rafting in the

2:287-3p4

L A, Zieﬁnski
IL, AebiSCher
cells in the
treatment of

Oncol 1993,

1affin cef]—
89; 52:331.-

he analgetic
-adrenergic

dulatory re-
ient, Vol. 1.
)4, pp 151-

by isolated
c Natl Acad

1 correlates
>gions. Ann

ransplanta-
pain behav-

© AtT-20 or
rd induced
4:4806-14
ion follow-
ise and rat

: Analgesia
5 secreting

Ortega JD,
rminal can-
oGy 1993;

tead of pa-

er P: Pain
n cells im-
\bstr 1993;

“ribolet N,
qumans of
on. A pre-

Anesthesiology
1996: 85:1013-9

© 1996 American Society of Anesthesiologists, Inc.
Lippincott-Raven Publishers

Effects of Isoflurane and Desflurane on Neurogenic
Motor- and Somatosensory-evoked Potential

Momnitoring for Scoliosis Surgery
Jean-Marc Bernard, M.D., Ph.D.,* Yann Péréon, M.D.,t Guillemette Fayet, M.D.,t Pierre Guihéneuc, M.D.%

Background: Most techniques used to monitor spinal cord
tracts are sensitive to the effects of anesthesia, particularly to
volatile anesthetic agents. The aim of this prospective study
was to show that evoked potentials recorded from the periph-
eral nerves after spinal cord stimulation, so-called neurogenic
motor evoked potentials, are resistant to clinical concentra-
tions of isoflurane or desflurane, compared with somatosen-
sory-evoked potentials.

Methods: Twenty-three patients were studied during surgery
to correct scoliosis. The background anesthetic consisted of a
continuous infusion of propofol. Isoflurane (n = 12) or desfl-
urane (n = 11) were then introduced to achieve 0.5 and 1.0
end-tidal minimum alveolar concentrations (MAC), both in
50% oxygen—nitrous oxide and in 100% oxygen. Somatosen-
sory-evoked potentials were elicited and recorded using a stan-
dard method, defining cortical P40 and subcortical P29. Neuro-
genic motor-evoked potentials were elicited by electric stimu-
lation of the spinal cord via needle electrodes placed by the
surgeon in the rostral part of the surgical field. Responses
were recorded from needle electrodes inserted in the right
and left popliteal spaces close to the sciatic nerve. Stimulus
intensity was adjusted to produce a supramaximal response;
that is, an unchanged response in amplitude with subsequent
increases in stimulus intensity. Measurements were obtained
before introducing volatile agents and 20 min after obtaining
a stable level of each concentration.

Results: Isoflurane and desflurane in both 50% oxygen—ni-
trous oxide and 100% oxygen were associated with a signifi-
cant decrease in the amplitude and an increase in the latency
of the cortical P40, whereas subcortical P29 latency did not
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vary significantly. Typical neurogenic motor-evoked poten-
tials were obtained in all patients without volatile anesthetic
agents, consisting of a biphasic wave, occurring 15 to 18 ms
after stimulation, with an amplitude ranging from 1.3 to 4.1
mV. Latency or peak-to-peak amplitude of this wave was not
significantly altered with isoflurane and desflurane, either in
the presence or in the absence of nitrous oxide.
Conclusions: Compared with cortical somatosensory-evoked
potentials, neurogenic motor-evoked potential signals are well
preserved in patients undergoing surgery to correct scoliosis
under general anesthesia supplemented with isoflurane or de-
sflurane in concentrations as great as 1 MAC. (Key words:
Anesthetics, volatile: isoflurane, desflurane. Spinal cord. So-
matosensory-evoked potentials: motor-evoked potentials.)

ALTHOUGH somatosensory-evoked potentials (SSEPs)
during surgery to correct spinal deformities have been
established as a standard for electrophysiologic intraop-
erative monitoring of the spinal cord,' the risk of dam-
age to the motor tracts in the presence of unaltered
SSEPs persists.”® To ensure the functional integrity of
the spinal cord during surgery, some authorities thus
recommend that a “wake up’ test be performed or
that motor-evoked potentials (MEPs) be monitored in
combination with SSEPs. However, most procedures
eliciting intraoperative MEPs are highly sensitive to an-
esthesia, particularly volatile anesthetic agents,"”” so
that it is difficult to monitor muscle MEPs elicited by
transcranial stimulation even if low concentrations of
these anesthetics are administered.” Muscle relaxants
also greatly reduce the MEP recorded from muscle,"
although interpretation is still compatible with a con-
stant level of controlled neuromuscular blockade.'""
In 1988, Owen and colleagues'’ described a method
for recording responses from the peripheral nerves after
electric stimulation of the spinal cord (so-called neuro-
genic motor-evoked potentials [NMEPs]), primarily mo-
tor in origin but also containing an antidromic compo-
nent. This method proved to be sensitive and reliable in
many experimental and clinical reports.”' " In addition,
NMEPs allow the use of muscle relaxants during surgery
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because a neurogenic, rather than myogenic, potential
is recorded.

No prospective controlled human study has com-
pared the effects of volatile anesthetics on NMEPs and
SSEPs during extensive spinal surgery. Our goal was to
test the hypothesis that NMEPs could be preserved dur-
ing surgery to correct scoliosis with an anesthetic tech-
nique supplemented by low concentrations of isoflur-
ane and desflurane.

Materials and Methods

This study was approved by our institutional review
board and informed consent was obtained from each
patient or their parents or guardians. Twenty-three con-
secutive adolescents or adults undergoing posterior spi-
nal fusion (Cotrel-Dubousset instrumentation) to cor-
rect idiopathic scoliosis were studied. All patients had
normal results of electrophysiologic examinations at the
preoperative visit, including SSEPs, nerve conduction
study, and motor potentials evoked by transcranial mag-
netic stimulation, using standard techniques.

Oral premedication with 5 mg midazolam was given
60 min before induction of anesthesia, which was accom-
plished with 3 mg/kg propofol, 1 ug/kg sufentanil, and
0.1 mg/kg vecuronium to facilitate endotracheal intuba-
tion and prone positioning. Anesthesia was maintained
using a continuous infusion of 4 or 5 mg-kg ' -h™' pro-
pofol and 50% nitrous oxide in oxygen. A second injec-
tion of vecuronium (0.025 to 0.030 mg/kg) was given at
the incision to facilitate surgical exposure. Because the
compound muscle action potential can interfere with
NMEP recording,* supplemental vecuronium was there-
after administered at the specific request of the neuro-
physiologist to suppress muscular artifacts from the
NMEP recordings. Lungs were mechanically ventilated
using an open circuit and a fresh gas flow of 6 to 8 L/min.
Ventilation was adjusted to maintain end-tidal carbon
dioxide between 32 and 35 mmHg. Monitoring included
electrocardiograms, pulse oximetry, and capnography;
and direct radial arterial pressure, central vascular pres-
sures, and core temperature were measured.

Somatosensory-evoked potentials were elicited by bilat-
eral stimulation of the posterior tibial nerves at the ankle
using subdermal needle electrodes. Rectangular pulses
lasting 0.2 ms were presented at a rate of 2.8 Hz. Evoked
potentials were recorded through needle electrodes
placed over the cortex, defining two channels: Cz active
electrode, in the midline of the scalp 2 cm behind Cz,
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referenced to a midfrontal (Fpz) electrode, recording
cortical P40, and Cz referenced to the earlobe, recording
subcortical P29. The amplifier bandpass was 2 Hz to 3
KHz. An analysis time of 100 ms was used; for each SEP
waveform, 300 to 1000 sweeps were averaged. Latencies
of P29 and P40 and peak-to-peak amplitude of P40 were
determined. A first set of SSEP recordings was obtained
before the second injection of vecuronium, approxi-
mately 45 min after induction. Stimulus intensity was
adjusted above the motor threshold and was maintained
at this level during surgery.

Neurogenic MEPs were obtained by stimulating the
spinal cord through sterile platinum needle electrodes
inserted by the surgeons above the surgical field either
into the cancellous bone of the spinous processes the
tips of which were resected or into the epidural space,
depending on surgical access. The cathode was inserted
into the vertebrae closest to the operating field, and the
anode was placed into the next rostral one. An electric
stimulator delivered rectangular pulses lasting 1 ms at a
rate of 0.9 Hz. Stimulus intensity was adjusted to produce
a supramaximal response (i.e., a response that did not
increase further in amplitude with subsequent increases
in stimulus intensity, usually 25 to 50 mA, and was un-
changed during the surgery). Bilateral recording needle
electrodes were inserted close to the sciatic nerve in the
popliteal space. Filters were set at 30 and 3,000 Hz and
analysis time was 50 ms. For each NMEP waveform, 10
to 20 sweeps were averaged, and onset latency (the time
from stimulus to the first negative deflection) and peak-
to-peak amplitude of the initial NMEP complex were
determined. A first set of NMEPs was obtained approxi-
mately 90 min after the incision, this time being required
for subperiosteal stripping of soft tissues and electrode
insertion.

Evoked potentials were recorded and analyzed using
a Nicolet Viking II (Nicolet, Madison, WI) machine. The
wave forms were stored on magnetic disks for further
retrieval.

Isoflurane or desflurane were introduced through a
calibrated vaporizer. The first 12 patients received 0.6%
and 1.3% end-tidal concentrations of isoflurane and the
others received 3.7% and 7.4% end-tidal concentrations
of desflurane (i.e., concentrations approximately equal
to 0.5 and 1.0 MAC, respectively). For both agents, anes-
thetic concentrations were administered in an increasing
order and monitored using a calibrated Datex capnomac
Ultima anesthetic monitor (Datex, Helsinki, Finland). So-
matosensory-evoked potentials and MNEPs were ob-
tained before introducing volatile agents and 20 min after
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obtaining a stable level of each end-tidal concentration.
At each time, data were obtained in 50% oxygen - nitrous
oxide, and then after 5 to 10 min of 100% oxygen inhala-
tion. All measurements were recorded in duplicate for
each patient before the rods of the surgical instrumenta-
tion were inserted. Because hemodynamic instability
may result from specific surgical maneuvers of the
spine,”' no measurements were performed during appli-
cation of selective distraction on the vertebrae by the
surgeons. Higher concentrations of volatile anesthetic
agents were not tested to avoid excessive decreases in
blood pressure.

For each volatile anesthetic agent, comparisons of la-
tencies and amplitudes of potentials were made using a
two-way analysis of variance for repeated measurements
where the two factors were treatments (oxygen or ni-
trous oxide) and concentrations (before and at 0.5 and
1.0 MAC). After a significant F statistic, multiple compari-
sons within and between groups were performed using
Student’s ¢ tests followed by Bonferroni corrections.
Analysis included all the left recordings and all the right
recordings, separately. Left- and right-side recordings
were compared using an analysis of variance. A probabil-
ity value less than 0.05 was considered significant. De-
scriptive statistics are expressed as mean * SD.

Results

Table 1 contains demographics and intraoperative
characteristics. Baseline data were obtained after 151

Table 1. Demographics and Clinical Features

Isoflurane Group Desflurane Group

(n=12) (n. = 1)

Age (yr) 25 %11 19 £3
Weight (kg) 6il¢t9 59 + 13
Height (cm) 165 = 8 162 7
No. of vertebrae

instrumented 92 +23 10.00 % 1:8
Core temperature at baseline

recording (°C) 35:2 +10.8 3501019
Core temperature at the last

recording (°C) 347 = 0.7 34.6 = 0.8

Mean arterial pressure at
baseline recording (mmHg) 91 = 17 89 =10
Mean arterial pressure at 0.5
MAC of anesthetics in
50% 0,-N,O (mmHg) 76 = 14 69 = 7
Mean arterial pressure at 1
MAC of anesthetics in
50% O,-N,0O (mmHg)

Values are mean + SD.

Anesthesiology, V 85, No 5, Nov 1996

Table 2. Changes in Somatosensory Evoked Potentials before
and during Isoflurane Administration in 50% Nitrous Oxide
and 100% Oxygen

Before 0.6 vol % 1.3 vol %
Isoflurane Isoflurane Isoflurane

P29 latency (ms)

50% 0,-N,0 31.3+20 316=*24 82,2427

100% O, 81.0::214 ¢ 4315835 3ilkr =27
P40 latency (ms)

50% O,-N,O 4145 2.7 % 43.0:+ 3:5¢ [ 44.655:3'5" 1,

100% O, 414 + 2.7 429 + 27 443 £ 41"t
P40 amplitude (uV)

50% O,-N,O 1.2.:91.0 0.8 = 0.7* 0.4 + 0.3t

100% O, 20+14 13 110" 0.8 + 1.0t

Values are mean += SD (n = 12 subjects). No significant differences were
found between each mixture (50% O,—N,O vs. 100% O,).

* P < 0.05 versus Before Isoflurane.
1t P < 0.05 versus 0.6 vol % Isoflurane.

+ 22 min of propofol infusion in the isoflurane group
and 137 =+ 27 min of propofol infusion in the desflurane
group. Core temperature decreased slowly in both
groups (one-way analysis of variance; P < 0.01). Sig-
nificant hypotension resulted from increasing concen-
trations of isoflurane (one-way analysis of variance; P
< 0.001) or desflurane (one-way analysis of variance;
P < 0.001) (table 1). There was no suspicion of intraop-
erative neurologic complications. After recovering from
anesthesia, results of neurologic examinations were nor-
mal in each patient.

Isoflurane and desflurane administration in both 50%
oxygen - nitrous oxide and 100% oxygen was associated
with a decrease in the amplitude and an increase in the
latency of the cortical P40. For both agents, subcortical
P29 latency did not vary significantly. No statistical sig-
nificance was achieved for a greater depression of the
signals in the presence than in the absence of nitrous
oxide (tables 2 and 3).

Reproducible NMEPs were recorded from bilateral sci-
atic nerves in all patients immediately after the surgeons
had inserted electrodes at the upper extremity of the
operating field. Neurogenic MEP recording consisted of
a large and mainly biphasic wave, 15 to 18 ms after
stimulation. There was a wide intersubject variability in
the peak-to-peak amplitude, ranging from 1.3 to 4.1 pv
for the initial wave. All patients received one or more
injections of vecuronium to eliminate muscular contam-
ination of the NMEPs (mean dosage, 9.6 mg, including
induction dose and the second injection; range, 6 to 14
mg). Neurogenic MEPs were maintained throughout the
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Table 3. Changes in Somatosensory Evoked Potentials before
and during Desflurane Administration in 50% Nitrous Oxide
and 100% Oxygen

Table 5. Changes in Neurogenic Motor Evoked Potentials
before and during Desflurane Administration in 50% Nitrous
Oxide and 100% Oxygen

Before 3.7 vol % 7.4 vol % Before 3.7 vol % 7.4 vol %
Desflurane Desflurane Desflurane Desflurane Desflurane Desflurane

P29 latency (ms) Latency (ms)

50% O,-N,O 30.8 = 2.6 309 = 2.6 31.5:=12.6 50% 0O,-N,O 1519429158 16.0 = 1.0 161 £81:8

100% O, 30.2:x 1.7 30.5 1.7 3110417 100 O, 16.0:%41.3 16.2 + 1.6 16.3:=+ 1.6
P40 latency (ms) Amplitude (uV)

50% O,-N,0O 40.3 + 4.3 41.6 = 4.0 43.3 = 3.6™ 1 50% O,-N,0 24 + 0.7 23 0.7 2.2: %007

100% O, 389 *23 39.6 + 2.0" 42.4 + 2.0t 100% O, 2. =047 2.3 =0.7 21 1:0
P40 amplitude (uV)

50% O,-N,O 1.2 % 1.3 10 =1.3 Q&0 Values are mean = SD (n = 11 subjects). All intragroup and intergroup com-

100% O, 19+13 1.3 +1.0* 1.0 + 0.7* parisons are nonsignificant.

Values are mean + SD (n = 11 subjects).

No significant differences were found between each mixture (50% O,-N,O
vs. 100% O,).

*P < 0.05 versus Desflurane.
TP < 0.05 versus 3.7 vol % Desflurane.

administration of isoflurane or desflurane without any
significant changes in amplitude or in latency in both
100% oxygen and 50% oxygen -nitrous oxide (tables 4
and 5). Figure 1 illustrates typical recordings of SSEPs
and NMEPs during isoflurane administration. No differ-
ences were observed between left and right recordings.
Results of the right side were chosen arbitrarily for ta-
bles.

Discussion

This study shows that concentrations of isoflurane
and desflurane, approximately 0.5 and 1.0 MAC, do not
interfere significantly with intraoperative recording of
MEPs, provided that these signals are recorded from

Table 4. Changes in Neurogenic Motor Evoked Potentials
before and during Isoflurane Administration in 50% Nitrous
Oxide and 100% Oxygen

Before 0.6 vol % 1.3 vol %
Isoflurane Isoflurane Isoflurane
Latency (ms)

50% 0O,-N,0 16.6 = 1.0 16.7 =+ 1.0 16575120
100% O, 16.8 = 1.0 T(Eue) Sy ik 170114

Amplitude (uV)
50% O,-N,0O 2ol 0 18,10 1.7 251.0
100% O, 20858180 20514 TG0

Values are mean + SD (n = 12 subjects).

All intragroup and intergroup comparisons are nonsignificant.
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peripheral motor nerves after electric stimulation of the
spinal cord according to the method described by
Owen and associates.'” These results in humans are
consistent with those reported in rats by Russell and
coworkers,”* who used a similar technique and found
no differences in NMEPs between awake status and
deep anesthesia induced by isoflurane in sufficient con-
centration to produce isoelectricity on the electroen-
cephalogram. Except for possible variations due to spe-
cies,” it appears therefore that isoflurane and desflur-
ane are compatible with NMEP recording and
monitoring, which contrasts with most other tech-
niques of intraoperative MEP monitoring.*~’

Previous studies have found marked anesthetic-in-
duced changes in MEP recordings. Volatile anesthetic
agents,"® as well as nitrous oxide,’ barbiturates,*® pro-
pofol, etomidate, and midazolam™® can alter MEPs re-
corded from muscles after transcranial magnetic or elec-
tric stimulations. Other approaches consist of electri-
cally stimulating the cortex and recording the activity
of a corticospinal tract synapse-free segment from elec-
trodes placed in the epidural space of the spinal cord.
Despite the possibility of some depressant effects, even
on components that appear to be generated by direct
stimulation of corticospinal axons,”"* no difficulty is
encountered in clinical practice for recording D-wave
activity in patients under volatile anesthetic agents with
this method.***” However, below the T10/T11 level,
epidural recording might be problematic because that
area contains a small number of corticospinal tract ax-
ons and because the evoked potential amplitude be-
comes too small to allow reliable monitoring.'’ Because
surgical instrumentation of scoliosis correction and
other major spine surgeries nearly always include lower
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vertebral levels, the utility of epidural recording is thus
limited.

Neurogenic MEPs appear to be composed of both
anterolateral motor tracts and dorsal column activi-
ties,”®?” although the relative contribution of these path-
ways to the sciatic response is unclear. Data support
the notion that a motor component is involved in these
potentials,'*~'® particularly when high-intensity stimula-
tions are used,” as in our study. Both the experimental
transection of the anterior columns'"'” and the acciden-
tal lesions during spinal surgery'®*' show that loss of
NMEPs is followed by postoperative paralysis of the
lower limbs, even when SSEPs are unchanged, which
suggests that NMEPs could represent a convenient
method for intraoperative monitoring of spinal cord
function. On the other hand, it has been shown experi-
mentally that responses recorded from peripheral
nerves after spinal cord stimulation were at least par-
tially dependent on antidromic activation of the sensory
fibers via the dorsal column.’”** Involvement of the
sensory component has also been established in hu-
mans using pure sensory nerve recordings'” and colli-
sion techniques.”’ Thus an NMEP alteration does not
necessarily reflect a motor lesion but can be the result

of a dorsal column lesion.

Volatile anesthetics are responsible for depressive ef-
fects on motor transmission between the central and
the peripheral nervous systems by acting on the cortico-
spinal tract via the alpha motoneuron synapse.”® Thus
we could argue that the motor component of NMEPs
would not be recorded during administration of such
anesthetics, as opposed to the synapse-free recording

Anesthesiology, V 85, No 5, Nov 1996

10 ms

from electrodes placed in the epidural space, and that
NMEPs during administration of high-concentration
isoflurane represent preferential preservation of anti-
dromic sensory volleys over motor activity. However,
despite the use of low concentrations of isoflurane or
desflurane in the present study, the spinal stimulation
frequently induced muscle contraction in the legs if
neuromuscular blockade was inefficient. This finding
attests to persistent anterior horn cell excitability and
suggests that the NMEPs we recorded did contain motor
tract activity. Because studies that have specifically
looked at anesthetic effects on the spinal motor neu-
ronal system have observed a remarkable sensitivity to
isoflurane-induced depression,**" a shift in the relative
contribution of the sensory and motor components of
the MNEPs might occur during increasing anesthetic
concentrations. Anestheticiinduced modifications of
NMEP structure could argue for this assumption be-
cause the major biphasic wave of MNEPs is conducted
mainly by the anterolateral motor tracts,” and the
polyphasic waves are generated in the dorsal spinocere-
bellar tracts and the dorsal columns.”” However, with
the anesthetic concentrations we tested, we observed
no significant change in wave structure.

A low-concentration of isoflurane in nitrous oxide,
which with minor variations is among the most com-
mon anesthetic technique used in Europe and the
United States, has been reported to induce substantial
depression of cortical SEP waves yet is compatible with
monitoring.”™*® We addressed no statistical compari-
sons between desflurane and isoflurane in the absence
of a randomized design, but it is clear that desflurane
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leads to depressed SSEPs, so that similar conclusions
could be drawn. As already shown by others,’*" the
subcortical SSEPs (Z.e., the P29 waves that are not much
affected by volatile anesthetics, as in our study) might
be preferable to those of cortical origin for spinal cord
monitoring. However, the main criterion used for moni-
toring purposes is the wave amplitude. Cortical SSEPs
amplitude is markedly decreased by isoflurane and des-
flurane, and the reliability of the subcortical P29 ampli-
tude in diagnosing spinal cord injury during surgery has
not yet been studied.

Because of their dual origin, NMEPs could be helpful
for providing concurrent data from both motor and
sensory pathways. Neurogenic MEPs have been proved
to be reliable signals to monitor the entire spinal cord
activity,'"'® although the sensory and motor compo-
nents have different sensitivities to ischemia'” and possi-
bly to anesthetic concentrations. Owen and col-
leagues'’ reported a 5.6% false-positive rate, but no
false-negative results, during spinal cord monitoring of
300 patients having orthopaedic, neurologic, or cardio-
thoracic surgery. Preliminary results found this tech-
nique promising during correction of scoliosis."® It ap-
pears from our study that isoflurane and desflurane su-
perimposed on a background of nitrous oxide and
propofol anesthetic may be used for spinal procedures
in which spinal cord function will be monitored, pro-
vided that NMEPs are recorded.

The authors thank Robert Genet for technical assistance and valu-
able collaboration.
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