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Spinal somatosensory 
evoked potentials after 
epidural isoproterenol 
in awake sheep 

Purpose: The use of I 0- I  5 Alg epinephrine as an epidural test-dose is controversial. Isoproterenol would be a 
better alternative. However before 5/Ig isoproterenol can be incorporated in an epidural test-dose, neurotox~- 
cological studies have to be performed. The present study was designed to assess 
spinal somatosensory evoked potentials (spinal SSEP) before and after epidural isoproteronol. 
Methods:  Spinal SSEPs were recorded before, 30 rain after, and 72 hr after 50/ag isoproterenol were given 
epidurally (L3_4) to six chronically instrumented awake sheep. The spinal SSEPs after epidural (L3_4) administration 
of IS ml lidocaine 296 were used to evaluate the model. The SSEPs were generated by transcutaneous stimula- 
tion of the sciatic nerve in the thigh. Spinal SSEPs were recorded directly from the spinal cord at vertebra T~ ~ using 
a monopolar epidural electrode referenced to a subcutaneous needle electrode in the adjacent paraspinal area. 
Results: Thirty minutes and 72 hr after epidural injection of 50/~g isoproterenol the latency and the amplitude 
of the SSEP waves were similar to baseline values. After lidocaine, no SSEPs could be generated in three sheep 
while in three sheep the latency of wave 2 (W2) was prolonged and the amplitude diminished. 
Conclusion: Administration of epidural isoproterenol did not affect spinal SSEPs in this study indicating an 
absence of neurotoxic side effects. 

Objectif : Eutilisation de I0-15/~g d'EpinEphdne comme dose-test de l'anesth&ie Epidurale est contestEe. 
Uisoprot&Enol devrait &re une meilleure solution de rechange. Cependant, avant d'incorporer 5/ag d'isopro- 
t&Enol ~ une dose-test Epidurale, il faut effectuer des Etudes de neurotoxicit& ILEtude actuelle visait ~ mesurer 
les potentiels Evoqu& somatosentoriels (SS) spinaux avant et aprEs de l'isoprot&Enol Epidural. 
M & h o d e s  : Les SSEP spinaux ont EtE enregistrEs avant, 30 min aprEs et 72 h aprEs I'administration Epidurale 
de 50pg d'isoprot&Enol (L3-L4) & six preparations de moutons Eveill&. Les SSEP spinaux enregistrEs awes I'ad- 
ministration de 15 ml de lidocaine 2% ont servi & valider le modEle. Les SSEP ont EtE gEnErEs par stimulation 
transcutanEe du neff sciatique au niveau de la cuisse. Les SSEP spinaux ont ErE enregistrEs directement sur la 
moelle au niveau de T f2 avec une Electrode unipolaire ; I'Electrode de rEfErence Etait une aiguille sous-cutanEe 
insErEe dans la region paraspinale adjacente. 
R~u l ta t s  : Trente minutes et 72 h &orEs rinjection Epidu~e de 50 pg d' isoprotErEnol, la latence et rampli- 
tude des ondes SSEP &aient identiques aux valeurs initiales, AWEs la lidoca~ine, les SSEP ne pouvaient &re gEnErEs 
chez trois moutons alors que chez les trois autres, la latence de I'Onde 2 (W2) Etait prolongee et son amplitude 
diminuEe. 
Conclusion : Pendant cette Etude, radministration d'isoprotEr~nol Epidural n'a pas affectE les SSEP spinaux, ce 
qui dEmontre I'absence d'effets neurotoxiques. 
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A 
DMINISTRATION of a test dose con- 
taining epinephrine is recommended for 
the detection of  inadvertent intravascular 
placement or migration of  an epidural 

catheter. However, previous studies have shown that 
injection of  15 lag epinephrine iv decreases uterine 
blood flow (UBF) by up to 60% for three minutes in 
pregnant ewes. ~ Furthermore, an increase in heart rate 
is not always obvious in the parturient after injection 
of  an epinephrine containing test dose. Also, there is a 
high incidence of  false-positive 2 and false-negative 
results s in mothers and baseline heart rates are highly 
variable. Although the chronotropic response in term 
pregnant women is reduced, Leighton et al stated that 
a test dose containing 5 lag isoproterenol might be a 
safer and more effective alternative. 3,4 However, 
before isoproterenol can be incorporated as an epidur- 
al test-dose neurotoxicological studies have to be per- 
formed. 

Histopathological evaluation, spinal cord blood 
flow and somatosensory evoked potentials can be used 
to evaluate of  the integrity of  the spinal cord. The 
value of  somatosensory evoked potentials to assess 
spinal cord dysfunction has been well documented, s-7 

The present study was designed to assess the spinal 
somatosensory evoked potentials (spinal SSEP) 
before, 30 min after, and 72 hr. after 50 lag isopro- 
terenol were given epidurally to chronically instru- 
mented awake sheep. The spinal SSEPs after lidocaine 
were used to evaluate the model. 

Methods  
After approval by the Committee on Animal Research, 
Katholieke Universiteit Leuven, six ewes were studied. 

Under general anaesthesia, an epidural needle was 
placed between spinal processes THq2, using the loss 
of  resistance technique,  until it reached its desired 
position against the spinal dura. Then, a recording 
electrode was inserted through the lumen of  the nee- 
die after which the needle was withdrawn. Similarly, an 
epidural catheter was inserted between lumbar 
processes Ls_ 4. After recovery from anaesthesia, the 
animals were allowed to stabilize for 72 hr. 

The animals were studied awake standing in a study 
cart. Spinal SSEPs were generated by transcutaneous 
electrical stimulation of  the sciatic nerve at the poste- 
rior mid-thigh level. Stimulation was applied through 
a stimulating unit consisting of  parallel, curved blunt 
metal rods mounted on perspex. Inter-electrode dis- 
tance was 1.5 cm and the cathode was placed proximal 
to the anode. After the area was shaved this unit was 
pressed transcutaneously against the sciatic nerve and 
electric shock stimulation, square wave pulses of  0.1 

msec duration and 100-200 V amplitude, was applied 
via a stimulus isolation unit at a frequency of  3-5 Hz. 
These intensities usually evoke some contraction of  
local hind limb muscles, but did not appear to cause 
discomfort to the sheep. Stimulation voltage was con- 
stant throughout each experiment. Room temperature 
was kept high. Rectal temperature was recorded 
before and after each experiment and did not differ. 

Spinal SSEPs were recorded directly from the spinal 
cord at vertebra T12 using a monopolar epidural elec- 
trode referenced to a subcutaneous needle electrode in 
the adjacent para-spinal area. This recording electrode 
(Nicolet, ref. 019-405600) consists of  a stainless steel 
tip (1 mm diameter, 5 mm length) mounted on a 120 
mm flexible Teflon coated wire. A stainless steel ground 
plate electrode was taped to a shaved area of  the upper 
thigh and conductive paste was used to ensure good 
contact. Signals were fed via a pre-amplifier to an ampli- 
fier with a signal averaging unit. A standard, commer- 
cially available, electromyography apparatus was used 
(Medelec MS 92, Vickers Medical, Old Woking, 
England). This device includes a stimulus generator, as 
well as units for amplifying, processing, displaying and 
printing of  the recorded signals. The frequency band 
was 20 Hz to 2 kHz. When stable, reproducible wave- 
forms were present, they were averaged. 

Signals containing large amplitude interference 
were rejected. An artifact rejection facility is incorpo- 
rated into the averager of  the Medelec MS 92. When 
a signal overload of  about 2.6 vertical divisions on the 
screen (in our work corresponding to 50 laV) is 
detected, this is identified as an artifact, and that sec- 
tion of  the recording is rejected by the averager. There 
are several causes of  overload e.g. electrical stimulus 
artifacts or by movement artifact. The SSEP wave- 
forms were displayed on an oscilloscope where peak 
latency and amplitude could be measured using a 
built-in cursor with a digital readout. All recordings 
were repeated twice and then printed on thermal 
paper. Details of  the technique as applied to human 
spinal surgery s and experimental work in sheep 9 have 
been described previously. 

Once a baseline spinal SSEP waveform had been 
obtained 50 lag isoproterenol were administered 
epidurally (Ls.4). Thirty minutes and 72 hr. later, 
spinal SSEP recordings were repeated. 

The sheep were then rested in a hammock and were 
injected with 15 ml lidocaine 2% epidurally. Spinal 
SSEPs were recorded before, 10, and 60 min after the 
administration. The functional effects of  each epidur- 
al block were grossly monitored by the presence of  
flaccid paralysis, mainly of  the hind limbs, as a deter- 
minant of  motor block. 
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Group values are presented as mean • SEM and sta- 
tistical analysis was performed using repeated mea- 
sures analysis of variance followed by Dunnett t-test. 
A P value < 0.05 was considered significant. 

Results 
Twelve experiments were performed in six ewes. Mean 
weight was 65 kg • 8. 

Good baseline amplitude spinal SSEPs were 
obtained in each animal. Thirty minutes and 72 hr. after 
epidural injection of 50 pg isoproterenol, the latency 
(resp. P=0.3 and 0.8) of the waves (W) and the ampli- 
tude (P=0.9) were similar to baseline values (Table I). 

After 15 ml lidocaine 2% no spinal SSEPs could be 
generated in three sheep, whereas the latency from 
baseline of W2 in three other sheep was prolonged. 
(P<0.02) and the amplitude was diminished 
(P<0.001) (Table n). 

Discussion 
Several studies have been conducted to test the useful- 
ness of isoproterenol as a marker of inadvertent 
intravascular injection in epidural anesthesia for labour- 
ing women. These studies mainly concerned the 
haemodynamic effects of 5pg isoproterenol when 
injected intravascularly in man and sheep. 4,1~ So far, the 
epidural use of  isoproterenol is prohibited, because 

only one study exists concerning possible neurotoxic 
side effects. 11 Iri this study, where isoproterenol was 
injected intrathecally in sheep, no histopathological 
changes of the spinal cord were found. 

Evoked potentials have proved particularly valuable 
in showing subclinical spinal cord dysfunction) 2 Toxic 
abnormalities of nervous system function can be divid- 
ed into rapidly acting, usually reversible responses due 
to agents such as anaesthetics, and those of  longer 
duration associated with physical disruption of  cellular 
elements.12 No changes of  spinal SSEP were recorded 
after the epidural administration of  10 times the dose 
of  isoproterenol, which would be used as a test dose 
(5 pg isoproterenol). In animal studies, general ampli- 
tude reduction of  50% or complete loss of  one com- 
ponent can be regarded as signifying a high likelihood 
of functional impairment of the spinal cord, Is although 
there is always the question of  how sensitive SSEPs are 
to spinal cord damage. However, by injecting a neu- 
rotoxic compound (10 ml pure alcohol epidurally) we 
demonstrated that marked changes in the SSEP (14 
fold reduction of  amplitude after one hour) could be 
generated. Due to the objections of  our ethical com- 
mittee, this experiment was performed in only one 
animal during isoflurane 1.5 % anaesthesia. 

In all the sheep lidocaine was injected in the 
epidural space to confirm the correct position of  the 

TABLE I Spinal somatosensory evoked potential 0, 30 min and 72 hr after 50 pg isoproterenol epidurally. ;pV=laVolt;A A=Amplitude 
of wave 1 (W1)- Amplitude of wave 2 (W2) 

Before isoproterenol 30 rain after isoproterenol 72 hr after isoprourenol 
WI (msec) W2 (msee )A A (1~ V) W1 (msec) W2 (msec )A A (t~ V) W1 (msee) W2 (msec)A A (I* V) 

sheep 1 5.2 8.0 0.7 5.2 8.2 0.9 5.2 9.2 1.1 
sheep 2 4.8 7.0 4.4 4.4 6.4 3.0 4.4 6.6 4.4 
sheep 3 5.4 7.8 2.0 4.8 8.6 1.8 5.4 8.6 1.5 
sheep 4 6.0 9.6 1.7 6.4 10.1 1.5 5.4 9.2 1.9 
sheep 5 4.4 5.8 0.3 4.6 5.6 0.8 4.0 5.5 0.5 
sheep 6 6.4 10.0 1.5 5.4 9.2 2.2 5.8 9.2 1.8 
mean 5.3 8.0 1.6 5.1 8.0 1.7 5.0 8.0 1.9 
sem 0.3 0.64 0.26 0.29 0.69 0.34 0.28 0.67 0.54 

TABLE II Spinal somatosensory evoked potential 0,10, and 60 min after epidural administration of 15 ml lidocaine 2%; a=abolished 
laV=pVolt;AA=Amplitude of wave 1 (W1)- Amplitude of wave 2 (W2); * P<0.05 

baseline l O rain after lidoeaine 60 rain after lidocaine 
Wl (msec) W2 (msec)A A (t~V) Wl (msee) W2 (msee)A A (lsV) WI (msec) W2 (msee)t~ A (I~V) 

sheep 1 5.2 9.2 1.1 5.4 8.0 0.07 5.0 10.4 0.2 
sheep 2 4.4 6.4 4.4 5.4 11.0 0.2 a a 0 
sheep 3 5.4 8.6 1.2 5.6 9.2 0.7 a a 0 
sheep 4 5.5 8.8 1.7 5.7 10 0.2 7.2 12.4 0.04 
sheep S 4.0 5.5 0.5 7.8 9.2 0.6 a a 0 
sheep 6 5.6 9.4 1.9 6.6 8.2 0.9 7.1 12.8 0.05 
mean 5.4 9.1 1.8 5.9 8.7 0.45* 6.4 11.9" 0.09* 
sere 0.12 0.17 0.55 0.36 0.63 0.13 0.71 0.74 0.03 
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epidural catheter and to evaluate the validity o f  this 
model. A decrease o f  amplitude and an increase in 
latency has been seen in other studies using local 
anaesthetics. Lidocaine 2% and bupivacaine 0.5% 
injected epidurally were unable to suppress SSEP 
completely to either dermatomal or peripheral nerve 
stimulation. Is-Is The fact that in three sheep, after 
lidocaine, total abolition was seen is interesting. 
However ,  the o ther  studies were conducted  in 
humans, Is-Is and lower doses were given. Mso, SSEPs 
were recorded either at cortical Is or cervical vertebra 
levels. 16-Is In a study where spinal SSEPs (TI2-L1) 
were measured after epidural (L3_4) injection o f  3 ml 
bupivacaine 0.5% into monkeys, a progressively 
increasing latency and a decreasing amplitude were 
seen. 19 Almost simultaneously with these events, a 
comparable a t tenuat ion o f  lesser durat ion was 
observed in the responses recorded from the upper 
thoracic cord evoked by conus medullaris stimulation, 
and responses recorded from the lateral conus 
medullaris evoked by sensorimotor cortex stimula- 
tion. 19 Abolition of  SSEPs in our study with the high- 
er dosage of  lidocaine is, in this regard, not  so 
surprising. However, it was not  the purpose o f  this 
study to evaluate the effects o f  lidocaine, but to eval- 
uate the neurotoxic effects o f  isoproterenol. 

In the present study, the spinal SSEPs recorded 
from the epidural space were considered more useful 
than cortical responses, on account o f  their electrical 
stability, which in an awake animal is of  great impor- 
tance. In addition, to record cortical responses, elec- 
trodes have to be placed precisely above the 
representive somatosensory area. Also, in experiments 
with local anaesthetics spinal SSEPs are more reliable, 
because they are less susceptible to fluctuations in 
blood pressure. Spinal responses can be recorded at 
much faster stimulation rates than cortical responses, 
with corresponding improvement in feedback time. is 
There is evidence that distinct components o f  the 
spinal SSEP may be generated in different tracts o f  the 
spinal cord 2~ whereas the cortical response is likely to 
depend on the posterior columns alone. 2~ 

In conclusion, we found no change in amplitude or 
latency in SSEPs after epidural isoproterenol in a chron- 
ic awake sheep preparation. These results and an earlier 
study H suggest that isoproterenol can safely be used 
epidurally, when given in low dose bolus injections. 
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