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Failure of “‘Self-taming’’ Doses of Succinylcholine to Inhibit Increases in Postoperative
Serum Creatine Kinase Activity in Children

JURGEN PLOTZ, DR. MED.,* AND JESS BRAUN, DR. MED.+

The combined use of halothane and succinylcholine
leads to an increased serum creatine kinase (CK) ac-
tivity? which reaches its peak on the day of surgery.’
Succinylcholine probably triggers,"? and halothane am-
plifies? the muscle cell damage with subsequent outflow
of the muscle-specific enzyme into the plasma.! The cell
lesion in skeletal muscle which composes 45 per cent of
the body mass* can lead to the release of further cell
components such as myoglobin® and even possibly cause
kidney damage.®” The muscle fasciculations induced by
succinylcholine have been claimed to be partly respon-
sible for the damage to the cell.® The fasciculations can
be attenuated (self-taming) by prior injection of a small
dose of succinylcholine (10 mg for adults) one minute
before the subsequent larger dose (1 mg/kg).’

The object of the present study was the question
whether the self-taming method inhibits an increased
serum CK activity in the postoperative period.

METHOD

The subjects were children, ages 7 to 11 years of both
sexes, scheduled for urological surgery inflicting no skel-
etal muscle trauma. They received no drugs outside of
the study. Anesthesia was induced with 66 per cent ni-
trous oxide and halothane in increasing concentrations
up to an inspired concentration of 1.5 per cent and main-
tained with halothane 0.8-1.2 per cent. After induction
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of anesthesia (disappearance of lid reflex and tolerance
of the oropharyngeal airway), an indwelling catheter was
inserted into the dorsum of each hand or forearm for the
withdrawal of blood and the rapid injection of succinyl-
choline which was done in two portions: 0.125 mg/kg
followed one minute later with 1 mg/kg. Ventilation was
controlled.

Venous blood samples for determining serum CK ac-
tivity were taken on the day of operation following in-
duction of anesthesia and prior to injection of succinyl-
choline (CK,), postoperatively at 6 .M. (CK;) and on
the first day after surgery at 10 A.M. (CK;). The activity
of the serum CK was determined with the test combi-
nation “CK-NAC-activated” (Boehringer Mannheim)
on a LBK reaction rate analyzer.'® The upper normal
level is considered to be 70 1U/I. Previous studies of a
comparable group of patients showed a CK, of 39.4 IU/
1 (SEM % 2.7; n = 52). One of the authors (J.P.) es-
timated whether muscle fasciculations were present on
a yes or no basis; no attempt was made to estimate their
intensity. For control purposes the findings in two further
groups of 24 children, the results of which had already
been reported,® and one additional group of 10 children
from an unpublished study were used. The anesthetics
were identical except for muscle relaxants: 10 children
received one single dose of succinylcholine 1.0 mg/kg
(control 1), and 14 children received no succinylcholine
(control 2); 10 additional children received a single dose
of succinylcholine 1.5 mg/kg (control 3).

RESULTS (TABLE 1)

The ten children who received the “self-taming” dose
of succinylcholine did not have an inhibition of the mean
postoperative CK activity in comparison to control group
1 either on the day of operation or the first postoperative
day. To the contrary, the mean postoperative CK activity
was higher in the “self-taming” group than in the control
group on the first postoperative day. The [requency of
visible fasciculations was reduced in the “self-taming”
group of children.
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TaBLE 1. Serum CK Activities (IU/l; Mean Values = SEM and Range) before (CK;) and after Succinylcholine and Visible Fasciculations
Following the Paralyzing Dose of Succinylcholine

Fasciculations
Body Weight (Number of
n Age (Ycars) (kg) Sex (m/h) CK, CK,* CKit Patients)
Present study 10 9.4 £ 0.7 | 323 £ 28 9/1 40.4 = 4.3 408.1 + 104.4 [ 226.2 % 56.3 2
(“Self-taming’) 19-58 95-982 55-527
Control studies
1 (succinylcholine 1.0 mg/kg) 10 7.6 £ 13} 288 49 8/2 32.6 + 2.7 240.2 £ 119.1 99.4 + 33.8 9
19-51 33-1,244 30-371
2 (no succinylcholine) 12-14 | 8.0 £ 2.6 | 25.5 % 6.7 13/1 427 £ 114 57.2 £ 13.2 63.3 + 20.0 e
22-140 20-57 20-249
3 (succinylcholine 1.5 mg/kg) 10 93+ 1.0 | 33.6 =34 9/1 34.0 = 5.0 4455 + 189.3 | 353.4 + 104.1 8
12-69 70-2,105 49-1,197
Significance of difference§ P < 0.05 NS S S

* Determined at 6 P.M. the day of surgery.

+ Determined at 10 A.M. the day following surgery.

t Control data are from Plétz, Braun, and Stallenberger® and from
an unpublished study (control 3).

DiscussiON

Self-taming proved to be ineffective in inhibiting the
increased postoperative serum CK activity. The mean
CK activities were even higher when the “self-taming”
dose was used than after a single injection of succinyl-
choline. Since the entire amount of succinylcholine in
self-taming was 10 per cent greater than after a single
injection (control 1) this could be a dose-dependent effect.
This supposition is supported by the largest dose leading
to highest mean activity (control 3). Self-taming did,
however, prove effective in reducing visible fascicula-
tions. These are the earliest signs commonly observed
indicating the onset of the neuromuscular blockade fol-
lowing a single injection of succinylcholine.'' When ad-
ministered by infusion, a direct correlation was observed
between the rate of infusion and the degree of visible
fasciculations showing nearly elimination with the small-
est infusion rate.'’ Dividing the bolus into two portions
may result in similar plasma concentrations as in an
infusion and lead to similarities in the visible fascicu-
lations.

The discrepant effects of succinylcholine on CK and
fasciculations oppose the opinion that fasciculations are
responsible for rupture of the muscle cell and outflow
of the enzyme.! Evidence contrary to cell injury as the
conditio sine qua non for the efflux of cell components
is delivered by clinical reports of myoglobinuria without
previous injury.'? Limitations in respect to the validity
of this concept have resulted from the fact that a constant
direct relation between CK activity and fasciculations
could not be established.!® Efforts trying to show mor-
phologic lesions have also been to no avail.!»'¥ Even if
functional damage existed, small molecules should reach

§ Student’s ¢ test (CK) and chi-square analysis (fasciculations) for
present study and control study 1.
NS = not significant, S = statistically significant (P < 0.05).

the plasma more rapidly than larger ones; this would
possibly be reflected in the sequence of their maximal
concentrations. Actually the peak of serum myoglobin
(molecular weight: 17,500) was observed as soon as 30
min after succinylcholine (1 mg/kg, iv) and the highest
activity of serum CK (70,000) no earlier than 8 hours
afterward.!® The reservations facing the existing concept
are strengthened by our study. We propose that not the
fasciculations but other events in connection with the
neuromuscular blockade after succinylcholine produce
the cell damage which is responsible for the outflow of
cell components. This proposal is consistent with the
findings which show that pretreatment with small
amounts of d-tubocurarine® or dantrolene® exerts a
moderating effect on both CK activity and fasciculations.
d-Tubocurarine is a direct antagonist of succinylcholine.®
Dantrolene has little or no relation to the depolarizing
or nondepolarizing neuromuscular blockers but rather
develops its muscle-relaxing effect within the muscle cell
without influencing the neuromuscular transmission or
transmembrane potentials.'® The effect on the CK' ac-
tivity can be explained again in the case of d-tubocurarine
by its antagonism of succinylcholine; in the case of dan-
trolene® by an interruption of the neuromuscular block-
ing events induced by succinylcholine taking place in the
cell interior and preventing the onset of damage.
Halothane led to significantly greater changes in CK
and myoglobinemia in comparison to thiopental, dieth-
ylether, propanidid, and althesin.?®'* In children, myo-
globinuria has been observed significantly more fre-
quently than in adults.”” Inagaki et al.,'® using a ra-
dioimmunoassay technique sensitive to 1 ng/ml, reported
a maximal rise of the mean level for serum myoglobin
from 14.3 ng/ml prior to preanesthetic medication to
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nearly 100 times this in children, but only 15 times more
in adults. Juvenile patients and the use of halothane and
succinylcholine are the common characteristics of several
reports concerning patients who exhibited myoglobinuria
and an increase of CK activity.”'®*?* Isoenzyme typing
showed an overwhelming share (89.6 +2 per cent; n
= 7) of the total CK activity belonging to the skeletal
muscle.”? Thus, by using halothane, our study was de-
signed to maximally test the efficacy of the self-taming
approach to the use of succinylcholine.

In earlier studies self-taming was found to be inef-
fective in preventing the sudden increase in intraocular
pressure® and myalgia® after succinylcholine. In our
study, we found that the self-taming approach does not
protect from the increase in CK activity. Self-taming
apparently is unsuitable in preventing various clinically
significant problems arising in connection with succi-
nylcholine.

REFERENCES

1. Tammisto T, Airaksinen M: Increase of creatine kinase activity
in serum as sign of muscular injury caused by intermittently
administered suxamethonium during halothane anaesthesia. Br
J Anaesth 38:510-515, 1966

2. Innes RKR, Stromme JH: Rise in serum creatine phosphokinase
associated with agents used in anaesthesia. Br J Anaesth
45:185-190, 1973

3. Plétz J, Braun J, Stallenberger R: The inhibitory effect of dan-
trolene on the rise of serum creatine kinase activity after com-
bined use of halothane and suxamethonium in man. Anaesthes-
ist, 30:338-342, 1981

4. Lane RJM, Mastaglia FL: Drug-induced myopathies in man.
Lancet 2:562-566, 1978

5. Airaksinen MM, Tammisto T: Myoglobinuria after intermittent
administration of succinylcholine during halothane anesthesia.
Clin Pharmacol Ther 7:583-587, 1966

6. Knochel JP, Carter NW: The role of muscle cell injury in the
pathogenesis of acute renal failure after exercise. Kidney Int
10:558-864, 1976

7. Bennike KA, Jarnum S: Myoglobinuria with acute renal failure
possibly induced by suxamethonium. Br J Anaesth 36:730-736,
1964

8. Tammisto T, Leikkonen P, Airaksinen M: The inhibitory effect

14,

15.

16.

20.

21,

22,

23.

24,

CLINICAL REPORTS 209

of d-tubocurarine on the increase of serum creatine kinase ac-
tivity produced by intermittent suxamethonium administration
during halothane anaesthesia. Acta Anaesth Scand 11:333-340,
1967

. Baraka A: Self-taming of succinylcholine-induced fasciculations.

ANESTHESIOLOGY 46:292-293, 1977

. Bergmeyer HU, Gawehn K: Grundlagen der enzymatischen An-

alyse. Weinheim, New York, Verlag Chemie, 1977, pp 9-10

. Feingold A, Velazquez JL: Suxamethonium infusion rate and

observed fasciculations. A dose-response study. Br J Anaesth
51:241-245, 1979

. Grossman RA, Hamilton RW, Morse BM, et al: Nontraumatic

rhabdomyolysis and acute renal {ailure. N Engl J] Med 291:807-
811, 1974

. Mayrhofer O: Die Wirksamkeit von d-Tubocurarin zur Verh-

fitung der Muskelschmerzen nach Succinylcholin. Anaesthesist
8:313-315, 1959

Hegab ES, Schiff HI, Smith DJ, et al: An clectron microscopic
study of normal and clinically denervated rat skeletal muscle
following succinylcholine challenge. Anesth Analg (Cleve)
53:650-656, 1974

Inagaki M, Koyama A, Sakata S, ct al: Secrum myoglobin levels
following administration of succinylcholine during nitrous ox-
ide-oxygen-halothane anesthesia. JPN J Anaesth 29:1476-
1482, 1980

Ellis KO, Carpenter JF: Mechanism of control of skeletal-muscle
contraction by dantrolene sodium. Arch Phys Med Rchabil
55:362-368, 1974

. Ryan JF, Kagen LJ, Hyman AI: Myoglobinemia after a single

dose of succinylcholine. N Engl J Med 285:824-827, 1971

. Jensen K, Bennike KA, Hanel HK, et al: Myoglobinuria following

anacsthesia including suxamethonium. Br J Anaesth 40:329-
334, 1968

. McLaren CAB: Myoglobinuria following the use of suxametho-

nium chloride. A case report. Br J Anaesth 40:901-902, 1968

Moore WE, Watson RL, Summary JJ: Massive myoglobinuria
precipitated by halothane and succinylcholine in a member of
a family with elevation of serum creatine phosphokinase. Anesth
Analg (Cleve) 55:680-682, 1976

Schaer H, Steinmann B, Jerusalem S, et al: Rhabdomyolysis in-
duced by anaesthesia with intraoperative cardiac arrest. Br J
Anacsth 49:495-499, 1977

Bernhardt D, Hérder MH: Creatinphosphokinase isoenzymes in
anaesthesia-induced myoglobinuria (AIM). Anaesthesist 30:
131-133, 1981

Meyers EF, Singer P, Otto A: A controlled study of the effect of
succinylcholine self-taming on intraocular pressure. ANESTHE-
SIOLOGY 53:72-74, 1980

Wilson DB, Dundee JW: Failure of divided doses of succinyl-
choline to reduce the incidence of muscle pains. ANESTHESIOL-
oGY 52:273-275, 1980

¥20Z YoIe €} uo 3sanb Aq 4pd'01000-000€02861-27S0000/2L6529/L0Z/€/95/Pd-ajonie/ABojoISaUISBUR/WOD JIBYIIDA|IS ZESE//:dRY WO papeojuMOQ



