To evaluate the reliability of the in vitro contracture test for susceptibility to
malignant hyperthermia, we studied muscles from normal pigs and those
susceptible to malignant hyperthermia. We performed the contracture test
with various muscles from the same animal. Trapezius and intercostal muscles gave similar results, whereas the extensor digiti II muscle had lower
sensitivities to both caffeine and halothane. Thus, the muscle chosen to determine susceptibility to malignant hyperthermia is important. In several animals, a false negative diagnosis would have resulted if only the distal muscle had been studied, and this was true even if weak contractures (<200
rng) were considered significant. In addition, we compared the response to
caffeine or halothane of cut and intact muscle fibers. Although the cut fibers
were depolarized, the sensitivity to these drugs was unchanged. Hence, results of the in vitro contracture test are independent of the resting mernbrane potential.
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THE IN VlTRO DETERMINATION
OF SUSCEPTIBILITY TO MALIGNANT
HYPERTHERMIA
PAUL A IAIZZO, PhD, and FRANK LEHMANN-HORN, M D

T h e most widely accepted test for susceptibility t o
malignant hyperthermia in man is the so-called in
vitro cnntract.ure t a t . T h e test determines the sensitivity of a muscle specimen to caffeine oihalothane applied to the bathing solution. Muscles
from persons susceptible to malignant hyperthermia have lower contracture thresholds for these
agents than normal muscle. Much work has been
done to determine which parameters influence the
of this test.4.”,’”,“,14,~.~’1X
Linfortunately ,
each of these studies employed a slightly different
protocol. However, several European laboratories
are currently investigating which parameters affect the diagnosis of susceptibility to malignant hyperthermia rising a defined test protocol; the one
supported by the European Malignant Hyperpyrexia Group (EMHG).’ For example, the d y -
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namic version of‘the in viti-o contracture test which
includes c:yc:lic: stretching and releases of the muscle
was riot found superior to the simple static one. 17
To gain further insight. into the applicability of
the static version of the in vitro contracture test, we
studied whether diflerent muscles of the same animal have different sensitivities to halothane and
caffeine. In addition, we examined the influence of
the resting membrane potential on the test results.
Finally, we evaluated contracture amplitude using
several different criteria to determine which best
describe a threshold response to these drugs.
MATERIALS AND METHODS

Biopsies of the external interc:ostal muscles were
taken from 14 pigs susceptible to malignant hyperthermia and from 1 1 normal German
Idandrace swine. I n addition, from some of‘ these
ariirrials biopsies of the trapezius and/or the extensor digiti I1 werc also taken. T h e muscle spccimens were removed while the animals were anesthetized
with
thiopental
(Hormon-Chemie,
Munchen, FRG).
The excised rriusdes were Lransported t o the
laboratory in Krebs-Kinger solution5 at room temperature under continuous gassing (carhogen:
95% O,, 5% CO,). Buridles of cut fibers from the
trapezius and extensor digiti I1 muscles were studied in less than 4 hours after biopsy (2 hours after
dissection). Such bundles were 2 - 3 cm long and
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had diameters of approximately 2 nim. Bundles of
intact fibers of intercostal muscle were prepared
up t.o 5 hours after surgery. These bundles were
1- 1.5 cm long and also had diameters of approximately 2 mm. Preparations of cut intercostal muscle were obtained hy cutting one or two ends of
the intact fibers 10-15 minutes prior to use.
Thus, these bundles had similar diameters, hut
were I - 3 mrn shorter. Resting membrane potentials were recorded from the center of the fibers as
previously described. l 3
Halothane was bubbled through the bath via a
fluothane vaporizer (Vapor, Drager, Lubeck,
FRG). T h e concentration of the vaporized
halothane was monitored on line with a digital
sensor (Iris, Drager, Lubeck, FRG). T h e rate of
bubbling was controlled by teflon flow meters
(ROTA Apparate, FRG). T h e vaporizer was adjusted to levels which resulted in bath concentrations of halothane suggested by the EMHG.5 'I'he
concentration of halothane in the bath was determined as described by Van Dyke and Wood.'9
Caffeine (dehydrated; Carl Koth Karlsruhe, FRG)
was added to the bathing solution in single doses
to produce final concentrations of 0.5, 1.0, 1.5,
2.0, 3.0, 4.0, 8.0, and 32 mM. In a few experiments, intermediate caffeine concentrations hetween 4.0 and 10.0 mM were used. All solutions
were maintained at 37°C.
Once a muscle bundle was in the experimental
chamber, it was stimulated with supramaximal
pulses of 1 msec duration at a frequency of 0.1
Hz. Force was recorded simultaneously from up
to eight muscle bundles using a battery of force
transducers (Grass FT03, Quincy, MA), standard
amplifiers, and a chart recorder (Linseis, Selb,
FRG). Each bundle was stretched until the twitch
amplitude was considered maximal. At this length,
slight shortening or lengthing did not alter the
force amplitude. At least four bundles from each
muscle were studied: two were exposed to
halothane arid two t o caffeine. T h e static version
of the test protocol supported by the EMHC was
strictly followed. I n total, 243 muscle bundles
were examined.
'Ihe amplitudes of the contractures were quantified in g r a m and also calculated as fractions of
the maximal coritracture amplitude elicited in response to 32 mM caffeine.'" T h e baseline force
level from which the amplitudes of all contractures were calculated was defined as the force
level just prior to the addition of 0.5 mM caffeine.
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RESULTS
Different Muscles from the Same Animal. When
the data were evaluated according to the criteria
supported by the EMHG, in which a contracture
>0.2 g is considered significant, there was no significant difference between the results from the
cut trapezius, cut intercostal, or intact intercostal
muscle bundles prepared from the same animal ( P
> 0.5, paired t-tests). Thus, the diagnosis of susceptibility to malignant hyperthermia was tkic
same when the test results from either muscle
were considered (see Table 1 and Fig. 1 ) . Only in
one pig (F) did the intact intercohtal buridles have
slightly higher thresholds to cafteine (malignant
hyperthermia equivocal) than the cut trapezius
bundles, which were clearly positive.
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I n contrast, the extensor digiti 11 muscles f'rorrr
both normal arid susceptible aninials had a lowelsensitivity to caffeine than the pr-oxirrral muscles
( P < 0.05, paired t-tests). T h e extensor digiti I1
froni animals susceptible to malignant hyperthcrrnia also showed a lower sensitivity to halothane.
I n the case of o ne susceptible animal (V),even the
maximal concentration of halothane ( > 4 s 8 )did
not induce contraclures in the extensor cligiti 11
prcparations. We d o not know if the normal extensor digiti 11 has a higher threshold to
halothane than the proximal riiuscles because we
never observed a contracture of a normal muscle
during exposure to halothane in the concentration
range we used.
'l'hus it turned out to be critical which muscle
was chosen t o determine the susceptibility t o malignant hypertherrnia. I n a gi\:en animal. if' the diagnosis had been based solely on the results ob-

tained t'roni the extensor digiti 11, i t would have
been wi-ong foi- all thc siisccptible animals tcsted.
'This is shown in Fig. 1 , which indicates the results
o f the i n vitro test for thosc animals in which
preparations from all three muscles werc studied.
Buridles of cut or intact
fibe1.s froni thc same muscle responded w i t h contractures to similar concentr-ations of caffeinc o r
halothane. T h e r e was no significant ditference in
the contracture test results using the EMHG protocol betwcxn the intact or cut fiber preparations
( P > 0.5, pair-ed l-test). 'Illis w;is true whether the
animal was susceptible t o malignant hypert.hcrniia
or not (see 'I'able I arid Fig. 1 ) . T h e ai'erage resting nierribrane potential of the cut fibers was -60
m V or less negative during the test period,
\vher<:iis in intact hbers it was between -75 a n d
-90 m V [or niorc than 10 hours after biopsy. For

Cut Versus Intact Fibers.

Table 1. Caffeine and halothane thresholds determined by using the static version of the contracture test protocol supported by the
EMHG
Pig

A
B

C
D
E
F
G

H
I

J

K
L

M

N

0
S

Muscle

Halothane ( % )

Caffeine (niMj

Diagnosis

Intercostal (I)
lnlercostal (I)
Tiaperis
Intercostal (I)
Trapezius
Trapezius
Intercostal (I)
Trapezius
lntercostai (I)
TraperiLs
Intercostal (I)
Trapezius
Intercostal (I)
Trapexs
Intercostal (I)
Trapezius
Intercostal ( I )
Trapezius
Intercostal (I)
Trapezius
Intercostal (I)
Trapezius
Intercostal (I)
Trapezius
htercostal (i)
Intercostal (C)
Trapezius
Intercostal ( I )
Intercostal (C)
Trapezius
Intercostal (I)
Intercostal (C)

4
, 0
-.40
>4 0
=.40
20
20
20

80
40
40
80
40

MHN
MHN
MHN
MHN
MHE
MHS
MHS
MHS
MHE
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHS
MHN
MHN
MHN
MHN
MHN
MHN
MHN
MHN
MHN

10
10
10
10
10

10

10
10
30
10
10
10

10
10

10

10
05

20

20
10
05
05
05
20
10

10

05
10
05
05
10
10

15
15

,
4 0

40

>4 0

>a4 0

' 0
4
.
24 0
>4 0
>4 0
24 0
24 0
>4 0

40
40
40
40
>4 0
/4 0
>4 0

mairgnant hypertherrnia negative, MHS = rnahgnant hypertherrnia SLJSCephbk, MHE
Note; I = intact ftbcrs, C = cut fibers, MHN
tbeirnia equwocai AIphabetrcaI order indicates sequence of study
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FIGURE 2. The effects of fiber transsection on resting membrane potential. The resting membrane potentials were recorded
from several intact fibers from the intercostal muscle. Then the
fibers were cut, either one or both ends. Those fibers which had
both ends cut were depolarized beyond the threshold level of an
action potential. Potentials were recorded from the center of the
fibers:Time zero corresponds to 8 hours after biopsy. ( 0 ) One
end cut: 1.4 + 1.3 cm; (w) both ends cut: 1.4 + 1.1 cm.

example, the niean resting membrane potential of
intact fibers in t.wo intercostal preparations was
-80.0 -+ 6.6 mV @ -+ SD; n = 51). When one of
the ends of' these bundles were cut, the fibers depolarized to -50.1 -+ 10.7 ( n = 108; values were
recorded between 5 arid 120 minutes following
transsection). tt'heri only one end of the fibers was
transsccted, a r-epolar-izationof the fibers occ:urred
alter- several hours (Fig. 2). Nevertheless. the contracture test was completed 011 all cut intercostal
huridlcs within 2 hours after transsection. Hence,
most cut intercostal fibers would have had resting
membrane potentials more positive than -60 m V
(as in Fig. 2). I t was rioted that if both ends of the
intercostal libers were cut, the magnitude of the
depolarization was evcri greater. However, such
preparatioris were not routinely studied using the
contracture test, because they were very difficult
t.o rnourit into the experimental chamber and did
not elicit twitch contractions. Such libers were depolarized beyond the threshold level of an acl.ion
poterilial. It was not possible to assess the viability
of such a preparation.
Amplitude. When we considered
smaller cmitracture amplitudes (<200 rng) as sig-
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FIGURE 3. Shifts in caffeine and halothane thresholds by considering different criteria. The dashed lines divide each plot into four regions as in Fig. 1. (A) The shifts in threshold were plotted for those muscles in which the fractional contracture amplitude (produced by
32 mM caffeine) was 20.04. (B) The shifts in thresholds were plotted for those muscles in which a contracture as small as 10 mg was
considered significant. Only test results in which a shift occurred were plotted. ( 0 ) Cut trapezius, ( + ) cut intercostal, (m) intact intercostal, (A)cut extensor digiti II.
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nificant, changes in contracture thresholds occurred. Figure 3A shows such changes when contractures that had amplitudes less than 200 mg
but 4% or greater of the 32 mM caffeine response
were considered significant. However, using this
criterion, the diagnosis of susceptibility was not
altered for any test.. In contrast, if the threshold value was lowered to 3%’or greater of the 32
mM caffeine response, the test result from the trapezius muscle from pig Q resulted in a false positive diagnosis (the fractional ratio was 0.033). If
the smallest detectable contracture was considered
significant, then the test result of an additional
normal pig (C) would have been incorrectly considered equivocal (Fig. 3B). Nevertheless, the consideration o f the smallest detectable contracture
did not alter the statistical significance of any of
the comparisons in test results between individual
muscles (i.e., proximal versus distal) or the comparison bctween the cut and intact intercostal fibers.
From pig D an intercostal muscle biopsy was
taken, but it appeared very deteriorated and was
not studied. Only bundles of cut fibers from the
trapezius were used, and the test result was equivocal (EMHG protocol). However, this animal was
considered to be susceptible to malignant hyperthermia for several reasons: (1) a contract.ure
greater than 200 mg occurred upon exposure t.o
2% halothane, and we did riot observe contractures induced by halothane in normal muscles; (2)
smaller amplitude contractures were induced by
2.0 and 3.0 mA4 caffeine, and (3) several littermates of this animal were diagnosed as susceptible
to malignant hyperthermia.
DISCUSSION

Although we observed differences in the results of
the contracture test from different muscles, our
findings are not in agreement with others who reported that the trape7ius and forelimb extensor
must les showed greater dysfunction associated
with malignant hyperthermia than intercostal
Stiffness of the limbs has been described as one of the hallmarks of a porcine MH
episode. However, we observed that the extensor
digiti I1 Iriusde had the lowest sensitivity to caffeine or halothane. This was true even when a
force production of 10 mg was considered significant.
In one animal susceptible to malignant hyperthermia, cut fibers from the extensor digiti I1
muscle did not go into contracture when they
were exposed to halothane. It may be that the
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more proximal limb muscles are most responsible
for the “extensor rigidity.” -1his indicates that not
all muscles in animals susceptible to nialigriant hyperthermia are affccted t,o the same degree. The
muscles that are spared in malignant hypertherrnia may be those that arc typically spared in other
myopathies or muscle disorders (i.e., progressive
muscular dystrophy). However, more work is
needed to verify this suggestion. If this were true
it may also suggest that the pattern of distribution
in a myopathy may be related to differences in the
way these muscles regulate myoplasmic calcium
concentration.
Several studies have indicatcd that. the response of a muscle to caffeine arid halothane ciepends on the fiber-type composition.2,.3,1K. 1 x Muscles with a higher percentage of type 1 fibers
responded more strongly to caffeine. Similarly, in
our study the composition of a given muscle appeared to be well correlated with their sensitivities
to halothane and carfeine. We determined that
the extensor digiti I1 muscles were composed of
80%’type 2 fibers, whereas the trapezius and intercostal muscles were about 50% type 1 and 50%
type 2 (unpublished observations). We observed
that the trapezius and intercostal muscles which
had similar fiber type compositions had similar
sensitivities to halothane and caffeine and that the
extensor muscle which varied in composition also
varied in its response to these agents. Our comparisons were ma& on muscles from the same animal, and we used the same experimental setup
and protocol. However, we feel that additional
study is required to verify the role of tibet- type on
the results of the in vitro c:ontracture test. For example, it would be of interest to compare the sensitivities to halothane and caffeine of two distal
muscles with i7ery different fiber-type compositions (i.e., the tibialis anterior and the exterisor
digiti 11).
In the past it was proposed that the sequence
of events which iriitiatcs c:pisotlcs of malignant hyperthermia included the progressitle depolarization of the sarcolemma.”” However, more recent
evidence has indicated that this is not likely to be
the case; resting menihane potentials in muscle fibers susceptible to malignant hyperthermia were
unchanged during halothane-induced contractures.” It was of interest to consider thc alternative order of events, whether or not an initial depolarization influenced the concentration of caffeine or halothane required to induce a contraclure. I t has been reported that cut fibers from
both normal and susceptible pigs are more sensi-
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tive to halothane than intact fibers and that this
difference may affect the reliability of the in vitro
contracturc test." It was also reported that cut arid
intact fibets differed in their contracture response
to the exposure to halothane."i.8However, we observed no effect of fiber transsection on response
to caffeine or halothane application. This was true
for intercostal fibers from either normal animals
or those susceptible to malignant hyperthermia.
Intact. and cut fibers prepared from thc same
muscle from an animal susceptible to malignant
hypertherrnia went into contracture of relatively
similar amplitudes at nearly the same bath concentration of halothane. The diff-erence between
these findings is not clear hut may be related to
our improved monitoring of the administration of
halothane. Nevertheless, the caffeine and halothane contractures observed here were not depolarization-induced contractures, which is consistent with the previous observations for caffeine'
and halothane.'
Finally, we observed contractures with amplitudes less than 200 mg in 20%)of the preparations
studied. When these weak contractures (10-200
nig) were considered as significant, the diagnosis
of susceptibility to malignant. hyperthermia was altered in 9% of the rnuscles studied. The diagnosis
of two muscles from normal pigs were equivocal.
This was not a desirable shift, because a human
with an equivocal test result is usually considered
susceptible. Thus, our c1at.a support the idea that

not all weak contractures are relevant, and a defined contracture amplitude is required.','" The
EMHG proposes the use of a somewhat arbitrary
level of significance: 0.2 g of force.' Unfortunately, such a value .does not take into account
that the preparations used in various laboratories
may be of different dimensions and hence not capable of producing the same amount of force.
'l'herefore, it might be more useful to determine a
threshold contracture from die fractional contracture amplitude (the amplitude of a contracture
relative to the response observed in 32 ~ r l Mcaffeine) to determine a threshold contracture. '(' Yet,
this brings up the question of what is an applicable
fractional value. We noted an undesirable shift in
diagnosis if a value of 0.03 was used; hence. this is
too low. In contrast, the diagnosis of susceptibility
to malignant hyperthermia was not altered in any
case whcn a fractional contracture 20.04 was considered relevant. Thus, if the dimensions of preparations vary considerably or if the maximal contracture amplitude is relatively small, we suggest
that the determination of the fractional contracLure amplitude might be a better discriminator to
determine the significance of an observed contracture. We suggest that a contracture with a fractional value 20.04 may be significant.
We conclude that the sensitivities to caffeine
and/or halothane within a given animal vary from
muscle to muscle, and that this variability is independent of the membrane potenhl.

REFERENCES
1. Axelsson J: 'l'hcsleff Activation of the contractile mechanism in striated muscle. Actu Phylszol Srand 44:55-66, 1958
2. Brownell AKW, Scabo M : T h e in-vitro caffeine contracture test: influence of the muscle histochemical profile on
test results. Can Annesth Sor J 29:218-221, 1982
3. Deuster PA, Rockman EL, Muldoctn SM: I n vitro response
of cat skeleral muscle to halulhane arid caffeine. f Appl
Ph?.td 58:521-527, 1985
4. Ellis FR, Harriman DGF, Curry S, Cain PA: Screening for
malignant hyper therrriia in susceptible patients, in Aldrete
JA, Britt BA (eds): Second International Symposium on Malignant Hype?-thermzu. New York, Grurie arid Stratton, 197X,
pp 273-285.
5 . European Malignant Hyperpyrrxia Group: A protocol for
the investigation of malignant hyperpyrexia ( M € I ) susceptibility. B r J Annestlz 56: 1267- 1269, 1984
6. Gallant EM, Fletcher .l'F, Goettl V M , Kempel WE: Porcine
malignant hyperthermia: cell injury enhances halothane
sensitivity of biopsies. illlrsclr A'eror 9:174- 184, 1986
7. Gallant EM, Godt RE, Groriert GA: Role o f plasma membrane defect of skeletal muscle in malignant hypertherrnia.
Muscle Nerve 2:491-494, 1979
8. Gallant EM, Godt KE: Gronert GA: Mechanical properties
of normal and malignant hyperthermia susceptible porcine

In Vitro Contracture Test

9.

10.

11.

12.
13.

14.

muscle: effects of halothane and other- drugs. ,/ Pknrm EX/J
Thrrup 213:91-96, 1980
Gallant EM, Gronert GA, Taylor SR: Cellular membrane
potentials and contracture threshold i n mammalian skeletal muscle susceptible to malignant hyperrhermia. Mruroxi
Lrtt 28:181-186. 1982
Gronert <;A: Contracture responses and enel-gy stores in
quadriceps rnuscle fr-om humans age 7-82 ycars. Human
Bzol 52:43-51, 1980
laizzo PA, 1.ehmann-Horn F, Taylor SR, Gallant EM: Malignant hyperthermia: effccrs o f halothane on the surface
membrane. Muscle Nerue 12:17X- 183. 1989.
Kalow W, Britt BA, Terrau ME, Haist C: Metabolic error
of musclc metabolism after recovery from malignant hypertherrnia. Lancet 13895-898. 1970
1.chmann-Horn F, Riidel R , Dengler R, Lorkovic H , Haass
A , Ricker K: Membrane detects in paramyotonia congenita
with and without mvotonia in a warm environrnent. Muscle
Nerve 4:396-406, 1981
Nelson 'TE, Bedell DM, J o n e s EMF: Porcine ~nalignanthyperthermia: eifect of ternperature and extracellular calcium concentration on halothane-induced contracture of
susceptible skeletal muscle. Aneslhesiolug?~ 42:301- 306,
1977

MUSCLE & NEKVE

March 1989

189

15. Nelson TE, Flewellen EH: Does prior dantrolene affect the
in vitro diagnosis of malignant hyperthermia susceptibility?
Can Anae.rth Sac J 26:484-488, 1979
16. Nelson TE, Schochet J r SS: Malignant hyperthermia: A
disease of specific riiubcle typr? Can Anaesth S o c J 29:163167, 1982
17. Ording H, Skovgaard LT: In vitro diagnosis of susceptibility to malignant hypertherrnia: comparison between dy-

190

In Vitro Contracture Test

namic and static halothane caffeine tests. Acta Anaeslheszol
Scand 31:458-461, 1987
18. Rosenberg H, Keed S: In vitro contracture tests for susceptibility to malignant hyperthermia. Aneslh Anulg 62:415420, 1983
19. Van Dyke RA, Wood CL: Bindirig of radioactivity from Clabeled halothane in isolated perfused rat livers. AneslhesiO ~ O W 38~328-332, 1973

MUSCLE & NERVE

March 1989

