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Effects of Anesthetics on Somatosensory Evoked Potentials (SEPs) in Dogs
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Abstract : This study was designed to evaluate the effects of anesthetics on waveform of SEPs and to authorize possible
anesthetic protocol for measurement of the somatosensory evoked potentials (SEPs). Thirteen anesthetic methods were used.
The SEPs were recorded on two channels (between the 5th and 6th lumbar vertebra as the channel 1 and between the
11th and 12th thoracic vertebra as the channel 2) following stimulation of posterior tibial nerve. To analyze SEPs wave,
latency and conduction velocity were measured. Among thirteen anesthetic methods, standard SEPs waveforms were observed
in dogs anesthetized with following six methods: Acepromazing + Thiopental Na + Isoflurane, Acepromazine + Propofol +
Isoflurane, Diazepam + Xylazine, Xylazine + Ketamine, Acepromazine + Propofol infusion and Propofol infusion. Above six
methods could be used with sufficient anesthetic depth. The differences of latency and conduction velocity among six groups
were minimal compared to general waveform of SEPs. These results indicate that the six anesthetic methods can be used
for recording SEPs in the dog. In particular, Diazepam + Xylazine and Xylazme+Ketamme as injectable anesthes1a are
considered more convenient than other four methods in veterinary medicine.
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Introduction

The somatosensory evoked potentials (SEPs) permit non-
invasive testing of the functional state of specific parts of the
nervous system. In contrast, most imaging techniques, e.g.,
radiographs and myelographs, provide only anatomic infor-
mation. SEPs thus extend the clinical neurologic examination
and complements the common imaging procedures''.

The SEPs are electrical events elicited from neurons, syn-
apses, or axons when sensory axons in peripheral nerves are
stimulated. SEPs of dogs and cats have been studied experi-
mentally and clinically'*'3%3%3-%,

The application of SEPs technique to questions of neuro-
logical diagnosis, prognosis and management originate from
the observation by Dawson®.

Since the early investigations, the possibility that SEPs
might be used to help establish the level, severity and evolution
of traumatic spinal cord damage has been widely examined®.

Evoked potentials were used to evaluate the function of
the sensory neural pathways. The validity, reliability and
sensibility of SEPs examines have been well documented®™*.
SEPs were often used to monitor the functional integrity of
the neurological pathways during surgical procedure**'%20
and to determine the effectiveness of the surgical proce-
dure].llz.

Despite a dramatic increase in the use of sensory evoked
potentials (EPs) to monitor the integrity of neural pathways
in anesthetized patients, published information dealing with the
effect of different anesthetic agents on short-latency SEPs
was relatively limited®. Clark et al indicated that most gen-
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eral anesthetics alter EPs’, but these studies failed to provide
information on quantitative effects of individual anesthetics on
SEPs. Many reports have suggested that halogenated anes-
thetics should be avoided in patients whom SEPs were being
monitored'%**?**!. McPherson et al reported a greater decrease
of amplitude of both upper and lower extremity evoked
potentials after use of nitrous oxide compared to that with
either enflurane or isoflurane®.

Fewer channels may unduly prolong the examination and
has many artifacts. Artifacts arising from skeletal muscles
are the most troublesome and measurement of SEPs in dogs
should need restraint™". So, it is not possible to measure the
posterior tibial nerve SEPs without anesthesia in dogs used
two channels. Furthermore, there have been no comparative
studies on the effects of inhalation anesthetic agents and
injectable anesthetic agents on SEPs.

In the present study, the effects of major anesthetics on
waveform of SEPs were evaluated to authorize possible
anesthetic protocol for recordings of SEPs in dogs.

Materials and Methods

Experimental animals
Neurologically intact, five, mixed breed, male dogs (2-5
years, 3-5 kg) were used for this experiment.

Apparatus for experiments

Nerve stimulation and SEPs recording were performed
with Neuropack 2, MEM-7102 (Nihon Kohden, Japan) and
subdermal Platinum needle electrode (E-2, Grass, USA) was
applied on the two channels. Anesthetic apparatus were used
FO-20S vaporizer (Acoma, Japan), ACE 3000 ventilator
(Acoma, Japan) and Vet/Ox Plus (SDI, USA) as patient
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monitoring system.

Condition of SEPs stimulation and measurement

The posterior tibial nerve was stimulated via surface elec-
trodes placed at the medial region between calcaneal tuberosity
and distal part of tibia (Fig 1). The nature of the stimulation
was electro-stimulation. Two hundred constant current impulses
of 0.2 ms duration were delivered at the rate of 2 Hz to
stimulate the posterior tibial nerve. The supramaximal stim-
ulation intensity was used at least 2-3 times of the response
threshold.

The SEPs were measured on two channels. Platinum needle
electrodes were placed on the subdermal region between the
5th and 6th lumbar vertebra as the channel 1 and on the sub-
dermal region between the 11th and 12th thoracic vertebra
as the channel 2 (Fig 1).

The latencies and distances from the electro-stimulating
point on the posterior tibial nerve to channel 1 and channel
2, and from the channel 1 to channel 2 were measured.

In the channel 1 and 2, the first upward beginning point
(positive peak) was named as LP1 and TP1, respectively.
The first downward beginning point (negative) was marked
as LN1 and TNI1 (Fig. 2).

LP1, LN1, TP1 and TN1 denotes first lumbar positive, first
lumbar negative, first thoracic positive and first thoracic
negative, respectively.

Condition for recording

Animals were placed on the nonconductive table in the
room at ambient temperature. All recordings were made
within 20 minutes after induction of anesthesia. Anesthetic
withdrawal time in the experimental dogs was 2 weeks.

A signal averaging technique was used to cancel the ran-
domly occurring EEG waves and to record the summated
time-locked signals®. SEPs were averaged 500-1,000 times

Lumbar recording
point (Channel 2)

Thoracic recording
point (Channel 1)

Stimulating peint
(Posterior tibial nerve)

Fig 1. Diagram indicating the site of electrodes for channel 1,
channel 2 and stimulating point. The reference electrodes of
channel 1 and 2 were positioned 3 cm apart from recording
electrodes.
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Fig 2. Schematic diagram showing lumbar (channel 1) and tho-
racic (channel 2) somatosensory evoked potentials recorded by
stimulating the posterior tibial nerve. The amplitude of LP1 and
LN1 (between L5 and L6) was higher than that of TP1 and TN1
(between T11 and T12).

in each recording.

Anesthesia

Thirteen anesthetic methods were examined by using eight
injectable and one inhalation anesthetics.

Injectable anesthetics used were Acepromazine(Sedaject®,
Samwoo, Korea) 0.5 mg/kg, Diazepam(Valium®, Roche Korea,
Korea) 1 mg/kg + Xylazine(Rompun®, Bayer Korea, Korea)
2 mg/kg, Acepromazine 0.5 mg/kg + Ketamine(Keiran®, Hankuk
United, Korea) 10 mg/kg, Acepromazine 0.2 mg/kg + Xylazine
2 mg/kg, Diazepam 1 mg/kg + Ketamine 5 mg/kg, Acepro-
mazine 0.5 mg/kg + Propofol(Pofol®, Jeil, Korea) infusion,
Medetomidine(Domitol®, Meiji, Japan) 0.1 mg/kg, Propofol
infusion, Ketamine 15 mg/kg, Xylazine 1.5 mg/kg + Ketamine
10 mg/kg, and Zolazepam-Tiletamine(Zoletile®, Virvac, France)
7.5 mg/kg. Inhalation anesthetics used were Acepromazine
0.1 mg/kg + Thiopental Na (Thionyl®, Daehan, Korea) 15 mg/kg
+ Isoflurane(Aerane®, Ilsung, Korea) 2.5%, and Acepromazine
0.1 mg/kg + Propofol 6 mg/kg + Isoflurane 2.5%.

All of injectable anesthetics were administered intrave-
nously. In Propofol infusion groups, propofol was administered
at a dose of 6 mg/kg for induction of anesthesia, and then
infused 0.8 mg/kg/min for the maintenance. As inhalation
anesthesia, Thiopental Na or Propofol was injected intrave-
nously to induce anesthesia after premedication of acepro-
mazine maleate and the maintenance of anesthesia was
carried out isoflurane with 100% oxygen. Oxygen was sup-
plied by use of following equation®:

O, supply (L/min) = 0.01 X Body weight (Kg)
X Respiratory rate (breath/min)

Evaluation and analysis
1. Existence of standard SEPs. The presence of regular
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SEPs waveform and of high frequency signal/noise ratio
under each anesthetic protocol were examined at first.

2. Evaluation of SEPs waveform. Latencies and dis-
tances from electro-stimulating point to LP1, LN1, TP and
TN1, and from channel 1 to channel 2 was recorded. And
then, these measured latencies and distances were converted
to the conduction velocity. The limits of normal range were
mean+2,5SD?. The conduction velocity between two points
can be calculated by use of following equation:

distance (cm) of two points

Conduction velocity (m/sec) = -
latency (msec) difference

3. Recording anesthetic maintenance time enough to
measure SEPs in injection anesthesia.

Statistical analysis

To evaluate the statistical significance between SEPs com-
ponents under Acepromazine + Thiopental Na + Isoflurane and
those under other anesthetic methods, Post Hoc tests were
performed by SPSS (ver 8.0).

Results

Existence of standard SEPs
Anesthetic methods showing standard SEPs waveforms

Table 1. The latencies measured by SEPs in each group

were Acepromazine + Thiopental Na + Isoflurane (group 1),
Acepromazine + Propofol + Isoflurane (group II), Diazepam
+ Xylazine (group III), Xylazine + Ketamine (group IV),
Acepromazine + Propofol infusion (group V), Propofol infu-
sion (group VI).

Other anesthetic methods, Zolazepam + tiletamine, Diazepam
+ Ketamine, Ketamine, Acepromazine + Ketamine, Medeto-
midine, Acepromazine + Xylazine and Acepromazine, did not
show standard waveform and various types of artifacts were
observed in the SEPs waveforms.

Evaluation of SEPs waveform

The latencies and velocity of SEPs waveforms of Group I,
Group 11, Group III, Group IV, Group V and Group VI were
as follows:

In the latency, stimulating point (SP)-LN1, SP-TP1 of
group II, Ch1-Ch2 of group III, Ch1-Ch2 of group IV and
SP-LP1, Ch1-Ch2 of group V were significantly different
from that of group I (p <0.05) (Table 1).

In the conduction velocity, SP-LN1 of group 1I, Ch1-Ch2
of group III, Ch1-Ch2 of group IV, SP-LP1 of group V and
SP-LN1 of group VI had significant difference compared to
group I (p <0.05) (Table 2).

But, the differences of latency and conduction velocity
among six groups were minimal compared to general wave-
form of SEPs and there did not alter channel 1 together with

Group Number of dogs

Latency (msec)

SP-LP1 SP-LN1 SP-TP1 SP-TN1 Ch1-Ch2

I 12 2.65+0.40 4.84+0.67 4.36+0.53 5.15+0.61 2.50£0.50

II 21 2.92+0.40 5.35+0.48* 4.89+0.49* 5.50+0.50 2.58+0.23
m 17 2.76x0.59 5.04+0.65 4.32+0.71 4.99:+0.71 2.22+0.50%
v 14 2.93+£0.37 4.81x0.51 4.52+0.32 5.07+0.32 2.13+£0.19%
v 23 3.00+0.40* 5.09+0.63 4.51+0.72 5.24+0.51 2.24+0.24*

VI 9 2.74+0.35 4.34+0.87 4.53+0.21 5.03+0.23 2.29+0.39

Data are expressed as mean+SD. *Significantly different from Group I (p<0.05). Group I: Acepromazine + Thiopental Na + Isoflurane, Group
II: Acepromazine + Propofol + Isoflurane, Group III: Diazepam + Xylazine, Group IV: Xylazine + Ketamine, Group V: Acepromazine + Pro-
pofol infusion, Group VI: Propofol infusion, SP: stimulating point.

Table 2. The conduction velocity measured by SEPs in each group

Conduction velocity (m/sec)

Group SP-LP1 SP_LNI SP_TP1 SP-TNI1 Ch1-Ch2
I 103.7211.8 56.8+63 92.0:7.9 78.0+7.9 52,0573
1 9434123 51.1+4.5% 82.5+7.7 73.246.1 51.14.1
1 101.3+17.4 545458 93.7+14.8 80.7+11.0 50.5415.0*
v 93.810.9 572472 88.846.5 79.2+4.9 60.647.3%
Y 91.9+12.2% 54.0+6.7 91.9+232 76.8+6.7 58.046.4
VI 100.6+14.6 64.713.2% 87.8+3.8 79.0+33 56.7+10.7

Data are expressed as mean+SD. *Significantly different from Group I (p<0.05). Group I: Acepromazine + Thiopental Na + Isoflurane, Group
II: Acepromazine + Propofol + Isoflurane, Group HI: Diazepam + Xylazine, Group IV: Xylazine + Ketamine, Group V: Acepromazine + Pro-
pofol infusion, Group VI: Propofol infusion, SP: stimulating point.
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channel 2. Therefore, above six groups did not influence on
SEPs.

Anesthetic maintenance time

The anesthetic maintenance time of group 1, group II
could be controlled by means of inhalation anesthesia. In
addition, that of group V, group VI could be controlled by
means of infusion anesthesia. The anesthetic maintenance
times of group III and group IV using injectable anesthetics
were 32 and 35 minutes, respectively. Therefore, all of these
six groups had enough anesthetic maintenance time to mea-
sure SEPs.

Discussion

In this experiment, anesthetic methods showing standard
SEPs waveforms were Acepromazine + Thiopental Na +
Isoflurane, Acepromazine + Propofol + Isoflurane, Diazepam
+ Xylazine, Xylazine + Ketamine, Acepromazine + Propofol
infusion, Propofol infusion. Their waveforms were regular, and
had high signal/noise ratio. The other anesthetic methods
such as Zolazepam + Tiletamine, Diazepam + Ketamine,
Ketamine, Acepromazine + Ketamine, Medetomidine, Acepro-
mazine + Xylazine and Acepromazine didn't show standard
waveforms. It is considered that the waveforms can be mea-
sured on the sufficient anesthetic depth in which withdrawal
reflex is absent in experimental animals.

These results indicate that six anesthetic methods can be
used recording SEPs in the dog. In particular, Diazepam +
Xylazine and Xylazine + Ketamine as injectable anesthesia
are considered more convenient than other four methods in
veterinary medicine.

Induction of anesthesia with barbiturates such as thiopental
Na also causes little change in the early components used for
monitoring, although cortical SEP latencies may be slightly
increased”. The halogenated agents halogen, enflurane and
isoflurane, which are widely used for maintenance of anes-
thesia to measure of SEPs. In this study, data from
Acepromazine + Thiopental Na + Isoflurane were used as
standard. But, the differences of latency and conduction
velocity among six groups were minimal compared to gen-
eral waveform of SEPs and there did not alter channel 1
together with channel 2. Therefore, above six groups did not
influence on SEPs.

Premedicative drugs such as atropine, diazepam etc. have
little effect on short-latency cortical or subcortical SEPs,
although morphine and diazepam were found to attenuate
the segmental activity recorded from the lumbar spinal cord
following tibial nerve stimulation'*?'. Premedication agents,
such as narcotic analgesics and sedatives have been studied
for the potential effect on SEPs. At premedication doses,
these agents have little or no effect on the EPs"". In this
experiment, diazepam did not induce significant changes in

SEPs.

McPherson et al found SEP latencies increased but ampli-
tudes unchanged following induction with a combination of
thiopental and fentanyl. The decrease in the response amplitude
and an increase of latency in the scalp-recorded potentials
have been observed at induction doses of thiopental Na. The
cervical potentials are relatively resistant to thiopental Na at
these doses™.

The halogenated agents halothane, enflurane and isoflurane,
which are widely used for maintenance of anesthesia, are all
found to cause a dose-related amplitude reduction and
latency increase of cortical SEPs. Against a background of
nitrous oxide, Pathak et a/ found halothane to abolish the
cortical SEP at 1.0 MAC (minimum alveolar concentration)
while equivalent concentrations of the other agents caused
about 85% attenuation®. Peterson ez al, on the other hand,
found halothane to have the least effect, causing 80% atten-
uation at 1.5 MAC while isoflurane caused 95% attenua-
tion”’. All the halogenated agents prolong the central
conduction time in a dose-dependent manner. In the study of
Wang et al, 0.5% halothane increased the CCT (central con-
duction time) from a mean of 6.0 ms to 6.7 ms, while 2.0%
halothane resulted in a further increase of up to 2 ms, inde-
pendent of the degree of induced hypotension®. Subcorti-
cally generated SEPs components and propagated spinal
cord potentials are affected minimally if at all by volatile
anesthetics™!'*", which is one of their chief adventages for
monitoring. However, potentials recorded from the lumbar
spinal cord in sheep were attenuated by a mean of 35-40%
by halothane in the high concentrations of 2% or 3%, with
augmentation occasionally seen at 1%, In the present study,
isoflurane did not make significant changes in SEPs.

In man, the 'N1' segmental dorsal horn potential to be
enhanced by thiopental, ketamine and the halogenated agents,
but attenuated by morphine and fentanyl*'. In this experiment,
there were no alterations in SEPs caused by ketamine.

Continuous infusion of narcotics provides stable record-
ings, whereas bolus injections can affect both the evoked
potentials and the wake-up test®. Kalkman et al recom-
mended an alfentanil-propofol anesthetic technique for sig-
nal enhancement. In this experiment, propofol did not alter
the SEPs'®.

Adjunct drugs administered during anesthesia, for exam-
ple muscle relaxants, cardiovascular agents, antibiotics and
phenytoin, appear to have little direct effect on SEPs™. In
the present study, antibiotics were administered to the all
dogs prior to experiment.

For measuring SEPs, anesthetic maintenance time was
recorded to find out the availability of anesthetic protocol.
Anesthetic maintenance period should be at least 25 min-
utes for recording SEPs. The anesthetic maintenance time of
Acepromazine + Thiopental Na + Isoflurane, and Aceproma-
zine + Propofol + Isoflurane could be controlled by means of
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inhalation anesthesia. In addition, that of Acepromazine +
Propofol infusion, and Propofol infusion could be controlled
by means of infusion anesthesia. The anesthetic maintenance
time of Diazepam + Xylazine, and Xylazine + Ketamine using
injectable anesthetics were 32 and 35 minutes, respectively.
Therefore, all of these six groups had enough anesthetic
maintenance time to measure SEPs.

SEPs components between the anesthetic method using
Acepromazine + Thiopental Na + Isoflurane and the other
anesthetic methods was compared. In the latency, SP-LNI
and SP-TP1 of group Acepromazine + Propofol + Isoflurane,
Ch1-Ch2 of group Diazepam + Xylazine, Ch1-Ch2 of group
Xylazine + Ketamine and SP-LP1, Chl1-Ch2 of group Ace-
promazine + Propofol infusion were significantly different
from those of group Acepromazine + Thiopental Na + Isoflurane
(p <0.05). In the conduction velocity, SP-LN1 of group
Acepromazine + Propofol + Isoflurane, Ch1-Ch2 of group
Diazepam + Xylazine, Ch1-Ch2 of group Xylazine + Ketamine,
SP-LP1 of group Acepromazine + Propofol infusion and
SP-LNT1 of group Propofol infusion had no significant differece
compared to group Acepromazine + Thiopental Na + Isoflurane
(p <0.05). The differences of latency and conduction velocity
among six groups were minimal compared to general wave-
form of SEPs and did not alter Ch 1 with Ch 2. Therefore,
the alteration of SEPs among these anesthetic protocols was
not recognized.

Conclusion

The effect of the thirteen kinds of anesthetic methods on
SEPs recording in dogs were examined. The six anesthetic
methods out of them were satisfactory for the measurement
of SEPs.

Two inhalation anesthetic protocol, Acepromazine + Thio-
pental Na + Isoflurane and Acepromazine + Propofol + Iso-
flurane, and two injectable anesthetic method, Diazepam +
Xylazine and Xylazine + Ketamine, and two infusion anes-
thetic method, Acepromazine + Propofol infusion and Pro-
pofol infusion can be used for measuring SEPs by sufficient
anesthetic depth.

Although all the above six methods are useful, for SEPs
recording, Diazepam + Xylazine and Xylazine + Ketamine, the
injectable anesthetics, are considered more convenient than
the other four methods.

References

1. Aki T, Toya S. Experimental study on changes of the
spinal evoked potential and circulatory dynamics following
spinal cord compression and decompression. Spine. 1984;
9:800-809.

2. Baines DB, Whittle IR, Chaseling RW, Overton JH,
Johnson IH. Effect of halothane on spinal somatosensory
evoked potentials in sheep. British J Anesth. 1985; 57:896-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Dawson GD.

899.

. Balasubramanian E, Keim H, Hajdu M. Osteoid osteoma of

the thoracic spine with surgical decompression aided by
somatosensory evoked potentials: A case report. Spine.
1985; 10:396-398.

. Brown RH, Nash CL, Berilla JA, Amaddio MD. Cortical

evoked potential monitoring: A system for intraoperative
monitoring of spinal cord function. Spine. 1984; 9:256-261.

. Bunch WH, Scarff TB, Trimble J. Current concepts review:

spinal cord monitoring. J Bone Joint Surgery. 1983; 65:707-
710.

. Chippa KH. Principles of evoked potentials. In: Evoked

potentials in clinical medicine.
Lippincott-Raven. 1997: 1-30.

3rd ed. Philadelphia:

. Clark DL, Hosick E, Rosner BS. Neurophysiological effects

of different anesthetics in unconscious man. J Appl Physiol.
1971; 31:884-891.

Investigation on a patient subject to
myoclonic seizures after sensory stimulation. J Neurol
Neurosurg Psychiatry. 1947; 10:141.

. Drummond JC, Todd MM, Sang UH. The effect of high

dose sodium thiopental on brain stem auditory and median
nerve somatosensory evoked potentials in  humans.
Anesthesiology. 1985; 63:249-254.

Engler GL, Spielholz NL, Bernhard WN, Danziger F,
Merkin H, Wolf T. Somatosensory evoked potentials during
harrington instrumentation for sclerosis. J Bone Joint Surg.
1978; 60A:528-532.

Green J, GildemeisterR, Hazelwood C. Dermatomally
stimulated somatosensory cerebral evoked potentials in the
clinical diagnosis of lumbar disc disease. Clin Electroencep.
1983; 14:152-160.

Herron LD, Trippi AC, Gonyeau M. Intraoperative use of
dermatomal somatosensory-evoked potentials in lumbar
stenosis surgery. Spine. 1987; 12:379-383.

Holliday TA, Weldon NE, Ealand B. Percutaneous recording
of evoked spinal cord potentials of dogs. Am J Vet Res.
1981; 42:326.

Holliday TA. Electrodiagnostic examination. Vet Clin. North
Am (Sm Anim Pract). 1992; 22:833-857.

Kaieda R, Maekawa T, Takeshita H, Maruyama Y, Shimizu
H, Shimoji K. Effects of diazepam on evoked
electrospinogram and evoked electromyogram in man.
Anesth Analg. 1981; 60:197-200.

Kalkman CJ, van Rheineck-Leyssius AT, Hesselink EM,
Bovil JG. Effects of etomidate or midazolam on median
nerve = somatosensory evoked potentials. Anesthesiology.
1986; 65A:356.

Koht A, Schutz W, Schmidt G, Schramm J, Watanable E.
Effects of etomidate, midazolam, and thiopental on median
nerve somatosensory evoked potentials and the additive
effects of fentanyl and nitrous oxide. Anesth Analg. 1988;
67:435-441.

Kornegay JN, Marshall AE, Purinton T. Somatosensory-
evoked potential in clinically normal dogs. Am J Vet Res.
1981; 42:70.

Lesser RP, Lueders H, Hahn J, Klem G. Early
somatosensory  potentials evoked by median nerve
stimulation: Intraoperative monitoring. Neurology. 1981;

31:1519-1523.



282

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yeon-Jung Hong, Seong Mok Jeong and Tchi-Chou Nam

Machida N, Weinstein SL, Yamada T, Kimura J. Spinal
cord monitoring: Electrophysiological measures of sensory
and motor function during spinal surgery. Spine. 1985;
10:407-413.

Maruyama Y, Shimoji K, Shimizu H, Sato Y, Kuribayashi
H, Kaieda R. Effects of morphine on human spinal cord
and peripheral nervous activities. Pain. 1982; 8:63-73.
McKelvey. D, Hollingshead KW, Anesthetic equipment. In:
Mosby's fundamentals of veterinary technology. Small
Animal Anesthesia. Missouri: Mosby. 1994: 201-208.
McPherson RW, Mahla M, Johnson R, Traystman RI.
Effects of enflurane, isoflurane and nitrous oxide an
somatosensory evoked potentials during fentanyl anesthesia.
Anesthesiology. 1985; 62:626-633.

Nash CL, Brown RH. The intraoperative monitoring of
spinal cord function, its growth and current status. Orthop
Clin North Am. 1979; 10:919-926.

Oh SJ. Somatosensory evoked potentials in peripheral nerve
lesions. In Clinical electromyography, 2nd ed, Baltimore:
Williams & Wilkins. 1993: 447-478.

Pathak KS, Brown RK, Cascorbi NF, Nash CL. Effects of
fentanyl and morphine on intraoperative somatosensory
cortical-evoked potentials. Anesth Analg. 1984; 63:833-837.
Peterson DO, Drummond JC, Todd MM. Effects of
halothane, enflurane, isoflurane, and nitrous oxide on
somatosensory evoked potentials in humans. Anesthesiology.
1986; 65:35-40.

Petot PL. The clinical
potentials in spinal cord injury. Clin Neurosurg.
20:367-381.

Redding RW, Lee AH, Wilson SG. Spinal evoked potentials
and spinal conduction velocity of the cat; Reference values.
Am J Vet Res. 1984; 45:2175.

Schubert A, Peterson DO, Drummond JC, Saidman LJ. The

use of somatosensory evoked
1973;

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

effect of high dose fentanyl on human median nerve
somatosensory evoked potantials in humans. Anesth Analg.
1986; 65:S136.

Sebel PS, Erwin CW, Neville WK. Effects of halothane and
enflurane on far and near ficld somatosensory evoked
potentials. British J Anesth. 1987 59:1492-1496.

Shores A, Redding RW, Knecht CD. Spinal evoked
potentials in dogs with acute compressive thoracolumbar
spinal cord disease. Am J Vet Res. 1987; 48:1525-1530.
Sims MH, Selcer RR. Somatosensory-evoked and spinal
cord-evoked potentials in response to pudendal and tibial
nerve stimulation in cats. Am J Vet Res. 1989; 50-542.
Spielholz NI, Benjamin MYV, Engler GL, Ransohoff J.
Somatosensory evoked potentials during decompression and
stabilization of the spine. Spine. 1979; 4:500-505.

Steiss JE, Wright JC. Maturation of spinal-evoked potentials
to tibial and ulnar nerve stimulation in clinically normal
dogs. Am J Vet Res. 1990; 51:1427.

Stockard JJ, Iragui VJ. Clinically useful applications of
evoked potentials in adult neurology. J Clin Neurophysiol.
1984; 1:159-202.

Synek VM. Role of somatosenory evoked potentials in the
diagnosis of peripheral nerve lesion: Recent advances. J
Clin Neurophysiol. 1987; 4:55-73.

Wang ADJ, Costa E, Silva I, Symon L, Jewkes D. The
effects of halothane on somatosensory evoked potentials
during operations. Neurol Res. 1985; 7:58-62.

Wilbourn AJ, Aminoff MJ. AAEE Minimonograph #32: the
electrophysiologic examination in patients with
radiculopathies. Muscle Nerve. 1998; 22:1612-1631.

Wolfe DE, Drummond JC. Differential effects of isoflurane/
nitrous oxide on posterior tibial somatosensory evoked
responses of cortical and subcortical origin. Ansth Analg.
1988; 67:852-859.

O M7 7He] Somatosensory Evoked Potentials (SEPsPl| O|X|= 38k

BOIN - HME - LRF
Agheta 42 s st

4]

of . 2 Age 72iel slubiol ANV LAS (SEPs) HAo) v RS Uoku T SEPS] 2Ho] HHa
SRS Rx ABHAT. GAHOET AYHT 2% ol Hlkdt Al olelsl YEAS O SEPE

gL Zhzke] A B8l SEPs 548 3 F AIAAE AFITL 2F 5-64 Atolol A channel 19]

LP12} LN1, §3% 11-12A}0]9lA] channel 2¢] TP1, TN1S 7|Z3l5 . Ago ARESE w3 W £ Acepromazine +

Thiopental Na + Isoflurane,

Acepromazine + Propofol + Isoflurane,

Diazepam + Xylazine, Xylazine + Ketamine,

Acepromazine + Propofol infusion, ¥ Propofol infusion 5] WHTro] SEPs 40| 7ha38lda, w3e Hasialon,
2ol a7=ofxe 4B AR 258 o] B3t ulE fA7E sbesidith. g 7} mpEEolA 9] SEPs #EE

Acepromazine + Thiopental Na + Isoflurane 3} B2 s HSE of

latency®] 7%, Acepromazine + Propofol +

Isoflurane 7= ¢] ST(stimulating point)-LN1, SP-TP1, Diazepam + Xylazine 2] Chl-Ch2, Xylazine + Ketamine - 2]

Ch1-Ch2, Acepromazine + Propofol infusionw#¢] ST-LP1$} Chl-Ch2ejA] HEAH o=

#9959 27b A

T

Conduction velocity®] 73-¢-, Acepromazine + Propofol + Isoflurane®] ST-LN1, Diazepam + Xylazine 2] Ch1-Ch2,
Xylazine + Ketamine 2] Ch1-Ch2, Acepromazine + Propofol infusion*¢] ST-LP1, ZZ&|Z Propofol infusion<t<]
STLN18] 2A4zkllA /23 7F AT Ao 2= AAH) HAFo] Fo/Zel Hak= . ol A9E
Ef|2 SEPs 244 &r3 &+ Acepromazine + Thiopental + Isoflurane® Acepromazine + Propofol + Isoflurane, 5+
Al 2% Diazepam + Xylazines} Xylazine + Ketamine, 827 2% Acepromazine + Propofol infusions} Propofol

infusion ¥Ho] ARE 7hsdt Ao R St

F20] : 7, ARLAREAS, v



