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Assessment of Neuromuscular Function in Infants

Robert S. Crumrine, M.D.,* and Edmund H. Yodlowski, Ph.D.t

This study was conducted to measure neuromuscular transmis-
sion in newborn infants. Age-dependent differences in neuromus-
cular transmission and the effect of nitrous oxide anesthesia upon
neuromuscular function were assessed in pediatric surgical
patients following induction of anesthesia with methohexital by
the use of the frequency sweep electromyogram (FS-EMG).
Children older than 12 weeks’ chronologic age usually had FS-
EMG responses similar to those of adults, whereas infants less than
12 weeks old had significantly less pronounced FS-EMG responses
at high stimulation frequencies (>50 Hz). Administration of 70
per cent nitrous oxide induced 11-38 per cent reductions in the
amplitudes of the FS-EMG responses at all frequencies of stimula-
tion in the younger group. A positive correlation was found
between inability to sustain a tetanic contracture (FS-EMG fade) in
the 50-100-Hz region of stimulation and percentage depression
of the FS-EMG response induced by nitrous oxide. (Key words:
Anesthesia, pediatric. Anesthetics, gases: nitrous oxide. Monitoring:
electromyogram. Neuromuscular transmission.)

THERE ARE CONFLICTING REPORTS of infant sensitivity
to muscle relaxants. Stead,! Sabawala,? and Bennett et
al.® found that the newborn is more sensitive to d-
tubocurarine (dTc¢) than are older children. Other
investigators, however, have not found any age-
dependent hypersensitivity to dTc.*® The observed
differences in sensitivity may have been due to
morphological differences in the neuromuscular
junctions,® types of anesthetics administered,”® or dif-
ferent criteria used to determine dosages and/or levels
of relaxation.*?

In the rat'"** and human'® embryos, innervation
and morphogenesis of the neuromuscular junction
are not completed at birth. Comparing the full-term
infant and the premature infant, Koenigsberger et al.4
showed that premature infants are more susceptible to
posttetanic exhaustion than are their full-term counter-
parts. These data suggest that the infant neuromus-
cular junction may not be fully developed at birth, and
that maturation of the neuromuscular junction
continues during neonatal development.

The purpose of this study was to measure myo-
neural function in the newborn and to relate matura-
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tion of the neuromuscular junction to neuromuscular
transmission during anesthesia. Myoneural function
was assessed using the frequency sweep electromyo-
gram (FS-EMG) technique.'®16

Methods

Twenty-five surgical patients (ASA class 1) under-
going elective surgical procedures were included in
this study. This study was approved by the university
human investigations committee, and parental in-
formed consent was obtained. The patients were 1 day
to b years of age. All had been products of full-term
pregnancies and were without known neuromuscular
disease. Serum electrolytes were within normal limits.
All subjects except one were within normal limits for
growth and development. The exception, a 20-month-
old female infant, was in the fifth percentile for weight
and height and had been diagnosed as having “failure
to thrive.”

Premedication consisted of atropine, 0.014 mg/kg,
im. Anesthesia was initiated by intramuscular injec-
tion of 5 per cent methohexital, 10 mg/kg. Blood
pressure, ECG, and temperature were monitored.

Neuromuscular function was monitored using the
FS-EMG recorded from.the tibialis anterior muscle.
The FS-EMG response is produced by recording

the compound muscle action potential (CMAP) induced

by intramuscular electrical stimulation. The stimulus
consisted of regulated current pulses with a duration
of 0.1 msec. Stimulus amplitude was adjusted (12 mA
maximum) to produce supramaximal stimulation of
intramuscular motor neurons without direct excita-
tion of muscle fibers.' Rather than testing at fixed
frequencies, the stimulus rate was made to increase
exponentially from an initial rate of 1 pulse/sec to a
final frequency of 100 Hz over a stimulation period of
10 sec. The exponential increase in frequency allows
assessment of neuromuscular transmission at tetanic
rates but without inducing fatigue.

Thin coiled-wire electrodes'® were used for stim-
ulation and recording of the induced electrical activity.
Stimulation was achieved by passing the stimulus
pulse between an intramuscular electrode inserted
into the body of the tibialis anterior muscle and a
second, larger, surface electrode, located on the skin
over the muscle. The CMAP was recorded from a
second intramuscular electrode. This bifilar recording
electrode was positioned within the same muscle but
slightly distal to the stimulating electrode. The integral
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Fic. 1. Mean normalized frequency sweep electromyogram

(FS-EMG) control response curves from surgical patients less than
and older than 12 weeks of age. The ordinate represents FS-EMG
amplitudes at points corresponding to various stimulation rates as
ratios of the initial (i.e., 1 Hz) amplitude. In the high-frequency
(50—100 Hz) region, the younger infants had rapid declines in
their responses that were not found in the infants older than
12 weeks of age.

of the CMAP is measured after each stimulus pulse
and is continuously displayed on a strip-chart recorder.
This provides a response curve that is a profile of the
muscle’s ability to sustain neuromuscular transmission
across a wide range of excitation rates. In order to
standardize the data, the amplitudes of the FS-EMG
responses at 2, 3, 5, 10, 20, 50, and 100 Hz were
normalized to the amplitude of the initial (i.e., 1 Hz)
response. The ratios at these individual frequencies
were used to compute mean response curves.

The electrodes were inserted as soon as the patients
were asleep (2 to 3.min after administration of metho-
hexital). Control FS-EMGs were recorded before ad-
ministration of any additional anesthetic or muscle
relaxant. Seventy per cent nitrous oxide in oxygen
was administered to 17 of the 25 subjects using an
Ayre’s T-piece in an open-loop system. The FS-EMG
was recorded at 2-min intervals. After administration
of nitrous oxide for at least 6 min, additional anes-
thetics and/or muscle relaxants were administered as
needed for surgical anesthesia, Myoneural function
continued to be monitored throughout the surgical
procedure. At its termination the electrodes were
removed.

The mean FS-EMG response profiles were obtained
by calculating the mean for each of the normalized
ratios at frequencies corresponding to 2, 3, 5, 10,
20, 50, and 100 Hz. Statistical inferences are based
on Student’s { test.

The slope, or decline of the high-frequency (>50 Hz)
response was estimated by the difference between the
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FS-EMG ratios at 50 and 100 Hz. These data for the
slope were plotted versus percentage changes from
control in the amplitudes of the FS-EMG responses
after administration of nitrous oxide. A least-squares
linear regression technique was used to fit these data
to a straight line.

Results

The 25 subjects studied could be divided into two
groups according to chronologic age, since myoneural
function in those children less than 12 weeks old dif-
fered measurably from that in those more than 12
weeks of age (fig. 1). Two examples of FS-EMG tracings
recorded from patients are shown in figure 2. The
amplitudes of responses recorded from infants less
than 12 weeks old tended to decrease as the stim-
ulation frequency approached 100 Hz. However, the
high-frequency (50 < f = 100 Hz) responses obtained
from the older group diminished only slightly with
increasing stimulation frequency. At a stimulation rate
of 100 Hz, the mean (+SE) FS-EMG level dropped to
a normalized value of 0.643 * .068 in the younger
group, whereas in the older children the normalized
ratio was 0.974 = .078. The difference between the
high-frequency FS-EMG responses of the two groups
was statistically significant (P < 0.01).

The children in the two groups also responded
differently following administration of nitrous oxide.
After 6 min of administration of 70 per cent nitrous
oxide the mean FS-EMG response of the younger
children was depressed, while that of the older group
had not changed (fig. 3). Within each age group there
were individual variations, and there was no clearly
delineated change in the FS-EMG response to nitrous
oxide at 12 weeks of age. Those individuals (regard-
less of age) whose control FS-EMG response curves

—
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FiG. 2. Tracings of the frequency sweep electromyogram (FS-
EMG) responses from the tibialis anterior muscles of a 1-day-old
infant (4) and a 4-month-old infant (B) premedicated with metho-
hexital.
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dropped off most steeply at the higher frequencies
tended to have their responses most depressed by
nitrous oxide (fig. 4). The reductions of FS-EMG
amplitudes in the younger group after nitrous oxide
administration were due to decreases in the ampli-
tudes of the recorded compound muscle action po-
tentials.

All of the patients in the younger group were sub-
ject to failure of neuromuscular transmission at high
frequencies of stimulation, and their FS-EMG am-
plitudes decreased during nitrous oxide anesthesia. The
responses obtained from the older group of children
were more varied, but typically their FS-EMG am-
plitudes did not decrease during frequency sweep
stimulation, and after nitrous oxide, the FS-EMG
responses were unchanged or slightly increased. The
mean (+SE) percentage change in FS-EMG amplitude
after nitrous oxide administration for the older group
was +7.3 % 3.8 per cent, compared with —23.0 £ 3.45
per cent for the younger group. This difference
was statistically significant, P < 0.01.

The response obtained from the one child studied
who was developmentally below average was like that
of a much younger child. The FS-EMG showed a
marked decline (i.e., negative slope) at stimulation
frequencies greater than 50 Hz, and the response
was depressed (23 per cent) during nitrous oxide
anesthesia.

Response after N2O
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Fic. 3. Mean normalized frequency sweep electromyogram
(FS-EMG) response curves obtained from children after 6 min of
N.O-0; (5:2 l/min) anesthesia. The FS-EMG ratios after N,O
administration are expressed as fractions of their control am-
plitudes. In the younger group N,O decreased FS-EMG amplitude
but it did not produce any statistically significant changes in the
responses of the older children.
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Fic. 4. Correlation between the slope of the frequency sweep
electromyogram (FS-EMG) response curve in the region between
50 and 100 Hz and percentage change in the amplitude of the 1-Hz
FS-EMG response after NoO administration. Least-squares regres-
sion was used to fit these data to a linear curve. The data point for
the 20-month-old infant who was within the lower fifth percentile
for growth and development is also shown (-@-). The response
obtained from this patient is characteristic of that from a much
younger infant,

Discussion

The results of this Study demonstrate a measurable,
age-dependent difference between the myoneural
function of infants less than 12 weeks old and that of older
children and adults. By 12 weeks of age the FS-
EMG response pattern has become adult-like. The
diminished FS-EMG response in the high-frequency
region of the younger infants indicates that these
infants were unable to maintain a tetanic contrac-
ture because of failure in neuromuscular transmission.
These results are consistent with those of other in-
vestigators who have shown, by measuring EMG'" and
force? at fixed frequencies, that the response to tetanic
stimulation is not well sustained in the newborn. Two
of the children in the older group had FS-EMG re-
sponses similar to those of much younger infants.
We feel that this may indicate that their neuromuscular
junctions had not yet reached a level of development
commensurate with their chronologic ages. These
results suggest that the infant neuromuscular junc-
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tion continues to develop after birth; during this
period of myoneural development, the infant is more
susceptible to neuromuscular fatigue than is an older
child or an adult.

It is well known that a margin of safety exists for
neuromuscular transmission, and that this margin of
safety is frequency-dependent. The failure of neuro-
muscular transmission that we observed in the FS-
EMG responses obtained from the younger infants
provokes speculation that the margin of safety in the
newborn is less than that in more mature individuals.

During this period of myoneural development, the
infant’s already limited neuromuscular reserves may
be further compromised by nitrous oxide anesthesia.
Consequently, the adequacy of neuromuscular trans-
mission is an important anesthetic consideration,
particularly’ in management of the newborn, since
even a slight reduction in neuromuscular function
may diminish the patient’s respiratory capacity. We
recommend that neuromuscular transmission be
monitored in these patients (even when muscle re-
laxants are not used), and that such monitoring include
assessment of the patients’ responses to tetanic stim-
ulation at frequencies of 50 to 100 Hz.
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