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Association of post- 
anaesthetic hyper- 
thermia with 
abnormal muscle 
characteristics: 
A CASE REPORT 

A previously healthy 18-year-old mate,following appen- 

dectomy developed posl-anaesthetic hyperthermia (42.1 ~ 
C) with an elevatwn of serum creatine kinase and 
activated partial thromboptaatin time. Repeated arterial 

blood gases were normal. Cooling and anti-pyretic 
medication did not control the fever. In contrast, sodium 
dantrolene appeared effective in towering the patient's 

temperature and normalizing the vital signs, both acutely 
and over the following three days. Subsequent muscle 
biopsy revealed a normal contracture response to caf- 
feine alone or in the presence of halothane. However. the 
muscle had a larger than normal potentiation of evoked 
twitch tension in the presence of caffeine and halothane. 
Electrophoresis of the muscle revealed a marked increase 
of an unidentified low molecular weight protein. The 
patient's clinical course, and the results of the muscle 
studies, sugest that an abnormality of skeletal muscle, 
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other than that seen in the classic malignant hyper- 

thermia syndrome may result in anaesthesia-related 
hyperthermia. 
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Anaesthetics and depolarizing muscle relaxants can 
cause abnormal responses in certain patients. These 
reactions include masseter muscle spasm, rhab- 
domyolysis and malignant hyperthermia (MH). l 

We report a case in which postoperative hyper- 
thermia occurred. Muscle biopsy, performed sev- 
eral months after the episode, revealed normal 
contracture responses to challenges with caffeine 
and halothane, hut a larger-than-normal potentia- 
tion of twitch tension under the same conditions and 
an abnormal muscle electrophoresis. The relevance 
of  these findings to a possible diagnosis of MH is 
discussed. 

Case Report 
A previously healthy 18-year-old 63.5 kg, 118 cm 
Mexican-American male was admitted with a diag- 
nosis of acute appendicitis and underwent an 
appendectomy. The pathologist confirmed the diag- 
nosis. The medical history was non-contributory, 
including a negative family history of abnormal 
responses to anaesthesia. Vital signs on admission 
included: temperature 37.5 ~ C, blood pressure 15/ 
11 kPa (112/78 mmHg), heart rate 104 beats (b)/ 
rain, and respirations 20 breaths/rain. Admitting 
laboratory data were within normal limits except for 

CAN ANAESTH SOC I 1983 / 30:3 / pp 290-294 



Kripke etal.: POST-ANAESTHETIC HYPERTHERMIA 

a white cell count of 16 • 109 cells/litre (16,000 
cells/ram3). 

Both anaesthesia and surgery were uneventful. 
Sodium thiopental, 350 mg IV, succinylcholine, 
100 nag IV, nitrous oxide and oxygen (2:1 L/min), 
enflurane, fentanyl, 0.01 mg IV, and pancuronium 
2.5 mg IV were used during the procedure. Glycopyr- 
rolate 0.6 mg IV and pyridostigmine 20 mg IV 
antagonized the neuromuscular block at the comple- 
tion of surgery. No intraopemtive rigidity or arrhyth- 
mias were noted. Temperature was monitored 
throughout surgery with an oesophageal probe. The 
temperature initially was 38.70 C, fell to 37.8~ 
daring surgery, and was 38.30 C at the conclusion 
of surgery. The blood pressure ranged from 15/ 
8 kPa (110/60 mml-lg) to 12/7 kPa (90/50 mmHg) 
during surgery and was 14/9 kPa (102/70 mmI-Ig) 
after extubation. The heart rate varied from 110- 
120 blmin. The patient was apnoeic during the 
surgery secondary to the use of muscle relaxants, 
fentanyl, and controlled respiration. No respiratory 
effort was noted prior to the administration of 
pyridostigmine. Extubation was performed after the 
patient responded to commands. He was transferred 
to the recovery room at 0745 where he received 
o• by mask (4 L/min) and was monitored by 
ECG. 

At 0830 the patient's skin felt hot. The oral 
temperature was 42.10 C. Blood pressure was 16/ 
5 pica (120/40 mmHg), with a thready pulse of 
140 b/min, and respirations of 30 breaths/rain. The 
ECG revealed sinus tachycardia. Immediately, an 
acetominophen suppository, 600 rag, was given 
and ice water soaks were applied to the body with 
ice packs to the groin, back of neck and axilla. Cold 
saline was administered intravenously. The temper- 
ature decreased slightly to 41.7 ~ C. Arterial blood 
gases at 0835 were: POz 22 kPa (165 mmHg), PCO2 
4 kPa (31 mmHg), H+ activity 34 nmoYlitre, (pH 
7.48):. base excess + 1 nmol/litre. Over the next 30 
minutes, the temperature diminished slowly to 
40.0 ~ C. At 0910 a normal chest x-ray was obtained 
and blood, drawn for culture, subsequently showed 
no growth. At this time, arterial blood gases were 
again found to be normal. Cooling continued but the 
temperature rose to 41.1 ~ C at 0935. Since the fever 
was not controlled by aggressive cooling and 
antipyretic medication, malignant hyperthermia 
was considered and sodium dantrolene, 60 mg, was 
injected IV. Following dantrolene, the body tern- 
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perature did not change for 15 minutes and then 
declined over 10 minutes to 38.0 ~ C. Blood pres- 
sure was 13/11 kPa (160/80 mmHg), pulse 115 
b/rain, and respirations of 30 breathsfmin. The 
patient was alert and comfortable. Arterial blood 
gases remained normal. The urinary output was 300 
ml during the recovery room period and was 
straw-coloured. 

At 1140 the patient was transferrred to the ICU. 
Temperature, on admission, was 37.0 ~ C, blood 
pressure 13/10 kPa (100/72 mmHg), pulse 89 b/rain 
and respirations of 20 breaths/min. At 2000 hrs, the 
temperature rose to 38. I~ and continued to rise, 
despite the use of a cooling blanket, to 39.6" C. The 
pulse increased to 111 b/min. Dantrolene (30 rag) 
was again administered IV, and the temperature fell 
to 37.9~ while the pulse declined to 76 blmin. 
Sodium dantrolene was administered thereafter 
three times daily (tid) at 0.5 mg.kg -~ for three 
additional days. During this period the temperature 
continued to fluctuate and on one occasion was 
40.0" C. Antibiotics were not given postoperatively 
and no signs of intercurrent infection were evident. 
The ECG remained normal. The creatine kinase 
(CK) peaked at 1355 IU on the day of surgery 
(laboratory normal 0-75 IU), and the activated 
partial thrombopl&stin time (APTT) increased to 
40.8 sec from 31.9 sec. The patient's course was 
uneventful after discontinuance of dantrolene and 
he was discharged on the eighth postoperative day. 
No complaints of muscle pal,  or stiffness were 
noted throughout the course. 

A muscle biopsy was performed eleven weeks 
after the episode for evaluation of malignant hyper- 
thermia susceptibility. Laboratory values ten days 
prior to biopsy showed a CK value of 36 IU and an 
APTr of 26.7 sec (35.1 sec for control). 

Biopsy 
The muscle biopsy was obtained utilizing local 
anaesthesia as previousEy described. 2 A muscle 
specimen 1 cm in diameter and 3 cm long was taken 
from the vastus lateralis. (This procedure was 
undertaken with the patient's consent and with the 
approval of the Human Subjects Committee.) 

A Physiologic Measurements 
The muscle strips were superfused with modified 
Krebs solution (KSS) bubbled with 95 per cent 02, 
5 per cent CO2 at pH 7.4. The KSS composition was 
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FIGURE I Oscilloscopic traces of the effect of halothane and caffeine on twitch tension of a muscle strip from 
~eported patient. (A) Twitch tension responses during exposure to increasing concentrations of halothane. 
(B) Twitch tension responses during exposure to increasing concentrations of caffeine in the presence of 3 per 
cent halothane. Each horizontal box is 50 rnsec. Each vertical box. is 70 nag tension in panel A and 140 mg in 
panel B. 

(in raM): NaCI 135, NaHCO2 15, KC15, MgCLa 1, 
CaC]2 2, Tfis-Cl 5, Na2HPO4 5, glucose 11. 
Contracture and twitch tension were monitored. 
Contracture tension is that tension produced by the 
muscle strips in response to exposure to caffeine or 
halothane without electrical stimulation) Twitch 
tension is the force generated in response to 
electrical stimulation. Electrical stimulation was 
accomplished with platinum field electrodes at a 
frequency of 0.2 Hz, with a pulse duration of 1 msee 
and supramaximal amplitude of 50-80 V (Grass 
Instrument Stimulator - Model $4). Tension was 
monitored continuously during the 5 min exposure 
periods of the strips to incrementing concentrations 
of halothane, caffeine, and caffeine with 3 per cent 
halothane. Twitch tension results are expressed as 
per cent change from control values, 

B Electrophoresis 
150 mg of muscle was homogenized and an aliquot 
of homogenate dissolved in 2 per cent sodium 
dodecylsulfate (SDS), 2 per cent mereapoethanol 
and 8 M urea at 90 ~ C for three minutes. 4 Approxi- 
mately 50 ~g of protein was electrophoresed on 7.5 
per cent polyacrylamide gel containing SDS (0.1 
per cent), After electrophoresis, the gel was stained 
with a protein dye, Coomasie Blue. 

Results 
Cumulative contracture tension of the muscle strips 

of our patient did not differ from the response of 
muscle of normal patients to incremental concentra- 
tions of caffeine. Contracture tension produced in 
response to caffeine and 3 per cent halothane were 
not different from normal muscle. 

The effects of halothane and caffeine on twitch 
tension are shown in Fig~ 1. Twitch tension in- 
creased during exposure of the muscle strip to 
incremental concentrations of halothane (panel A), 
and it was further potentiated when caffeine was 
added to a constant concentration of halothane 
(panel B). Twitch tension responses of our patient 
were compared to laboratory normal values. The 
response to 2 mM caffeine in 3 per cent halothane 
was significantly greater than tensions obtained 
from normal muscle (t = 2.6; p < 0.02). 5 A mean 
increase of 640 per cent over initial tension was 
demonstrated. 

Electrophoresis of muscle homogenate fi'om our 
patient demonstrated a marked increase in a low 
molecular weight protein that has been observed 
only in trace amounts in normal human muscle (Fig. 
2). The protein is approximately 12,500 molecular 
weight based on coelectrophoresis of protein 
standards. 

Discussion 
This case report is of interest because it presents a 
patient who developed fever after anaesthesia, 
responded to dantrolene, and had evidence of 
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FIGURE 2 Sodium dodecylsulfate-polyacrylamide electro- 
phoresis of human muscle. Bands on far left represent standard 
proteins of 68,000, 57,000, and 37,000 molecular weight 
respectively from top to bottom. Muscle from patient described 
is electrophoresed between the muscles from two normal 
age matched patients. Our patient's leading band (lowest 
stained protein in figure) represents a 12,500 molecular weight 
protein not seen in either control muscle. 

abnormal skeletal muscle from twitch measure- 
ments and electrophoresis. Britt's description of 
non-rigid MH is similar to that observed in our 
patient: the development of hyperthermia, lack of 
visually detectable or palpable muscle rigidity 
preceding, during, or after the episode, lack of 
respiratory or metabolic acidosis, and the absence 
of striking tachycardia, dysrythmia, tachypnoea, 
and cyanosis. 6 In common with many rigid MH 
patients and the non-rigid patient reported by Britt, 
a test of blood coagulation (APTT) was prolonged. 
Also, in common with Britt, we report here the 
relatively normal arterial blood gas values which 
may be an expression of the lung's ability to 
temporarily compensate for the increased metabo- 
lism. 6'7 In contrast to the patient reported by Britt, 
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our patient's CK level was elevated following the 
episode suggesting the presence of skeletal muscle 
damage. 6 

Laboratory studies measuring the in vitro con- 
tracture response to caffeine and halothane have 
been utilized to distinguish MH muscle from 
normal muscle. There is agreement that muscle 
from rigid MH patients does produce contractures at 
a lower caffeine concentration than muscle from 
normal individuals. 3'8 In common with non-rigid 
MH muscle responses, our patient's muscle did not 
show the classical MH response. 

The high temperature and the rapid deferves- 
cence following use of dantrolene further suggest 
that this case was MH. The maximum temperature 
of our patient was 42.1 ~ C. Rarely do body tempera- 
tures in clinical fever exceed 41 ~ C. 9 In contrast, higher 
temperatures (as in this patient) may occur in the 
syndromes of MH and heat stroke which have been 
reported to share other features) ~ To date only 
the syndromes of MH, heat stroke, anaesthetic- 
induced rhabdomyolysis in patients with Duchenne 
muscle dystrophy t2 and the "toxic-shock syn- 
drome" with severe rhabdomyolysis (personal com- 
munication: Norwich-Eaton Pharmaceutical Co.) 
have responded well to dantrolene IV. This muscle 
relaxant has proven its effectiveness both as a 
prophylactic and as a therapeutic agent in MH-sus- 
ceptible pigs.t3 Dantrolene has been advocated for 
a similar role in man. Effective doses in man remain 
uncertain. However, a recent study found that a 
mean initial dantrolene dose of 2.5 mg.kg -t  was 
usually successful, t4 We used 1 mg.kg-t IV during 
the acute episode and 0.5 mg.kg- ~ tid for three days 
as a follow-up regimen. Perhaps a higher dose may 
have prevented the relapsing temperature course. 

We reported previously that tetanic tension was 
markedly potentiated in MH muscle in the presence 
of caffeine and halothane. 2 Subsequently, we have 
found that the caffeine sensitivity of the twitch 
response of MH patients' muscle is also greater than 
normal (Gruener and Blanck: unpublished observa- 
tions). In the present paper, we demonstrate the 
marked potentiation of vastus lateralis muscle 
twitch tension by caffeine and halothane and the 
presence of large amount of a low molecular weight 
protein in the muscle of this patient that is observed 
only in trace amounts in normal muscle. 

The presence of an elevated CK and the apparent 
effectiveness of sodium dantrolene therapy in re- 
ducing body temperature suggest skeletal muscle 
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involvement in this patient 's post-anaesthetic de- 
velopment of fever, The fact that the patient had an 
elevated CK after anaesthesia, that muscle twitch 
tension responses were markedly potentiated by 
caffeine and halothane, and that there was a marked 
increase in a low molecular weight protein in this 
patient's muscle indicates that his muscle is abnor- 
mal. In view of the normal contracture response to 
caffeine, alone and with halothane, the abnormality 
observed in our patient 's  skeletal muscle might be 
different from that present in "rigid MH." One 
possible conclusion is that there exists more than 
one abnormality of  skeletal muscle that can result in 
anaesthesia-related hyperthermla. 
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R6sum,5 
Un jeune patient de dix-htdt ans, auparavant en bonne 

santL d~veloppa, aprds I'intervention chirurgicale de 

l'appendicite, une hyperthermie (42.1 ~ C), ainsi qu'une 

hausse de s~rum de cr~atine-kinase er un temps de 

c~phaline-kaolin. Les rds~ltats de l'analyse des gaz 

sanguins fi~rent normaux ~ malntes reprises. Les mddica- 

merits anti-pyr~tiques et le refroidissement de surface 
n'ont pas rdussi d contrMer la fi~vre. Par contre, le 
sodium dantroldne semble efficace pour diminuer I., 

temperature du patient et pour normaliser les signes 
vitaltr durant la p~riode imm#diate et pendant les trois 

jours saivants, Apr~s une biopsie subsdquente du muscle, 
on observa une rdponse normale de contracture avec la 
caf~ine seulement ou avec la cafdine en presence d'halo. 
tane. Cependant, on obsera,a une augmentation plus 
grande que ta normale de la secousse musculaire en 
prdsence de caf#ine et d'halotane. L'dlectrophordse du 
muscle r~v~la une augmentation marquJe d' une prot~ine 

non identif~e de faible poid2 mol~culaire. L' ~volgAion du 
patient en clinique et les r~sultats des observations sur 
l' dtude des muscles sugg~rent qu" une abnormalitd des 

muzcles squelettiques, autre que celle observde darts les 
cas d'hyperthermie maligne peat mener B 1' hypertherm& 

associde d l' anesth~sie. 


