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LEARNING OBJECTIVES
At the end of this activity, the participant should be able to:

1. Define MH.

2. List the anesthetic agents that can trigger MH.

3. Describe the systemic changes caused by MH.

4. Explain the cellular mechanisms involved in MH.

5. Apply appropriate preoperative testing and evaluation of the patient suspected to have MH.

6. Summarize the genetics involved in MH.

7. Outline the comorbid conditions associated with MH.

8. Develop an anesthetic plan for the patient with a previous incident or family history of MH.

9. Anticipate, recognize, and manage likely perioperative complications.

10. Outline a differential diagnosis for patients with a clinical presentation similar to MH.

NEEDS STATEMENT
Malignant hyperthermia (MH) may be identified for the first time during the administration of anesthesia
to a patient. It manifests as a hypermetabolic response after exposure to halogenated volatile anesthet-
ics or depolarizing muscle relaxants. Although the disorder is treatable, it can be life-threatening if not
managed properly. Newly published information about MH has been reviewed and identified by com-
mittee as required learning for anesthesiologists.

TARGET AUDIENCE
Anesthesiologists

CASE HISTORY
A 19-year-old Hispanic woman was a nonrestrained, rear-seat occupant in a car that collided at high
speed with a fixed object (a telephone pole). She was ejected from the vehicle, found unconscious, and
transported to the hospital emergency room by an ambulance helicopter. She was immobilized on a
backboard with a C-collar in place. Intubation was facilitated with succinylcholine. She was then sedated
with midazolam. There were obvious deformities of both the left and right humerus, a deformity of the
right hand with abrasions, and a fracture of the left lower extremity. Vital signs included: heart rate, 112
beats per minute; blood pressure, 108/58 mm Hg; temperature, 100.2oF. Two 18-gauge peripheral, intra-
venous (I.V.) cannulae were placed. Evaluation of the patient for trauma revealed a fractured mandible.
Information obtained from family members indicated an otherwise healthy person with no significant med-
ical or surgical history, no use of medications, and an allergy to penicillin (rash). On physical examination,
the patient’s breath sounds were clear, and heart sounds were regular, tachycardic, with no murmurs. Her
abdomen was soft and nondistended, with bowel sounds present. Laboratory findings included hemoglo-
bin, 13.4 g/dL; hematocrit, 39.2%; platelet count, 270×103/mcL; electrolyte panel, normal; glucose, 198
mg/dL; β-human chorionic gonadotropin, negative; liver enzymes, normal; urinalysis, positive for blood.
Arterial blood gas values were: pH, 7.39; Pco2, 30.6 mm Hg; PO2, 150 mm Hg; bicarbonate, 18.0 mEq/L;
base excess, –5.5 mm Hg. The patient’s oxygen saturation was 99.2% on assist control mode; tidal vol-
ume, 400 mL; 12 breaths per minute; FiO2, 0.4; positive end-expiratory pressure, 5 mm Hg. A computed
tomography scan ruled out any head injury. The patient was taken to the operating room for emergency
orthopedic repairs. Intraoperatively, the patient became progressively tachycardic (>150 beats per minute)
and feverish (103°F). End-tidal CO2 rose significantly to 56 mm Hg.

CALL FOR WRITERS
If you would like to write a CME lesson in Anesthesiology News, please send an e-mail to 
Elizabeth A.M. Frost, MD, at ElzFrost@aol.com.

M
alignant hyperthermia (MH) is a potentially fatal
clinical syndrome that classically presents during
the administration of potent, volatile anesthetic
agents and depolarizing muscle relaxants. MH

may also occur in susceptible individuals under extreme
stress from heat or exercise.1-5 The syndrome was first
described in 1960 by Denborough and colleagues as an
inherited disorder of the skeletal muscle. They characterized
MH as a hypermetabolic state with skeletal muscle rigidity
that occurs after the administration of general anesthetics,
and that arises frequently, but not exclusively, in children.6

If recognized early, the condition can be treated by admin-
istering dantrolene, a muscle relaxant. Additional therapies
include cooling and hyperventilation of the patient.7 If treat-
ment is not given promptly, the patient may suffer from rhab-
domyolysis secondary to sustained muscle contraction
postoperatively. A disruption of muscle cell membrane allows
leakage of myoglobin and creatine kinase into the plasma,
which can lead to myoglobinuria. Muscle cell necrosis may
occur, causing renal failure and even cardiac arrest. A
decreased range of motion, weakness, and severe muscle
pain may also be experienced.8

MH is a rare disorder with an incidence ranging from 1 in
15,000 children to 1 in 50,000 adults who received triggering
agents (eg, succinylcholine and inhalational anesthetics).

Older children and adults younger than 30 are the most likely
to be affected. Geriatric patients and children younger than 3
have a lower incidence.9

The Presentation of MH

Genetics and Triggering Agents

MH normally occurs when susceptible patients are
exposed to a triggering agent. MH can be avoided when an
extensive personal or family history of the patient has indicat-
ed a risk for the disease, a definitive diagnosis has been
made, or a high index of suspicion has alerted healthcare
workers. Studies indicate that MH displays heterogeneity with
autosomal dominant inheritance, reduced penetrance, and
variable expressivity.10 Ryanodine, a plant alkaloid, has been
shown to bind calcium release channels in the sarcoplasmic
reticulum. The ryanodine receptor is abnormal in patients
with MH and results in the inappropriate release of Ca2+ in
such individuals. Evidence suggests that chromosomes 17
and 19 may play a role in the genetic abnormalities of this
heterogeneous, polygenic disorder.11,12

Mutations in the ryanodine receptor type 1 (RYR1) gene
commonly occur in 3 mutational “hot spots.” Recently,
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however, Sambuughin and colleagues were able to identify 9
previously unknown RYR1 mutations by using denaturing
high-performance liquid chromatography (DHPLC) to analyze
RNA samples from biopsied skeletal muscles in patients with,
and susceptible to, MH. They concluded that their approach
increased the rate of detection of mutations up to 70%—signif-
icantly higher than the approximately 25% that has been
reported. Furthermore, their study suggested that: RYR1
mutations may be present in up to 70% of patients diagnosed
with MH or in those with a predisposition to the disease (MH-
susceptible); mutations may be found outside the original hot
spots; and DHPLC may be useful for future screening.13

Common triggering agents for MH include succinylcholine
and potent inhalation anesthetics such as halothane, sevoflu-
rane, and desflurane. Drugs that do not trigger MH include
nondepolarizing muscle relaxants, barbiturates, local anes-
thetics, propofol, ketamine, benzodiazepines, and nitrous
oxide (Table 1).14

Intraoperative Clinical Presentation
Signs of MH include tachycardia, tachypnea, hyperther-

mia, generalized muscle rigidity, and acidosis. The most sen-
sitive and specific sign, however, is a rising end-tidal carbon
dioxide (ETCO2) concentration (Table 2) in the background of
hyperventilation or constant minute ventilation.15 The result is
a mixed metabolic and respiratory acidosis as a result of
anaerobic and aerobic metabolism. There is an increase in
sympathetic tone and heart rate. The combination of sympa-
thetic drive and peripheral vasodilation secondary to tissue
acidosis results in a patient who may present with either a
raised or lowered arterial pressure.14

In 1% of children anesthetized by inhalation agents fol-
lowed by succinylcholine, spasm of the masseter muscle, jaw
rigidity, or trismus occurs.16 Masseter muscle spasm is
approximately 3 times greater in children with a history of
strabismus, which is consistent with the notion that MH is
linked with mild myopathies. Clinically, the spasm may not
occur for up to 30 minutes in patients with MH or in those
who are MH-susceptible. Laboratory contracture testing (dis-
cussed below) is positive in up to 50% of such patients. Fur-
thermore, 20% to 30% of patients manifesting masseter
muscle rigidity develop other signs of MH, such as elevated
creatine kinase.17,18 Because the development of rigidity or
spasm may signify MH, some clinicians advise the immediate
discontinuation of all anesthetics19; others disagree. Rosen-
berg has advised that elective surgery be postponed to pre-
vent the progression of MH, but that urgent surgery be
continued after replacing the triggering anesthetics with non-
triggering agents.14 Patient gender has not been shown to
affect decision making about proceeding with surgery.

Myoglobinuria occurs with all episodes of MH, and
therefore a 24-hour observation of the patient is advised,
in addition to a determination of myoglobin and creatine
kinase levels.14 In rare cases, as a result of the introduc-
tion of dantrolene, hyperkalemia and sympathetic stimula-
tion may occur early as adverse metabolic reactions, and
can lead to arrhythmias and intraoperative death if man-
agement is inadequate.20

Hyperthermia is actually a late indicator of hypermetabo-
lism and sometimes is completely absent. The production
and metabolism of adenosine triphosphate produce heat that
overwhelms the body’s physiologic dissipation mechanisms.
Moreover, the hyperthermia can be so intense that a 5-fold
increase in oxygen consumption and carbon dioxide produc-
tion may result. Severe acidosis, shock, and ventricular fibril-
lation can occur in as little as 20 minutes (Figure 1).14

Postoperative Clinical Presentation
MH reactions may present postoperatively with the same

features seen intraoperatively. The anesthesiologist must be
aware of this fact, because the combination of hyperthermia
without a hypermetabolic state does not suggest MH.15,21 On
rare occasions, a patient may present 2 to 4 days postopera-
tively with acute renal failure secondary to rhabdomyolysis,
without hypermetabolic activity.15,22 Other postoperative com-
plications of MH include hyperkalemia, necrosis, pulmonary
edema, muscle edema, consumptive coagulopathy, neurolog-
ic sequelae, and a recurrence of MH.23

Pathophysiology and Molecular Biology
Advances in molecular genetics have shed light on under-

standing the pathophysiologic mechanism of MH.15 Studies
indicate that triggering agents lead to an uninhibited release
of free calcium from the sarcoplasmic reticulum of skeletal
muscle. The critical initial event is a sudden rise in myoplas-
mic calcium, with a peak rate of intracellular calcium release
that is up to 3 times greater than normal individuals.

Ultimately, the release of extra calcium results in a sus-
tained muscle contracture and the increased use of adeno-
sine triphosphate. In addition, the increase in aerobic
metabolism elevates carbon dioxide levels, so that both respi-
ratory and metabolic acidosis are common findings. Intracel-
lular high-energy phosphate degradation is hypothesized to
result in the leakage of potassium, calcium, myoglobin, and
creatine kinase into the circulation, secondary to a loss of
sarcolemmal integrity.14 Furthermore, biochemical studies
have revealed that muscles of patients with MH have a lower
threshold for excitation—known as a potassium ion shift.14,24

As a result of these findings, the pathophysiology of MH is
now regarded as an exaggerated muscular response to calci-
um, rather than an exceptional pathology.25

Predisposing Disorders
Central core disease, hypokalemic periodic paralysis, and

King-Denborough syndrome are myopathies associated with
MH susceptibility.14 Central core disease, characterized by
hypotonia and progressive muscle weakness, is inherited via
either autosomal dominant or autosomal recessive mecha-
nisms. Microscopically, the muscle cells exhibit a central area
of necrosis, giving the appearance of a cell with a “cored out”
center. Causal mutations associated with this disorder—found
on the ryanodine receptor gene—result in abnormal Ca2+

homeostasis in skeletal muscle.26

Hypokalemic periodic paralysis (hypoPP) results from an
abnormality of the sodium channels in muscle, and leads to
electrical instability of the muscle membrane. Paralysis
develops as potassium levels decrease. In most cases,
hypoPP stems from mutations in the dihydropyridine recep-
tor gene. Because hypoPP is linked to a mutation on the
same gene associated with MH susceptibility, further stud-
ies on hypoPP may help elucidate the genetic mechanisms
behind MH and the coupling theory involving ryanodine
and dihydropyridine receptors.27

Patients with King-Denborough syndrome present with
congenital hypotonia, joint hyperextensibility, proximal mus-
cle weakness, and slightly delayed motor development.
Other features include multiple facial and skeletal deformi-
ties, epicanthic folds, palmar simian lines, pectus excava-
tum, and winged scapulae. Patients who experience
hyperthermic events under anesthesia have been reported
to respond to dantrolene,28 and thus King-Denborough syn-
drome may be included in the spectrum of myopathies for
predisposition to MH (Table 3).29

Differential Diagnosis
Multiple conditions mimic MH in presentation (Table 4). A

careful examination of the patient can help differentiate these.
For example, postsurgery sepsis in the patient presenting
with fever, tachycardia, tachypnea, and acidosis resembles
the presentation of MH. In postsurgery sepsis, the increase in
ETCO2 is caused by hypermetabolism, as is seen in MH. To
distinguish sepsis from MH, the clinical setting must be exam-
ined, as well as the patient’s response to antipyretics.13

Another cause of hypermetabolism is thyrotoxicosis.
Although rare, the patient with elevated thyroid hormone can
present with tachycardia, tachypnea, and hyperthermia,
although muscle rigidity is absent.30 Myopathies such as
Duchenne’s dystrophy and Becker’s muscular dystrophy are
characterized by an absence or alteration of the dystrophin
protein. The administration of succinylcholine or other MH-
triggering drugs can lead to life-threatening hyperkalemia and
muscle rigidity in this population, and result in sudden car-
diac arrest. Hyperkalemia must be considered in such
patients if they abruptly experience cardiac arrest; proper
treatment with I.V. calcium, glucose, and insulin should follow.
The administration of dantrolene does not relieve these
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Central core disease
Hypokalemic periodic paralysis
King-Denborough syndrome
Muscular dystrophy

Table 3. Myopathies That Predispose to MH

More specific

Table 2. Signs and Presentation of MH

Hypercarbia, muscle rigidity, 
rhabdomyolysis

Less specific Tachycardia, tachypnea, hyperthermia,
hyperkalemia, hypocalcemia

Potent inhalation agents

Table 1. Agents Classified as Triggering
And Nontriggering for MH

Triggering

Nondepolarizing 
muscle relaxants

Nontriggering

Halothane Barbiturates

Sevoflurane Local anesthetics

Desflurane Propofol

Succinylcholine Ketamine

Phenothiazines Benzodiazepines

Nitrous oxide

Figure 1. The clinical presentation of the patient with MH.
Reprinted with permission from Karan S, Lojeski E, Muldoon S. Malignant
hyperthermia. In: Tremper KK, ed. Atlas of Anesthesia, Volume 4: Principles
of Anesthetic Techniques and Anesthetic Emergencies. Philadelphia, Pa:
Current Science Inc; 1998.
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symptoms in this group of patients.31

Myotonia, characterized by prolonged muscle contraction,
can mimic MH. Patients with the classic form, myotonic dys-
trophy—characterized by extended and intense muscle rigidi-
ty, may respond to succinylcholine administration. The
hypermetabolism associated with MH, however, is not
observed in these patients.14

In patients suffering from neuroleptic malignant syndrome,
tachycardia, fever, muscle rigidity, acidosis, and elevated cre-
atine kinase levels are found. In such patients, however, a his-
tory of the ingestion of neuroleptic medication (eg,
phenothiazines, haloperidol, or antipsychotics) is established.
The administration of benzodiazepines or bromocriptine is
efficacious in these patients.14,32

In cases involving lengthy surgery of peripheral, localized
parts of the body, such as of the hand or foot, aggressive
warming may be used to prevent hypothermia. Unfortunately,
this treatment can lead to severe iatrogenic hyperthermia.
Ineffective vasodilation in these patients results from draping,
and heat dissipation becomes suboptimal. Body temperature
may rise considerably, and therefore temperature should be
monitored in all patients undergoing surgery that lasts a sig-
nificant length of time.14

Head trauma cases may present with similarities to MH.
Injury to the brain can cause hyperthermia, hypermetabolism,
and tachycardia via several mechanisms, including increased
metabolic demand, catecholamine release, hypothalamic
injury, inflammatory changes, lipid peroxidation, and cell
death. Other signs and symptoms of brain injury are an
altered level of consciousness, dystonia, hypertension,
tachypnea, agitation, and diaphoresis.33

Laboratory Diagnosis
In 1977, Kalow et al exposed biopsied muscle tissue to

gradual increments of caffeine. They observed a leftward
shift of the dose-response curve when using muscle taken
from patients who had reported episodes of MH. Earlier, Ellis
and colleagues had described how muscle contracted in
response to different concentrations of halothane in vitro.
Today, the in vitro contracture test (IVCT) is the gold standard
for diagnosing MH.34-36

Patients with a family history of MH, or who develop unex-
plained hypercarbia or exhibit perioperative rhabdomyolysis,
are suitable candidates for biopsy. The IVCT requires approxi-
mately 2 g of muscle excised from either the vastus lateralis
or vastus medialis muscle. Subsequently, the muscle is dis-
sected into longitudinal strips, sutured at both ends, and
placed into baths. One end of the strip is attached to a force
transducer while the other is attached to an immobilized
hook. The contractile response of the muscle is measured
against incremental doses of caffeine and halothane. A con-
tracture of 0.7 g or greater with halothane or 0.3 g with caf-
feine is considered an abnormal (positive) response and is
diagnostic for MH. Presently, this standardized test approach-
es 99% sensitivity and up to 90% specificity. European,
Japanese, and North American protocols differ by varying
caffeine and halothane concentrations, and, in addition, use
different diagnostic thresholds.14,37

To enhance the specificity of the IVCT, new diagnostic
agents such as ryanodine (a potent ligand of the ryanodine
receptor) have been used. Another compound, 4-chloro-m-
cresol, is a substitute or supplement for caffeine in the IVCT.
4-Chloro-m-cresol acts similarly to caffeine by releasing Ca2+

through the ryanodine receptor, but shows a higher potency
than caffeine. 4-Chloro-m-cresol may exert its effect via a dif-
ferent binding site than does caffeine.

Patients are diagnosed as either MH-susceptible (muscle
reacts to halothane and caffeine challenge) or MH-normal
(muscle demonstrates no reaction to halothane and caffeine
challenge) according to the standardized protocols devel-
oped by the European Malignant Hyperthermia Group.
Although 4-chloro-m-cresol is used to increase the accuracy
of the IVCT, recent research suggests that the compound is
not superior to caffeine in discriminating between MH-normal
and MH-susceptible cells in other minimally invasive experi-
ments, such as calcium imaging tests.38

Contracture-inducing substances that have been stud-
ied in swine may direct future research on MH. In a recent

study by Fiege and colleagues, enoximone, a type-III phos-
phodiesterase (PDE-III) inhibitor, stimulated marked con-
tracture in MH-susceptible humans as well as swine. To
determine whether the contraction was caused by PDE-III
inhibition or by a substance-specific effect, studies on
swine were also performed with inamrinone, another PDE-
III inhibitor. The administration of inamrinone resulted in
marked contractures, suggesting that PDE-III and the
cyclic adenosine monophosphate system may be involved
in MH pathophysiology; these findings may lead to addi-
tional test protocols in the future.39

According to the Web site for the Malignant Hyperthermia
Association of the United States (MHAUS), www.mhaus.org,
there are currently 6 centers in the United States and 2 in
Canada that comply with the standardized protocols for
muscle biopsy testing for MH. Presently, muscle biopsy cen-
ters do not pay for patients’ travel expenses, and reimburse-
ment for travel and expenses varies from one insurance
company to the next.

In the future, molecular genetic diagnostics might become
the standard methodology for MH testing. Such tests are spe-
cific, highly reproducible, and minimally invasive. Further-
more, only a small amount of biologic material is required,
although currently these tests are relatively expensive.14 Mole-
cular genetic testing may also eliminate false-negative diag-
noses of MH, which will help prevent unnecessary
complications and surprises in the operating room during
anesthesia. European guidelines for genetic testing have
already been incorporated as a supplement to the IVCT pro-
tocol (Figure 2).36,40

Other tests for MH that have been developed involve the
measurement of creatine kinase, creatine phosphate, adeno-
sine triphosphate, and pH; nuclear magnetic resonance spec-
troscopy; lymphocyte tests; and cultured muscle cells.14,37
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Figure 2. Protocol for genetic testing.39

IVCT, in vitro contracture test; MH, malignant hyperthermia; MHN, malignant hyperthermia–normal; MHS, malignant hyperthermia–susceptible

see Lesson 248 page 52
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Postsurgery sepsis

Table 4. Differential Diagnosis

Diagnosis

Fever, tachycardia, tachypnea,
acidosis, increased ETCO2, atypi-
cal setting for MH

Characteristics

Thyrotoxicosis Tachycardia, tachypnea, hyper-
thermia; muscle rigidity is absent

Duchenne’s dystrophy 
and Becker’s musculo-
dystrophy

Hyperkalemia and muscle rigidity

Myotonic dystrophy May respond to succinylcholine
administration with extended and
intense muscle rigidity; no signs
of hypermetabolism

Neuroleptic malignant
syndrome

Tachycardia, fever, muscle rigidity,
acidosis, elevated CK, history of
neuroleptic medications

Iatrogenic hyperthermia Hyperthermia without muscle
rigidity or acidosis

Head trauma Tachycardia, hypermetabolism,
occasional hyperthermia; also
alterations in level of conscious-
ness, dystonia, hypertension,
tachypnea, agitation, and
diaphoresis

CK, creatine kinase

Patient referred for 
MH screening

MHN

Probands
Relatives of patients with suspected MH
Members from MH families with no
causative mutations

DNA test for MH mutation

IVCT

Absent Present

Negative Positive

Family history with a
causative MH mutation

MHS
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Treatment and Management of MH
Although MH is a life-threatening disease, swift and prop-

er treatment can prevent complications. The first step in pre-
venting complications is the availability of an MH kit.
MHAUS recommends that each kit contain 36 vials of
dantrolene, sterile water without bacteriostatic agent for
injection, and bicarbonate. Each 70-mL vial contains 20 mg
of dantrolene and 3 g of mannitol. By directly affecting the
contractile response of muscle and excitation-contraction
coupling, the mixture results in skeletal muscle relaxation.
Side effects may include nausea and vomiting, pain at the
injection site, and weakness.

Dantrolene sodium is specific to skeletal muscle and,
therefore, does not create problems with smooth or cardiac
muscle. It reverses the hypermetabolic state by dissociating
the excitation-contraction coupling by blocking calcium
release from the sarcoplasmic reticulum. With I.V. administra-
tion, the effects of dantrolene are noticed within 2 to 3 min-
utes; its average half-life is between 5 and 8 hours, but can
extend to 12 hours in some patients with MH.

MHAUS has developed a management protocol that rec-
ommends a loading dose of 2.5 mg/kg of dantrolene via a
large-bore needle. If needed, incremental doses of up to 10
mg/kg may be administered. Dantrolene is continued at 1
mg/kg intravenously every 6 hours for the next 48 to 72
hours after the episode. Because the dantrolene preparation
contains 3 g of the osmotic diuretic mannitol, urinary output
must be monitored by means of a urinary catheter. In order
to prevent renal failure, urinary output should be >2 mL/kg
per hour. Although dantrolene is not recommended for pro-
phylaxis, if the anesthesiologist chooses to use it for this pur-
pose, 2.5 mg/kg intravenously, 30 minutes before
anesthesia, is suggested.

As soon as an episode of MH is recognized, the adminis-
tration of all volatile inhalational anesthetics and succinyl-
choline should be discontinued immediately. Management of
the patient should include hyperventilation with high-flow
100% oxygen as dantrolene is prepared and dispensed. Cool-
ing blankets or ice packs should be used concurrently to
help control hyperthermia. MHAUS provides consultation to
clinicians via a hotline telephone number: (800) MH-HYPER
[(800) 644-9737].

Although cardiac arrhythmia generally abates when acido-
sis and hyperkalemia are brought under control, it may per-
sist. In such cases, standard antiarrhythmic agents can be
used, but calcium channel blockers are contraindicated
because they can worsen the hyperkalemic condition and
lead to cardiac collapse. Agents for the treatment of hyper-
kalemia include bicarbonate, I.V. glucose, and insulin. In addi-
tion, ETCO2, arterial blood gases, potassium, calcium, urine
output, and blood clotting values must be strictly monitored.

After an episode of MH, the patient should be carefully
observed postoperatively for recurrence. A minimum of 36
hours of surveillance in the intensive care unit is recommend-
ed. The I.V. administration of 1 mg/kg dantrolene every 6
hours for 24 to 48 hours may also help prevent a recurrence.
Arterial blood gases, creatine kinase, potassium, calcium,
and myoglobin levels, in addition to body temperature and
blood clotting, should all be monitored until normal values
are obtained (Table 5).16

Prevention
Taking preventive measures against MH should be empha-

sized because the onset of hyperthermia is usually unexpect-
ed and potentially catastrophic. Obtaining a thorough
anesthetic history from the patient, which takes into account
family members who have had MH, is the first step. Family rel-
atives identified as MH-susceptible should not be given trig-
gering agents. For these individuals, testing for MH is
recommended. Obtaining medical records for relatives is
often possible if the patient is seen in an outpatient facility
before surgery.

Myotonia in a patient is a strong indication against the use
of succinylcholine. Moreover, patients with predisposing dis-
orders such as central core disease and muscular dystrophy
should not be given triggering agents (Table 3). Intraoperative

monitoring of the patient’s core temperature may help detect
an ensuing episode of MH.14

Management of the Case
The intubated patient arrived in the operating room and

monitors for vital signs were applied. The patient’s vital signs
were stable: heart rate, 85 beats per minute; blood pressure,
110/60 mm Hg; SpO2, 100%; and temperature, 100.4°F. The
patient was administered 5 mcg/kg of fentanyl, isoflurane
1.1%, 1.0 L per minute of oxygen, and 1.0 L per minute of air,
then paralyzed with additional vecuronium, 0.04 mg/kg. The
ventilator was set at 400 mL (8 mL/kg); a rate of 12; I:E, 1:2;
and inspired O2, approximately 0.55.

Approximately 15 to 20 minutes into the case, the
patient’s heart rate began to increase. Fluid administration
and the concentration of the volatile agent were increased.
The patient’s blood pressure was maintained at about
110/60 mm Hg, and additional fentanyl was administered.
For the next 10 to 15 minutes, tachycardia gradually
became more pronounced (115-125 beats per minute) and
blood pressure decreased slightly. The patient received 2
additional liters of lactated Ringer’s fluid—delivered through
both peripheral lines with a pressure bag. Her heart rate
continued to climb (135-155 beats per minute), her temper-
ature rose to 103.8°F, her blood pressure continued to fall,
and at that time, it was first noticed that CO2 concentration
was rising (45-55). The ventilator was adjusted by initially
increasing the rate, and then increasing the rate and vol-
ume. For 5 to 10 minutes, other causes of the patient’s
intraoperative tachycardia were investigated and ruled out:
light anesthesia, hypovolemia, hypoxia, hypercarbia, pneu-
mothorax, acidosis, cardiac tamponade, anemia, pul-
monary embolism, and sepsis/fever. The ETCO2 value did
not decrease in response to the increased ventilator set-
tings, but persistently rose.

The surgeons were notified to finish the procedure as
soon as possible, and the anesthetic agent was turned off.
Over the next 20 to 30 minutes, the ventilator rate was
increased to 40 respirations per minute, and delivery of
100% O2 was initiated. The circuit was flushed and an MH
cart was obtained. The patient was packed in ice from
groin to axillae and behind the neck. Central and arterial
cannulae were placed and a total of 140 mg of dantrolene,
25 g of mannitol, and 20 mg of furosemide were adminis-
tered. Propofol and fentanyl infusions were started and a
bolus dose of scopolamine delivered. The tachycardia con-
tinued but at a slower rate (100-110 bpm), and then normal-
ized 1 hour after the dantrolene was administered. The
patient’s blood pressure returned to normal 20 to 30 min-
utes after treatment began and her temperature fell to
96.8°F after 1 hour. The patient was transferred to the sur-
gical intensive care unit on a dantrolene regimen of 1
mg/kg every 6 hours for 24 hours.

The patient’s family was informed in detail of the compli-
cation and the implications of the diagnosis. A letter was
sent to the family after discharge of the patient on day 10.
Subsequent surgeries on the patient were performed with a
total I.V. anesthetic technique and there were no further
complications.

Conclusion
Although MH is potentially fatal, morbidity and mortality

can be reduced when it is recognized early. A thorough med-
ical and family history is at the core of prevention, with labora-
tory findings being confirmatory of the disease. Many clinical
anesthesiologists will simply decide to avoid the use of trig-
gering agents after hearing a family history described in the
preoperative holding area. Researchers are developing
newer testing modalities that stem from the gold-standard
IVCT. In a situation where MH presents unexpectedly, dantro-
lene should be administered immediately, and the triggering
anesthetic discontinued. A national MH hotline is available 24
hours per day to provide experienced advice should a case
arise. Increased awareness and early recognition of MH have
helped decrease the mortality and morbidity of this disease
over the last 20 years. With new improvements in laboratory
diagnostics, it may decline further.
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Lesson 248 continued from page 51

Acute Period
� Stop triggering agent
� Hyperventilate with 100% oxygen
� Administer bicarbonate, 1-2 mg/kg prn for hyperkalemia
� Administer 2.5 mg dantrolene I.V.; repeat if necessary
� Use gastric lavage and/or cold I.V.s to cool patient
� Treat any arrhythmias (calcium channel blockers contra-

indicated)
� Obtain arterial blood gas values
� Draw blood for electrolyte, coagulation and myoglobin 

levels

Postacute Period
� Monitor patient for 24 hours in intensive care unit
� Administer 1 mg/kg dantrolene I.V. q4-6 h for 24-36 h
� Maintain adequate urine output with I.V. fluids, mannitol, and

furosemide
� Counsel family members about muscle biopsy testing
� Report episode to North American Malignant Hyperthermia

Registry

Table 5. Treatment of the Patient With MH13



References
1. Kochling A, Wappler F, Winkler G, Schulte am Esch JS. Rhabdomyolysis following severe

physical exercise in a patient with predisposition to malignant hyperthermia. Anaesth Inten-
sive Care. 1998;26:315-318.

2. Bourdon L, Canini F. On the nature of the link between malignant hyperthermia and exertion-
al heatstroke. Med Hypotheses. 1995;45:268-270.

3. Ogletree JW, Antognini JF, Gronert GA. Postexercise muscle cramping associated with posi-
tive malignant hyperthermia contracture testing. Am J Sports Med. 1996;24:49-51.

4. Allsop P, Jorfeldt L, Rutberg H, Lennmarken C, Hall GM. Delayed recovery of muscle pH after
short duration, high intensity exercise in malignant hyperthermia susceptible subjects. Br J
Anaesth. 1991;66:541-545.

5. Denborough MA. Malignant hyperthermia. Lancet. 1998;352:1131-1136.

6. Denborough MA, Forster JF, Lovell RR, Maplestone PA, Villiers JD. Anaesthetic deaths in a
family. Br J Anaesth. 1962;34:395-396.

7. Sessler DI. Malignant hyperthermia. Acta Anaesthesiol Scand Suppl. 1996;109:25-30.

8. Kozack JK, MacIntyre DL. Malignant hyperthermia. Phys Ther. 2001;81:945-951.

9. Malhotra V. Malignant hyperthermia. In: Yao FS, Artusio JF, eds. Yao and Artusio’s Anesthesi-
ology: Problem-Oriented Patient Management. 4th ed. Philadelphia, Pa: Lippincott-Raven;
1998:878-890.

10. McPherson E, Taylor CA Jr. The genetics of malignant hyperthermia: evidence for hetero-
geneity. Am J Med Genet. 1982;11:273-285.

11. Fletcher JE, Tripolitis L, Hubert M, Vita GM, Levitt RC, Rosenberg H. Genotype and phenotype
relationships for mutations in the ryanodine receptor in patients referred for diagnosis of
malignant hyperthermia. Br J Anaesth. 1995;75:307-310.

12. Haan EA, Freemantle CJ, McCure JA, Friend KL, Mulley JC. Assignment of the gene for cen-
tral core disease to chromosome 19. Hum Genet. 1990;86:187-190.

13. Sambuughin N, Holley H, Muldoon S, et al. Screening of the entire ryanodine receptor type 1
coding region for sequence variants associated with malignant hyperthermia susceptibility in
the North American population. Anesthesiology. 2005;102:515-521.

14. Rosenberg H. A review of the malignant hyperthermia syndrome. Curr Rev Clin Anesth.
2004;24:221-232.

15. Hopkins PM. Malignant hyperthermia: advances in clinical management and diagnosis. Br J
Anaesth. 2000;85:118-128.

16. McCarthy EJ. Malignant hyperthermia: pathophysiology, clinical presentation, and treatment.
AACN Clin Issues. 2004;15:231-237.

17. O’Flynn RP, Shutack JG, Rosenberg H, Fletcher JE. Masseter muscle rigidity and malignant
hyperthermia susceptibility in pediatric patients: an update on management and diagnosis.
Anesthesiology. 1994;80:1228-1233.

18. Malignant Hyperthermia Association of the United States (MHAUS). Understanding MH.
Sherburne, NY: MHAUS; 1996.

19. Leary NP, Ellis FR. Masseteric muscle spasm as a normal response to suxamethonium. Br J
Anaesth. 1990;64:488-492.

20. Ellis FR, Halsall PJ, Christian AS. Clinical presentation of suspected malignant hyperthermia
during anaesthesia in 402 probands. Anaesthesia. 1990;45:838-841.

21. Halsall PJ, Ellis FR. Does postoperative pyrexia indicate malignant hyperthermia susceptibili-
ty? Br J Anaesth. 1992;68:209-210.

22. Britt BA, Webb GE, LeDuc C. Malignant hyperthermia induced by curare. Can Anaesth Soc J.
1974;21:371-375.

23. Gronert GA. Malignant hyperthermia. ASA Refresher Courses in Anesthesiology.
1989;17:107-115.

24. Moulds RF, Denborough MA. Biochemical basis of malignant hyperpyrexia. Br Med J.
1974;2:241-244.

25. Moulds RF. Letter: Malignant hyperpyrexia. Lancet. 1975;1:681.

26. Avila G. Intracellular Ca2+ dynamics in malignant hyperthermia and central core disease:
established concepts, new cellular mechanisms involved. Cell Calcium. 2005;37:121-127.

27. Rajabally YA, El Lahawi M. Hypokalemic periodic paralysis associated with malignant hyper-
thermia. Muscle Nerve. 2002;25:453-455.

28. Isaacs H, Badenhorst ME. Dominantly inherited malignant hyperthermia (MH) in the King-
Denborough syndrome. Muscle Nerve. 1992;15:740-742.

29. Heiman-Patterson TD, Rosenberg HR, Binning CP, Tahmoush AJ. King-Denborough syn-
drome: contracture testing and literature review. Pediatr Neurol. 1986;2:175-177.

30. Stevens JJ. A case of thyrotoxic crisis that mimicked malignant hyperthermia.
Anesthesiology. 1983;59:263.

31. Larach MG, Rosenberg H, Gronert GA, Allen GC. Hyperkalemic cardiac arrest during anes-
thesia in infants and children with occult myopathies. Clin Pediatr (Phila). 1997;36:9-16.

32. Hadad E, Weinbroum AA, Ben-Abraham R. Drug-induced hyperthermia and muscle rigidity: a
practical approach. Eur J Emerg Med. 2003;10:149-154.

33. Lemke DM. Riding out the storm: sympathetic storming after traumatic brain injury. J Neu-
rosci Nurs. 2004;36:4-9.

34. Kalow W, Britt BA, Richter A. The caffeine test of isolated human muscle in relation to malig-
nant hyperthermia. Can Anaesth Soc J. 1977;24:678-694.

35. Ellis FR, Harriman DG, Keaney NP, Kyei-Mensah K, Tyrrell JH. Halothane-induced muscle con-
tracture as a cause of hyperpyrexia. Br J Anaesth. 1971;43:721-722.

36. Urwyler A, Deufel T, McCarthy T, West S, European Malignant Hyperthermia Group. Guide-
lines for molecular genetic detection of susceptibility to malignant hyperthermia. Br J
Anaesth. 2001;86:283-287.

37. Rosenberg H, Antognini JF, Muldoon S. Testing for malignant hyperthermia. Anesthesiology.
2002;96:232-237.

38. Weigl LG, Ludwig-Papst C, Kress HG. 4-Chloro-m-cresol cannot detect malignant hyperther-
mia equivocal cells in an alternative minimally invasive diagnostic test of malignant hyper-
thermia susceptibility. Anesth Analg. 2004;99:103-107.

39. Fiege M, Wappler F, Weisshorn R, Gerbershagen MU, Kolodzie K, Schulte am Esch J. Phos-
phodiesterase-III–inhibition with amrinone leads to contracture development in skeletal mus-
cle preparations of malignant hyperthermia susceptible swine. Eur J Anaesthesiol.
2005;22:283-288.

40. Girard T, Treves S, Voronkov E, Siegemund M, Urwyler A. Molecular genetic testing for malig-
nant hyperthermia susceptibility. Anesthesiology. 2004;100:1076-1080.

December 2005 Anesthesiology News 53

Continuing Medical Education

Visit www.mssm.procampus.net today for instant online processing of your CME post-test. There is a registration fee of $15 for this non–industry supported activity. For assistance with technical

problems, including questions about navigating the Web site, call toll-free customer service at (888) 345-6788 or e-mail: Customer.Support@ProCEO.com.

For inquiries about course content only, e-mail: ram.roth@mssm.edu.

The submission of post-tests by mail is no longer available. By completing the post-test online, you obtain instant CME credit. Read the entire lesson online and take the post-test as you proceed, or

read the lesson in Anesthesiology News and then take the test online.

Lesson 248: PreAnesthetic Assessment of
the Patient With Malignant Hyperthermia

Post-test
1. Within what time period are the effects of dantrolene

noticed after I.V. administration?
a. 30 seconds
b. 2 to 3 minutes
c. It depends on the triggering agent
d. >10 minutes

2. Which of the following is not a trigger for malignant
hyperthermia (MH)?

a. Propofol
b. Desflurane
c. Halothane
d. Succinylcholine

3. MH in humans:
a. may be inherited as an X-linked trait
b. can be caused by an abnormality of chromosome 16
c. causes fever and rigidity by definition

d. can present with spasm of the masseter muscle

4. The administration of dantrolene:
a. blocks potassium uptake
b. blocks calcium release from the sarcoplasmic reticulum
c. is commonly used in the prevention of MH
d. all of the above

5. Characteristics of MH include all of the following
except:

a. autosomal dominant transmission
b. triggering by local anesthetic agents
c. an association with central core myopathy
d. improved survival after administration of dantrolene

6. Which of the following is true regarding MH?
a. Unexplained tachycardia is common.
b. Metabolic acidosis is seen on examination of blood gas val-

ues.
c. The earliest sign is increased end-tidal CO2.
d. All of the above.

7. Which of the following is not part of a differential diag-
nosis for MH?

a. Hyperthyroidism
b. Neuroleptic malignant syndrome
c. Myotonia
d. Heroin intoxication

8. Which of the following is most clearly associated with
MH?

a. Myotonia congenita
b. Bilateral strabismus
c. Central core disease
d. History of heat stroke

9. Which of the following is not a sign of MH?
a. Hypercarbia
b. Rhabdomyolysis (elevated creatine kinase)
c. Muscle rigidity
d. Decreased oxygen saturation

10. In vitro contracture testing is enhanced by the addi-
tion of:

a. 4-chloro-m-cresol
b. caffeine
c. dantrolene
d. succinylcholine


