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Succinylcholine-induced Fasciculations and Intragastric Pressure during
Induction of Anesthesia

StanLey MuravcHick, M.D., PH.D.,* Leo BURKETT, M.D., MARTIN 1. GOLD, M.D.}

Since Snow and Nunn' stated their concern more
than 20 years ago that “depolarization of the ab-
dominal muscles might raise the intragastric pressure,”
regurgitation during anesthetic induction has been
considered a potential hazard when succinylcholine is
used for tracheal intubation. Recommendations for
avoiding this catastrophe include rapid intravenous
induction of anesthesia,'* avoidance of depolarizing
muscle relaxants,' prior use of atropine,? small doses
of nondepolarizing relaxants or local anesthetics prior
to succinylcholine,®! and various mechanical ma-
neuvers."** Although one early investigation reported
that *fasciculations were found to have little effect on
intragastric pressure . . .”,%a direct relationship be-
tween subjectively scorecl succinylcholine-induced
fasciculations and gastric pressure increases was sub-
sequently demonstrated.' In the present study, we
utilized electromyography to examine quantitatively
measured total abdominal muscle activity and intra-
gastric pressure changes in surgical patients receiv-
ing succinylcholine in three different dosages and
thiopental as' part of their 'mesLheLlc induction
sequence.

METHODS

Forty-eight men scheduled for elective abdominal
surgery consented to participate in this study ap-
proved by the Human Studies Subcommittee. Age
ranged from 25 to 88 years, and all were ASA physical
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status I or II. After im premedication with a tran-
quilizer or narcotic and an antisialogogue (atropine,
scopolamine, or glycopyrrolate) and application of
solutions of tetracaine 0.5 per cent and lidocaine 4
per cent to the naso- and oropharynx, a ballon-tipped
gastric catheter was inserted into the stomach through
the nose. The air-filled latex balloon and 4-mm
(OD) polyethylene catheter was connected to a pres-
sure transducer, and intragastric pressure (IGP)
was simullaneously displayed and recorded. Intra-
gastric positioning was determined by advancement
of the catheter to the point of abrupt transition
from negative to positive pressure deflections with
inspiration during quiet, spontaneous breathing. IGP
was measured in units of centimeters of water zeroed
to atmosphere with the transducer placed at the
midchest level.

Abdominal wall muscle activity was quantified with
an integrated electromyogram (IEMG) system con-
sisting of three gel-type surface electrodes: two elec-
trodes were placed 5 cm apart, about 10 cm lateral
to the midline at the level of umbilicus, the third
electrode serving as reference ground placed over
the left lower abdominal quadrant. Electrodes were
connected to an isolated ECG amplifier set at 200
#V/em with the output electronically integrated and
'1cuv1ty expressed as mean integrated EMG activity,
in microvolts. Peak-to-peak microvolt activity was ob-
served but not recorded. Electronic filtering circuits
excluded signals with flequenmes below 10 cps or
above 2500 cps. In 33 patients, a technician-observer
not participating in the anesthetic management of
the patient was present to score visible muscle fascicula-
tions on a scale of 0 (none) to +3 (severe).

After measurement of awake control values for IGP
and IEMG, anesthesna was induced with thiopental,
4 mg/kg, given in 15-20 s. After an interval of 20
to 40 s, succinylcholine 1.0, 1.5, or 2.0 mg/kg was
given in a 5- to 10-s period. This nonpretreated con-
trol group consisted of 34 patients. The remaining
14 patients, chosen at random, underwent the iden-
tical sequence except for the administration of d-
tubocurarine, 4 mg, iv, immediately prior to oxygen
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TasLe 1. Integrated Electromyogram after Injection of Thiopental and Sllccill}'lclioliile
Awake After ’l’hioi)cnml Alter Silccinylclu)liqc
TENMG* TEMG 1 It TEMG 1 I
Pretreated group .
1.5 mg/kg, SCi (n ='14) 1.3 £28 1.1 =26 1 1 10.8 £ 2.5 0 1
Control group
1.0 mg/kg SC (n = 11) 13.6 =24 13.8 £ 2.2 1 0 15.5 = 4.0 2 3
1.5 mg/kg SC (n = 12) 10.2 £ 1.2 106 = 1.5 1 1 18.2 = 4.6 6 1
2.0 mg/kg (n = 11) 14.1 = 34 14.2 + 3.4 0 1 16.2 = 2.8 3 1
All patients
(n =48) 122 = 1.3 12,3 = 1.2 3 3 15.0 = 3.0 11 6

#*TEMG = mean mu.guucd electromyogram (uV) * SE.
1 or | = number of patients showing significant increase (1) o

breathing and comprised the pretreated group. Pre-
treatéd patients received a standardized intiravenous
dose of succinylcholine, 1.5 mg/kg, 5.5 to 6 min after
receiving d-tubocurarine. IGP and IEMG were meas-
ured and recorded continuously in all patients from
oxygen breathing through tracheal intubation which
occurred 1.5 to 2 min after succinylcholine injection.
Patients remained apneic and undisturbed until
tracheal intubation. After intubation, the gastric
catheter and electrode systems were removed, and
surgery was begun. ,

For each patient, three mean values (control, after
thiopental, and after succinylcholine) for IGP and
IEMG were compared for significant differences by
analysis of variance. To minimize sampling errors
produced by minor fluctuation of bBaseline values
associated with respiratory, cardiac, and minor move-
ment artifacts, each of these IGP and IEMG values
represented the mean of 20 values seen on the original
continuous recording at 1-s intervals during the 20-s
period immediately prior to or after completion of
injection of thiopental or succinylcholine. Other mean
values which represented the average IGP or IEMG
of a group of patients at a given poiit in the induc-
tion sequence were compared by ¢ test. Chi-square
analysis with Fisher correction was used to determine
the statistical significance of differences in the inci-
dence of fasciculations and gastric pressure changes

TasLe 2. Correlation between Subjective Scoring of
Succinylcholine-induced Fasciculations and
Change in Mean Integrated
Electromyogram, AIEMG*

Score ATEMGT (uV) n
0 (none) ~14 =04 17
+1 (mild) +3.9 = 1.8 7
+2 (moderate) +8.6 = 0.9 3
+3 (severe) +17.9 £ 6.7 6

* Values are means * SE,
t Mean AIEMG values significantly different by analysis of
variance, F = 10.76.

decrease (}) from previous value.
¥ SC = succinylcholine.

in the respective groups. A P value =0.05 was the cri-
terion of statistical significance.

REsuLTS

The mean awake control IEMG for all pretreated
patients was statistically indistinguishable from the
corresponding value for the nonpretreated control
group (table 1). Following injection of thiopental,
mean 1EMG values did not change significantly for
either group but analysis of variance indicated that
lhxopemal produced significant IEMG changes in six
patients, three increases and three decreases. The
distribution of those changes was not significantly re-
lated to patient group. Subsequent injection of
succinylcholine increased abdominal muscle activity
as measured by IEMG in 11 patieits in the control
group, but no patient pretreated with d-tubocurarine
demonstrated a significant increase in IEMG, a dif-
ference in incidence that was statistically significant.
Using ¢ test comparison of the mean IEMG values
after succinylcholine for the control and pretreated
groups failed, however, to demonstrate significant
differences for the respective groups. In the 33 pa-
tients observed for gross abdominal fasciculation
activity, individual changes in mean IEMG during
the period from 20-40 s after succinylcholine injec-
tion correlated directly with the subjective scoring of
gross abdominal fasciculations (table 2). Neither mean
IEMG values for the respective patient groups nor
the incidence of individual significant IEMG increase
varied in a manner that correlated with the dosage
of succinylcholine.

There was no significant difference between the
awake IGP value for the pretreated and control pa-
tient groups (table 3). Following injection of thio-
pental, no statistically significant change in mean IGP
for either group could be demonstrated, but analysis
of variance indicated that IGP had changed significantly
from the awake value in 30 of the 48 patients studied,
24 patients showing a significant individual reduc-

20z Iudy |1 uo 3sanb Aq ypd°G1000-000801 86 L-Z¥S0000/25620€/081/2/GS/HPd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



182

CLINICAL REPORTS

Anesthesiology
V 55, No 2, Aug 1981

TanLe 3. Intragastric Pressure after Injection of Thiopental and Succinylcholine

Awake After Thiopental After Succinylcholine
icr 1GP 1 | Ge 1 !
Prewreated group
1.5 mg/kg SC (n = 14) 6.7 % 14 58 1.2 4 8 4.6+ 1.2 1 6
Control group
1.0 mg/kg SC (n = 11) 10.0 = 1.1 8615 1 6 7.3 1.2 1 4
1.5 mg/kg SC (n = 12) 5.6 & 1.1 4.1 = 1.3 1 5 52+ 14 6 3
2.0 mg/kg SC (n = 11) 9.0 = 1.2 76 = 14 0 5 74 = 1.3 3 3
All patients
(n = 48) 7.7 = 0.6 6.4 =07 6 24 6106 11 16

IGP = mean inwragastric pressure, cm H,O, = SE.
1 or | = number of patients showing significant increase (1) or

tion in IGP following thiopental. Similarly, mean IGP
for the pretreated and control patient groups as a
whole were not changed significantly from their
respective awake or post-thiopental values by the
subsequent myzcﬂon of succinylcholine. However,
analysis of variance indicated that compared to the
post-thiopental values, 10 of the 33 control patients

had slgmﬁC'mL increases in IGP after succmylcholme
injection, but only 1 of the 14 pretreated patients
experienced a significant rise in 1GP.

In those patients in whom both IGP and IEMG
increased significantly, the magnitude of the changes
were linearly and directly correlated (fig. 1). For all
patients studied, the range of observed awake 1GP
was 0.4-16.2 cm H,O, for observed IGP after thio-
pental, 0.3-20.4 cm H;0, and after succinylcholine,
—0.7-16.3 cm H,0. There was no significant dif-
ference in the incidence of IGP elevation in patients
receiving different dosages of succinylcholine.

DiscussiON

We demonstrated a direct correlation between the
magnitude of abdominal IEMG change and acute
IGP elevation after injection of succinylcholine. Pre-
viously, Miller and Way* observed a similar relation-
ship between subjectively scored fasciculations and
IGP, but their experimental design monitored only
abdominal muscle activity which was grossly visible.
In our study, IEMG changes and observed fascicula-

tions were equivalent, suggesting that invisible, co-

ordinated contractions of the abdominal muscles are
not a significant component of succinylcholine-in-
duced depolarization and could not play arolein acute
elevation of IGP after injection of succinylcholine.
The use of the electromyogram to quantify both
fasciculations and resting abdominal muscle tone
has been verified previously.”®

Our values for resung awake IGP agree closely w1th
previous studies using air-filled balloon catheters and
manometer systems,**® and we confirmed prior esti-

decrease (}) from previous value.
SC = succinylcholine.

mates®1%!! that about 30 per cent of nonpretreated
patients have acute elevation of IGP after injection
of succinylcholine, with a wide range of individual
variation in resting and post-succinylcholine 1GP

+50

A IEMG Imicrovolts]|

Fic. 1. Correlation between significant change in integrated
electromyographic activity (AIEMG) and change in intragastric
pressure (AIGP) in individual patients after intravenous injection
of succinylcholine (n = 11, r ='0.83, P < 0.01).
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values. We were unable to find patients receiving
succinylcholine without pretreatment who demon-
strated sustained IGP greater than 20-30 cm H,O,
the value cited"®'? as the upper limit of IGP com-
patible with competence of the normal gastric cardia.
In patients with conditions such as pregnancy or
hiatal hernia which make the esophago-fundal angle
less acute,'? however, some IGP values measured in
our study could have produced regurgitation of
gastric contents into the esophagus. Our study also
did not include patients with gross pathologic gastric
distension which may itself reduce the competence
of the cardia.”

Both narcotics' and antisialogogues' appear to
reduce intrinsic gastric muscle tone and, presumably,
IGP. Since all patients in our study received pre-
medication with drugs from at least one of these
categories, we could not evaluate their role in modify-
ing IGP values or the response to succinylcholine
injection. We did find, however, that rapid injection
of 4 mg/kg thiopental was an important influence on
resting IGP, producing a significant drop in IGP in
one-half of the patients studied. The consistency and
magnitude of these thiopental-induced IGP changes
were sufficient 1o suggest that the large increases in
IGP after succinylcholine which have been reported®
may be due, at least in part, to the use of inadequate
dosages of thiopental or long intervals between in-
jection of the two drugs.

Coughing during intubation in patients with full
stomachs has been shown by LaCour?® and others!!!5
to produce extreme elevation of IGP as well as sub-
sequent aspiration of gastric contents.! Pretreatment
with nondepolarizing agents prior to anesthetic induc-
tion antagonizes the paralyzing effect of succinyl-
choline, delays the onset of paralysis,’® and may be
associated with a significant incidence of coughing
and difficulty with tracheal intubation'” unless the
dosage of succinylcholine is increased substantially.
Our data indicate that the increased succinylcholine
dosages required to maintain suitable conditions for
intubation following pretreatment do not them-
selves result in a higher incidence or greater severity
of acute IGP elevation.

We conclude that resting abdominal muscle tone,
coordinated contraction during coughing, and suc-
cinylcholine-induced fasciculations all infAluence IGP
and introduce a risk of regurgitation of gastric con-
tents. If an awake endotracheal intubation cannot be
performed, our data support the old concept that an
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anesthetic induction sequence for patients with full
stomachs should include pretreatment with a non-
depolarizing muscle relaxant and generous dosages
of thiopental and succinylcholine.

The authors acknowledge the expert technical assistance of
Robert Andritsch, M.S.

REFERENCES

1. Snow RG, Nunn JF: Induction of anesthesia in the foot-down
position for patients with a full stomach. Br | Anaesth
31:493-497, 1959
. Snow RG: The muscle relaxants and the cardia, including
the clinical management of patients likely to vomit and
regurgitate. Br J Anaesth 35:541-545, 1963
3. Lacour D: Prevention of rise in intragastric pressure due to
suxamethonium fasciculations by prior dose of d-tubo-
curarine. Acta Anaesthesiol Scand 14:5-15, 1970
4. Miller RD, Way WL: Inhibition of succinylcholine-induced
increased intragastric pressure by nondepolarizing muscle
relaxants and lidocaine. ANesTHESIOLOGY 84:185-188, 1971
5. Sellick BA: Cricoid pressure to control regurgitation of stomach
contents during induction of anaesthesia. Lancet 2:404 -406,
1961
6. Roe RB: The effect of suxamethonium on intragastric pres-
sure. Anaesthesia 17:179-181, 1962
7. Fink BR: A method of monitoring muscular relaxation by
the integrated abdominal electromyogram. ANESTHESIOLOGY
21:178-185, 1960
8. Fozard JR, Manford MLM, Harris R: Suxamethonium pains
and electromyograph recordings in children. Br J Anaesth
49:1057-1059, 1977
9. LaCour D: Rise in intragastric pressure caused by suxame-
thonium fasciculations. Acta Anaesthesiol Scand 13:2556-261,
1969 :
10. Andersen N: Changes in intragastric pressures following the
administration of suxamethonium. Br | Anaesth 34:363-
366, 1962

11, Spence AA, Moir DD, Finlay WEI: Observations on intragastric
pressure. Anaesthesia 22:249-256, 1967

12. Greenan J: The cardio-oesophageal junction. Br J Anaesth
33:432-439, 1961

13. Sehhati G, Frey R, Star EG: The effects of premedicants
upon the lower oesophageal sphincter. Acta Anaesth Belg
29:351-360, 1978

14. Brock-Utne JG, Rubin S, Welman GE et al: The effect of
glycopyrrolate (Robinul®) on the lower esophageal sphincter.
) Can Anaesth Soc | 25:144-146, 1978
15. Salem MR, Wong AY, Lin YH: The effect of suxamethonium
on the intragastric pressure in infants and children. Br |
Anaesth 44:166-169, 1972

16. Cullen DJ: The effect of pretreatment with nondepolarizing
muscle relaxants on the neuromuscular blocking action of
succinylcholine. ANEsSTHESIOLOGY 35:572-578, 1971

17. ‘Takki§, Kauste A, Kjellberg M: Prevention of suxamethonium-
induced fasciculations by prior dose of d-tubocurarine. Acta
Anaesthesiol Scand 16:230-234, 1972

o

20z Iudy |1 uo 3sanb Aq ypd°G1000-000801 86 L-Z¥S0000/25620€/081/2/GS/HPd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



