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Abstract: The malignant hyperthermia is a rare autosomal dominant disease of the
skeletal muscles. Triggered by volatile anesthetics and succinylcholine which leads
to excess release of calcium from sarcoplasmic reticulum that leads to
hypermetabolic status of the body and it could be fatal. The incidence between
1:10000 and 1:250000 anesthetics. It is more common in males than females, and the
young more than old people. MH cause by mutation in RYR1, CACHALS or STAC3
genes. Symptoms of MH are muscle rigidity, tachycardia, hypercapnia, hypoxemia
and hyperthermia. The symptoms of MH could be mistaken by other conditions and
therefore delay the treatment. Treatment is by stopping the triggering agent,
symptomatic treatment to prevent complications and the only pharmacological agent
that reverses the MH is Dantrolen. IVCT is the gold standard to diagnose MH but it
is invasive. Genetic testing is less invasive and also help in diagnosis of MH and
identification of the affected gene, but it does not replace IVCT.
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INTRODUCTION
Definition

Prevalence

The incidence is between 1:10000 and
1:250000 anesthetic. MH can occur at first exposure to
the triggering agents or even after multiple exposures
(patient require average 3 anesthesia exposure before
triggering). It can be found in all ethnic groups, and it is
more common in males than females 2:1, children more
than adults and young more than the old people [2, 3].

Pathogenesis

It is an autosomal dominant disease which is
caused by mutation of RYR1, CACNA1S or STAC3
genes. In UK, the RYR1 variants were found in 76% of
independent MH families. Some of the families have
more than one variant gene [4].

Pathophysiology

In normal myocyte, when the action potential
arrive the sarcolemma, it propagates it into the T
tubules. The DHPR located in T tubules, sense the
action potential and activates it. The RYR1 receptor
located in the SR near the DHPR receptor. Which is
also activated and release calcium from the SR to the
sarcoplasm [5]. The calcium then binds to troponin

Malignant hyperthermia (MH) is a rare autosomal dominant disease of the
skeletal muscles, where there is a defect in intracellular calcium regulations that
triggered by volatile anesthetic agents and succinylcholine, results in uncontrolled
release of calcium from the sarcoplasmic reticulum (SR) which leads to
hypermetabolic status of the body and death if not treated [1].

which activates the myofibrils that need ATP to initiate
the contraction. The contraction ends when calcium
ions are pumped back to the SR which also needs ATP,
allowing the muscle to relax [6].

In MH with mutation in RYRL1 receptor,
rapidly uncontrolled release of calcium into the
sarcoplasm results in increase in calcium level which
leads to excessive energy expenditure due to Ca-
ATPase pump activation as it attempts to counteract the
SR Ca leak. The continuous stimulation of the myofibril
by the excess calcium in the sarcoplasm leads to
excessive use of ATP and then ATP depletion.

To compensate the excessive ATP use, the cell
uses O2 to produce ATP, CO2 and H20. When the 02
is depleted, ATP is produced by anaerobic fermentation
which also produces lactic acid. Then depletion of ATP
result in loss of cellular integrity and Cell break down
which leads to the release of cell content into the blood
stream [3].
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Triggering agents

MH triggered by pharmacological agents.
These are succinylcholine which is a depolarizing
muscle relaxant and all volatile anesthetic like
halothane, sevoflurane, desflurane, isoflurane and
others except for nitrous oxide and xenon [7, 8].

Exercise and heat could be a trigger for MH.
In many case, the reports they found were correlation
between patients who developed hyperthermia and
rhabdomyolysis after exercise of exposure to heat and
MH, in which those patients has a RYR1 variant or
positive IVCT [9,10].

Clinical presentation

It can occur anytime during anesthesia up to 1
h after discontinuing volatile anesthesia in post-
operative period.

The course of MH could range between mild,
moderate to severe MH crises [11]. Basically, the
symptoms occur when the myocytes lose its wall
integrity and expel all its content into the blood stream.

Symptoms divided into early and late. Early
symptoms include tachycardia, hypercapnia, hypoxia,
combined metabolic and respiratory acidosis,
generalized muscular rigidity and masseter spasm
(more with succinylcholine). Late symptoms include
hyperthermia, rhabdomyolysis, acute renal failure,
cardiac arrhythmia, hypotension and shock [11].

When lactic acid is released into the
bloodstream, acidosis stimulates the sympathetic nerves
which lead to tachycardia and arrhythmias. Potassium
release also leads to arrhythmias [12]. Hypercapnia
occurs gradually despite normal to increase minute
ventilation or abruptly after succinylcholine use.
Patients may exhibit tachypnea in spontaneous
breathing. Masseter muscle spasm usually occurs after
succinylcholine use and generalized muscle rigidity is
also an early symptom. Hyperthermia is a late sign of
MH, it increases gradually and core temperature may
increase 1-2 C every 5 min in fulminant MH. Hypoxia
and cyanosis is due to uncontrolled hypermetabolism
which leads to increase oxygen requirement.
Rhabdomyolysis may occur later which leads to the
release of creatine phosphokinase (CK), myoglobin and
potassium into the blood stream and it may lead to renal
failure [11].

Deferential diagnosis

Any conditions that mimic the symptoms of
malignant hyperthermia could delay the diagnosis and
treatment of MH.

Light anesthesia, sepsis, thyroid storm,
pheochromocytoma, neuroleptic malignant syndrome,
serotonin syndrome and cocaine overdose.

Diagnosis of MH in Acute Setting

Blood tests may support the diagnosis of MH
in acute crisis to help us initiate the treatment. Blood
gas analysis will show a combined metabolic and
respiratory acidosis, hypercapnia, hypoxemia and
excess base. Hyperkalemia, hypercalcemia, Increase
CK and myoglobin in blood. Dark urine indicated
myoglobinuria.

Management and Treatment

After MH recognition, the treatment should be
commenced immediately without any delay. First thing
to do is to stop the triggering agent, for example,
volatile anesthesia and call for help. Give the patients
100% oxygen and switch the anesthesia from volatile to
intravenous sedatives or opioids. Increase the minute
ventilation and increase the gas flow to the maximum
[11] the only pharmacological treatment for MH is
Dantrolene. Dantrolene interfere with the calcium
release from the SR through RYRL1 [13]. Bolus of 2.5
mg/kg should be given immediately and repeated in 5
minutes interval until the symptoms of MH subside. If
the repeated bolus dose reached 10 mg/kg, then the
diagnosis of MH should be reconsidered [14].
Symptomatic treatment of MH is also important to
prevent complications. Metabolic acidosis should be
treated with sodium bicarbonate. Increase minute
ventilation to treat respiratory acidosis. Correct
hyperkalemia. Cardiac arrhythmia is usually treated
when hyperkalemia and acidosis are corrected but
sometimes antiarrhythmic drugs might be needed.
Amiodaron is the first drug of choice and also beta
blocker can be given. Avoid calcium channel blocker in
the presence of Dantrolene because it may worsen
hyperkalemia [15]. Insert Foley catheter and monitor
urine output and urine color. Dark urine color indicates
myoglobinuria. Insert large IV and hydrate the patient
to keep urine output above 1-2 ml/kg/h and prevent
renal failure, give frusemide, mannitol or bicarbonate if
necessary. Cool the patient by giving him cold IV
normal saline at 4 C and ice pack to all exposed area
and stop cooling when temperature reach 38.5 C. DIC
may occur in fulminant MH, so prophylactic heparin
must be considered [14,16].

After stabilization, the patient should be
transferred to the ICU and monitored for 48 — 72 h,
insert an arterial line and continue giving dantrolene
either 1mg/kg IV q 4-6 h or 0.25 mg/kg/h for at least
24h or even longer if clinically indicated.

Diseases related to Malignant Hyperthermia

Patients with skeletal muscle diseases that
associated with RYR1 mutation could be susceptible to
MH like central core disease [17], Multiminicore
disease [18], King-Denborough syndrome [19].
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Extensional heat stroke (EHS) is an elevated
core temperature associated with signs of organ failure
due to hyperthermia and rhabdomyolysis and it occurs
during physical activity [20].

Patients who develop severe myopathy after
statin use could be also MHS. Patients presented with
severe myopathy and rhabdomyolysis and genetic
testing was positive for RYR1 and CACNAILS
variation. Nevertheless, they have positive IVCT [21,
22].

DIAGNOSIS

The clinical grading scale is used to aid the
recognition of malignant hyperthermia but it is not a
diagnostic tool by itself. With the clinical grading scale,
we can estimate the qualitative likelihood that an
adverse anesthetic event is a clinical MH which is based
on points assigned to specific abnormal signs and blood
testing. The points are then summed to produce a score.
The clinical grading scale also estimates a subject’s
qualitative likelihood of MH susceptibility when the
subject has family history of MH. The clinical indicator
of the family history is also added to the score. The
final score shows us the MH risk of the patient, ranging
from almost never to almost certain [23].

IVCT (in vitro contracture test) is the gold
standard for diagnosis of MH. There are two protocols
developed for the IVCT, one developed by the
European Malignant Hyperthermia group (EMHG) and
another one developed by North American Malignant
Hyperthermia group (NAMHG) and its called
caffeine/halothane contracture test (CHCT) [24]. In
Japan, they use the calcium induced calcium release test
(CICR) but it is not internationally standardised [25].

A muscle biopsy is taken from the patient
under anesthesia from the vastus lateralis or medialis.
This muscle biopsy then exposed to halothane or
caffeine and caused to contract by electrical stimuli.
The isometric contracture is measured [26]. If the
halothane and caffeine tests were positive then the
individual is MH susceptible (MHShc). If both
halothane and caffeine tests were negative then the
individual is not MH susceptible (MHN). If only
halothane test is positive then the individual is
considered susceptible (MHSh) and if only caffeine test
is positive then the individual is also considered
susceptible (MHSc) [27]. The sensitivity is 99% and the
specificity is 94% [28]. 97% sensitivity and 78%
specificity following the NAMHG protocol [29]. The
IVCT is invasive and it is done only in specialized
centers. The minimum age for the test is 4 years old
according to the EMHG and 10 years old in NAMHG.

A less invasive way to diagnose MH is
molecular testing and DNA analysis, which require

6. OpenStax.

only blood sample. Molecular testing still doesn’t
replace IVCT [30].
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