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Four patients with a unilateral focal vascular accident involving the internal capsule (but not the cortex) were studied 
electrophysiologically. Averaged somatosensory evoked potentials (SEPs) to electrical stimulation of the median nerve 
on the left or the right side were analyzed. In the 3 patients with hemiparesis and normal somatic sensation, the 
precentral P22 and N30 SEP components were lost, whereas the parietal components were preserved. In another 
patient with clinical somatosensory loss unaccompanied by any central motor impairment, the precentral SEP compo- 
nents were preserved, whereas the parietal SEP components were lost. Thus, a small capsular lesion can eliminate 
distinct cortical SEP components by selectively involving either the axons of the thalamic VPLc nucleus going to 
parietal receiving cortex or the axons of thalamic VPLo going to motor area 4. These findings extend to subcortical 
lesions the diagnostic value of SEPS in patients with dissociated clinical motor and sensory signs. 
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Averaged scalp somatosensory evoked potentials 
(SEPs) to median nerve stimulation reveal compound 
profiles El-S] and their distinct short-latency compo- 
nents reflect evoked responses of either precentral 
(components P22, N30) or postcentral (N20, P27) cor- 
tical areas respectively because they undergo selective 
alterations or loss in patients with focal cortical lesions 
19-12]. Persistence of the precentral P22-N30 SEP 
components after destruction of parietal cortex im- 
plies that these components can be activated directly 
through distinct projections {9] from the thalamic 
ventro-postero-lateralis pars oralis nucleus to motor 
area 4 {13-161 in the absence of parietofrontal con- 
nections. There is no evidence as to whether the 
thalamocortical fibers projecting respectively to either 
precentral or postcentral cortex are anatomically segre- 
gated in the internal capsule. In this report, we describe 
4 patients in whom a small focal capsular lesion selec- 
tively involved one of these two sets of thalamocortical 
fibers. These results reveal (1) an anatomical segrega- 
tion of thalamocortical somatosensory axons on their 
way to precentral or postcentral cortex and (2) the diag- 

nostic value of SEPs in patients with subcortical lesions 
and dissociated clinical motor and sensory signs. 

Methods 
The extent of the focal lesion was documented by computed 
tomography (CT), nuclear magnetic resonance (NMR), or 
both. Clinical somatosensory deficits were carefully assessed 
at the time of SEP recording (see 181). SEPs were evoked 
by 0.2-msec electrical pulses delivered to the right or to the 
left median nerve at the wrist (cathode located proximally, 
intensity adjusted to elicit a slight thumb twitch). Intervals 
between stimuli varied randomly between 500 and 600 msec. 
The proximal arm was grounded. Eight recording electrodes 
(impedance less than 5 kbl) were placed bilaterally over the 
scalp. The afferent volley was monitored over the brachial 
plexus at Erb's point. The recording channels were referred 
to the earlobe. A system bandpass of 1.6 to 3,200 Hz and 
136-ksec bins (computer sampling time) were used for aver- 
aging. Throughout the recording session, the electroencepha- 
logram (EEG) was monitored, and EEG samples with excess 
interference from muscles or eye blinks were automatically 
edited out from the average. SEP components were labeled 
for polarity (N for negative, P for positive) and modal peak 
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Fig  1. Patient 1; small hematoma in le& internal capsule with 
no tnvolvement of cortex. Somatosensory evoked potentials (SEPs) 
to  stimulation of ldt (A) or nght (B) median nerve at the 
wrist. For each frame, the upper traces present SEPs recorded at 
contralateral fmntal scalp and the lower trace, SEPs at contra- 
lateral parzetal scab. SEP components are labeled. No cortical 
frontal response to stimulation on the afsected side (A, upper 
trace). (C) Computed tomographic scans. 

latency in normal adults of standard body size. Two averages 
of 2,000 trials each were compared for stimulation on either 
the left or the right side. Ethics committees approved the 
study and subjects gave informed consent. 

Patient Reports 
Palient 1 
This 58-year-old right-handed woman presented with a sud- 
den left hemiplegia with rotation of eyes and head to the 
right. Touch, joint, vibration, temperature sensations, as well 
as stereognosis were preserved on the left side. There was 
left tactile extinction on bilateral stimulation of the hands and 

Fig 2. Patient 2; small hematoma in left internal capsule with 
no involvement of cortex. Somatosensory evoked potentials t o  stim- 
ulation of right (A) or ldt (B) median nerve at the wrist. Same 
presentation as Figure I .  No cortical parietal response to  stimu- 
lation on the affected side (A, lower trace). (C) Drawings of 
computed tomographic scans. 

left visual and auditory neglect. CT scans showed the integ- 
rity of the cerebral cortex including the rolandic regions, and 
a right capsular ischemic lesion in the anterior choroid artery 
territory (Fig 1C). SEPs were recorded 14 days after the 
vascular accident when the right hemiplegia was still severe. 

SEPs to median nerve stimulation on the normal (right) 
side disclosed a P14 farfield and contralateral parietal N20, 
P27, P45, and N6O components, as well as precentral P22 
and N30 components (Fig 1B). SEPs to median nerve stimu- 
lation on the affected (left) side showed normal P14 farfield, 
loss of precentral responses, and fairly preserved parietal 
N20, P27, P45, and NGO. 

Patient 2 
This 5 7-year-old right-handed man suffered from untreated 
hypertension and presented with a sudden right hemiplegia 
with aphasia. CT scans showed a left capsular hematoma (Fig 
2C). Clinical examination 1 month later disclosed a right 
brachiofacid anesthesia with loss of touch and joint sensa- 
tions, astereognosis, and reduced vibration sensations. Motor 
aphasia and homonymous hemianopsia were present. 

SEPs were recorded 2 years later when the blood pressure 
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had been stabilized through antihypertensive therapy. The 
neurological condition and verbal performance had improved 
to a small but significant extent, and there had been no clini- 
cal evidence for any progression of the cerebrovascular dis- 
ease that has actually remained stable up to now. The right 
hemiplegia was still severe, and there was a right hemihy- 
poesthesia for touch, joint, vibration, pain, and temperature. 
The right hand had a severe astereognosis as well as ataxia 
in the absence of visual control (“main instable ataxique” of 
Alajouanine [17}). Stimulation of the median nerve on the 
normal (left) side elicited normal SEPs with all classical com- 
ponents (Fig 2B). SEPs to stimulation of the median nerve 
on  the affected (right) side showed loss of parietal responses, 
but persistence of a slowed and somewhat delayed precentral 
positivity, which was identified as P22. This was followed by 
a negativity identified as a frontal N30 (Fig 2A). 

Patient 3 
This 49-year-old right-handed woman woke up in the morn- 
ing with a right hemiparesia, which regressed in about 3 
months. Five years later, she presented after another accident 
of sudden onset with right hemiparesia and severe left cepha- 
lalgia. CT scans showed a left capsular hematoma (Fig 3C). 
Arteriography further disclosed a left caudate angioma. SEPs 
were recorded 1 month after the second episode at which 
time she had a right hemiparesis with hemihypoesthesia. 
Touch, joint, vibration, temperature, and pain sensations 
were clearly reduced but not lost on the right side. The right 
hand had astereognosis and impaired graphesthesia. SEPs to 
stimulation of the median nerve on the affected (right) side 
showed loss of precentral components and fairly preserved 
parietal responses (Fig 3A). 

Patient 4 
This 76-year-old right-handed man suddenly developed a 
right ataxic syndrome with unsteadiness of the right foot and 
clumsiness of the right hand (main instable ataxique 1171). 
At the time of SEP recording 9 days later, there was no 
hemiparesis nor any cerebellar sign. The tendon reflexes 
were symmetrical. All somatic sensations were normal. CT 
scans showed a small left capsulothalamic hematoma (Fig 4C) 
and NMR, 4 weeks later, disclosed residual hyposignal (Fig 
4D). SEPs to stimulation of the median nerve on the affected 
(right) side showed loss of frontal responses and fairly pre- 
served parietal response with slowed time course (Fig 4A) .  

Discussion 
Distinct parietal and frontal short-latency SEP compo- 
nents have been disclosed in scalp topographical map- 
ping C18-221, and critical evidence for either precen- 
tral or postcentral location of their neural generators 
relies essentially on their selective loss in neurological 
patients with well-defined focal lesions [9, 101. T h e  
combined evidence suggests parietal generators located 
in area 3b for component N20 and in area 1 for P27, 
both components being lost in patients with a parietal 
lesion. In front of the central fissure, component P22 
manifests a motor area 4 generator, whereas N30 ap- 
pears to involve several generators that can presumably 

Fig  3. Patient 3; small hematom in le$t internal capsule with 
no i m o l v m n t  of cortex. Same presentation as Figure 1. No cor- 
tical precentral response t o  stimulation on the affected side (A, 
upper truce). (Ci Computed tomographic scans. 

be located in premotor and supplementary motor areas 
because N30 persists after frontal lobectomy or post- 
central lesions [9]. Motor area excitation plays a role 
in the activation of N30 through known corticocortical 
connections C23, 241. When assessing N30 in patients, 
it should be remembered that this frontal component 
is vulnerable to short interstimulus intervals and also 
deteriorates rather early in chronological aging IS]. 
Therefore, it is desirable to compare the N30 elicited 
by right or left stimulation in patients with a unilateral 
lesion. 

The  present results help assess the clinical signifi- 
cance of the known corticocortical connections from 
parietal areas 1, 2 ,  5 ,  and 7 to precentral areas 4 and 
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Fig  4. Patient 4; small hemutom in lejit internal capsule with 
no involvement of cortex. Sam presentation as Figure 1. No cor- 
tical precentral response to stimulation on the ufiected side (A, 
upper trare). (C) Computed tomographic scan. (D) Nuclear 
magnetic resonance, 4 weeks later. 

6 [15, 16, 23, 241. In patients with a complete parietal 
lesion, these connections are lost, but the precentral 
P22 and N30 are still recorded, which suggests that 
these short-latency SEP responses are evoked, not by 
corticocortical connections from parietal cortex, but di- 
rectly through thalamic projections from VPLo to mo- 
tor cortex 197. The present results validate this inter- 
pretation by showing that precentral P22 and N30 can 
be lost in patients with a capsular lesion but intact pre- 
central and postcentral cortex (Figs 1, 3, 4),  in whom 

the (preserved) parietofrontal connections indeed ap- 
pear unable to elicit the short-latency precentral SEPs. 
We think that the function of these corticocortical con- 
nections is rather to mediate longer latency interactions 
such as manifested by Pl00 cognitive components 

The results also document an issue that had not been 
clarified in anatomical studies on primates, namely, 
whether the thalamocortical fibers projecting respec- 
tively to precenual or postcentral cortex might present 
any degree of anatomical segregation in their course 
through the internal capsule. We found that either of 
these two sets of fibers could be fairly selectively in- 
volved by a small subcortical vascular lesion. SEP evi- 
dence in our patients indicates that one set of fibers 
was blocked or lesioned resulting in the loss of the 
corresponding cortical SEP responses, whereas the 
other set of fibers still evoked fairly preserved cortical 
responses. In all patients except Patient 2, the anatomi- 
cal integrity of the cortex could be documented by 
neuroimaging methods at the time of SEP recording. 
In Patient 2, the arterial pressure was stabilized by 
therapy and there had been no clinical evidence for 
any progression of the cerebrovascular disease during 
the delay of 2 years between CT scan and SEP re- 
cording. The clinical status of this patient has recently 
been found unchanged, 11 years after the vascular acci- 
dent. Therefore, the loss of parietal SEP response and 
clinical hypoesthesia in Patient 2 can be assumed to 
reflect cortical deafferentation through a single subcor- 
tical lesion (capsular hematoma) inflicted during the 
acute episode. 

Although the diagnostic value of SEPs in focal corti- 
cal lesions seems well established, their usefulness in 
capsular lesions had hitherto not been documented. 
Indeed, posterior thalamic or capsular lesions fre- 
quently result in the loss of all cortical SEPs {S, 251. 
Our present data reveal the diagnostic value of SEPs 
for documenting dissociated clinical motor and sensory 
signs in patients with capsulothalamic lesions. 
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