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Abbreviations
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PMH  Postoperative malignant hyperthermia

Purpose of this guideline

The Japanese Society of Anesthesiologists (JSA) has deliv-
ered this guideline to ensure that the members of the soci-
ety understand the nature and management of malignant 
hyperthermia (MH). This guideline states the appropriate 
anesthesia practice, including testing and treatment, to save 
a patient suffering from an MH crisis.

This is not intended to outline the medical standards of 
MH management but to relieve the patient in an MH crisis. 
For this purpose, it is recommended that anesthesia care in 
MH conforms to this guideline, and also that this guideline 
is used for safe anesthesia care. The contents stated should 
be applied with modifications to meet on-site conditions 
and with limitations according to clinical judgement. Con-
sequently, this guideline will be updated in accordance with 
advances in the understanding of MH and related issues. 
We hereby state that none of the working members con-
cerned with the formulation of this guideline has any con-
flict of interest to disclose.

Basis of this guideline

For most anesthesiologists, MH is a rare disease to meet 
in daily anesthesia care. However, the chances of recov-
ery will worsen unless appropriate treatment is per-
formed quickly, as progression occurs extremely rapidly 
after triggering. Therefore, we must (1) gain appropriate 
knowledge of MH and put it into practice, (2) arrange the 
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environment for anesthesia care, (3) plan for coopera-
tion with the surgeons and operating staff, and (4) ensure 
that intensive care is performed within a short period. It 
is recommended that rapid treatment is started by giv-
ing a sufficient dose of dantrolene without waiting for a 
definitive diagnosis, because early decision-making and 
treatment is essential to control recovery when MH is 
suspected.

This guideline presents the basis for early therapy and 
further treatment of hyperthermia with hypermetabolic 
states, and a simple algorithm for management. Basic 
information on the nature, pathology and precautions for 
treating MH is provided below.

Epidemiology of MH in Japan

MH is a potentially fatal inherited disease usually triggered 
by the administration of volatile inhalational anesthetics 
and/or succinylcholine, a muscle relaxant.

MH develops at a frequency of 1–2 in 100,000 gen-
eral anesthesia cases. It is more common in men, with 
a sex ratio of approximately 3 to 1 between males and 
females, and men make up a large proportion of the >400 
fulminant cases in Japan since 1960. Because MH is a 
hereditary skeletal muscle disease, it is thought that a 
considerable number of patients have the potential to be 
triggered. However, mortality has dramatically decreased 
to approximately 15% after 2000, from 70–80% in 
the 1960s. Notably, it decreased to <10% after 2000 in 
patients treated with dantrolene, a specific therapeutic 
drug.

Pathophysiology of MH

Basic understanding and main features of MH

In patients with suspected MH, the mechanism of calcium 
(Ca) release from storage in the sarcoplasmic reticulum in 
skeletal muscle is abnormally accelerated.

It is known that unexplained hypercarbia representing 
>55 mmHg of end-tidal carbon dioxide (ETCO2), tachy-
cardia, and muscle (including masseter muscle) rigidity 
are early signs of initiation of MH because the metabo-
lism is accelerated, leading to a hypermetabolic state. The 
body temperature can rise by >0.5 °C/15 min to a maxi-
mum of ≥40 °C. Mixed-type acidosis, arrhythmia, cola-
colored urine, increased levels of serum potassium, and 
tented T-waves on electrocardiogram are common and can 
lead to cardiac arrest. Disseminated intravascular coagula-
tion and acute renal failure will follow, and skeletal mus-
cle dysfunctions such as gait disturbance and disorders of 

consciousness will occur for a long time thereafter even if 
the patient’s life is saved.

Cause of MH

Any kind of inhalational anesthetic or depolarizing muscle 
relaxant can act as a triggering agent for MH. These agents 
accelerate Ca release from the sarcoplasmic reticulum. 
The mechanism of MH is as follows—the Ca release rate 
from the sarcoplasmic reticulum is abnormally accelerated 
in patients having a susceptibility to MH, and becomes so 
high that it surpasses the rate of Ca uptake into the sarco-
plasmic reticulum. As a result, the ability to control the 
intracellular Ca level is lost. Other sedatives and opioids 
can be safely used for those who have a susceptibility to 
MH.

Accelerated metabolism and systemic effect of MH

In the MH state, the intracellular Ca level becomes abnor-
mally high. Therefore, skeletal muscle contraction persists 
and increases adenosine triphosphate (ATP) consumption 
further. A great deal of heat is produced by this abnormal 
consumption of ATP. It aggravates the mitochondrial Ca-
dependent phospholipase A2 activity, and the heat pro-
duction is accelerated. The oxygen demand is increased 
because of these processes, and production of CO2 is also 
extremely accelerated.

The body temperature increases rapidly because of 
generalized muscle rigidity. The peripheral tissue is also 
exposed to hypoxic conditions and metabolic acidosis. As 
a result, fragments of damaged skeletal muscle enter the 
blood stream. Myoglobin, creatine kinase (CK), potassium, 
and lactate levels increase and acute renal failure will fol-
low. The mechanism of onset of MH and the sites of action 
of therapeutic agents are presented in Fig. 1.

Pharmacology of dantrolene in MH

Dantrolene, a muscle relaxant, plays an important role in 
the treatment of MH. It restores a normal level of Ca in 
skeletal muscle, which helps to reduce the hyperthermic 
condition. Dantrolene acts directly at the point where MH 
originates, on the Ca-releasing channels in sarcoplasmic 
reticulum, and controls Ca release [1, 2].

Diagnostic criteria for MH

Two different sets of criteria are recognized for the diagno-
sis of MH—the Japanese criteria and the Clinical Grading 
Scale [3], commonly used in Europe and North America. 
This guideline is mainly based on the Japanese criteria, 
which are in turn based on Morio’s criteria [4].
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Treatment of MH and postoperative malignant 
hyperthermia

MH is an emergency that develops after exposure to vola-
tile inhalational anesthetic and/or depolarizing muscle 
relaxant.

The first sign of MH is often an increase in ETCO2 
(>55 mmHg) and tachycardia, which are often difficult to 
explain in the initial phase. The recommended treatment 
is presented in Fig. 2. Treatment should be executed in 
accordance with this procedure.

The pathophysiological basis of MH is primarily met-
abolic abnormality, and other findings associated with 
the initial onset appear randomly sporadic. The findings 
are: increased ETCO2 level with unexplained cause, uni-
dentified tachycardia, rapid rise in body temperature of 
0.5 °C/15 min, hyperthermia >38.8 °C, masseter muscle 
rigidity, generalized skeletal muscle rigidity, metabolic 
acidosis (base excess <−8.0 mEq/L) with increased lac-
tic acid and serum potassium levels, ETCO2 greater than 
PaCO2, and cola-colored urine.

If the ETCO2 level is increased despite artificial hyper-
ventilation, and unidentified tachycardia, hypercarbia, 
hyperthermia, and muscle rigidity is observed, the fol-
lowing procedure including administration of dantrolene 
should be executed immediately (Fig. 2) by declaring an 
‘Emergency of MH’ *a.

In contrast to MH, which develops during general 
anesthesia, there is a condition called ‘postoperative 
malignant hyperthermia’ (PMH), which develops after 
general anesthesia. Careful observation is necessary for 
at least 30 min after general anesthesia. In a patient with 
PMH, there is no finding of MH during general anesthe-
sia. PMH is generally observed after discontinuation of 
the anesthetic trigger. However, the time that symptoms 
appear varies widely. After general anesthesia, most 
PMH crises occur within 30 min, and 70 and 90% occur 
within 2 and 24 h, respectively. The recommended treat-
ment procedure in PMH is presented in Fig. 3.

Execute the following steps immediately in a patient 
with MH or PMH:

Fig. 1  Mechanism of onset and action of therapeutic agents in MH crisis
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(*a–*e in superscript notation correspond to ‘Q and A 
for treatment of MH)’.

 1. Discontinue volatile anesthetic agents and succinyl-
choline.

 2. Ask the surgeon to halt the surgery immediately and 
call for help, because this emergency crisis needs a 
team approach. *b

 3. If surgery must be continued, maintain anesthesia 
with intravenous anesthetics and non-depolarizing 
muscle relaxants.

 4. Hyperventilate with 100% oxygen at a flow rate of 
10 L/min to flush out the volatile anesthetics (by dou-
bling minute volume) and lower ETCO2.

 5. Prepare dantrolene ≥1.0 mg/kg, as this is necessary to 
resolve the persistent muscle rigidity and any recur-
rence.

 6. Dissolve 20 mg dantrolene by shaking with 60 ml of 
distilled water. Give dantrolene 1.0 mg/kg (2.0 mg/kg 
preferable) over 15 min through a large-bore IV line. 
Repeat until the patient responds with a decrease in 
ETCO2, decreased muscle rigidity, and/or lowered 
heart rate. The maximal dose of dantrolene is 7.0 mg/
kg.

 7. Secure an arterial line for blood gas analysis to deter-
mine the degree of metabolic acidosis.

 8. Give cooled physiological saline, at least 50–60 ml/kg 
intravenously. *c

Fig. 2  MH crisis treatment procedure
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 9. Cool the patient’s body surface with room air by 
forced-air cooling if core temperature is >39 °C. 
Stop cooling when the temperature has decreased to 
<38 °C.

 10. Treat arrhythmia with standard medication, but never 
use Ca channel blockers because these will lead to 
cardiac arrest in combination with dantrolene.

 11. Maintain urine output ≥1.0 ml/kg hourly. If neces-
sary, give furosemide 0.5–1.0 mg/kg once (maximum 
dose 20 mg). Give sodium bicarbonate, 1.0 mEq/
kg hourly, if base excess is < −8.0 mEq/L (50 mEq 
maximum dose). Consider administration of sodium 
bicarbonate, 1.0 mEq/kg dose hourly for the treatment 
of increased levels of CK and potassium and myoglo-
binuria.

 12. Remove the vaporizer and replace the anesthetic cir-
cuit, if possible, but this is not necessary.

 13. If hyperkalemia (K+ >5.9 mEq/L) is present, treat 
with regular insulin (10 units IV) and 50 ml of 50% 
glucose by checking blood glucose levels hourly, 
or calcium chloride 10 mg/kg (maximum dose 
2000 mg), or calcium gluconate 30 mg/kg (maximum 
dose 3000 mg).

 14. Laboratory examinations recommended are blood 
gas analysis, blood glucose, electrolyte, lactate, CK, 
urine and blood myoglobin, and coagulation studies. 
Assess them at the onset of MH and preferably repeat 
at 30 min and at 4, 12, 24, and 48 h thereafter.

 15. When the patient’s condition is stable, transfer to an 
intensive care unit for at least 24 h. Key indicators 

Fig. 3  PMH crisis treatment procedure
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of stability are ETCO2 decreased to normal range, 
tachycardia normalized without arrhythmia, body 
temperature restored, and generalized muscle rigidity 
resolved. *d,*e

Q and A for treatment of MH

*a
Q  Are high potassium level and lactic acid level 

enough to decide to give dantrolene?
A  They are not enough to give dantrolene, because 

they are not specific findings for MH. Hyper-
thermia, metabolic acidosis, generalized muscle 
rigidity, and increased ETCO2 in spite of artificial 
hyperventilation are basic findings for consider-
ing dantrolene administration

*b
Q  Should we request termination of the surgical 

procedure as soon as possible? Could we con-
tinue the surgery when the patient has responded 
to treatment?

A  Faced with findings suggesting MH, it is recom-
mended that surgery is halted as soon as possible 
and postponed until later. If the body tempera-
ture is >40 °C, it is strongly recommended that 
the surgery is halted immediately because mor-
tality is quite high under these conditions. If a 
temperature of <37 °C is restored and ETCO2 is 
reduced, the surgery may be restarted

*c
Q  Is physiological saline the only fluid necessary 

for MH crisis? Are any other infusion fluids 
available?

A  Physiological saline infusion is recommended 
in Europe and North America, although it may 
produce dilution acidosis when a large volume of 
saline is given. Lactated Ringer’s solution is not 
recommended because it may aggravate lactic 
acidosis under conditions of metabolic acidosis. 
Carbonated Ringer’s solution seems to be prefer-
able to lactated Ringer’s solution; however, there 
is no clear evidence to recommend infusion solu-
tions in MH crisis

*d
Q  Are there any apparent criteria to judge the tim-

ing of extubation or emergence from anesthesia 
when the treatment successfully improves the 
condition?

A  The judgment should be entrusted to those who 
are treating the patient, because they get a bet-
ter understanding of the patient’s individual cir-
cumstances. Careful observation is necessary, 
even after extubation, for at least 48 h, because 
MH may recur if analgesia and sedation are 
insufficient

*e
Q  Are endotracheal intubation and artificial ven-

tilation essential for the patient receiving 
dantrolene?

A  They are not necessarily needed. The judgment 
should be entrusted to the anesthesiologists treat-
ing at the bedside. No special limitations are 
known for MH; however, a large dosage of dant-
rolene will lead to muscle weakness and respira-
tory dysfunction including aspiration

 1. On initial findings of MH:
(a) Riazi et al. [5]
(b) Visoiu et al. [6]

 2. On triggering agents and cessation of inhalational 
anesthetics:

(c) Glahn et al. [7]
 3. On Clinical Grading Scale including arterial blood 

gas analysis:
(d) Larach et al. [3]

 4. On PaCO2 < ETCO2:
(e) Lin et al. [8]
(f) Kwetny and Finucane [9]

 5. On increased lactic acid levels:
(g) Kwetny and Finucane [9]

 6. On hyperventilation to eliminate increased CO2 pro-
duction:

(h) Jones et al. [10]
 7. On recurrence:

(i) Nelson and Litman [11]
(j) Burkman et al. [12]
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 8. http://www.mhaus.org/
 9. General information on MH:

(k) Bandschapp and Girard [13]
 10. On PMH:

(l) Migita et al. [14]
(m) Litman et al. [15]

Perioperative management

Preoperative evaluation

1. Preoperative evaluation of a patient with suspected MH
History taking of intraoperative and postoperative epi-

sodes of hyperthermia, muscle rigidity, cola-colored urine, 
and muscle pain is important. If a history of this kind of 
episode is apparent, take care to treat the patient as poten-
tially susceptible to MH.

Even if there is no apparent history of previous anesthe-
sia experience, it is not appropriate to rule out MH because 
MH is not necessarily provoked even if triggering agents 
are used [16].

2. Past history of heat stroke, exercise-induced rhabdo-
myolysis, and familial history

It is known that >50% of families with MH have muta-
tions in the gene encoding the ryanodine receptor type 1 
(RYR1) [17, 18]. There are at least 30 known causative 
RYR1 gene mutations on chromosome 19q 13.1–13.2, 
which are thought to comprise 50–70% of cases, and novel 
mutations continue to be identified [18]. RYR1 mutations 
may account for a substantial proportion of patients pre-
senting with unexplained rhabdomyolysis and/or exertional 
myalgia. Associated clinicopathological features may be 
subtle and require a high degree of suspicion to detect [19].

The unexpected high prevalence of the MH susceptibil-
ity trait after exertional heat stroke suggested a latent dis-
turbance of Ca homeostasis that accounted for the positive 
results in an in vitro muscle contracture test [20]. However, 
it is not yet clear whether exertional heat stroke is associ-
ated with an increased risk of MH, or whether MH suscep-
tibility is a risk factor for exertional heat stroke [20].

3. How to assess an increased serum CK level

There is no apparent correlation between serum CK levels 
and MH susceptibility [16]. One study of asymptomatic patients 

with persistently increased CK levels reported that 49 patients 
(49%) had positive contracture tests, [21] while in another study 
only two patients had positive in vitro contracture tests out of 
37 subjects with persistent elevation of CK [22]. In a Japanese 
study, 4 of 42 subjects (9.5%) had positive Ca-induced Ca 
release tests using skeletal muscle skinned fibers [23].

These investigations of MH susceptibility using in vitro 
tests suggest it is relatively infrequent among subjects with 
persistently increased CK levels. However, there are reports 
showing that individuals with ryanodine receptor gene 
(RYR1) mutations had increased CK levels at rest [24], and 
that a single nucleotide variant of the RYR1 gene is one of 
the genes responsible for persistently increased CK levels 
in asymptomatic patients [25].

4. Congenital myopathy related to MH [16]

The core myopathies, a subset of myopathies that pre-
sent in infancy with hypotonia and muscle weakness, were 
previously considered to be rare types of congenital myo-
pathy [26]. Core myopathies, in particular central core dis-
ease, carry a high risk of MH susceptibility because of their 
genetic linkage to mutations in RYR1 [26]. It is important 
to realize that core myopathies are in fact the most common 
form of congenital myopathies and that more than half can 
be attributed to RYR1 mutations [27].

Caution in planning safe anesthesia

5. Consider what kind of anesthesia is safe for those who 
are MH susceptible.

6. An agonist of the L-type Ca channel has been reported to 
increase intracellular Ca levels [28, 29]. It is recommended 
that Ca blockers such as verapamil should not be used 
along with dantrolene, since hyperkalemia and profound 
hypotension may occur with this drug combination [16].

7. Adequate sedation is necessary to prevent excessive anx-
iety and tension throughout the perioperative period [16].

8. Preparation of the anesthesia machines, use of non-
triggering anesthetics, adequate monitoring, availabil-
ity of sufficient quantities of dantrolene and appropri-
ate postoperative care are essential for performing safe 
anesthesia [30].

9. Prepare sufficient quantities of dantrolene according 
to the body weight of the patient. Prepare 1 mg/kg of 
dantrolene to keep close at hand, because the recom-
mended initial dose of dantrolene is 1 mg/kg in Japan; 
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however, it is 2 mg/kg in Europe and North America. 
Dissolve 20 mg/vial in 60 ml of distilled water.

10. Prepare anesthesia machines by detaching the vapor-
izer and washing out the remaining volatile inhala-
tional anesthetic agents to reduce the risk of exposure. 
Modern anesthesia workstations are more complex and 
contain more gas-absorbing materials inside. It is rec-
ommended that protocols are prepared for the new gen-
eration anesthesia machines [31]. The washout times 
with 10 L/min of fresh gas flow for the Avance™ and 
Aisys™ require flushing of these workstations for 10 
to >90 min [32]. It is not necessary to flush machines 
equipped with non-rebreathing circuits. CO2 absorbent 
and rebreathing circuits including a reservoir bag must 
be replaced with new ones.

11. Maintaining anesthesia and postoperative care.

Adequate monitoring and appropriate postoperative care 
are essential. Monitor ETCO2 and core temperature con-
tinuously. Caution is necessary because it has been reported 
that no causative anesthetic drugs were used in 7 out of 477 
cases of MH [6]. If there were suspicious findings in MH-
susceptible patients during anesthesia, give dantrolene intra-
venously. If there were no suspicious findings of MH, stand-
ard postoperative management is safe and appropriate [33].

Explaining the disease to a patient and family 
members after MH has been diagnosed

Include the following items that are immediately relevant:

1. MH is not caused by a drug allergy but is a hereditary 
disease.

2. It is a pharmacogenetic disorder of skeletal muscle pre-
senting as a hypermetabolic response to inhalational 
anesthetics and depolarizing muscle relaxant [34].

3. Patients are free from any signs of MH in their eve-
ryday activities, with the exception of hard physical 
labor.

4. The standard for diagnosis of MH is currently a muscle 
contraction test. Other biochemical, hematological, and 

physical tests lack significant sensitivity and specificity 
to be used diagnostically [35].

5. If MH or MH susceptibility has been determined in 
blood relatives, treat the patient as MH susceptible and 
notify the relatives of the possibility of MH.

6. Stressing with exercise and heat stroke are potential 
triggers for MH [36–40]. Death due to non-anesthetic 
MH occurs in a small percentage of patients who 
develop heat stroke; nonetheless, MH susceptibility 
should be considered as these patients may demon-
strate an exaggerated response to stress [39]

Include the following items concerning future 
anesthesia:

1. Prescribing oral dantrolene before anesthesia is not 
recommended because it produces severe muscle 
weakness [41–43].

2. Local anesthetics and regional anesthesia including 
subarachnoidal and epidural anesthesia are safe [34, 
43, 44]. It is preferable to prescribe sedatives intrave-
nously to lessen anxiety and stress [34, 43–45].

3. Avoid inhalational anesthetics when receiving medi-
cal treatment needing general anesthesia. Intravenous 
anesthetics are assumed to be safe for performing the 
anesthesia.

4. It is recommended that these patients receive medical 
treatment in the facilities of qualified members of the 
JSA because adequate treatment is available there [46].

5. Even when the results of the muscle biopsy test and 
genetic test are negative, this is not sufficient to rule 
out MH [47–49].

Patient referral form

This form is to be provided by the medical institution that 
originally treated the patient to the medical institution the 
patient is referred to .
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