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MALIGNANT HYPERTHERMIA

“The Wheel of Fortune”, oil on canvas, Edward Burne-Jones, 1883, Musee d’'Orsay.



No classical Deity was more enigmatic than “Fortuna”, or Fortune, the Roman goddess
of destiny or fate. In a pre-scientific age, humanity struggled to understand the world
around them, and in particular the seemingly random hand of fate in their affairs. Great
Kings could be brought low, others of the most humble origins, being raised up in their
place. Many individual deities were invoked to explain the hand of random fate. The
various gods and goddesses all had human (too human) attributes, jealously, avarice,
wrath, love, hate, kindness, loyalty, disloyalty, to explain the fortunes of humanity, yet on
many occasions fate still appeared completely incomprehensible. The great stoic Marcus
Aurelius, simply shrugged his shoulders and accepted fortune, good or bad, as merely
“the way of the world”.

Many Romans however preferred the idea of a powerful goddess of Fate - Fortuna - a
mysterious deity so powerful she could even override the will of the other deities,
seemingly answerable to none of them, even Zeus himself. Her image would endure
through the ages, remaining a powerful and recurring motif in the arts from the time of
classical antiquity to the Victorian age. Perhaps the most beautiful portrayal of all
Victorian Age images of the goddess is that by the great Pre-Raphaelite painter Edward
Burne-Jones, in his “Wheel of Fortune”, 1883. The work first came to notice when a
certain rich young aristocratic sophisticate and art connoisseur by the name of Arthur
Balfour visited the then little known Burne-Jones in his studio, on the introduction of a
mutual acquaintance. It appears that this friend had been trying to distract Balfour from
his melancholy over the death from typhoid of the woman he had planned to marry, May
Lyttelton.

Balfour was awestruck by Burne-Jones’ beautiful works, so unlike any other Victorian
art work he had seen. He would later record in his memoirs, “...I at once fell prey both to
the man and his art.” The one particular work which gripped him like no other, was the
unfinished (and it would not be finished until 1883), “Wheel of Fortune”. Burne-Jones,
shows the beautiful goddess Fortuna reaching out to spin her wheel of fate. The spinning
wheel was a very ancient symbol of the unpredictable outcome of Fortuna's power. Just
where the wheel would finish up could determine the fate of nations, and this fate like the
ultimate position of a spinning wheel was completely unpredictable. Tied to the wheel are
three figures, possibly inspired by a series of works entitled “Captive”, by one of Burne-
Jones’s greatest heroes, Michelangelo. He had made a sketched copy of this work whilst
visiting the Accademia in Florence. The three figures, a slave, a king and a poet
demonstrate that no one, no matter how low or how high can escape their destiny. We do
not know whether Fortuna is to spin the wheel upwards, thus elevating the figures to a
high level, or downwards, thus crushing them under the wheel, the outcome is
unpredictable. For the young Arthur Balfour, the wheel of fortune would prove kind, he
would become the Prime Minister of Great Britain in 1902.

Nowhere in toxicology is Fortune more apparent than in the enigmatic condition of
malignant hyperpyrexia. This highly lethal condition, occurs only rarely, and, completely
unpredictably. Even for those to whom the wheel of fortune has been unkind and have the
genetic predisposition to the condition, no sure predication can be made when it will
manifest. Patients may have triggering drugs on multiple occasions without ill effect, only
to develop the condition on a subsequent exposure. Only Fortune can predict exactly
when the condition will manifest.



MALIGNANT HYPERTHERMIA

Introduction

Malignant hyperthermia, or hyperpyrexia (MH) is a rare pharmacogenetic disorder
characterized by an acutely accelerated metabolism that results in the cardinal features of:

° Hyperpyrexia.

° Rigidity in skeletal muscle.

° Autonomic instability.

The condition is triggered by certain drugs mainly used in anaesthesia:

° Volatile anaesthetics.

° Depolarizing muscle relaxants.

Other drugs have been less certainly implicated.

Without treatment mortality from multiorgan failure is very high - about 70%, in
the past, by some estimates. Today with far greater awareness of the condition and
with specific treatment being available, mortality overall has fallen to less than 5%,
with early and aggressive treatment.

Dantrolene is the time - critical specific treatment.

All suspected cases of MH should be considered for referral for specific testing of the
condition.

History

Dr Jim Villiers was an Australian Anaesthetist who worked at the Royal Melbourne
Hospital in the 1950s and 60s.

In 1960 he encountered a case of then unknown condition of MH.
He subsequently went on to pioneer an understanding of this condition.

Pathophysiology

Genetics:

There is a familial relationship, showing an autosomal dominant pattern, but with
variable penetrance.

There is probably more than one specific genetic abnormality which leads to the
condition.



Incidence:

The incidence is uncertain with estimates ranging from 1:60,000 for succinylcholine
(suxamethonium) and 1: 250,000 when only volatile agents are used.

The incidence is said to be higher in childhood at 1:15,000.

Mechanism:

Malignant hyperthermia is thought to be due to a genetically determined defect in the
calcium releasing channels (ryanodine receptors) of the sarcoplasmic reticulum of
skeletal muscle.

These channels are hypersensitive to various drugs and remain open when exposed to
them, thus releasing excessive amounts of calcium into the myoplasm. This results in

sustained muscular contraction and increased cellular metabolism.

There is greatly increased activity in skeletal muscle metabolic activity, which leads to a
range of complications:

1. Hyperpyrexia:
) A rapidly rising body temperature is the hallmark of the condition, and
results in the life-threatening complications of neurological dysfunction
and multi-organ failure.

2. Rhabdomyolysis:

Secondary hyperthermic rhabdomyolysis is a major consequence of the
hyperthermia and can be rapidly fatal.

There is consequent:

° Hyperkalaemia
° Increased myoglobin leading to ARF
° Increased PO, and decreased calcium.

3. Skeletal muscle rigidity.

4. Increased CO, production resulting in:
° Respiratory acidosis
° Adrenergic stimulation.

5. Increased O, consumption by tissues.

6. Metabolic (lactic) acidosis from anaerobic metabolism.



Clinical Features

The clinical presentation of malignant hyperpyrexia can be variable.

It typically occurs during the induction of anaesthesia, but it may also be delayed for
some hours after this.

A susceptible individual may undergo anaesthesia with MH triggering agents on multiple
occasions without incident but still react to such agents on a subsequent occasion, and so
triggering appears to be unpredictable.

At risk patients include those with:

1. A previous malignant hyperthermia reaction.

2. A po_sitive in vitro caffeine - halothane contracture test (IVCT) on muscle biopsy
specimens.

3. Positive genetic testing for dysfunctional ryanodine receptor function.

4. Relatives with:
° Positive IVCT test results
° Positive genetic test results

° A documented episode of MH.
Clinical features of MH include:
1. Muscle rigidity:

) Prolonged masseter spasm (trismus), is often the first sign of the
condition, following the administration of suxamethonium.

° This can go on to a generalized muscle rigidity, with the most serious
consequence being that of respiratory muscle rigidity and impairment of
ventilation.

2. Enhanced CO, production:

Greatly enhanced CO, production is seen, (despite adequate ventilation), and the
first sign of the condition can be related to this.

Signs will include:
° Unexplained rises in the ETCO.:

v ETCO, > 60 mmHg with spontaneous ventilation.



v ETCO, > 55 mmHg with controlled ventilation.

° Temperature of CO, absorber increases
° Rapid exhaustion of the soda lime canisters.
3. Autonomic instability:

Clinical features of this rapidly rising CO, level (which result in adrenergic
stimulation) will include:

Tachycardia; unexplained tachycardia, may also be one of the first
signs.

Tachypnoea.

Arrhythmias especially enhanced automaticity:

v Atrial and ventricular ectopic beats are most commonly seen
v Lethal arrhythmias may also occur, VT, VF

Hypertension.

Skin mottling due to vasoconstriction.

Sweating.

4. Hyperpyrexia:

Investigations

This is the hallmark of malignant hyperthermia but unfortunately is
usually a relatively late sign.

The exact rate of rise of temperature can be variable depending on patient
factors and the agents used, an average value is around 0.5° C per 15 min.

As core body temperature exceeds 41° C, there will be neurological
dysfunction and eventually multi-organ failure.

1. FBE:
° Thrombocytopenia (DIC).
2. Glucose:
° Hypoglycaemia, secondary to greatly enhanced metabolism.



3. U&Es (changes secondary to rhabdomyolysis and dehydration)

° Hyperkalaemia

° Increased PO4

° Hypocalcaemia

° Impaired renal function (late)

° Creatinine and urea.

4 ABGs:

° Increased CO; levels

° Decreased O levels

° Decreased pH (acidosis) secondary to:
v Respiratory acidosis
v Metabolic (lactic) acidosis

5. Myoglobin levels:

° These will be elevated in both blood and urine.
6. CK:

° These may rise to extremely high levels.
7. LFTs:

° Acute liver failure can occur in hyperthermia.
8. Coagulation profile:

° DIC may occur.
Diagnosis

The clinical diagnosis of an acute MH reaction can be difficult because of the non-
specific nature of the clinical picture, as well as its rarity.

The diagnosis will necessarily be presumptive in the first instance, and made on the
typical clinical findings in a typical clinical setting (the administration of aesthetic drugs).

More specific diagnosis requires skeletal muscle biopsy and specialized testing by:



Caffeine - halothane contracture testing.

Genetic studies.

Management

Management of MH requires a team approach within the operating theatre (or less
commonly the ED), as there are a number of important simultaneous tasks that will need
to be undertaken. In particular the mixing of Dantrolene with its diluent can be quite time
consuming considering the number of ampoules that will be required.

To assist in this regard MH Kits with action cards for designated tasks to designated staff
have been developed and are now kept in many hospital operating theatres.

The principals of management include:

1.

As soon as the condition is suspected, cease any procedure as soon as safely
possible.

Cease all volatile aesthetic agents and give high flow (> 15 I/min) 100% O..

° If it is not possible to stop an operation, at least use known safe agents.
e.g. Propofol infusions, 30-50 mls /hr/ N,O/ fentanyl, etc (see Appendix 1
below).

Hyperventilate:

) In order to decrease CO, levels and increase O, levels (this will help
correct CO; induced acidosis).

IV fluid rehydration.
General cooling measures should be undertaken:

° Tepid sponging

° Electric Fans
° Cooled IV fluids, (2 litres over 20 minutes).
Dantrolene:

This is the currently accepted specific drug of choice for malignant
hyperpyrexia.

It decreases the loss of calcium from the sarcoplasmic reticulum into the
myoplasm.

Administration of this agent is time critical.



° Give 2.5 mg / kg, rapid IV initial bolus into a large peripheral vein (the
agent is alkaline and very irritating).

Dantrolene comes in 20 mg ampoules

An average 9-10 ampoules will therefore be required as an initial dose for
an average 70 kg patient.

° Doses can be repeated 10 minutely as necessary.
There is no strict upper limit to the dosing of dantrolene; however in most
cases symptoms are usually controlled with doses in the range of 5 -10 mg

/ kg.

) 1-2 mg/kg may need to be repeated 1V 4 hourly for the next 24-72 hours.

7. Treat any hyperkalaemia:
) 50mls of 50% dextrose and 10 units IV actrapid insulin.
° 1 mmol/kg IV sodium bicarbonate.

Disposition

Admit all patients to ICU for ongoing monitoring of fluid status, complications or
recurrence of symptoms.

Subsequent investigation of the patient (and possibly close relatives) should subsequently
be undertaken.

In the state of Victoria patients are referred to:

° The Department of Anaesthesia, Royal Melbourne Hospital, (one of only 3
MH testing centres in Australia).

A specific referral form has been designed for these referrals.

http://docs.health.vic.gov.au/docs/doc/OF77E4D46 DB0OAF43CA257995007 C053A/$FIL
E/malignant form.pdf



http://docs.health.vic.gov.au/docs/doc/0F77E4D46DB0AF43CA257995007C053A/$FILE/malignant_form.pdf
http://docs.health.vic.gov.au/docs/doc/0F77E4D46DB0AF43CA257995007C053A/$FILE/malignant_form.pdf

Appendix 1 *

TRIGGERING AGENTS

SAFE AGENTS

Depolarizing muscle relaxants such as
suxamethonium.

Non-depolarizing muscle relaxants

ALL potent inhalational agents including:

Desflurane
Sevoflurane
Isoflurane
Methoxyflurane
Enflurane

Halothane

Bolus doses or infusions of all intravenous
induction agents including:

Propofol
Ketamine
Benzodiazepines
Etomidate

Thiopentone

Amide/ ester local aesthetic agents.

N2O

Opioids

Amiodarone

Adrenaline

The Obstetric drugs:

Syntocinon, ergometrine, magnesium sulphate
ephedrine, metaraminol, phenylephrine.




“Captive - The Rebellious Slave”, Michelangelo Buonarroti, marble, 1503, Louvre
Museum, (photo, courtesy Dr A. Casmento)
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