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Malignant Hyperpyrexia
Malignant hyperpyrexia is a newly discovered syndrome in which there
is a rapid and often fatal rise in the temperature of a patient who is being
given a general anaesthetic. Sixty cases have been reviewed in two recent

studies from North America,' 2 and at least three cases have occurred in

Britain. Most of the patients were young and healthy, apyrexial at the
time of operation, and often the surgery was of a relatively minor nature.

This condition can arise with alarming rapidity within 20 to 40 minutes
of the induction of anaesthesia. The first signs are increased ventilation,
tachycardia, sweating, and peripheral cyanosis, or flushed facies-all signs
of a rapidly increasing body metabolism with inadequate intake of oxygen

and elimination of carbon dioxide. In many cases there is associated
hypertonicity of voluntary muscles. If unchecked the body temperature
rises to 420 C. (107.60 F.) or more, and death ultimately results from
cardiac failure and cerebral oedema. Hyperpyrexia may recur with
repeated anaesthetics in susceptible patients, but the condition has also
been encountered in patients who have previously undergone anaesthesia
without apparent difficulty. The aetiology of the condition is at present
unknown. A wide variety of anaesthetic regimens were used in the

reported cases, and the relationship between hyperpyrexia and any one

drug or technique has not been established.
Hyperpyrexia was associated with general anaesthesia in the past-it

was, for example, a feature of ether convulsions. However, ether convul-
sions typically occurred in young people who were already toxic as a

result of septic conditions.3 The incidence was related also to the depth
and duration of anaesthesia and to the high environmental temperatures
found in poorly ventilated theatres, especially in hot weather. These
conditions were clearly absent from the present series of cases. Indeed,
the abolition of temperature control which normally occurs during
anaesthesia renders the body poikilothermic, so that the patient gradually
tends to take on the temperature of his environment, and care is usually
needed to prevent inadvertent hypothermia during anaesthesia in modern

hospital conditions. Infection or the injection of pyrogens may also cause

an acute rise in body temperature, and J. H. Modell4 has reported an

outbreak of hyperpyrexia apparently related to anaesthesia but in fact

caused by bacterial contamination of a dextrose solution. In many of

the cases of malignant hyperpyrexia, however, an extensive search for an

infective agent, bacterial or viral, or for pyrogens failed to reveal such a

source.
The most likely cause of a rapid rise in body temperature is increased

muscle metabolism. In some of the reports there was reference to greatly
increased muscle fasciculations or to inadequate muscle relaxation after

the use of suxamethonium. When hypertonia did occur, however, it was

not abolished by a subsequent injection of a non-depolarizing drug-for
example, D-tubocurarine.5 This suggests that the increased muscle

activity is not mediated through the neuromuscular junction but is the

result of a direct action on the muscle fibres.
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It is tempting to associate this condition with some form
of myotonia. Both acetylcholine and anticholinesterase drugs
(e.g., neostigmine) can increase the myotonic response.
Similarly, suxamethonium has been known to cause such a
response in patients with myotonia congenital and this combi-
nation was thought to be responsible for the hyperpyrexia in
one case. Nevertheless, in other cases biopsies of muscle did
not show any signs of myopathy.7

Animals anaesthetized with agents similar to those used
in man have not developed hyperpyrexia. L. W. Hall and his
colleagues,8 however, described three pigs of the same litter
which were given suxamethonium during anaesthesia with
phencyclidine and halothane and which all developed a rise
in body temperature. Other pigs did not show this response.
They suggested, therefore, that there might be a genetic or
constitutional abnormality present in which the suxa-
methonium acted as a trigger for the hyperpyrexial reaction.
M. A. Denborough and his colleagues9 reported the anaesthetic
history of a family in which ten deaths occurred after anaes-
thesia ; at least three of these patients had a high temperature
at the time of death. Some of them were exposed to neither
halogenated hydrocarbons nor muscle relaxants. On the
other hand, the appearance of hyperpyrexia in five unrelated
patients in one hospital in a week makes it unlikely that a
genetic factor alone is responsible.10

F. L. Hoch" has attributed the hyperpyrexia seen during
thyrotoxic crisis to an uncoupling of oxidative phosphoryla-
tion, and R. D. Wilson and his colleagues'2 have shown that
the uncoupling of oxidative phosphorylation which is pro-
duced in dogs by the administration of 2,4-dinitrophenol is
enhanced by the administration of halothane; they suggested
that the same process, in which the halogenated hydrocarbon
acts as a trigger mechanism, may be responsible for the
hyperpyrexia in humans. But halogenated hydrocarbons were
not used in all the cases, and D. R. Challoner"3 has suggested
that hypermetabolic states may be initiated through metabolic
pathways that are not associated with high energy phosphate
metabolism. Psychotherapeutic drugs which have specific
biochemical effects on the central nervous system may also
produce hyperpyrexia with clinical features closely resembling
those described in the anaesthetic cases, including increased
muscle tone."

So the aetiology of this new syndrome remains baffling,
mainly because of the wide variety of circumstances in which
it has been reported. Nevertheless, the bulk of opinion
favours a cause-and-effect relationship between suxa-
methonium and increased muscle metabolism probably
occurring in patients with some congenital abnormality such
as latent myotonia.

Another mystery is the small number of cases that have
occurred in Britain. It is possible that some have not been
reported-in only one of the three English cases was hyper-
pyrexia mentioned on the death certificate. Wider publicity
for this syndrome may bring further cases to light. Since
both hyperpyrexia and hypothermia may occur in patients
undergoing anaesthesia, it is important that the body tempera-
ture should be monitored. The onset of a rapid rise in body
temperature must be regarded as potentially lethal because
only the most drastic methods of body cooling, internal or
external, are likely to be effective.
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Coxsackie Virus Infections
In 1948 G. Dalldorf and G. M. Sickles1 isolated a new agent
from the faeces of two children with paralytic poliomyelitis.
It had the unusual feature of being pathogenic for newborn
mice and hamsters but caused no disease in rhesus monkeys.
Soon afterwards J. L. Melnick and colleagues2 reported the
isolation of similar agents (now identified as viruses) from
cases of non-paralytic poliomyelitis or aseptic meningitis, and
it was clear from this report that more than one antigenic type
of this virus existed. The original strains of these viruses
were isolated from the township of Coxsackie on the Hudson
River in New York State and they were provisionally named
the Coxsackie group of viruses. Later in 1962 the term
Coxsackie virus was accepted and has been used ever since.
Many antigenic types are now known. Because of the

striking biological property of virulence for immature mice
and hamsters it has been found possible to divide the Cox-
sackie viruses into two main groups on the basis of the histo-
pathological appearance of the lesions in infected mice.
Group A strains, comprising 24 serological subtypes, produce
in mice a flaccid paralysis as a result of diffuse myositis,
whereas group B strains, comprising six subtypes, produce
spastic paralysis with focal necrosis of muscle, brown fat,
encephalomalacia, and focal necrosis in the pancreas, liver,
and myocardium.

Concurrently with the recognition of the Coxsackie viruses
came the important discovery of J. F. Enders and colleagues3
that polioviruses could be cultivated in cell cultures of non-
neural tissue. Within a surprisingly short time, as a result
of these techniques of cell culture and inoculation of imma-
ture mice, a large number of enteric viruses were identified,
falling into three main groups. These are, firstly, the polio-
viruses, responsible mainly for paralytic disease and patho-
genic for monkeys; secondly, the Coxsackie viruses,
pathogenic for immature mice and hamsters ; and, thirdly,
the E.C.H.O. viruses, which are non-pathogenic for animals.
With few exceptions viruses of all three groups can be culti-
vated in cell cultures, and show a varying degree of patho-
genicity for man.
The Coxsackie viruses have been encountered in all parts

of the world. They can be recovered from human faeces,
nasopharyngeal secretions, and sewage. The frequency of
virus excretion is higher in the lower than the upper socio-
economic groups. Coxsackie viruses are more prevalent in
the summer and early autumn. Changes in the incidence
of Coxsackie viruses and polioviruses followed the introduc-
tion of mass immunization against poliomyelitis. There is
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