i b i t e d m a r k e d a l t é r a t i o n s i n t h e o t h e r 

p a t i e n t s . 

Group A.—Patients with Unilatéral Sensory Loss for AU Modalities 
Case 1.—C. D . , a g e d 52 , w i t h a r a t h e r l o n g - s t a n d i n g h i s t o r y o f e l e v a t e d b l o o d 

p r e s s u r e , s u d d e n l y d e v e l o p e d a c o m p l è t e h e m i a n s e s t h e s i a o n t h e l e f t s ide . 

TABLE I 

Time of EP test 

Age Clinical after initial 

(years) Sex diagnosis accident 

Group A 

1 C. D . 52 M Thalamic 1 week 

syndrome 8 mo n t hs 

2 R . R . 43 M Thalamic 1 week 

syndrome 6 mo n t hs 

8 mo n t hs 

Group B 

3 M. L. 65 M Wallenberg 9 days 

syndrome 

. ' 4 W. H . 62 M Wallenberg 3 weeks 

syndrome 

5 F . B. 51 M Weber 8 days 

syndrome 

Group C 

6 P. L. 55 M Pontine 6 days 

infarction 

7 E. M . 25 F Pontine 14 days 

infarction 22 mo n t hs 

On admission to hospital he was conscious, well orientated and presented no disorder of symbolic 

communicat ion. The eye movements were completely paralysed in the vertical, but not in the 

latéral gaze (Parinaud syndrome). T h e pupils reacted normally to light. There was complète loss 

of sensation for pin-prick, tempéra ture and tactile stimuli as well as for joint position changes a n d 

vibration on the left side of the body. N o altérations of muscle strength were noticed but movements 

of the left l imbs were grossly ataxic especially when performed with eyes closed. The tendon 

réflexes were normal . The p lantar réflexes were flexor. The blood pressure was 180/100 m m H g . 

The C S F was clear and presented normal pressure and composition. The E E G revealed a fairly 

normal and symmetrical p a t t e m with a 9-10 Hz background rhythm and occasional thêta bursts 

in the temporal leads. The patient was discharged after two weeks with a diagnosis of right thalamic 

vascular lésion with little, if any, involvement of the cérébral cortex. 

When re-examined eight mon ths later, the patient could move his eyes in ail directions but a 

gross vertical nystagmus was présent. The patient was much disturbed by choreo-athetotic 

movements of large ampl i tude involving the left a rm. The gait was m a d e difficult but not impossible 
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by similar involuntary movements of the left leg. Vibration and position sensés were still abolished 

on the left side. Tactile, pa in and thermal sensations had r e tumed to some extent but were still 

diminished on the left side. The patient did not report any spontaneous dysaesthesiae. 

Eight days a f t e r the acute épisode the averaged cérébral potent ia ls evoked by 

electrical s t imulat ion (3 m A ) of the right médian nerve a t the wrist (normal side) 

were of no rma l latency a n d conf igurat ion (Table II). N o potent ia ls could be identified 

on the opposi te side of the scalp o n s t imulat ion of the left méd ian nerve, even 

when using stimuli of large intensity (15 mA) which elicited vigorous twitching in 

the h a n d a n d which were repor ted by the pat ient t o b e faint ly perceived. Eight 

m o n t h s later small cérébral potent ia ls could be evoked b y s t imulat ion of the left 

médian nerve a n d their latency was increased to 35 msec (fig. 1B). Three separate 

averages showed the consis tency of thèse responses whose early p r imary c o m p o n e n t 

was restricted t o a surface-posit ive deflection. T h e potent ia ls recorded f r o m the 

opposi te side o n s t imula t ion of the r ight médian nerve (fig. 1A) presented the n o r m a l 

conf igurat ion (cf. Desmed t , 1971) with an initial surface-négative c o m p o n e n t (N^) 

of 18 msec latency. T h e voltage of the early c o m p o n e n t s was a b o u t ten t imes larger 

on the no rma l side (Tab le II). La te componen t s were also delayed and reduced in 

TABLE I I 

Latency (msec) Voltage (\LV) 

Affected Intact Affected Intact 

side side side side 

Case 1 

1 week N o response 18 N o response 3 

8 months 35 18 0-4 4 1 

Case 2 

1 week 34-5 19-8 0-25 1-5 
36-5 

8 mon ths 23-6 1 9 1 0-25 1-5 

10 months 22 19-7 0-30 1-5 

size when s t imulat ing the méd ian nerve on the affected side, b o t h f o r contra la tera l 

and ipsilateral recordings . By cont ras t the late responses presented fairly n o r m a l 

features, even ipsilaterally, on s t imulat ion of the right méd ian nerve. Thèse findings 

are in fine wi th those described by Liberson (1966), Wil l iamson, Goff" and Alhson 

(1970) a n d T s u m o t o , Hirose , N o n a k a a n d T a k a h a s h i (1973) in pat ients with vascular 

lésions at, a n d / o r above, the tha lamus . 

Case 2.—R. R . , aged 43, with n o par t icular médical history, experienced sudden 

onset of f ronto-occ ip i ta l headache , m o r e p rominen t o n the left side. Consciousness 

was preserved. 

Examination revealed a Par inaud syndrome with areflexic pupils and a complète loss of sensation 

to ail modalities on the right side of the body. Muscle strength and tendon réflexes were normal on 

both sides. Blood pressure was 110/80 m m H g . The C S F was hœmorrhagic with 1,080 red cells 

per mm^ but otherwise normal . Carot id and vertébral angiograms revealed no vascular abnormali ty. 

E E G showed normal symmetrical features. A few days later, the patient complained of continuous 

burning ache exacerbated by tactile and thermal stimuli on the right side of the body. Within a 
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couple of months the ocular signs subsided. The spontaneous pain has, however, severely dis turbed 

the patient up to the présent t ime (fourteen months after onset), in spite of several trials of d iazepam, 

diphenylhydantoine a n d carbamazepine. The patient still présents a loss of position sensé on the 

right side and a marked hypoaesthesia t o tactile and vibratory stimuli. Pin-prick and thermal 

stimuli are perceived but elicit, on that side of the body, unpleasant dysœsthesias. T h e diagnosis of 

a left thalamic syndrome was made. 

A v e r a g e d c é r é b r a l p o t e n t i a l s e v o k e d b y s t i m u l a t i o n o f t h e r i g h t m é d i a n n e r v e 

c o u l d b e o b t a i n e d i n t h e flrst t e s t s m a d e a f t e r a w e e k . T h e y w e r e , h o w e v e r , r e d u c e d 

i n v o l t a g e t o a b o u t o n e - t h i r d o f t h o s e o n t h e c o n t r o l s i d e T h e i r l a t e n c y w a s 

i n c r e a s e d t o a b o u t 35 -5 m s e c ( T a b l e I I ) . T h e e a r l y s u r f a c e - n é g a t i v e c o m p o n e n t w a s 

m i s s i n g . R e c o r d s f r o m t h i s p a t i e n t h a v e b e e n i l l u s t r a t e d e l s e w h e r e ( D e s m e d t a n d 

N o ë l , 1975) . 

Group B.—Patients with Loss of Thermo-algesic Sensations 

Case 3.—M. L . , a g e d 65 , w i t h n o p r e v i o u s n e u r o l o g i c a l h i s t o r y , e x p e r i e n c e d a 

s u d d e n l y m a r k e d v e r t i g o i n t h e s t a n d i n g p o s i t i o n a n d u n s t e a d i n e s s o f g a i t . 

Miosis of the right eye was noticed. The upper eyelid was drooping but could be voluntarily 

elevated ( H o m e r syndrome). The ocular movements were fuU and the pupils reacted to light. T h e 

soft palate was paretic on the right side and swallowing was grossly impaired. Examinat ion of the 

moto r System and of the réflexes was normal . Touch, joint position and vibration were normal ly 

perceived. Thermal and pain sensation were lest over the right side of the face and the left side 

of the body. The E E G and C S F were normal . Spontaneous recovery set in progressively and by the 

third week only slight disturbance in thermal and pain sensations remained in the left leg. N o r m a l 

sensation had returned in the upper l imb and face. The diagnosis considered was a vascular 

lésion involving the right latéral medul la and the spinothalamic pathway (Wallenberg syndrome). 

N i n e d a y s a f t e r o n s e t a n d w h i l e t h e s y m p t o m s a n d s i g n s w e r e s t i l l c o n s p i c u o u s , 

c é r é b r a l p o t e n t i a l s e v o k e d b y e l e c t r i c a l s t i m u l a t i o n o f fingers I I a n d I I I ( i n d e x a n d 

N, 

I I 1 1 

0 20 40 60 msec 

Fia. 2 (Case 3).—Averaged cérébral potentials evoked by electrical stimulation of fingers I I a n d 

III (index a n d middle) of the right (A) and left (B) hands, and by stimulation of the right (c) and 

left (D) posterior tibial nerves at the ankle . 
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middle) of the right (fig. 2A) a n d left (B) hands presented a no rma l configurat ion. 

Their latencies were b o t h within no rma l limits (Table III) . St imulat ion of the poster ior 

tibial nerve a t t he ankle also evoked n o r m a l cérébral potent ia ls whose latency was 

within t h e n o r m a l r ange f o r b o d y size (cf. Noël , 1974; Desmed t and Noël , 1975). 

Case 4.—W. H . , aged 62, presented a similar syndrome of acute onset with a left 

H o r n e r syndrome , left paresis of the sof t pa la te a n d p h a r y n x a n d a contrala teral 

thermo-algesic sensory loss o n the r ight side of the body . Spon taneous recovery 

occurred wi thin two mon ths . T h e diagnosis was latéral infarc t ion of the left meduUa 

(Wallenberg syndrome) . Cérébral potent ia ls evoked by finger s t imulat ion were 

no rma l (Table I I I ) . 

Case 5.—F. B., aged 51, wi th a r a the r long-s tanding élévation of b lood pressure 

suddenly developed diplopia a n d left hemiplegia. Examina t ion disclosed a t tha t t ime 

a right o c u l o m o t o r nerve palsy and a flaccid hemiplegia wi th a Babinski sign on the 

left side. Jo in t pos i t ion a n d vibrat ion sensé were preserved while thermo-algesic 

sensations were diminished in the lef t leg. T h e pa t ien t was conscious and well 

or ienta ted. T h e diagnosis was a vascular lésion of the ventrolateral r ight 

mesencephalon (Weber syndrome) wi th little, if any, involvement of the media l 

lemniscus {see Discussion). Cérébra l potent ia ls evoked by finger s t imulat ion were 

no rma l in tests p e r f o r m e d eight days a f te r onset (Table III) . Three weeks later the 

TABLE I I I 

Latency {msec) Voltage (y.V) 

Affected Intact Affected Intact 

side side side side 

Case 3 20-4 19-9 2-8 2 

Case 4 20 20 1-5 2 
Case 5 20-4 19-2 3-2 3 

pat ient h a d acu te aggravat ion with coma , complè te bi latéral ophtha lmopleg ia and 

bilatéral Babinski . H e died three days later a n d necropsy was opposed by the family. 

Group C.—Patients with Locked-in Syndrome (P lum a n d Posner , 1966) 

Case 6.—P. L. , aged 55, wi th no k n o w n neurological history, developed an acute 

quadriplegia du r ing sexual intercourse. 

On examination he appeared conscious bu t could only communica te by blinking and vertical 

eye movements. Latéral gaze was paralysed. The pupils were equal and reacted normally to light. 

Comeal réflexes were absent. T h t r e was a right peripheral facial palsy. The patient unders tood 

speech but could only émit unintelligible sounds. T h e soft palate and pharynx were paralysed but 

the gag reflex was retained. There was a severe quadriparesis, more marked on the k f t side. Deep 

réflexes were brisk and symmetrical. Babinski 's sign was présent on bo th sides. Pin-prick evoked 

no obvious reaction. D u e to the patient 's condit ion examination of sensation could not be 

performed adequately. E E G disclosed a 9 Hz symmetrical background rhythm with temporal 

thêta wave bursts. The C S F was colourless and of normal composi t ion. The diagnosis was a 

vascular lésion of the medial basis pontis. 

The averaged cérébral potent ia ls evoked by r a the r s t rong s t imulat ion (15 m A ) of 

the médian nerves a t t he wrist presented reduced vol tage a n d abno rma l wave f o r m s 
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I I I I I I I I 

0 10 20 30 40 50 60 msec 
FiG. 3 {Case 6).—^Averaged cérébral potentials evoked by electrical stimulation of the right (A) 

and left (B) médian nerves at the wrist. Two separate trials on the same day show the consistency of 

the potentials. 

w i t h n o c l e a r e a r l y s u r f a c e - n é g a t i v e c o m p o n e n t ( f ig . 3) . T h e o n s e t l a t e n c y o f t h e 

p o t e n t i a l w a s 3 3 m s e c f o r s t i m u l a t i o n o f t h e right m é d i a n n e r v e (A) a n d a s m u c h 

a s 4 5 m s e c f o r s t i m u l a t i o n o f t h e l e f t m é d i a n n e r v e (B). T w o i n d e p e n d e n t t r i a l s o n t h e 

s a m e d a y s h o w e d c o n s i s t e n c y o f t h e m e a s u r e m e n t s o f t h è s e r a t h e r s m a l l r e s p o n s e s . 

T h e p e a k o f t h e p o s i t i v e c o m p o n e n t s h a d a l a t e n c y o f 5 2 a n d 60 m s e c r e s p e c t i v e l y 

w h i c h a l s o e x c e e d e d t h e n o r m a l r a n g e (cf . fig. 1A). 

Case 7.—E. M . , a g e d 2 5 , p r e s e n t e d a n é p i s o d e o f s u d d e n o c c i p i t a l h e a d a c h e , 

v o m i t i n g a n d b l i n d n e s s r a p i d l y f o U o w e d b y l o s s o f c o n s c i o u s n e s s . 

On examination she appeared comatose with decerebrate posturing of ail four limbs after noxious 

stimuli. Respirat ion was 22 per minute. Theblood-pressure was 130/80 mmHg. Eyes were deviated 

downward and to the right. T h e right eye presented occasional roving movements while the left 

eye remained immobile. The right pupil was midposit ion (diameter 4 mm) and the left pupil was 

pin-point. Both reacted to light. A comeal reflex was présent on the right side and absent on the 

left. The teeth were tightly clenched. Hypertonia was présent in ail four limbs. The deep réflexes 

were hyperactive and the plantar réflexes extensor bilaterally. The C S F was bloodless and of normal 

composit ion. A vertébral angiogram revealed a complète basilar artery occlusion (fig. 4, Plate XJUl). 

Dur ing the ensuing days, the patient progressively regained consciousness and appeared aware of her 

surroundings. She now foUowed moving objects in the vertical plane. She blinked to menace but 

only on the right side and she a t tempted to answer written, but no t verbal, commands by voluntary 
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unilatéral blinking or vertical eye movements. Ice water calorie stimulation revealed an internuclear 

type ophthalmoplegia with failure of adduct ion of the eye contralateral to the induced direction of 

the gaze. Inferior facial diplegia, superior left facial paralysis, paralysis of the tongue and pharynx 

and tetraplegia were complète. Joint position and vibration sensé could not be tested. Noxious 

stimuli enhanced the decerebrate rigidity. E E G showed a symmetrical background rhythm at 

8 to 9 Hz at about 30 (AV with occasional thêta wave bursts. The alpha rhythm disappeared to 

opening of the eyes (fig. 5) bu t did not react to auditory stimuli. 

VT, ... . — —— : 

-̂ «if̂ jUL» u«~''»'Il I 1 1 1 ' " l'if l't 

FIG. 5 (Case 7).—Bipolar E E G recorded f rom temporo-occipital régions of the scalp 

(nomenclature according to the international 10-20 System) with the effect of opening (O) and 

closing (C) the eyes. 

The patient 's condit ion remained unchanged during the following months and she was submitted 

to an intensive p rogramme of rehabilitation which maintained her gênerai health. Twenty-two 

months after the accident she was still paralysed and anarthric but fuUy alert. She had leamed to 

communicate by using appropria te oculomotor responses. Eye movements were full. The pupils 

were in mid-position and reacted symmetrically to light. A central facial paresis was still présent on 

the left side. She could open her m o u t h and pro t rude her tongue beyond the edge of the lower 

teeth. She was able to swallow water and puréed foods. The quadriplegia was complète with brisk 

symmetrical deep réflexes and bilatéral Babinski sign. Painful stimulation of the face, t runk or 

extremities elicited some grimacing but no longer enhanced the muscular hypertonia. The position 

of the extremities was obviously peiceived on the left side but perception appeared impaired to some 

extent on the right side. Examinat ion of sensation by clinical means was difficult to achieve. 

F i g . 6 i l l u s t r â t e s a v e r a g e d c é r é b r a l p o t e n t i a l s e v o k e d b y e l e c t r i c a l s t i m u l a t i o n 

( 6 m A ) o f t h e p o s t e r i o r t i b i a l n e r v e s a t t h e l eve l o f t h e a n k l e o n b o t h s ides . T w o 

w e e k s a f t e r t h e o n s e t o f t h e a c c i d e n t , t h e p o t e n t i a l e v o k e d b y s t i m u l a t i o n o f t h e r i g h t 

n e r v e w a s r e d u c e d i n s ize a n d m a r k e d l y d e l a y e d ( l a t e n c y 4 3 m s e c ) c o n s i d e r i n g t h e 

s m a l l b o d y s ize o f t h e p a t i e n t ( 1 5 3 c m ) (f ig . 6A). T h e s t i m u l a t i o n o f t h e l e f t n e r v e 

e l i c i t e d a f a i r l y n o r m a l p o t e n t i a l vv'hose o n s e t l a t e n c y o f 2 7 m s e c w a s w i t h i n n o r m a l 

r a n g e f o r b o d y s ize (B) . D e f i n i t e i m p r o v e m e n t i n t h e r e s p o n s e t o right n e r v e 

s t i m u l a t i o n w a s r e c o r d e d t w e n t y - t w o m o n t h s l a t e r ( c ) , t h e l a t e n c y h a v i n g d e c r e a s e d 

t o t h e s a m e v a l u e a s t h a t o f t h e o p p o s i t e s i d e (D) . A s m a l l d i f f é r e n c e i n t h e v o l t a g e 

o f t h e r e s p o n s e s w a s s t i l l p r é s e n t . 

F i g . 7 d i s p l a y s o n f a s t s w e e p s t h e c é r é b r a l p o t e n t i a l s e v o k e d b y e l e c t r i c a l 

s t i m u l a t i o n ( 1 0 m A ) o f fingers I I a n d I I I , i n d e x a n d m i d d l e , o f e i t h e r h a n d s a t n e a r l y 

t w o y e a r s ' i n t e r v a l . S t i m u l a t i o n o n t h e r i g h t s i d e e v o k e d a s m a l l r e s p o n s e w i t h 
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FiG. 7 {Case 7).—Averaged cérébral potentials evoked by electrical stimulation of Angers II and 

III of the right (A, B) or left (c. D) hands in tests performed either fourteen days (A, C) or twenty-two 

mon ths (a, D) af ter the vascular accident. 
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ra ther long latency of 30 msec in June 1971 (A). In the test of Apri l 1973, onset 

latency of the early surface-négative c o m p o n e n t had decreased to 18-5 msec, bu t the 

latency of the subséquent surface-posit ive coraponent was still delayed compared 

wi th the normal . W h e n examining thèse records in détail it appeared tha t a n u m b e r 

of irregularities occurred be tween the earliest négative c o m p o n e n t a n d the large 

downswing of the t race (fig. 7B). W h e n compar ing separate trials recorded on the 

same day a few of thèse irregularit ies proved to be consistently présent a t a given 

latency a n d were therefore identified as subcomponents of the evoked potent ia l 

(fig. 8A; f o r example, deflexions m a r k e d 1 a n d 2). This unusua l pa t t e rn could be 

st. right fingers 

I I I ^ I I 

0 20 40 60 msec 80 

FIG. 8 {Case 7).—Averaged cérébral potentials evoked by finger stimulation twenty-two mon ths 

after the vascular accident. T w o separate trials show the consistency of several sub-components 

(for example arrows 1 and 2) at the beginning of the response. 
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interpreted as result ing f r o m the desynchroniza t ion of the early surface-négat ive 

c o m p o n e n t (see Discussion). St imulat ion of the left fingers evoked poten t ia l s of 

a b o u t 16 msec onset latency in the two tests of fig. 7 c a n d D. The vol tage of t h e 

potent ia l was m u c h increased in the second test in April 1973. A desynchronized 

p a t t e m was also not iced in the early négative componen t o n that side (fig. 8B). 

DISCUSSION 

Approp r i a t e clinical neurophysiological procédures can be designed t o p rov ide 

un ique évidence a b o u t the func t iona l capabil i t ies of var ious pa thways cours ing 

a long the brain-s tem. F o r the somatosensory modal i ty , j o in t posit ion a n d v ibra t ion 

sensés travel a long the medial lemniscus while pa in and tempéra ture sensés a re 

media ted by the laterally s i tuated sp inotha lamic pa thway (Rose a n d Moun tcas t l e , 

1959). T h e pa thways converge rostral ly t o the ventral poster ior nuclei of the 

tha lamus . Thèse ascending t racts a re k n o w n to be involved separately o r 

s imultaneousiy b y certain types of vascular lésions which then p r o d u c e var ious 

clinical syndromes of dissociated o r to ta l sensory loss. O u r pat ients have been 

a r ranged in three g roups (Table I) f o r the pu rpose of the présent study. 

T h e two pat ients of G r o u p A présent a uni latéral sensory loss fo r ail modal i t ies . 

Spon taneous b u m i n g pa in (so-called tha ïamic pa ins of Dejerine and Roussy , 1906) 

was a conspicuous fea tu re of pa t i en t 2. Such a pa in fu l syndrome is general ly re la ted 

to a c o n t r a c t e r a i tha ïamic infarc t ion b u t it has also been reported in lésions of the 

par ié ta l cortex (Hamby , 1961 ; Cooper , 1965). I n ou r 2 pat ients however the associated 

paralysis of vertical gaze a n d convergence (Par inaud syndrome) po in ted to a deeply 

located lésion a t the level of the pretectal area a n d argued fo r the sensory loss a n d 

spon taneous pa in being related to a tha ïamic ra ther than to a cortical lésion. Th i s 

in te rpré ta t ion was fu r the r suppor ted by the absence of focal signs in t h e E E G . I n 

pa t ien ts of G r o u p A the somatosensory evoked potent ia ls presented a m a r k e d 

augmen ta t i on of the onset latency (Table II). T h e wave f o r m was a l tered with an 

absence of the early surface-négative N j componen t . W e cannot say whe the r the 

la t ter finding will eventually p rove to b e a cons tan t feature. The m a r k e d changes in 

la tency can be cont ras ted with the fairly n o r m a l latencies described in pa t i en t s where 

lésions involved the cortex of the par ié ta l lobe (Liberson, 1966; Laget , M a m o a n d 

H o u d a r t , 1967; Wil l iamson et al, 1970; Noë l and Desmedt , 1972; T s u m o t o et al, 

1973). T h e voltage of the c o n t r a c t e r a i a n d ipsilateral responses was r educed in the 

tha ïamic lésions (Table II) whereas in the pat ients with cortical pariétal lésions there 

was generally a similar gênerai réduc t ion except in some of the pa t i en t s where a 

sélective increase of the late négat ive c o m p o n e n t could be observed (Laget et al, 

1967; N o ë l a n d Desmedt , 1972; T s u m o t o et al, 1973). 

Ca re fu l évaluat ion of the onset latency of the cérébral evoked poten t ia l in two or 

m o r e tr ials (fig. 1B) migh t thus help t o distinguish the cortical a n d the tha ïamic 

loca t ion of the lésions in pat ients wi th such clinical signs. 

T h e pa t ien ts of G r o u p s B and C presented clinical évidence of vascular lésions in the 

bra in-s tem. A t t ha t level, the t w o m a i n afférent somatosensory p a t h w a y s c a n be 
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differentially affected by localized vascular lésions in view of the pa t t e rn of arterial 

supply by collatéral b ranches of the ver tébral a n d basi lar arteries (Gillilan, 1964). 

Pat ients 3 a n d 4 were typical examples of the Wallenberg syndrome involving the 

latéral medul la (Wallenberg, 1895; Dejer ine, 1914; Isch, 1957). This syndrome, by 

fa r the m o s t c o m m o n ischœmic injury of the brain-s tem, results f r o m an obstruct ion 

of the ver tébral or pos ter ior cerebellar ar tery (Fisher, K a m e s and Kub ik , 1961; 

Metzinger a n d Zûlch, 1971). The ra ther s tereotyped infarct of the medul la is 

dorsola tera l t o the upper bo rde r of the infer ior olive and extends dorsally u p to the 

fou r th ventricle. The lésion involves the laterally si tuated spinothalamic t ract bu t 

no t the media l lemniscus which is located between the inferior olives a t this level 

(Giok , 1956), which explains the dissociated sensory loss. 

In b o t h Wallenberg pat ients the somatosensory evoked potent ia ls presented 

latency, conf igurat ion a n d ampl i tude within the n o r m a l range, with n o significant 

différence between the cérébral responses recorded f r o m the two sides (fig. 2 a n d 

Table II). 

In pa t ien t 5 wi th a Weber syndrome the jo in t posi t ion sensé was preserved, 

suggesting the integrity of the media l lemniscus which a t this level of the 

mesencephalon lies transversely in the base of the t egmentum. The clinical évidence 

was compat ib le wi th an infarc t restricted to the right peduncu la r région, in ter rupt ing 

the ocu lomoto r fibres as they cross the pyramida l t ract , a dis t r ibut ion which is no t 

exceptional in tha t a rea . A m o n g 12 pa t ien ts with mesencephal ic infarcts and 

obs t ruc t ion of the basi lar ar tery, Metz inger a n d Ziilch (1971) f o u n d 9 in w h o m the 

des t ruct ion was confined to one or b o t h peduncles a n d spared the tegmental a n d 

tectal segments . In our pa t ien t 5 the somatosensory evoked potent ia ls were normal 

on b o t h sides. 

T h e findings in G r o u p B pa t ien ts a re in line with prév iens studies on pat ients with 

dissociated sensory loss which showed tha t the impulses evoking the somatosensory 

cérébral potent ia ls travel a long the dorsal co lumn pa thway of the spinal cord, the 

potent ia ls being generally unaffec ted in pa t ien ts with loss of pin-pr ick and 

t empéra tu re sensations, bu t reduced in vol tage a n d delayed in latency when there is 

loss of jo in t posi t ion a n d vibrat ion sensés (Hal l iday a n d Wakefield, 1963; Hall iday, 

1967). 

Such évidence can n o w be used to in terpre t the evoked potent ia l findings in o ther 

pat ients wi th severe bra in-s tem lésions in w h o m the clinical évaluat ion of somatic 

sensation is difficult or impossible. Pa t ien ts wi th the locked-in syndrome (Table I, 

G r o u p C) présent alert wakefulness b u t c a n n o t communica te except with eye 

movemen t s because of their bra in-s tem tetraplegia (P lum and Posner , 1966). In such 

cases the extent of the lésion a n d the ac tua l sensory loss, if any, are difficult t o résolve 

by clinical examina t ion only a n d should be assessed in the living pa t ien t with 

appropr i a t e electrophysiological techniques n o t requir ing the pat ient ' s par t ic ipa t ion . 

W e f o u n d the cérébral somatosensory evoked potent ia ls useful in app roach ing this 

p rob lem (cf. Fe ldman , 1971; Desmedt , 1971) a n d o ther p rocédures such as blink 

reflex studies (K imura , 1973) a n d invest igat ions of the shor t latency bra in-s tem 
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audi to ry evoked potent ia ls (Jewett a n d Wil l is ton, 1971; Picton, Hi l lyard, K r a u s z 

a n d G a l a m b o s , 1974) seem also t o be of po ten t i a l value. 

I n thèse locked-in pat ients the clinical findings are best accounted f o r b y a n 

extensive infarc t ion of the basis pon t i s which in terrupts the descending m o t o r 

pa thways b u t spares a t least part ia l ly the t e g m e n t u m pont i s (Plum and Posner , 1966). 

T h e clinical responsiveness of pa t ien ts wi th pon t ine infarct appears t o be rough ly 

related to the extent of the tegmenta l involvement : pat ients with near ly to ta l 

t ransect ion of basis a n d t egmen tum pont i s fail t o respond in a significant way t o a n y 

f o r m of s t imulus while those wi th uni latéral a n d / o r par t ia l tegmental invo lvement 

re ta in the abili ty t o communica te by m e a n s of eye movemen t s (Chase, M o r e t t i a n d 

Prensky, 1968). I n ou r pa t ien t 6 the finding of a r ight peripheral facia l pa l sy 

documen ted a lésion m o r e extensive o n the r ight side. In pat ient 7 a p in -po in t 

l ight-reactive pupi l on the left side suggested a tegmental lésion on t h a t side only 

(P lum a n d Posner , 1966). The E E G with a fair ly no rma l a lpha rhy thm (8 to 9 H z ) 

which was clearly reduced by visual or somatosensory stimuli (fig. 5) is no t a n u n u s u a l 

finding in pa t ien ts wi th extensive b u t incomplè te lésions of the pons (Loeb, R o s a d i n i 

a n d Poggio, 1959; Cha t r ian , Whi t e a n d Shaw, 1964; Chase et al., 1968). 

Since the medial lemniscus is s i tuated in the ventra l pa r t of the pont ine t egmen tum, 

it is in a critical posi t ion in re la t ion t o the a b o v e considered pont ine infarc t of t h e 

locked-in pat ients . One could expect t h e media l lemniscus to be involved m o r e o r 

less severely depending o n the dorsa lward tegmenta l extent of the lésion o n e i ther 

side. This concept is suppor ted b y the detai led finding? of abnormal somatosensory 

evoked potent ia ls in ou r pat ients 6 a n d 7. T h e cérébral responses were reduced in 

vol tage to a variable extent with respect t o the n o r m a l range bu t they were no t f o u n d 

t o be abol ished, p rov ided the tests were carr ied ou t unde r appropr ia te cond i t ions 

a n d wi th sufficient resolving p o w e r (cf. Desmedt , 1971; Desmedt a n d Noë l , 1973; 

Desmedt , B runko , Debecker and Carmeliet , 1974). The onset latencies were increased, 

in one instance by as m a n y as 25 msec (fig. 3B), above the no rma l range. F u r t h e r m o r e 

t h e increase of the onset latency was m o r e o r less p ropor t iona l to the severity of the 

réduc t ion of the response vol tage a n d of the dis tor t ion of the wave f o r m (figs. 3, 7). 

T h e d is tor t ion consisted of réduc t ion o r d i sappearance of the early surface-négat ive 

c o m p o n e n t a n d of a somewha t increased dura t ion of the surface-posi t ive 

f c o m p o n e n t (P40 in fig. 1A; see fig. 3). W h e n compar ing the cérébral po ten t ia l s 

evoked f r o m the u p p e r o r lower l imbs a n d f r o m either side of the body, one cou ld 

even surmise the p robab le extent of enc roachmen t of the lésion into the t egmen tum. 

F o r example in pa t ien t 7, responses t o r ight o r left h a n d st imulat ion were b o t h 

a b n o r m a l , bu t m o r e so f o r r ight h a n d s t imula t ion (fig. 7A, C) while responses t o leg 

s t imula t ion p roved n o r m a l on the left side a n d reduced and delayed o n the r ight side 

(fig. 6A, B). Since the projec t ion f r o m the lower extremity travels laterally c o m p a r e d 

t o t ha t f r o m the u p p e r Umb in t h e medial lemniscus, thèse evoked poten t ia l d a t a 

would predic t a lésion involving b o t h the lef t media l lemniscus and the media l p a r t 

of the r ight one. 
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T h e mechan i sm responsible fo r the increased latency a n d reduced size of the 

averaged cérébral response in G r o u p s A a n d C pat ients is no t yet clear a l though it can 

be said to involve a localized segment of the somatosensory pa thway . T h e recording 

of the afférent volley a long the per iphera l nerve indicated m a x i m u m conduct ion 

velocity within n o r m a l range in thèse pat ients . I t would appear reasonable to suppose 

t h a t the cort icipetal conduc t ion proceeds normal ly u p to the level of the lésion in the 

bra in-s tem. 

T h e volley m u s t undergo some interférence a t the level of the ana tomica l lésion : 

f o r example, a n u m b e r of axons may be blocked or even anatomical ly in ter rupted and 

could therefore no t cont r ibute t o the eliciting of the cérébral response. The quest ion 

whe the r the o ther , still conduct ing , lemniscal axons présent a segment of slowed 

conduc t ion canno t be answered a t présent a l though this would seem likely to be the 

case in a n u m b e r of them. In this respect it is impor t an t to quo te the marked slowing 

of cort icipetal conduc t ion which has been recorded in pat ients wi th mult iple 

sclerosis (Hal l iday and Wakefield, 1963; N a m e r o w , 1968; Desmedt a n d Noël, 1973; 

Hal l iday , M c D o n a l d a n d Mush in , 1972,1973). In the lat ter case, localized segmentai 

demyel inat ion of central axons is a p r o m i n e n t fea ture a n d the mechanisms fo r 

slowing have been analysed in cat p répa ra t ions wi th expérimental demyelinat ion 

lésions ( M c D o n a l d a n d Sears, 1970a, 19706; Mayer , 1971; M c D o n a l d , 1973). If 

localized slowing of conduc t ion h a d indeed a significant incidence a m o n g axons 

ad jacen t to, o r somehow involved by, a localized vascular lésion, it would be 

i m p o r t a n t t o investigate the responsible pathophysiological mechanisms which are 

a t présent u n k n o w n (Segmentai demyel inat ion ? Réduc t ion in fibre d iameter t h rough 

local compress ion? Localized ischaemia? etc.). A n o t h e r quest ion is whe ther the still 

func t iona l axonal segments beyond the localized vascular lésions would présent 

impai red conduc t ion a n d / o r reduced synapt ic efficiency a t the next ( thalamic o r 

cortical) relays. 

Ail the processes jus t considered could cont r ibu te t o the recorded increase of the 

onse t latency of the cérébral response. I t should also be emphasized tha t the 

a l té ra t ions of t h e evoked potent ia ls in G r o u p s A a n d C pat ients were f o u n d to be at 

least part ial ly réversible (Table I I ; figs. 6 a n d 7). This suggests tha t the lésion canno t 

b e viewed as a mere ana tomica l in te r rup t ion of the central axons in which case no 

régénéra t ion could occur. F u r t h e r m o r e the d a t a a b o u t func t iona l recovery af te r the 

accident suggest tha t the evoked potent ia ls a f fo rd a valuable m e t h o d to documen t 

n o t only the severity of the sensory defects due to the vascular lésion, b u t also their 

potent ia l improvement thereaf ter . 

A n interest ing new fea ture was observed in the cérébral potent ia ls evoked by 

finger s t imulat ion in Case 7, namely, a seemingly desynchronized pa t te rn of the early 

surface-négative c o m p o n e n t in tests p e r f o r m e d twenty- two m o n t h s a f t e r the 

accident (fig. 8). This migh t be the resui t of a t empora l dispersion of the corticipetal 

volley, possibly related to m a r k e d var ia t ion in the stage of recovery of the axons a t 

the level of the pon t ine lésion. 
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SUMMARY 

C l i n i c a l a n d e l e c t r o p h y s i o l o g i c a l o b s e r v a t i o n s a r e d e s c r i b e d i n 7 p a t i e n t s w i t h 

c l i n i c a l l y w e l l - i d e n t i f i e d v a s c u l a r l é s i o n s o f t h e b r a i n - s t e m o r d i e n c e p h a l o n . I n t h e 

p a t i e n t s o f G r o u p A w i t h a t h a l a m i c s y n d r o m e , t h e s o m a t o s e n s o r y c é r é b r a l e v o k e d 

p o t e n t i a l s h a d a r e d u c e d v o l t a g e a n d i n c r e a s e d l a t e n c y o n t h e a f f e c t e d s i d e . 

N o s i g n i f i c a n t a n o m a l i e s w e r e r e c o r d e d i n t h e p a t i e n t s o f G r o u p B w i t h a W a l l e n b e r g 

o r W e b e r s y n d r o m e . I n p a t i e n t s o f G r o u p C w i t h a l o c k e d - i n s y n d r o m e , t h e c é r é b r a l 

e v o k e d p o t e n t i a l s p r e s e n t e d m a r k e d b i l a t é r a l a n o m a h e s w h i c h p r o v i d e d i n t e r e s t i n g 

d a t a a b o u t t h e e x t e n s i o n o f t h e p o n t i n e v a s c u l a r l é s i o n s i n t o t h e t e g m e n t u m . T h e 

p a t h o p h y s i o l o g i c a l m e c h a n i s m s i n v o l v e d i n t h e c h a n g e s o f a v e r a g e c é r é b r a l e v o k e d 

p o t e n t i a l s a n d i n t h e s l o w i n g o f c o r t i c i p e t a l c o n d u c t i o n a r e d i s c u s s e d . 

ACKNOWLEDGMENTS 

This research was supported by grants f rom the Fonds de la Recherche Scientifique Médicale and 

f rom the Fonds Nat ional de la Recherche Scientifique. We wish to thank Dr . A. Cornil (Intensive 

Care Uni t of the Depar tment of Medicine, St Pierre University Hospital) for his co-operat ion. 

REFERENCES 

CHASE, T. N., MORETTI, L., and PRENSKY, A. L. (1968) Clinical and electroencephalographic manifestations 

of vascular lésions of the pons. Neurology, Minneap., 18, 357-368. 

CHATRIAN, G. E., WHTTE, L. E., SHAW, Ch. M. (1964) EEG Pattem resembling wakefulness in unresponsive 

decerebrate state foUowing traumatic brain stem infarct. Electroenceph. clin. Neurophysiol., 16, 
285-289. 

COOPER, I. S. (1965) Clinical and Physiologie implications of thalamic surgery for disorders of sensory 

communication. Thalamic surgery for intractable pain. / . neurol. Sci., 2, 493-519. 

DEJERINE, J. (1914) "Sémiologie des affections du système nerveux." Paris: Masson. 

, and RoussY, G. (1906) Le syndrome thalamique. Revue neurol., 14, 521-532. 

DESMEDT, J. E. (1971) Somatosensory cérébral evoked potentials in man. In: "Handbook of 
Electroencephalography and Clinical Neurophysiology." Edited by A. Rémond. Amsterdam: 

Elsevier, vol. 9, pp. 55-82. 

�——, BRUNKO, E., DEBECKER, J., and CARMELIET, J. (1974) The system bandpass required to avoid 

distortion of early components when averaging somatosensory evoked potentials. Electroenceph. 

clin. Neurophysiol., 37, 407-410. 

, and NOëL, P. (1973) Average cérébral evoked potentials in the évaluation of lésions of the sensory 
nerves and of the central somatosensory pathway. In: "New Developments in Electromyography 

and Clinical Neurophysiology." Edited by J. E. Desmedt. Basel: Karger, vol. 2, pp. 352-371. 

, (1975) Cérébral evoked potentials. Chapter 23. In: "Peripheral Neuropathy." Edited by 

P. J. Dyck, P. K. Thomas and E. H. Lambert. Philadelphia : Saunders. In press. 

FELDMAN, M. H. (1971) Physiological observations in a chronic case of "locked-in" syndrome. Neurology, 

Minneap., 21, 459^78. 

FISHER, C. M., KARNES, W. E., and KUBIK, C. S. (1961) Latéral medullary infarction—the pattem of vascular 

occlusion. / . Neuropath. exp. Neurol., 20, 323-379. 

GiLLiLAN, L. A. (1964) The corrélation of the blood supply to the human brain stem with clinical brain stem 

lésions. J. Neuropath. exp. Neurol., 23, 78-108. 

GiOK, S. P. (1956) Localization of fibre Systems within the white matter of the medulla oblongata and the 

cervical cord in man. Thesis. Leiden: Eduard Ijdo. 

HALLIDAY, A. M. (1967) Changes in the form of cérébral evoked responses in man associated with various 

lésions of the nervous system. Electroenceph. clin. Neurophysiol., suppl., 25, 178-192. 



128 p. NOËL AND JOHN E. DESMEDT 

HALUDAY, A. M., MCDONALD, W. I., and MUSHIN, J. (1972) Delayed visual evoked response in optic 
neuritis. Lancet, 1, 982-985. 

, , (1973) Visual evoked response in diagnosis of multiple sclerosis. Br. med. J., 4, 
661-664. 

� -, and WAKEFœLD, G. S. (1963) Cérébral evoked potentials in patients with dissociated sensory loss. 

J. Neurol. Neurosurg. Psychiat., 26, 211-219. 

HAMBY, N. B. (1961) Réversible central pain. Archs Neurol., Chicago, S, 528-532. 

IscH, F. (1957) Formes de début et séquelles du syndrome rétroolivaire de Déjérine. Revue neurol., 97, 
350-365. 

JEWETT, D. L., and WILLISTON, J. S. (1971) Auditory-evoked far fields averaged from the scalp of humans. 
Brain, 94, 681-696. 

KIMURA, J. (1973) The blink reflex as a test for brain-stem and higher central nervous System function. In: 

"New Developments in Electromyography and Clinical Neurophysiology." Edited by J. E. 
Desmedt. Basel: Karger, vol. 3, pp. 682-691. 

LAGET, P., MAMO, H., and HOUDART, F. (1967) De l'intérêt des potentiels évoqués somesthésiques dans 

l'étude des lésions du lobe pariétal de l'homme. Neurochirurgie, 13, 841-853. 

LiBERSON, W. T. (1966) Study of evoked potentials in aphasies. Amer. J. phys. Med., 45, 135-142. 

LoEB, C , RosADiNi, G., and POGGIO, G. F. (1959) Electroencephalograms during coma: Normal and 

borderline records in five patients. Neurology, Minneap., 9, 610-618. 

MCDONALD, W. I. (1973) Expérimental neuropathy. The use of diphtheria toxin. In: "New Developments 

in Electromyography and Clinical Neurophysiology." Edited by J. E. Desmedt. Basel: Karger, 
vol. 2, pp. 128-144. 

, and SEARS, T. A. (1970a) Focal expérimental demyelination in the central nervous System. Brain, 
93, 575-582. 

, (19706) The efïects of expérimental demyelination on conduction in the central nervous 
System. Brain, 93, 583-598. 

MAYER, R. F. (1971) Conduction velocity in the central nervous System of the cat during expérimental 

demyelination and remyelination. Int. J. Neuroscience, 1, 287-308. 

METZINGER, H., and ZûLCH, K. J. (1971) Vertebro-basilar occlusion and its morphological sequete. In: 

"Cérébral Circulation and Stroke." Edited by K. J. Ziilch. Berlin: Springer, pp. 67-81. 

NAMEROW, N. S. (1968) Somatosensory evoked responses in multiple sclerosis patients with varying sensory 

loss. Neurology, Minneap., 18, 1197-1204. 

NOëL, P. (1974) Etude de la conduction afférente dans le nerf saphène externe par la technique des potentiels 

évoqués cérébraux. Revue neurol. In press. 

, and DESMEDT, J. E. (1972) Les potentiels évoqués cérébraux dans l'hémiplégie infantile. Revue 

E.E.G. Neurophysiol. Clin. Paris, 2, 189-194. 

PiCTON, T. w . , HILLYARD, S. A., KRAUSZ, H. L, and GALAMBOS, R. (1974) Human auditory evoked potentials. 

I. Evaluation of components. Electroenceph. clin. Neurophysiol., 36, 179-190. 

PLUM, F., and POSNER, J. B. (1966) "The Diagnosis of Stupor and Coma." Philadelphia: Davis Co., pp. 197. 

ROSE, J. E., and MOUNTCASTLE, V. B. (1959) Touch and Kinesthesia. In: "Handbook of Physiology. Sect. 1, 

Neurophysiology." Edited by J. Field. Washington: Amer. Physiol. Soc, vol. 1, 384-429. 

TsuMOTO, T., HiROSE, N., NoNAKA, S., and TAKAHASHI, M. (1973) Cerebrovascular disease: changes in 

somatosensory evoked potentials associated with unilatéral lésions. Electroenceph. clin. 

Neurophysiol., 35, 463-473. 

WALLENBERG, A. (1895) Acute Bulbâraffection (Embolie der Art. cerebellar. Post. inf. sinistr.). Arch. 

Psychiat. NervKrankh., 11, 504-540. 

WauAMSON, P. D., GoFF, W. R., and ALLISON, T. (1970) Somatosensory evoked responses in patients with 
unilatéral cérébral lésions. Electroenceph. clin. Neurophysiol., 28, 566-575. 

(Received September 26, 1974) 

L E G E N D F O R PLATE 

PLATE X I U 

FiG. 4 {Çase 7).—Vertébral angiogram showing the obstruction of the basilar artery (arrow). 
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