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Summary. M o t o r  evoked  potentials (MEP)  were exam- 
ined in 50 patients with space-occupying lesions of  the 
brain stem and spinal cord.  M E P  findings were  corre-  
lated with the m o t o r  status as established by clinical ex- 
aminat ion.  The  results clearly show the high sensitivity 
of  M E P  for  detect ion of  m o t o r  deficits: 17 recordings 
(77%) f rom the thenar  muscle and 42 (84%) f rom the 
anter ior  tibial muscle corre la ted correct ly with the clini- 
cal m o t o r  status. False-positive results were found  in 5 
(23%) thenar  recordings and 8 (16%) and anter ior  tibial 
recordings.  False-negative correlat ion was not  observed.  
The  high rate of  false-positive results appears  to indicate 
that  M E P  detect  subclinical mo to r  deficits. This electro- 
physiological test is therefore  r e com m ended ,  especially 
when involvement  of  the descending pathways  is sus- 
pected and clinical examinat ion reveals no abnormali ty .  
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Introduction 

Non-invasive assessment of  the descending pa thways  by 
means  of  transcranial  excitation of  the m o t o r  cortex and 
recording the e lec t romyographic  response has been  pos- 
sible since 1980 using electrical st imulation [7] and since 
1985 using magnet ic  st imulat ion [1]. So far there  have 
been  reports  of  m o t o r  evoked  potentials  (MEP)  in elec- 
t rophysiological  evaluat ion of  demyel inat ing diseases 
and o ther  neurological  disorders [3, 8, 11, 13] as well as 
in in t raoperat ive  moni tor ing  during or thopaedic  [2] and 
neurosurgical  [6] opera t ions  on the spinal cord.  In  this 
study M E P  were examined in patients with space-oc- 
cupying lesions of  the brain stem and spinal cord.  The  
aim has to determine if involvement  of  the descending 
pathways can be reliably ascertained with this electro- 
physiological test. 
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Patients and Methods 

A total of 50 patients (34 males, 16 females) aged between 19 and 
81 years (mean 56) were examined. Tables 1-3 show the diag- 
noses, localization of disease, and the clinical presentation of the 
patients. Twenty-one patients (42%) had an extradural, 15 (30%) 
an intradural/extramedullary and 14 (28%) an intramedullary 
space-occupying lesion. The lesion was neoplastic in 38 and non- 
neoplastic in 12 cases. 

The motor cortex was stimulated transcranially with voltage- 
constant condenser discharges using a Digitimer D 180. The time 
constant of the discharges was 100 gs. Only single stimuli of 250- 
750 V were applied. The time interval between the stimuli was at 
least 3 s. For stimulation of the motor hand area the anode was 
placed at the foot of the precentral gyrus (8 cm from the midline, 
just behind the coronary suture) and the cathode was positioned at 
the bregma. For motor foot area stimulation, the anode was placed 
at the bregma and the cathode 6cm behind that at the midline. 
Electromyographic (EMG) responses were recorded from the 
contralateral thenar and anterior tibial muscle using EMG elec- 
trodes in a belly/tendon fashion. The time base was 100 gs with a 
gain ranging from 100gV to l mV per division. Filter settings 
ranged from 20 Hz to 3 kHz (electrophysiological system Compact 
4, Nicolet). 

Table 1. Diagnoses 

Diagnosis Patients 

n % 

Metastasis 11 22.0 
Neurinoma 8 16.0 
Meningioma 6 12.0 
Cavernoma 5 10.0 
Ependymoma 4 8.0 
Astrocytoma 3 6.0 
Chordoma 1 2.0 
Syringomyelia 2 4.0 
Arteriovenous fistula 1 2.0 
"Hard" disc 7 14.0 
"Soft" disc 2 4.0 

Total 50 100.0 
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Table 2. Localization of disease 

Localization Patients 

n % 

Brain stem 7 14.0 

Cervical spine 24 48.0 

Thoracic spine 19 38.0 

Total 50 100.0 

Table 3. Clinical presentation of investigated patients 

Clinical presentation Patients 

n % 

No motor deficit 9 18.0 

Hemiparesis 5 10.0 

Paraparesis 17 34.0 

Tetraparesis 19 38.0 

Total 50 100.0 

In every patient in whom thenar muscle responses were re- 
corded, the lower cervical spine was additionally stimulated with 
the cathode placed at the level of C6-7 in the midline and the 
anode 6 cm homolateral to the recording site at the same level. 
Similarly, in every patient in whom responses were recorded from 
the anterior f inal  muscle, the conus medullaris was also stimulated 
with the anode placed at the level of Dl1-12 and the cathode at 
D12-L1, each in the midline. This was done in order to assess the 
integrity of peripheral motor pathways. Furthermore, by subtract- 
ing the latency of the potential following lower cervical and conus 
medullaris stimulation from the corresponding values obtained in 
response to transcranial stimulation, the central motor conduction 
time (CCT) cortex-C6-7 and cortex-conus medullaris, respec- 
tively, was evaluated. 

Only patients with an intact peripheral motor pathway showing 
distinct potentials following lower cervical and conus medullaris 
stimulation, respectively, were considered. The stimulus strength 
applied transcranially was gradually increased until a response was 
obtained or the absence of any response was documented, even 
though a maximum stimulus strength of up to 750 V, as accepted 
by the patient, was applied. 

We decided upon the following criteria for pathological MEP 
changes: absence of any response on one or both sides, CCT cor- 
tex-C6-7  greater than 5.9ms and CCT cortex-conus medullaris 
greater than 13.9 ms. These limits for acceptable latencies of CCT 
result from our normative data including 2.5 SD. 

On the basis of these criteria for pathological MEP changes we 
correlated MEP findings with the motor status as established by 
clinical examination. Correct correlation means either normal 
MEP and normal motor status or pathological MEP and motor de- 
ficit. The correlation was considered false positive when MEP 
showed pathological changes despite a normal motor status, and 
false negative in patients with normal MEP findings despite a 
motor deficit. 

R e s u l t s  

N i n e t e e n  o f  t h e  22 ( 8 6 % )  r e c o r d i n g s  f r o m  t h e  t h e n a r  
m u s c l e  and  41 o f  t h e  50 ( 8 2 % )  f o r m  t h e  a n t e r i o r  t ib ia l  
m u s c l e  s h o w e d  p a t h o l o g i c a l  resu l t s .  I n  2 ( 9 % )  t h e n a r  
and  5 ( 1 0 % )  a n t e r i o r  t ib ia l  m u s c l e  cases  t h e  E M G  re-  
s p o n s e  was  a b s e n t  o n  at  l eas t  o n e  s ide.  M E P  w e r e  con-  
s i d e r e d  p a t h o l o g i c a l  b e c a u s e  o f  a p r o l o n g e d  C C T  in 17 
r e c o r d i n g s  ( 7 7 % )  f r o m  the  t h e n a r  m u s c l e ,  a n d  in 36 
( 7 2 % )  f r o m  t h e  a n t e r i o r  t ib ia l  m u s c l e .  O n  t h e  w h o l e ,  60 
o f  72 r e c o r d i n g s  ( 8 3 % )  w e r e  p a t h o l o g i c a l ,  in 7 cases  (10) 
o w i n g  to  a b s e n t  r e s p o n s e s  and  in 53 cases  ( 7 3 % )  o w i n g  
to  a p r o l o n g e d  C C T  ( T a b l e  4). 

R e g a r d i n g  c o r r e l a t i o n  o f  M E P  f ind ings  wi th  t h e  m o -  
t o r  s ta tus  as e s t a b l i s h e d  by  c l in ica l  e x a m i n a t i o n ,  w e  
f o u n d  a c o r r e c t  c o r r e l a t i o n  in 17 o f  t he  22 r e c o r d i n g s  
( 7 7 % )  f r o m  t h e  t h e n a r  m u s c l e  a n d  in 42 o f  t he  50 ( 8 4 % )  
f r o m  t h e  a n t e r i o r  t ib ia l  m u s c l e .  F a l s e - p o s i t i v e  resu l t s  

Table 4. Pathological motor evoked potential (MEP) findings 

Criterium Recording site Total (n = 72) 

Thenar muscle Anterior tibial muscle n % 
(n = 22) (n = 50) 

n % n % 

Absent response 2 9.1 5 10.0 7 9.7 

CCT cor t ex -C6-7  > 5.9 ms; 
CCT cortex-conus medullaris > 13.9 ms 17 77.3 36 72.0 53 73.6 

Total 19 86.4 41 82.0 60 83.3 

Table 5. Correlation of MEP findings with the clinical motor status 

Recording site Correct False positive False negative Total 

n % n % n % n % 

Thenar muscle 17 77.3 5 22.7 - - 22 100.0 

Anterior tibial muscle 42 84.0 8 16.0 - - 50 100.0 

Total 59 81.9 13 18.1 - - 72 100.0 
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Fig. 1. A 61-year-old male patient  with a soft disc at 
C5 -6  on the right side. Clinical examination revealed 
mild paresis of the right leg. Central conduction time 
(CCT) was normal on the left side (10.2 ms) but  
noticeably prolonged on the fight (23.6 ms). Note also 
differences in amplitudes right/left using the same 
stimulus strength of 450 V. Correlation of motor  
evoked potentials (MEP) with the motor  status was 
considered to be correct. CTX, Stimulation of the 
cortex (transcranially); CM, stimulation of the conus 
medullaris 
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Fig. 2. A 78-year-old male 
patient  with a metastasis at 
C3-4. He had a marked  
tetraparesis pronounced on 
the left side but  was able to 
walk some steps with intensive 
support. CCT of the thenar  
muscle MEP was prolonged 
to 16.8ms (right) and 19.4ms 
(left). CCT of anterior  tibial 
muscle MEP was 21.3 ms on 
the right and 31.4ms on the 
left side. Correlation of MEP 
with the motor  status was 
considered to be correct 
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Fig. 3. A 50-year-old male 
patient  with a hard  disc at 
C4-5. Clinical examination 
revealed a mild paraparesis 
of the lower extremities 
pronounced on the left side. 
He was able to walk without 
support. CCT of thenar  
muscle MEP was prolonged 
to 10.8 ms on the right and to 
12.0ms on the left side. CCT 
of the anterior tibial muscle 
MEP was 15.4ms (right) and 
19.2ms (left). Correlation of 
MEP findings with the motor  
status was considered to be 
correct for recording form 
the anterior  tibial muscle but  
"false" positive for thenar  
muscle potentials 
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Fig. 4. A 25-year-old female patient  with an astrocytoma of the 
right medulla oblongata (histologically verified). Clinical examina- 
tion revealed an incomplete paresis of the 6th cranial nerve on the 
right side. There were no motor  deficits of the extremities. CCT 
cor tex-C6-7  was prolonged to l l m s  on the right and to 8ms on 
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the left side. CCT cor tex-conus  medullaris was normal on the left 
(9.8 ms) but  noticeably prolonged on the right (22 ms). Correlation 
of MEP findings with the motor  status was considered to be "false" 
positive. Note also differences in amplitudes right/left of anterior 
tibial muscle MEP using the same stimulus strength of 350 V 

were observed in 5 (23%) thenar and in 8 (16%) anterior 
tibial muscle cases. We did not find any false-negative 
correlation. On the whole, 59 (82%) recordings showed 
a correct and 13 (18%) a false-positive correlation (Table 
5; Figs. 1-4). 

D i s c u s s i o n  

Our results demonstrate the high sensitivity of MEP for 
electrophysiological measurement of disorders of the 
central motor pathways. Pathological MEP findings were 
observed in all patients with motor deficits as established 
by clinical examination. We encountered no false-nega- 
tive correlation in our series. It also seems remarkable 
that pathological MEP changes were overwhelmingly 
due to prolonged central latencies and only minimally 
due to absent responses. On the whole, our results cor- 
respond with those of others who have found a close cor- 
relation between MEP and the motor status in animal 
experiments on traumatic and ischaemic brain and spinal 
cord lesions [4, 9, 10, 12]. 

The high rate of false-positive results (23% when re- 
cording from the thenar muscles and 16% when record- 
ing from the anterior tibial muscle) seems remarkable. 
This may result in part from inadequate evaluation cri- 
teria for pathological MEP changes. However, as some 
of our false-positive cases had distinct lesions unavoidably 
affecting descending pathways, as shown by neuroradio- 
logical investigation, we believe that MEP are "true" 
rather than "false" positives in these cases, indicating 
that MEP not only provide objective evidence of existing 
motor deficits but also assessment of subclinical deficits 
of the descending pathways. The latter would be suffi- 

cient motivation to use MEP for diagnostic reasons: ob- 
viously it is unnecessary to study MEP when affection of 
the descending pathways is already established by clini- 
cal examination. However, it might be very useful for 
therapeutic decision making, e.g. surgical procedure, if 
by means of MEP involvement of the motor system is 
either proven or ruled out in patients with radiologically 
confirmed lesions affecting the descending pathways but 
with no apparent clinical motor loss. 

We did not observe any correlation between the de- 
gree of pathological MEP changes, e.g. prolonged CCT, 
and the degree of motor deficit. Some patients with mi- 
nor motor deficits showed considerably prolonged CCT 
and vice versa. However, in patients with differences in 
motor deficits comparing right/left, we usually observed 
noticeable differences in amplitudes between the sides 
using the same stimulus strength. The more motor de- 
ficits differed right/left, the more amplitudes right/left 
also differed. One may speculate whether quantification 
of motor deficits would be possible if amplitudes were 
included as evaluation criteria for pathological MEP 
changes in addition to latencies. However, it is well 
known that MEP amplitudes are very variable and de- 
pend on the degree of pre-innervation [5]. Thus, evalua- 
tion of amplitudes is difficult even in the same individual 
and may not be possible at all by comparing different in- 
dividuals. 

To conclude, examination of the descending path- 
ways with MEP is a useful test for electrophysiological 
assessment of space-occupying lesions of the brain stem 
and spinal cord. We recommend MEP investigation es- 
pecially when involvement of the motor system is sus- 
pected and clinical examination reveals no abnormality, 
in order to demonstrate subclinical deficits. Owing to the 



relat ively unp leasan t  character  of electrical s t imula t ion ,  
the pract icabil i ty of the magnet ic  s t imula t ion  procedure  
[1] should be cons idered  for such cases. 
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