Clinical Workshop
S. G. HERSHEY, M.D., Editor

Inhibition of Succinylcholine-induced Increased Intragastric
Pressure by Nondepolarizing Muscle Relaxants
and Lidocaine

RoxaLp D. MiLLer, M.D.,® axp WaLTer L. Way, M.D.}

Rapid induction of anesthesia with thiopen-
tal and succinylcholine (SCh) followed im-
mediately by tracheal intubation is a technique
recommended for inducing anesthesia in pa-
tients with a full stomach. However, SCh may
provoke regurgitation of gastric contents by
producing fasciculations of abdominal muscu-
lature, which in turn may increase intragastric
pressure.’-* We determined the increase in in-
tragastric pressure produced by a rapid in-
jection of SCh intravenously into man and
whether this increase could be prevented by
eliminating the SCh-induced fasciculations by
prior administration of a nondepolarizing re-
laxant 3 or a local anesthetic.®

MEeTHODS

Intragastric pressures were determined be-
fore and during anesthesia in 66 unpremedi-
cated { men ranging in age from 18 to 30
years who had sustained acute war wounds.
Measurements were made with a thin-walled
rubber balloon attached to a water manometer
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§ Six patients received atropine, 0.6 mg intra-
venously, 15 to 30 minutes prior to the induction
of anesthesia.

calibrated in cm H.O, using a technique de-
scribed by Roe. The maximum quantity of
air that the balloon would hold while still
registering a pressure reading of zero was first
determined. The balloon was then deflated
and inserted into the stomach and the prede-
termined volume of air injected. The volume
of air injected was usually 45 ml (range 42 to
50 ml). The location of the balloon was con-
firmed by fluctuations in pressure with respira-
tion and by roentgenographic examination.

Anesthesia was induced with the patient
supine by intravenous administration of thio-
pental, 4 mg/kg, followed by SCh, 1 mg/kg.
Intragastric pressure was monitored continu-
ously. The maximum changes in intragastric
pressure were recorded: 1) two minutes after
the administration of thiopental; and 2) dur-
ing SCh-induced muscle fasiculations or within
two minutes after the administration of SCh if
fasciculations did not occur. These intragas-
tric pressures were compared with the awake
values. The intensity of fasciculations was
graded by an independent observer using the
following scale: maximal (+++); moderate
(++); or minimal (+). The independent ob-
server was an anesthesia corpsman who did
not know the measured intragastric pressures
during his grading of fasciculation intensity.

Thirty patients were studied in the above
manner. Another 30 patients were studied in
an identical manner except that 15 were given
gallamine triethiodide, 20 mg, and the other
15 were given d-tubocurarine chloride, 3 mg,
intravenously three minutes prior to injection
of SCh. Finally, an additional six patents were
given lidocaine hydrochloride, 6 mg/kg intra-
venously, over a two- to three-minute period
prior to injection of SCh.
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INCREASE IN INTRAGASTRIC
PRESSURE { cm H, 0 |

Fic. 1. This figure relates the number of pa-
tients studied with increases in intragastric pres-
sure (¢m H:O) in response to an intravenous in-
jection of succinylcholine, 1 mg/kg. The range of
intragastric pressure readings was subdivided into
3-cm H:O intervals. The number of patients in
each interval is illustrated.

ResuLTs

Changes in intragastric pressure after thio-
pental were not significant, with a mean in-
crease of 2.3 cm H.O (range —2.1 to +3.2),
but after administration of SCh alone, intra-
gastric pressure increased more than 11 cm
H.0 in 11 of the 30 patients studied (fig. 1).
Of the 11 patients in the 0 to 3 cm H.O range
of intragastric pressure illustrated in figure 1,
seven had no change in intragastric pressure
with administration of SCh alone. Of the 30
patients receiving SCh alone, six were pre-
medicated with atropine, 0.6 mg iv; they de-
veloped a mean increase in intragastric pres-
sure of 9.5 em H,O (range 0 to 23 cm H.O).
The increases in intragastric pressure were di-
rectly related to the intensity of SCh-induced
skeletal muscle fasciculations, with increases in
intragastric pressure associated with (++44)
fasciculations greater than those associated
with (+) fasciculations (P <0.01) (fig. 2).
Prior administration of gallamine, d-tubocura-
rine, or lidocaine prevented significant in-
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creases in intragastric pressure associated with
SCh administration (table 1). Although gal-
lamine was more effective than d-tubocurarine
in attenuating SCh-induced increased intragas-
tric pressure (table 1), the difference was not
statisticallv significant.

DiscussioN

This study demonstrates that skeletal muscle
fasciculations associated with administration of
SCh may increase intragastric pressure several-
fold over that observed in the resting state.
The variability in magnitudes of intragastric
pressure elevations was directly related to the
variable intensities of fasciculations associated
with administration of SCh.

Other investigators have recorded similar
intragastric pressures following SCh as high as
our readings, but their reported frequencies
were lower.::>+ The higher incidence of
markedly elevated intragastric pressure values
observed in this study may be related to the
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INTENSITY OF FASCICULATIONS

Relaﬁonship between intensity of suc-
induced iculations and increased

Fic. 2.
cinylcholi f
intragastric pressure. The numbers
represent total numbers of patients. e brackets
represent the standard deviation. Increases in
intragastric pressure with (4++) fasciculations
were significantly different from those observed
with () fasciculations (P < 0.01).

Farentheses
Th
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fact that our patients were unpremedicated,
muscular, young men, in contrast to the older
premedicated patients studied by others. It
should not be surpirising that intragastric pres-
sure elevations as high as 40 cm H.O occur as
a result of SCh fasciculation, in view of the
fact that more coordinated abdominal skeletal
muscle activity, such as straight leg raising,
may increase intragastric pressure to values as
high as 120 em H.O.7

In addition to skeletal muscle fasciculations,
the acetylcholine-like effect of SCh® may be
in part responsible for the observed increases
in intragastric pressure. Greenan® observed
consistent increases in intragastric pressure of
4 to 7 cm H,O with direct vagal stimulation.
Therefore, it may be postulated that prior ad-
ministration of vagolytic drugs will in part in-
hibit the increase in intragastric pressure asso-
ciated with SCh administration. Gallamine, a
muscle relaxant with vagolytic actions, was
more effective in preventing an increase in in-
tragastric pressure following SCh administra-
tion than was d-tubocurarine (table 1), al-
though the difference was not significant. Fur-
thermore, those patients premedicated with
atropine had lesser increases in intragastric
pressure with SCh, but this was not statisti-
cally different from the increases in intragastric
pressure in unpremedicated patients.

Are the increases in intragastic pressure fol-
lowing SCh enough to cause incompetence
of the cardioesophageal junction? Marchand
found that intragastric pressures greater than
28 cm Ha.O were frequently associated with
incompetence of the cardioesophageal junction
in cadavers.’® In 15 anesthetized patients
studied by Greenan, six needed less than 28
cm HaO to cause incompetence of the cardio-
esophageal junction.? When the normal oblique
angle of entry of the esophagus into the stom-
ach is altered, as may occur with pregnancy,
an abdomen distended by ascites or bowel ob-
struction, obesity, or a hiatus hernia, the in-
tragastric pressure required to cause incom-
petence of the cardioesophageal junction is
frequently less than 15 ecm H,0.2-*° Under
these circumstances, regurgitation of stomach
contents following SCh is a distinct possibility,
and precautionary measures should be taken
to prevent fasciculations.

Objections to administration of a nonde-
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TasLe 1
Increases in Intrazastric
Sequence of Number Pressure (cm Hz
rug of
Administration | Patients
Mean sD Range
Succinyleholine 15 LS | =11 0-5.0
plus gallamine
Succinylcholine 15 3.6 | £2.5 | —15-6.5
plus d-tubo-
curarine
Succinylcholine 6 1.5 | 2.2 0-6.0
plus lidocaine

polarizing muscle relaxant prior to SCh are
based on the fact that d-tubocurarine or gal-
lamine could antagonize the neuromuscular
blocking action of SCh.1'+1* La Cour recom-
mends administration of 4 to 6 mg of d-tubo-
curarine prior to SCh to prevent increases in
intragastric pressure.* In La Cour’s study,
one patient coughed with insertion of the en-
dotracheal tube, which increased intragastric
pressure 25 cm H.O. Inadequate paralysis
from SCh in this case nullified the proposed
beneficial effect of prior administration of d-
tubocurarine. Prior administration of a smaller
dose of d-tubocurarine (3 mg) or gallamine
(20 mg) resulted in little clinical antagonism
of SCh, 1 mg/kg, in this or previous studies,*
and still prevented SCh-induced increased in-
tragastric pressure. Since the antagonism be-
tween nondepolarizing muscle relaxants and
SCh is dose-related, smaller doses of SCh may
exhibit greater clinical antagonism to the doses
of gallamine and d-tubocurarine used in this
study.

Prior administration of lidocaine, 6 mg/kg,
was effective in preventing SCh-induced in-
creased intragastric pressure in the six pa-
tients studied. Because two of the patients
had systolic blood pressure reductions of 22
and 30 torr, respectively, this technique was
not continued. Smaller doses of lidocaine (2
to 5 mg/kg) have been shown not to be com-
pletely effective in preventing SCh fascicula-
tions.*®
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Malignant Hyperthermia Associated with Hypocalcemia

Ricaarp A. PoLrock, CAPTAIN, MC,® AND ROBERT L. Watsox, Major, MC

Hyperthermia following anesthesia has been
a matter of concern for decades. Typically the
rise in temperature was slow and progressive,
and usually it was attributed to elevated room
temperature, heavy draping, or prolonged sur-
gery. Recent reports from Australia, Canada,
the United States, Great Britain, and South
Africa have described a more alarming type of
hyperthermia, which occurs during anesthe-
sia1-2* This condition, which occurs in both
man and animals, appears to be biphasic. The
initial phase is characterized by an insidious,
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progressive rise in temperature, accompanied
by appropriately profuse sweating. A pro-
drome of progressive muscular rfgidity may be
present but is often unrecognized because of
surgical draping.

The early phase, which occurs 30 to 90
minutes after induction, is followed by a more
rapid rise in temperature accompanied by in-
ability to sweat and mottling of the skin.
Studies made immediately upon recognition of
the syndrome reveal severe metabolic and res-
piratory acidosis and extreme alterations in ar-
terfal-to-mixed venous oxygen ratios. Brady-
cardia progressing to cardiac arrest usually
follows; on occasion, this has responded to in-
travenous calcium chloride. Disseminated in-
travascular coagulation may be detected fol-
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