
TEN CASES OF MALIGNANT HYPERTHERMIA IN NORWAY 

J. STOVNER, K.R. INNES, AND A. HOLEN* 

SINCE 1967 ten cases of malignant hyperthermia (MH) have been reported at the 
ammal meetings of the Norwegian anaesthesiologists. The present paper is a con- 
densed report of these cases with a discussion of the presented data. 

The data have been presented in four tables. The patients are numbered from 
one to ten in chronological order. The MH incidents occurred over a ten-year 
period, with the first case in 1965 and the last in 1975. New features like creatine 
phosphokinase (CPK) determinations and procaine infusions therefore only ap- 
pear in the more recent eases. 

DISClJSSlON oF ThE DATA 

Age and sex related to mortality 

Eight of our ten patients were between 11 and 20 years of age (Table I). The 
series of MH victims published by other authors also have the highest incidence 
in the second decade of life3 -a In comparing the age of mortality Gjengstr found 
a mortality in the second decade almost double that in the first decade. This indi- 
cates a dramatic change in the severity of the condition with puberty and our 
series seems to support the view that such a change occurs. Of our eight teen-aged 
patients, only one (number 9) survived. Both our prepuberty patients, however, 
were resuscitated. This increase in mortality with puberty, is not often mentioned 
in the literature. 

The genetic defect in MH is a dominant autosomal trait. 4 This might seem 
strange in view of the fact that in all the published series of MH victims there is 
a surplus of males.'-:: This is also the case in our series which has a ratio of males/ 
females of 8:2. It nmst be remembered, however, that an autosomal trait might 
depend on hormonal factors for its penetrance. Such, for instance, is the case with 
baldness, another autosomal genetic defect which only becomes manifest under 
the inlluence of androgens. The genetic defect in MH might also be facilitated in 
its penetrance by androgens. This hypothesis is supported by the male preponder- 
ance of the MH victims as well as by the fact that the severity of the syndrome in 
the male increases with puberty. In our series all seven fatal cases were males who 
had reached sexual maturity. 

The possible facilitation of the MH syndrome by androgens is of interest in 
connection with the occurrence of MH in one of our patients (number 7) afflicted 
with the adrenogenital syndrolne. The infrequency of the MH complication 
(1:1,400), ~ and the even more rare adrenogenital syndrome (1:67,000), ~ makes 
a coincidence by chance very unlikely. A possible explanation is that the excessive 
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TABLE I 

AGIL SEx, C P K  VALUF.S, FAMILY I)ATA AND 1)m:.v,oc's AXA~STmVr,cs 
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Case CPK values Family history 
number Age Sex of l)atient CPK values Previous anaesthetics 

1 18 Male Ullknown 

2 19 Male Unknown 

3 15 Male Unknown 

4 13 Male Unknown 

5 17 Male Unknown 

6 15 Male Unknown 

Healthy family 

Father 
pes equinovarus  

Healthy family 

Healthy family 

Mother CPK = 250 
'Brother CPK = 125 

Parents and brother 
normal CPK 

Parents not related. 
Sister also adreno- 
genital syndr. 

7 4�89 Female CI'K = 200 
(pseudo- 
herma ph- 
rodite) 

8 16 Unknown Healthy family None 
Mother CPK = 64: 
Sister CPIK = 74 

9 15 Male CPK = 45 Brother CPK = 75 Uneventful ether at 
the age of seven 

10 10 Female CPK = 100 Healthy family None 
Mother CPK = 40 
Sister CPK = 55 

.N ode 

Uncoml)licated gas- 
ether two years 
previously 

Uncomplicated ether 
two years previously 
None 

Five days previously 
halothane-suxameth- 
0nium six blood trans- 
fusions. No reactions 

Three years before 
stiffness and myo- 
globinuria after 10 min- 
ute halothane 
anaesthesia 

The patient and sister 
uncomplicated NeOq- 
halothane at the age of 
two. 

Upper normal limits for CPK. Males: 35. Females: 20. Children: 20. 

fo rma t ion  of and rogens  in pa t ien t s  wi th  the  ad renogen i t a l  s y n d r o m e  acts as a 
p r ed i spos ing  fac tor  for the  M H  compl ica t ion .  This  is also in a g r e e m e n t  wi th  the  
u n c o m p l i c a t e d  anaes thes ia  in our  pa t i en t  m m l b e r  7 at  the  age  of two years ,  be-  

cause at  tha t  age  excessive secre t ions  of and rogens  h a d  not  ye t  s ta r ted .  W e  have  
not  found  any prev ious  repor ts  in the  l i t e ra tu re  of M H  occur r ing  in pa t i en t s  wi th  
the ad renogen i t a l  syr, d rome.  I t  is poss ib le  thai: this ra re  co inc idence  occu r red  be-  

cause  excessive a n d r o g e n  secre t ion  fac i l i ta tes  the  man i fes t a t ion  of the  M f I  syn- 
drome.  The  i m p o r t a n c e  of and rogens  for the  porc ine  M H  canno t  r e a d i l y  be  de ie r -  
m i n e d  because  most  p igs  are  ca s t r a t ed  at  an ear ly  age. I t  has been  sugges ted ,  
however ,  tha t  the  M H - p r o n e  P ie t ra in  p igs  r e p r e s e n t  a race  wi th  a n d r o g e n i c  over-  

activit), .  ~ 

CPK determinations 

This was done  on the near  re la t ives  of t i le last  six pa t ien ts .  Borde r l i ne  va lues  as 
wel l  as values well  above  t i le no rma l  were  f o u n d  for  severa l  of the  re la t ives ,  al- 
though  some of them had  been  sub j ec t ed  p rev ious ly  to anaes the t i c s  w i t h o u t  
compl ica t ions .  This  confirms the r e p o r t  tha t  genera l  anaes thes ia  m a y  not  p r o d u c e  
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TABLE II 
CONDITIONS REQUIRING SURGERY AND SURGERV PERFORMED 

Case 
nnmber Conditions requiring surgery Surgery performed or intended 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Finger injury 2 weeks previously 
Traffic accident with nasal fracture 
6 days previously 
Elbow fracture 2 weeks previously 

Femoral bone cyst, congenital, 
causing syml)toms 
Traffic accident with shock five days 
previously 
Cryptorehidism 
Adrenogenital syndrome type I. Salt 
loser. Penile clitoris 
Appendicitis acute 
Fracture-dislocation of tlbiai 
tuberosity two days previously 
Cold appendicitis. Suffered appen- 
dicitis with peritonitis three months 
previously 

Plastic finger surgery intended 
l),eduction of nasal fractnre intended 

Open reduction of elbow fracture 
intended 
Angiography followed by operation was 
intended 
Reduction and fixation of leg fracture 
intended 
Orehidopexy intended 
Clitoris extirpation intended but only 
partly l)erformed 
Appeladectomy performed 
Open reduction and fixation performed 

Appendectomy intended 

adverse effects in individuals with CPK values above normal limits. In the three 
patients who survived, the CPK levels rose 15 to 100 times their normal values in 
the first days after the MH incidents. After a week, the CPK fell to normal limits 
in one patient while in the other two it remained above normal. This eonfirms the 
general opinion expressed by Britt in I974 S that CPK determinations are unreliable 

as a dlagnostie indicator. 

Indications for surgery 

Indications for elective orthopedic surgery were present in six of our patients 
(Tab]e II).  Also in other series orthopedic surgery was the most frequent type of 
operation to be performed.' One of our patients was treated for cryptorchidism, 
an indication for surgery present in five of the 18 MH-victims reported by King, 
et  al. a This condition was also present bilaterally in a patient suffering two epi- 
sodes of MH on different occasions, reported by Katz2 Genital surgery was per- 
formed on the 4Y,-year-old pseudohermaphrodite girl in our series. It is possible 
that young people due to undergo genital surgery are potential victims for MH. 
Such conditions are frequently congenital and congenital abnormalities were 
present in 30 per cent, _,95 per cent and 50 per cent of previously reported series? -3 
Among our orthopedic cases patient lmnrber 2 had a congenital patellar luxation 
and pes equinovarus like his father and therefore belongs to this category. The 
same may apply to our patient number 4 who had a congenital femoral bone cyst 
which was to be opened and filled with bone. 

It is quite possible that some of the pathological conditions requiring surgery 
among our patients increased the sensitivity to suxamethoniuna. Such conld be the 
ease with five of our orthopedic patients who had suffered traumatic injuries only 
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TABLE III 

PREOPERATIVE CONDYrlONp PREMEDICA'rlON, ANAESTHESIA ]NDUCTION AND ~'IA1N'I'ENANGE 

Preoperative 
Case Tern- Premedication Anaesthesia Anaesthesia 

number  perature Condition (one hour preop.) induction maintenance 

1 37.1 ~ C Good Morphine 10 nag Thiol)entone N~O + Halothane 
Scopolam 0 .4  nag Suxamethonium 

Jaw stiffness 

2 370 C Good Thlopentone 
Suxalnetholdum 

3 37.1 ~ C Good Thiol)entone 
Halothane 

4 36.6 ~ C Good 

5 370 C Good 

Meperldine ,50 mg 
Atropine 0 .6  mg 

Meperidine 50 mg 
Atropine 0 .5  nag 
Phenergan 25 mg 

Meperidine ;)0 mg 
Atropine 0 .6  nag 
Phenergan 25 nag 

Meperidine 3,5 mg 
Atropine 0 .5  mg 

6 37 ~ C Good Meperidine 50 
Atropine 0 .5  

7 37.70 C Good Atropine O. 5 
Cortisone 75 

8 38.7 ~ C Good Meperidine 50 
Atropine 0 .5  

9 37.2 ~ C Good Diazepam 12.5 
Atropine 0 .5  

10 36.9 ~ C Good Atropine 0..3 

N_-O + lqalothane 

N20 -t- Halothane 

Thiopentone N..,O + lqalothane 
Suxamethoniu m 
Halothane 

Hexobarbital  N,.O + Halothane 
Suxalnethonium 
Jaw stiffness 

nag Hexobarbital  N_.O + Halothane 
mg N..,O + Halothane 

mg N~O + Halo- N.oO + Halothane 
mg thane 

mg Thiopentone NzO + Halothane 
nlg N,_,O + Halothane 

mg Tlaiopentone N..,O + Halothane 
mg Suxamethonitma 

j aw stiffness 

mg Hexobarbital  100e,.; O._, ventila- 
Suxalnethonium tion 
Jaw stiffness 
Temp. 38.1 ~ C 

a few days previously. Several workers have shown that trauma sensitizes the 
muscles to suxamethonium, l~ Also the planned appendectomy in our patient 
number 10 who had suffered an attack of appendicitis with fever and peritonitis 
three months previously might belong to this category. It has recently been re- 
ported that after febrile illnesses with sepsis or peritonitis, the patients react to 
suxamethonium with excessive nmscle stiffness and potassium liberation. ~:: The 
rigidity, hyperpyrexia and rise in CPK in our patient lmmber 10 after 100 mg 
suxamethonium indicates an excessive sensitivity to this drug which might have 
been induced by the previous attack of appendicitis. Thanks to early diagnosis 
and pronapt treatment, this patient was saved. 

Premedication and anaesthetics used 
All our patients had received antieholinergic prelnedication, atropine in nine 

cases and scopolamine in one (Table II). Rigidity appeared in all our patients 
except one (nmnber 2). The high percentage of rigidity in our series (90 per cent) 
supports tile original finding that anticholinergie premeditation increases the 
tendency to rigidity.t Later, however, it has been suggested that the combination 
of atropine-suxamethonium was the cause of the high frequency of rigidity? 4 This 
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does not quite agree with our series as three of our patients (numbers 6, 7 and 8) 
received no suxamethonium and nevertheless displayed frank rigidity. This rigid- 
it), must have been caused by either N.,O o1" halothane which was given in combi- 
nation in our patients. Halothane was shown originally to trigger porcine MH 15 
and has been shown later to cause contracture of isolated muscle strips obtained 
from MH victimsY; NeO was regarded as innocent up to 1974 when Ellis, et al. 1T 
described a patient developing MH on two occasions after being given only N._,O 
and oxygen. As nitrous oxide has been used in almost all cases so far reported and 
regarded as innocent, all the previously made statements and conclusions are open 
to question. Our patient number 6 nmst have been permanently and excessively 
sensitive to one or both of these inhalation agents. During the fatal anaesthesia 
he breathed these agents for only 15 minutes. Three ),ears previously, he had 
developed muscle stiffness and red urine (myoglobin) for two days following a 
10-minute inhalation of the same agents. This incident had been duty recorded 
in the case history but passed unnoticed because of language difGeulties, as the 
anaesthetist was o'f foreign nationality. 

Suxamethonium rigidity in the jaw muscles during induction is important as a 
warning signal to end anaesthesia at once. is This sign occurred in numbers 1, 5, 9 
and 10 of our patients, but it was only in the last patient that the anaesthetist took 
notice and cancelled further work, a decision which probably saved the patient's 
life. A similar aborted MH case has recently been described. ~'~ This shows that jaw 
stiffness during induction is a sign which should be taken serious]), by the anaes- 
thetist. 

Management of the cases 

In all our cases anaesthesia was terminated as soon as the diagnosis was made, 
cooling by various means was started and hyperventilation with pure oxygen per- 
formed. Intravenous infusions of various solutions were set up, sueh as biearbonate, 
THAM, lactated l:~inger's solution, mannitol, saline and plasma expanders. In 
addition, various drugs were given ( Table IV ). 

The drug therapy of the three survivors is of some interest. Patient number 7, 
the 4Y,-),ear-old girl with the adrenogenital syndrome, received hydrocortisone and 
ehlorpromazine 5 mg together with bicarbonate infusion. This reduced the rigidity 
and lowered the temperature so procaine infusion was omitted. Patient number 9, 
a 15-year-old boy, received hydroeortisone 200 mg and ]anatoeid 0.8 mg intra- 
venously together with bicarbonate and lactated Ringer's infusion. This raised the 
blood pressure from shock levels to 100 mm Hg, but pyrexia, rigidity and taehy- 
eardia with arrythmia persisted. Procaine 3.5 g was therefore infused over 60 
minutes, resulting in disappearance of the rigidity and normalization of cardiac 
rate, rhythm and temperature without fall in blood pressure. Patient number 10, 
a 10-year-old girl, received hexobarbitone 500 mg followed by halothane 2 per cent 
for two minutes and then suxamethonium 100 mg. Intubation, however, was 
abandoned because of jaw rigidity and anaesthesia was terminated. Less than 
10 minutes had elapsed from the time of the barbiturate injection until a diagnosis 
of MH was made, based on jaw stiffness and hyperpyrexia (temperature 38.1 ~ C). 
Hyperventilation prevented the development of acidosis but did not prevent body 
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TABLE 1V 

FIRST .~VMPTOMS, COURSE AND TREATMENT AND FINAL OUTCOME 
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Case Time after induction 
number for first symptoms Course and t rea tment  Final outcome 

1 After 20 min rigidity, pH 6.8 in arterial blood. 
temp. 39.4: ~ C, tachy- Cooling, bicarb., 
cardia a r ry thmia  defibrillation 

2 After 60 rain tachy- Cardiac arrest. THAM 
cardia, hypertension, cooling, mannitol  
temp. = 420 C. No rigid. 

3 After 20 min cardiac Cooling, calcium, deft- 
arrest, temp. = 40.6 ~ C. brillation, arrythmia,  
No rigidity lidocaine, rigidity 

4 After 60 rain rigidity, Ventricular fibrillation, 
respiratory arrest, bicarbonate, defibril- 
temp. = 42 ~ C, tachy- lation 
cardia 

5 After 20 rain rigidity, Bradycardia, ventr icular  
temp. = 42 ~ C. Cyanosis fibrillation, defibrillation 

6 After 15 mia rigidity, 
ftyperventilation, 
temp. = 42.5 ~ 
Cardiac arrest  

7 After 30 rain hyperventi-  
lation, rigidity, cyanosis, 
tachycardia, 
temp. = 49.2 ~ C 

8 After 40 rain hyperveati-  
lation, tachycardia, 
rigidity, temp. = 42 ~ C 

9 After 30 rain tachycardia 
arrythmia,  temp. = 40 ~ C 
rigidity, collapse 

10 After 2 rain jaw stiffness. 
Anaesthesia ended 10 rain 
after s tar t  

Cooling, cortisone bi- 
carbonate, dextran 
bradycardia, isoprenaline 

Cooling, bicarbonate, 
hydrocortisone, chlor- 
promazine 

Convulsions, cardiac 
arrest  during cooling and 
bicarbonate infusion 

Cooling, bicarbonate,  
Ringer, hydrocortisone 
procaine 3.5 g i.v. 

Temp. reached 41.3 ~ C. 
Cooling and hyperventi-  
lation with oxygen. 
Procaine 1 g 

Declared dead 60 rain after 
induction. General rigidity 

Declared dead six hours 
after induction. No 
rigidity 

Declared dead 36 hours 
after induction with myo- 
globinuria, fiaemolysis, 
hyperkalaemia, rigidity 

Declared dead 90 rain after 
induction with general 
rigidity 

Declared dead 50 rain after 
induction with general 
rigidity 

Dectared dead 90 rain after  
incluction with general 
rigidity 

Pat ient  survived after a 
period of hyt)othermia 

Declared dead 2�89 hours 
after induction with gene,al 
rigidity 

Pat ient  survived after  a 
period with hyl)othernaia 

Pat ient  survived after a 
period with hyl)otlmrmia 

temperature from rising to 41.3 ~ C. Immersion ill ice water caused tim tempera- 
ture to fall. Persistence of rigidity was also treated in this case with procaine 1 g 
intravenously without fall in blood pressure. 

Procaine therapy 
Procaine therapy was first suggested by Harrison '-'~ followed by Moulds and 

Denborough.'-' The clinical effects of procaine reported in the literature seems to 
be variable. A good effect on both rigidity and temperature was found by two 
groups of workers, '-'''''-'a while a third found no effect on temperature.'-'" Fatal hypo- 
tension occurred after only 600 mg of procaine in a patient recently reported, -05 
In this case procaine was given initially before correction of acidosis. This is con- 
trary to Harrison's '-'~ original routine, although other workers have proposed to 
start procaine initiallyY ~ Our patient number 9 tolerated procaine 3.5 g, a very 
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large close. The absence of blood pressure fall might be due to the fact that acidosis 
had been corrected before the infusion. 

Steroid therapy 
Hydrocortisone 100 mg together with chlorpromazine 5 mg appeared to be 

effective in patient number 7. Dexamethasone was shown by Ellis, et a lY  to work 
very effectively on two occasions in the same patient. Our patient number 9 also 
received hydrocortisone 200 nag, which appeared to arrest the temperature rise 
and raise the blood pressure. The persisting rigidity and tachycardia, however, 
responded to procaine. Also in patient number 10 residual rigidity subsided with 
procaine. 

Our experience would therefore indicate that procaine should be reserved 
until other measures, such as cooling, correction of acidosis and steroid therapy 
have been tried. Incidentally, this conclusion reached from clinical experience is 
in agreement with conclusions reached experimentally. '-'r It has been suggested 
that the beneficial role played by procaine at this stage is due to inhibition of 
catecholamine release and block of the adrenergic alpha-receptors. ''s This role, 
however, may be played by other agents. 

SUMI~ARY 

Data are presented on ten cases of anaesthesia-induced malignant hyperthermia 
in Norway. Seven of the patients died, three recovered. The fatal cases were all 
boys in the age group 11-20 years. This age and sex distribution suggests that 
puberty with the increase in androgens is a precipitating factor in malignant hyper- 
thermia. One of the victims who survived was a 4,'~-year-old pseudohermaphrodite 
girl with the adrenogenital syndrome. The coincidence of malignant hyperthennia 
in a patient with such a rare syndrome points to the excessive formation of andro- 
gens iu patients with this syndrome as a predisposing factor. 

The indications for surgery were traumatic injuries in five cases, congenital 
abnormalities in three and appendicitis in two cases. These conditions in them- 
selves may cause an increased sensitivity to suxamethonimn. 

One patient received only hexobarbitonc, halothane and suxarnethonium. After 
the last drug jaw rigidity and temperature rise to 41.3 ~ C prompted the anaesthe- 
tist to end the anaesthetic. The fact that the patient survived proves that suxame- 
thonium induced jaw rigidity is valuable as a warning. 

The absence of cardiovascular depression after procaine 3.5 g in one patient is 
ascribed to the correction of acidosis at the time of infusion of this drug. It is sug- 
gested that procaine should be withheld until other measures such as cooling, 
correction of acidosis and steroid therapy have been tried. 

R~suM~ 

Dix cas d'hyperthernlie maligne survenus en Norv~ge sont rapport~s et discut~s, 
Sept des dix patients sont morts et trois ont surv~cu. Tous les d~c~s sont survenus 
chez des garcons tlg~s de onze a vingt ans, ce qui suggbre que la p~riode de pubert6 
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qui s 'accompagne d'une augmentation des androg4nes peut  repr6senter un facteur 
d6elenchant. L 'un des survivantes, une petite fille de quatre ans et demi, pr6sentait 
un pseudo-hermaphrodisme avec syndrome adr6nog6nital. Le fait d'observer une 
hyperthermie maligne chez une patiente pr6sentant d6jh une pathologic aussi rare 
nous semble indiquer que la formation excessive d'hormones androg6nes que l'on 
retrouve dans ces cas peut  agir comme facteur d6clenchant de l 'hyperthermie. 

Cinq des patients furent op6r6s pour traumatismes, trois pour des malformations 
cong6nitales et deux pour appendicite. Ces trois pathologies sont en sol susceptibles 
d 'augmenter la sensibilit6 '~ la Succinylcholine. 

L'un des patients regut seulement de l 'Hexobarbitone, de ] 'Halothane et dn Suxa 
methanium. A la suite de l'injection de Suxamethanium, on observa une rigidit6 
du maxillaire et la temp6rature s'6]eva h 41.3 degr6s Centigrade. L'anesth6sie fut 
arr~t6e. La survie du malade illushe que la rigidit6 du maxillaire observ6e apr6s 
l'injection de Suxamethanium est un signe tr6s liable. 

On attribue a la correction pr6alable d'une acidose m6tabolique chez un malade, 
l'absence de d6pression cardio-respiratoire not6e apr6s une dose de 3.5 grammes 
de Procaine. Les auteurs sugg6rent de corriger l'acidose, d'administrer des St6- 
roides et de tenter de refroidir, avant denvenir tt la Procaine. 
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