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A
23-year-old woman with a
medical history of common
migraine headaches and
endometriosis undergoes an
elective resection of a large

uterine fibroid myoma under general
anesthesia. The surgical procedure is
aborted after 30 minutes due to tachy-
cardia, temperature of 1030 F, and dark
urine in the Foley catheter bag. While
still in the Operating Room, she devel-
ops diffuse muscle rigidity with temper-
atures rising to 1060 F. After a successful
resuscitation with hydration, cooling,
and intravenous dantrolene, the patient
recovers fully. 

Introduction
Malignant hyperthermia (MH) is a rare
and life-threatening neuromuscular con-
dition, usually affecting young and pre-
viously asymptomatic adults undergoing
general anesthesia. Susceptibility to mal-
ignant hyperthermia is inherited as an
autosomal dominant trait linked to
ryanodine receptor gene (RYR1) muta-
tions and is associated with certain
myopathies such as central core disease.1

Predisposed individuals are at increased
risk for developing rhabdomyolysis and
autonomic instability when exposed to
halothane or other potent inhalational
anesthetic agents, such as sevoflurane
and desflurane. Administration of the
muscle relaxant succinylcholine can also
trigger a full episode of malignant
hyperthermia in such patients. 

Malignant hyperthermia is clinically
manifested by an abrupt onset of diffuse
muscle rigidity and weakness and a rapid
rise of body temperature to above 1050 F

associated with hemodynamic instabili-
ty. The MH diagnosis is established clin-
ically with supporting blood tests
including arterial blood gas, lactate, and
creatine kinase. It can be fatal, resulting
in cardiac arrest, renal failure, or dissem-
inated intravascular coagulation.2,5

Therefore, it is of great importance that
malignant hyperthermia be recognized
early and managed aggressively by med-
ical personnel involved in direct care of
surgical patients. The neurologist should
take a lead in identifying the patients
and families at risk for MH, perform
appropriate diagnostic testing including
molecular genetic testing if possible, and
raise awareness about this rare but often
fatal condition. 

Epidemiology
The incidence of malignant hyperther-
mia ranges from 1:15,000 in children to
1:84,000 in adults, after receiving gener-
al anesthesia for the first time. It affects
all racial groups, most commonly young
adults and less frequently infants and
people over 50 years of age.2

Although the incidence is unknown,
there is a known association in those
with certain muscular dystrophies and
myopathies. Examples of such diseases
associated with increased susceptibility
to MH include central core myopathy,
multi-minicore disease, and nemaline
rod myopathy.1 There are reports of
MH-like reactions in patients with
Duchenne and Becker’s muscular dys-
trophy, as well.3

Pathophysiology
The postulated pathophysiological
mechanism of malignant hyperthermia
is based on inappropriate release of cal-
cium from the sarcoplasmic reticulum
due to defective ryanodine receptor type

1. A triggering agent is believed to pro-
duce rapid abnormal increase in cyto-
plasmic calcium levels, which in turn
causes muscle ATP depletion due to
continuous contractile apparatus and SR
calcium reuptake pump hyperactivity.
Dantrolene prevents or inhibits this ten-
dency. Aerobic metabolism increases to
replace ATP, with consequent increased
heat and CO2 byproduct production. 

Calcium accumulates in mitochon-
dria with resultant failure of aerobic
metabolism and increased anaerobic
metabolism and lactic acidosis. Elevated
myoplasmic calcium translates into
hypermetabolic state with muscle
spasms, pain, and heat production with
ensuing rhabdomyolysis. ATP depletion
with acidosis leads to hypoxemia, tachy-
cardia and heat production, with subse-
quent compensatory mechanisms such
as increased sweating and cutaneous
vasodilatation. Increased circulating cat-
echolamines are reflective of sympathet-
ic hyperactivity with resulting increased
heart rate, systemic vascular resistance,
cutaneous vasoconstriction and suscepti-
bility to dangerous cardiac arrhyth-
mias.12,17

Clinical Features
Malignant hyperthermia can arise dur-
ing administration of or within 24 hours
of exposure to volatile anesthetics and
certain neuromuscular blocking agents.
The earliest clinical manifestation is
often tachypnea and a rise in end tidal
CO2. Hypoxia ensues with increased res-
piratory rate and increased oxygen con-
sumption by the inherent hypermeta-
bolic state of MH. Tachycardia, hyper-
hidrosis and hemodynamic instability
are often early signs of MH, as well.
Autonomic nervous system instability
can give rise to dangerous tachyarrhyth-
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mias, including ventricular
tachycardia and fibrillation.
Increase of core body tempera-
ture is a pathognomonic sign of
MH, and it usually manifests
later with steady increments of 1-
20 C every five minutes without
intervention. 

Unlike fever and cyanosis
,which may have a delayed onset,
skeletal muscle rigidity and
weakness can be seen early in the
course of MH. The earliest sign
can be masseter muscle rigidity
or trismus, which should be con-
sidered a warning of impending
MH in the appropriate clinical
setting. The masseter muscle
rigidity as a herald of full MH
episode must be taken with
utmost diligence and immediate
intervention in children, who
progress from trismus to general-
ized muscle stiffness rapidly.
Succinylcholine has been con-
nected to up to 30 percent of
MH cases in children, often beginning
with masseter muscle rigidity as an ini-
tial clinical manifestation.6,8,9

Fulminant onset and late diagnosis
are associated with a poor prognosis. It is
of paramount importance to recognize
milder forms of malignant hyperthermia
often triggered by exercise in hot condi-
tions, neuroleptic drugs, alcohol use,
and infections. Very high body tempera-
tures with general anesthesia, muscular
body phenotype, and later onset of
symptoms are found to be predictors of
MH recurrence with the same or differ-
ent anesthetic and neuromuscular block-
er administration.7 Local anesthetics,
non-depolorazing muscle relaxants, bar-
biturates, sedative-hypnotics, and nitric
oxide appear to be safe agents. 

Malignant hyperthermia is character-
ized in later stages by muscle and brain
edema and if untreated may result in
cardiac arrest, renal failure, and dissemi-
nated intravascular coagulation with a

grave prognosis. Although, the incidence
of generalized rigidity and life-threaten-
ing arrhythmias has decreased in MH
with increased awareness and earlier
recognition and treatment, this condi-
tion still claims lives of many patients
who may have had sub-clinical manifes-
tations and genetic predisposition to
such reaction. 

Laboratory Studies
The laboratory abnormalities observed
in a developing case of malignant hyper-
themia include hypoxia, hypercarbia,
and acidosis evident on arterial blood
gas examination. The PaCO2 is often
greater than 60mm Hg. The acidosis in
MH usually has a mixed metabolic and
respiratory component that can drive
pH values below 7.25. Although a fre-
quent laboratory observation, this pat-
tern of acidosis is not specific for malig-
nant hyperthermia. Serum abnormalities
noted in malignant hyperthermia

include a large release of creatine
kinase (CK) and myoglobin from
hyperactive and damaged muscles.
With the succinylcholine use as
anesthetic agent, CK values can
reach above 20,000 levels.
Nevertheless, high serum CK is not
sensitive or specific as a screening
test. 

Hypermetabolism status in MH
is also reflected with other 
electrolyte derangements. Marked
and rapid elevation in serum 
potassium is a dangerous complica-
tion of malignant hyperthermia.
Hyperkalemia requires appropriate
correction and frequent monitoring
of potassium but also calcium and
magnesium concentrations in order
to diminish the risk of life-threat-
ening ventricular arrhythmias.
Increase of serum sodium and
phosphates are common but non-
specific signs in patients with
malignant hyperthermia.
Capability to closely monitor coag-

ulation parameters such as PT and PTT
and administer corrective therapy is
extremely important in the case of devel-
oping malignant hyperthermia, since
disseminated intravascular coagulation is
not an uncommon complication in the
setting of hypermetabolism and temper-
ature above 1040 F. Initial comprehen-
sive serum profile testing including
coagulation indices for the patients rec-
ognized at risk for malignant hyperther-
mia and all surgical patients undergoing
general anesthesia is required to be a
standard procedure.9

Identification and Assessment 
The main clinical and laboratory charac-
teristics of this condition are represented
in the Clinical Grading Scale for malig-
nant hyperthermia (Table 1) established
by Larach.10 The diagnosis of malignant
hyperthermia is largely based on clinical
impression and laboratory findings
using the established grading scale by an
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experienced physician. Although a use-
ful tool, a Grading Scale practical appli-
cation is often of limited value at the
bedside since some components are not
always readily available in order to estab-
lish a definitive diagnosis.  

The essential component of manag-
ing malignant hyperthermia is to identi-
fy the patients at risk for developing this
syndrome prior to a surgical procedure.
During the surgical procedure, the anes-
thesiologist’s responsibility is to follow
clinical and hemodynamic parameters
and recognize the earliest signs of
impeding or malignant hyperthermia in
progress. A neurologist should also play
an important role in the prevention of
this syndrome, especially if the surgical
candidate is suspected of underlying

myopathy and has a history of fevers
and other constitutional symptoms after
administration of certain anesthetic
agents, medications, and alcohol. The
responsibility and challenge of identify-
ing patients at risk for MH are shared
among all physicians and medical staff
involved in surgical candidates’ care
who must inquire about the patient’s
medical history and family history.
Family history of fivers or death during
general anesthesia is the most important
predictor of malignant hyperthermia
risks.11

Also, it is crucial to have an accurate
record of the patient’s previous surgeries
and possible complications. Although
meticulous planning and laboratory test-
ing prior to surgical procedure is impera-

tive, patients may develop an episode of
malignant hyperthermia in the context of
prior uneventful surgical procedures and
even using the same anesthetic agent.4 In
the patients suspected to be at increased
risk for malignant hyperthermia or
known to have central core muscle dis-
ease and now a surgical candidate, the
physician should perform a halothane
and caffeine contracture test, which
examines muscle contraction after expo-
sure to both agents. 

These tests require a fresh muscle
obtained by biopsy. In the halothane
contracture test, muscle is exposed to
3% halothane. Positive contracture
response placing the patient at risk for
malignant hyperthermia is >0.7 grams.
In the muscle contracture test, muscle is
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Table 1. Clinical Grading Scale for Malignant Hyperthermia

End-tidal CO2 >55mmHg, PaCO2 >60mm Hg, with inappropriate tachypnea.

Sinus tachycardia and other tachyarrhythmias.

Generalized Rigidity; Severe masseter muscle rigidity

Elevated CPK (>20000/L units) and myoglobin; myoglobinuria with a dark colored urine, Elevated K+ (>6 mEq/L) 

Temperature >38.8o C and an inappropriately rapidly increasing temperature.

Rapid reversal of MH signs with dantrolene and evidence of a concomitant metabolic acidosis.*

Autosomal Dominant inheritance pattern of family members with malignant hyperthermia.

* Components of a mixed respiratory and metabolic acidosis are frequently present with a base deficit of >8m/Eql and a pH of <7.25.

Respiratory Acidosis

Cardiac Involvement

Muscle Rigidity

Muscle Breakdown

Temperature Elevation

Other 

Family History

Table 2. Treatment Algorithm for Malignant Hyperthermia

1. Stop all inhalational agents and succinylcholine.* Terminate surgery as
soon as possible.

2. Increase minute ventilation to lower end tidal CO2 using 100% FiO2.

3. Begin Dantrolene administration:
Load 2.5 mg/kg up to 20mg/kg10 with subsequent 1mg/kg doses given
every 6 hours for the next 48 hours or continuous intravenous infusion of
10mg/kg/day over the next 24 hours.

4. Begin cooling to 38.5o C (ice packs, nasogastric lavage with ice water,
intravenous cooling, and cooling blankets.) 

5. Treat arrhythmias as necessary**

6. Obtain laboratory work (ABG, coagulation profile, electrolytes, CPK, serum
myoglobin, urine myoglobin): Treat metabolic and coagulopathic derang-
ments.

7. IV Hydration to insure urine output of at least 2ml/kg/hour (>100-
200ml/hr).

8. Request intensive care consult, move patient to ICU setting, and observe
for 48-72 hours.

* Anesthesia and neuromuscular blockade can be maintained with opioids, hypnotics, and non-depolarizing neuromuscular blockers

** Avoid calcium channel blockers in treatment of arrhythmias due to risk of developing hyperkalemia when using dantrolene.



exposed to increasing caffeine concen-
trations from 0.5 mM to 32 mM; con-
tracture response of >0.7 grams at caf-
feine <2 mM is considered to be posi-
tive. These tests carry 97 percent sensi-
tivity and 78 percent specificity.11

Molecular genetic testing for known
RYR mutations to diagnose malignant
hyperthermia susceptibility is now also
commercially available.12

Differential Diagnosis
Malignant hyperthermia symptoms and
laboratory abnormalities are not specific
and are often encountered in surgical
patients with different etiologies and co-
morbidities. Early MH recognition and
differentiation from other causes during
pre- and peri-operative course can be
challenging. Administration or with-
drawal of common medications during
surgical procedure such as beta-blockers,
clonidine, and narcotics can cause hemo-
dynamic instability. Administration or
inappropriate absorption of agents such
as epinephrine or other sympathomimet-
ics can also result in significant elevation
of blood pressure and tachycardia.14 

In the setting of general anesthesia,
MH-like symptoms can result from
developing septicemia, inappropriate
dosing of anesthetics, hyperthyroidism or
undiagnosed pheochromocytoma. Hy-
perthermia can be related to use of warm-
ing blankets during procedure, while the
elevation of end-tidal carbon dioxide may
appear as a result of equipment malfunc-
tion. Sepsis as a reason for surgical explo-
ration and intervention can predispose
the patient to surgical complications that
are difficult to differentiate from incipi-
ent or developing MH. The post-opera-
tive course of many surgical patients is
associated with pain and hemodynamic
abnormalities that can mimic MH. MH-
like symptoms and signs also occur dur-
ing episodes of neuroleptic malignant
syndrome without general anesthesia,
cocaine overdose, serotonin syndrome,
and heat stroke. However, the history and

findings on exam, including laboratory
testing, are helpful in discerning these
conditions from MH. 

Other clinical situations, such as ionic
contrast injection into the cerebrospinal
fluid for myelogram, iatrogenic catatonia,
anticholinergic medication overdose,
illicit drug overdose and withdrawal, and
other centrally mediated causes of fever
can generate MH-like symptoms.
Exposure to m-cresyl contained in intra-
venous insulin given for diabetic hyperos-
molar hyperglycemic nonketotic episode
can rarely generate a MH-like syn-
drome.15

Treatment 
The treatment of malignant hyperther-
mia consists of immediate discontinua-
tion of the triggering anesthetics, and
administration of 100 percent oxygen
and intravenous dantrolene.4 A treatment
algorithm for MH by Rosenberg and
Krause is represented on Table 2.10,16

Dantrolene is an effective muscle
relaxant and essential for the treatment
of malignant hyperthermia. It was intro-
duced by Snyder and colleagues in 1967,
as a direct-acting skeletal muscle relax-
ant that blocks calcium release from sar-
coplasmic reticulum and therefore the
actin-myosin interaction resulting in
decrease of muscle contraction.
Dantrolene also blocks other calcium-
dependent pathways in the hypermeta-
bolic cascade of events in MH. The
potential side effects of dantrolene sodi-
um administration include muscle
weakness, respiratory failure, drowsiness
and confusion, hepatotoxicity, gastroin-
testinal upset, and phlebitis at the site of
infusion. 

Muscle weakness reported within 48
hours of administration in healthy volun-
teers was mild and transient, not associat-
ed with respiratory distress. However,
dantrolene given to the already weak
patient on prolonged mechanical ventila-
tion could cause worsening weakness.
Infants whose mothers were exposed to

dantrolene during childbirth are at risk of
developing “floppy child syndrome”
when given dantrolene. Early treatment
with dantrolene and aggressive correction
of hemodynamic and laboratory abnor-
malities with continuous monitoring and
supportive care are recommended, and
improved outcome is well-documented
in MH. Dantrolene is not recommended
pre-operatively as prophylaxis in MH-
susceptible patients.15, 16 PN
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