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ABSTRACT 

Dantrolene, a skeletal muscle relaxant, has been proven prophylactic and therapeutic for 
malignant hyperthermia (MH) in swine. This study examined the feasibility of using a 
dantrolene dose response as measured by indirectly evoked foretoe twitch depression as a 
means to safely discriminate MH susceptibility in swine. The effect of halothane on the 
dantrolene response was quantified. Subjects were five Poland China malignant hyperthermia 
susceptible (MHS) and five Hampshire malignant hyperthermia resistant (MHR) swine. 
Dantrolene dose response was determined twice in each anaesthetized subject, once with 
thiopentone and subsequently with thiopentone and halothane. Dantrolene in incremental 
doses, 0.15 rag. kg -~ , was given to a cumulative dose of 2-3 mg. kg-L Under thiopentone 
anaesthesia, the dantrolene dose responses were similar in MHS and MHR animals. The 
presence of halothane augmented dantrolene twitch depression in MHS but not MHR animals 
when compared to their response under thiopentone. Under halothane, the MHS animals had 
significantly augmented dantrolene response compared to MHR pigs, but three MHS animals 
had developed the MH syndrome prior to receiving dantrolene. We conclude that dantrolene 
muscle relaxant dose response cannot be used as a diagnostic test for MHS in swine. 
Halothane augments dantrolene twitch depression in MHS swine. 

VARIOUS TESTING METHODS have  been proposed 
to discr iminate  malignant hyper thermia  (MH) 
susceptibi l i ty in man or swine: se rum crea- 
line phosphokinase ,  ~'-' s e rum pyrophosphate ,  3 
platelet aggregation,  4 platelet metabol ism,  s 
skeletal musc le  cont rac ture  response ,  6'7 mito- 
chondrial  adenosine  t r iphosphate  depletion,  s 
sarcoplasmic ret iculum vesicle calc ium binding, 9 
skeletal muscle  motor  unit count ing,  a~ neutron 
activation analysis  for bone  calcium, ~ his- 
to logy /2  and halothane-succinylehol ine  anaes-  
thetic challenge.  ~3 All have  one or more  major 
d rawbacks  for rout ine human  testing; proven 
accuracy ,  availability, mone ta ry  cost ,  or  unac- 
ceptable risk. 

Dantrolene,  a skeletal muscle  relaxant has 
been shown  prophylact ic  and therapeut ic  for M H 
in swine. ~4-1s The  present s tudy  was under taken  
to de termine  if a dant ro lene  dose  response  as 
measured  by indirectly evoked muscle  twitch 
tension could be used to determine M H suseepti-  
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bility safely in swine. The effect of  ha lo thane  on 
the dantrolene dose response  was also evaluated.  

METHOD 

Several weeks  prior to these  exper imenta l  pro- 
cedures ,  malignant hyper thermia  susceptibi l i ty 
(MHS) or res is tance (MHR) was de termined 
by in vitro caffeine and halothane skeletal mus-  
cle contracture  testing in all subjects .  ~9 Five 
purebred Poland-China litter mates  of  both sexes  
were found to be MHS and five purebred Hamp-  
shire litter mates  of  both sexes  were found to be 
MHR.  A dantrolene dose response  curve  was 
then determined twice in all subjects ,  first under  
thiopent oxygen anaesthes ia  and again 2 to 4 
weeks  later, under th iopenlone-halo thane-  
oxygen anaesthesia .  

Indirectly evoked foretoe twitch tension was 
t ransduced and recorded as previously de- 
scribed. 2~ Briefly, the forefoot was restrained in a 
plexiglass holder,  the median nerve was st imu- 
lated through percu taneous  wire e lect rodes  at the 
elbow, and toe flexion tension was quantified. A 
dantrolene dose response  was de termined by as- 
sess ing twitch tension depress ion to incremental  
in t ravenous  bolus doses  of  0 . 1 5 m g . k g  -~ to a 
cumulat ive  dose of 2 - 3 m g . k g - ' .  Dantrolene  
solution,  I mg]ml,  was prepared fresh daily by 
dissolving I g of purified powder  (Norwich-  
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Eaton), NaOH 0. I 13 g, mannito143.4 g in one l itre 
of distilled water. 

Initially, the MHS animals weighing 37 ___ 3 kg 
(-I-SE) were anaesthetized with intravenous thio- 
pentone 52 mg. kg-t(___2 SE) prior to receiving 
dantrolene. After orotracheal intubation oxygen 
WAS provided at a flow of 4 litres/min in a semi- 
closed circle carbon dioxide absorption system. 
Arterial pressure (superficial femoral artery), 
electrocardiogram, percent peak expired carbon 
dioxide and rectal temperature were monitored 
continuously and recorded. Arterial gases and 
pH were determined before and after dantrolene 
was administered. During this series animals 
breathed spontaneously. In the halothane series 
the animals weighed 49.7kg (+3 SE) and 

thiopentone induction and tracheal intubation 
were accomplished as before and mechanical 
ventilation was instituted to maintain a constant 
peak expired carbon dioxide level. Halothane, 
1.5 per cent initially, was then introduced into the 
breathing circuit and the end-tidal level was 
monitored and controlled to maintain a concen- 
tration of 0.8 per cent, approximating I MAC 
halothane. Halothane was administered for one 
hour before a dantrolene dose response was in- 
itiated. Arterial blood gases and pH were deter- 
mined before and after the dantrolenc adminis- 
tration. 

Initially MHR animals, weighing 14.2 kg (4-0.8 
SE) were induced and maintained with thiopen- 
tone 55 rag- kg -~ (+ 1 SE) and oxygen was given 
(spontaneous respiration allowed) as in the MHS 
series. Electrocardiogram, per cent peak expired 
carbon dioxide and rectal temperature were 
monitored continuously. Halothane was ad- 
ministered just as to the MHS group. Dantrolene 
dose response was then determined. Subjects 
weighed 17 kg (+_0.7 SE). Arterial pressure and 
blood gases were monitored before and after 
dantrolene administration. 

Variance of the means reported within this text 
are expressed as + standard errors of the means 
(4-SE). Evaluation of data for twitch depression 
was by analysis of variance procedures for re- 
peated measures design. Specific simple effects 
comparing animals which received halothane to 
controls at each dantrolene concentration were 
studied within both MHR and MHS groups, as 
well as between groups. Simple effects were 
tested by pooling appropriate error terms from 
the analysis of variance and by adjusting degrees 
of freedom to ensure a conservative test. Values 
were determined significant at the p _< 0.05 level. 

R E S U L T S  

17 

Results for the dantrolene dose responses are 
shown in Figures 1 to 4. Statistical evaluation was 
carried out on only the steep portion of the dose 
response curves lying between a cumulative 
dantrolene dose of 0.15 and 1.50 mg-kg i. 

The dantrolene dose response curves for MHS 
animals anaesthetized with thiopentone and simi- 
larly treated MHR animals are shown in Figure 1. 
The MHS group showed consistently higher 
mean values of twitch depression but significant 
differences were not evident at any dantrolene 
dose. 

When halothane was administered to the MHS 
animals, the MH syndrome was observed in three 
of the five subjects prior to administration of 
dantrolene. MH was considered to have been 
triggered with the observation of mixed respirat- 
ory and metabolic acidosis, elevation of peak ex- 
pired carbon dioxide and hind limb extensor 
rigidity. Dantrolene produced significantly 
greater twitch depression (p >- 0.035) in the pres- 
ence ofhalothane at all doses except 1.35 and 1.50 
rag. kg -I (Figure 2). 

The dantrolene dose response with halothane 
anaesthesia in the M HR animals is shown in Figure 
3. Mean twitch depression was consistently 
higher in the presence of halothane compared to 
thiopentone treatment in the same animals. In 
contrast to the MHS group, these differences 
were not significant at any dantrolene dose. The 
largest means difference (9.6 per cent) occurred 
at the 1.2mg. kg -~ dantrolene dose level (p = 
0.155). 

Comparison of the dantrolene effect on twitch 
response in the two halothane treated, not 
triggered, MHS animals to the MHR halothane 
series resulted in significant mean differences (p 
< 0.025) for doses 0.30 through 1.05 rag. kg-~ but 
not at the extremes of the response (Figure 4). 
Dantrolenc also produced greater twitch depres- 
sion in the three halothane triggered MHS sub- 
jects compared to the MHR halothane series, 
where highly significant differences (p < .007) 
existed for dantrolene doses 0.15 through 
0.75rag. kg -~ (Figure 4). No significant differ- 
ence was observed at the upper end of the re- 
sponse, at doses of 0.90 through 1.50 rag. kg -~ . 

In the thiopentone series, between and among 
the MHS and MHR groups there was no differ- 
ence for heart rate or end-tidal carbon dioxide 
before and after dantrolene (Table I). The MHS 
group had a significantly higher rectal tempera- 
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FIGURE 1. Cumulative effect of incremental dan- 
Irolene (0.15 mg/kg) on indirectly stimulated toe twitch 
in MHS (-~ _m~ and MHR (1~------O) swine under 
thiopentone anaesthesia. Values are means for five 
animals and vertical burs are standard error for each 
mean. 

ture at each measu remen t  period but  neither 
group changed with dantrolene administration 
(Table 1). 

Within the MHS group there were significant 
differences in monitored parameters  comparing 
the thiopentone to the halothane series (Table I). 
These  differences were due to triggering of  the 
MH syndrome in three of  the halothane-treated 
animals.  

Within the M HR  group there were significant 
differences in heart  rate comparing the thiopen- 
tone to the halothane series. The peak expired 
carbon dioxide or arterial carbon dioxide values 
do not suggest  any differences in acid-base s tatus 
(Table I). 

DISCUSSION 

A dantrolene dose response  cannot  be used as a 
diagnostic test  for MH, based on the results of 
this study.  We were unable to detect any 
significant difference in the response  curves  of  
the MHS and M HR  subjects  (Figure 1). It is of  
interest that per cent  twitch depression for a 
given dantrolene dose was consis tent ly  higher in 
the MHS group and perhaps a larger series of  
animals  would produce significant differences�9 

MHS HALOTHANE 

/o ~ M  ~ ~IOPENTAL 

1 5  i I i i i I | i i 

.1 ,46 .76 1.06 1.35 
CUMULA'IIVE DANTROLENE mg/kg 

FIGURE 2. Cumulative effect of incremental dan- 
trolene (0.15 mg.kg -~) on indirectly stimulated 
toe twitch in the same MHS animals given halothane 
(~ - - - El) or thiopentone (11--------41) anaesthesia. Val- 
ues are means for five animals and vertical bars are 
standard error for each mean. 

However ,  these results do not suggest  that a clear 
enough separation would exist to use the proce- 
dure as a diagnostic test for MH susceptibility. 
We speculate that MH skeletal muscle  funct ions 
as normal muscle  unless  triggered by a stress,  
eithcr physiological or pharmacological ,  and thus 
any diagnostic procedure of acceptable accuracy 
involving skeletal muscle  mus t  involve a trigger- 
ing st imulus.  Dantrolene does  not s t ress  M H  
skeletal muscle,  but antagonizes  the abnormal  
physiological MH state. 

Dantrolene appears"to cause  skeletal muscle  
relaxation by blocking excitat ion-contract ion 
(E-C) coupling by decreasing the amount  of  cal- 
cium released from sarcoplasmic reticulum. 2''~z 
The aetiology of MH in skeletal muscle has  not 
been determined but  evidence points to a lesion in 
E-C coupling or sarcoplasmic reticulum func- 
tion. t9 Halothane,  in clinical concentra t ions ,  has  
no significant effect on in vivo twitch tension in 
normal skeletal muscle.  23 Thus  we would not 
expect  halothane to alter dantrolene effect in 
normal muscle (Figure 3). No significant effect of  
methoxyflurane on dantrolene dose responses  
was observed in sheep.  TM Halothane does,  how- 
ever,  augment  twitch tension in skeletal muscle 
strips h~ vitro, and appears  to produce this effect 
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FiGure 3. Cumulative effect of incremental dan- 
trolene (0.15 mg.kg  ') on indirectly stimulated 
toe twitch in the same MHR s u b j e c t s  given halothane 
(�9 - - - �9 or thiopentone (0---------@) anaesthesia. Val- 
ues are means of five animals and vertical bars are 
standard error of each mean, 

by  ac t ing  on  E-C c o u p l i n g  or  s a r c o p l a s m i c  re- 

t i cu lum.  2s A b n o r m a l  c o n t r a c t u r e  r e s p o n s e  in 
vitro to h a l o t h a n e  in M H S  s k e l e t a l  m u s c l e  is u s e d  

as  a d i a g n o s t i c  p r o c e d u r e  in the  p ig  and  in 
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FIGURE 4. Cumulative effect of incremental dan- 
trolene (0.15 m g . k g - ' )  on indirectly stimul~tted toe 
twitch in two untriggered MHS (/', - - - A), three 
triggered MHS (~7. - - ~7), and five MHR animals given 
halothane anaesthesia,  Values are means of each group 
and vertical bars are standard error for each mean. 

man .  '9'z6 W e  c a n n o t  e x p l a i n  the  s ign i f i can t  

a u g m e n t a t i o n  o f  d a n t r o l e n e  t w i t c h  d e p r e s s i o n  
by  h a l o t h a n e  o b s e r v e d  in M H S  a n i m a l s  and  it is  

r e p o r t e d  as  an  i n t e r e s t i ng  o b s e r v a t i o n  (F igure  2). 

TABLE I 
E F F E C T S  O F  D A N I R O L E N E  A D M I N I S T R A T I O N  IN MHS A N D  MHR SUBJECTS A N A E S T H E T I Z E D  W I T H  

T H I O P E N T O N E  O R  T H I O P E N T O N E - H A L O T H A N E  ( 4 - S E R )  

MHS MHS MHR MHR 
tbiopentone balothane thiopentone halothane 

Heart rate Pre-dantrolene 119~: 4- 8 146" + 20 115+ 4- 14 99 _ 7 
(beats/rain) Post-dantrolene 114:~ 4- 7 132" 4- 15 112 + 4- 10 96 4- 13 

Peak Expired Pre-dantrolene 4.7 _+ 0.2 5,7 4- 1.6 4.5 4- 0.15 Not 
COz (%) Post-dantrolene 4 . ~  4- 0.2 5.3 4- 1.2 4.5 4- 0.18 measured 

Rectal Tern- Pre-dantrolene 38.6* 4- 0 .4  37.7* + 0.7 36.6 4- 0.2 36.0 4- 0.3 
perature (~ C) Post-dantrolene 38 .6 '  + 0.4 38.5* 4- 1.3 36.3 4- 0.1 35.6 4- 0.3 

Arterial 
Systolic Pre-dantrolene 2[ ,9r 4- I ,9 15.8 4- 0.8 Not 15,7 4- 0.7 
Pressure[kPa) Post-dantrolene 23:~ 4- 0.8 16.9 ::[: 1.3 measured 15.6 4- 0 .7  

pH Arterial Pre-dantrolene 7.49~ __+ 0.01 7.26~ 4- 0.1 Not 7.51 4- 0.02 
Post-dantrolene 7.48~t 4- 0,02 7.33* 4- 0. I measured 7.51 4- 0.03 

PaCO, Pre-dantrolene 5.4:[: ___ 0.2 6.9:~ 4- 1.7 Not 5.3 4- 0 .4  
(kPa) Post-dantrolene 5.6 4- 0.3 5 .6 t  4- 1.9 measured 5.2 4- 0 .4  

PaO~ Pre-dantrolene 59.6:~ 4- 0.5 49.2* 4- 8.5 Not 56.1 + 1,5 
(kPa) Post-dantrolene 59.9~ 4- 0.3 48.0" + 10.4 measured 59.3 4- 2.3 

*MHS significantly different from MHR with similar treatment (p < 0.05). 
tSignificant change with dantrolene within a treatment (p < 0.05). 
~tSignificant difference between thiopentone and halothane treatment (p < 0,05), 
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A dantrolene-halothane exposure could not be 
used as a diagnostic test for MH in man because 
of  unacceptable risk. 

In conclusion, dantrolene-induced twitch de- 
pression cannot be used to discriminate MH sus- 
ceptibility in swine. Halothane augments dan- 
trolene skeletal muscle twitch depression in MH 
susceptible swine but does not in normal sub- 
jects. An accurate, low-risk, readily available, 
and inexpensive diagnostic procedure for MH 
susceptibility has yet to be discovered. 
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R ~ s u M L  ~ 

Le dantrol~ne, un relaxant du muscle squeleltique, s 'est  av6r6 efficace pour la prevention et le 
traitement de I 'hyperthermie maligne chez le pore. Les auteurs ont etudi~ la possibilit~ 
d'util iser cet agent comme moyen de d6pistage de la susceptibilit~ b_ I 'hyperthermie maligne 
en mesurant [a r6ponse en tension de I 'olleil ant6rieur ~ I 'administralion du dantrol~ne. 
L'influenee de I 'halothane stir cette r~ponse a ~galement e[~ ~tudi~e, Cinq pores susceptibles 
'~ I 'hyperthermie maligne et cinq pores n o n  susceptibles ont ~t~ utilis~:s. La r~ponse au 
dantrol~ne a ~t~ mesuree ~ deux reprises chez chaque animal anesth~si& la premiere fois au 
thiopenthal et la seconde au thiopenthal et halothane. La dose de dantrol~ne ~tait progres- 
sivement augment6e de 0.15 mg .kg  -L jusqu'~t un total cumulatif de 2 ~. 3 m g . k g  ~. Sous 
thiopenthal,  I'effet du dantrol~ne ~.tait le m~me chez les animaux susceptibles d 'hyper thermie 
maligne que chez ceux r6sistant ~t cette pathologie. Los animaux susceptibles avaient une plus 
forte reponse au dantrol~ne que los normaux Iorsque I'on ajoutait I 'halothane au thiopenthal, 
mais trois animaux pr6sente, rent une hyperthermie maligne avant que I'on ait eu le temps de 
leur administrer le dantrol~ne. 11 est conclu que la r6ponse ~t une dose de dantrol~ne ne peut 
~tre utilis6e comme test de I 'hyperthermie maligne chez le pore et que I 'halothane augmente la 
d6pression de la contracture produite par le dantrol~ne. 


