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Summary

Malignant hyperthermia (MH) is a subclinical myopathy,
usually triggered by volatile anaesthetics and depolarising
muscle relaxants. Clinical symptoms are variable, and the
condition is sometimes difficult to identify. Nevertheless,
rapid recognition and specific as well as symptomatic treat-
ment are crucial to avoid a lethal outcome. Molecular ge-
netic investigations have confirmed the skeletal muscle
type ryanodine receptor to be the major MH locus with
more than 70% of MH families carrying a mutation in this
gene. There is no screening method to test for MH, as cur-
rent tests are invasive (open muscle biopsy) or restricted
to MH families with known MH-associated mutations (mo-
lecular genetic testing).
The prevalence of the MH trait is unknown, because the
clinical penetrance after contact with triggering agents is
very variable. More recently, MH mutations have been as-
sociated with rhabdomyolysis following statin therapy or
with non-pharmacological triggering, such as exertional
heat stroke.
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Introduction

Peri-operative fatalities associated with hyperthermia have
been reported since the introduction of general anaesthesia
in the 19th century [1]. It was not until 1960, however, when
Denborough and Lovell described a peri-operative hyper-
thermia disorder in a family with an autosomal dominant
mode of inheritance, that the true nature of these fatalit-
ies became clearer [2]. Denborough and Lovell named the
disorder ‘malignant hyperthermia’. In the 1970s, mortal-
ity from malignant hyperthermia (MH) crises was still over
80% [3]. Dedicated research has since unveiled the patho-
genesis of this potentially fatal anaesthesia complication
(i.e., being a pharmacogenetic disorder of skeletal muscle
calcium regulation [4]). Furthermore, a specific and effect-
ive medical treatment with dantrolene has been discovered.
Nowadays, if the disorder is recognised expeditiously and
an adequate treatment is initiated, an MH episode rep-
resents a very dangerous yet treatable state; and mortal-
ity has decreased to less than 5% [5]. Furthermore, pre-
ventive (pre-symptomatic) diagnostic measures including

in vitro contracture testing and molecular genetic analys-
is have substantially increased peri-operative patient safety.
Nevertheless and even more tragic at this stage of know-
ledge, fatal events linked to MH continue to appear in the
literature [6]. This underlines the importance of continued
vigilance towards this subclinical myopathy. If not, MH re-
mains as fatal as it was a century ago [6]. This review sum-
marises the essential and important facts about MH for the
clinician and presents new developments in the field.

Definition

MH is defined as a disturbance of the skeletal muscle cal-
cium homeostasis, triggered by volatile anaesthetics and
depolarising muscle relaxants (i.e., all halogenated inhal-
ative anaesthetics such as halothane, isoflurane, sevoflur-
ane, desflurane and the depolarising muscle relaxant suc-
cinylcholine). In humans, exposure to stresses like heat
or vigorous exercise has been infrequently implicated in
the disorder. In the absence of triggering agents, the af-
fected individuals appear normal without any pathologic
signs, as MH represents (in most cases) a subclinical my-
opathy. However, some known characteristic muscle dis-
eases with a clinical phenotype (e.g., central core disease,
multi-minicore disease and King-Denborough syndrome)
are associated with MH episodes [7, 8], whereas other
muscle diseases (e.g., Thomsen’s disease and Becker type
myotonia) most probably are not [9]. Once a vulnerable in-
dividual is exposed to a triggering agent, a pathologic hy-
permetabolic response featuring a rapid increase in oxygen
consumption and expired carbon dioxide, muscle rigidity,
hyperthermia, acidosis and hyperkalemia ensues.

Epidemiology

The prevalence of MH episodes is estimated to range from
1:10,000 to 1:220,000 [10, 11]. In a recent report from
Japan evaluating the actual nationwide prevalence of MH
events based on a large-scale cross-sectional data analysis,
the prevalence was calculated to be 1:73,000 in the years
2006-2008 [12]. Men have repeatedly been shown to be
significantly more prone compared to women [12, 13], and
more than 50% of all MH reactions involve the paediatric
population [5]. All ethnic groups are affected [5]. In a pre-
valence and clinical outcome study from New York State
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from 2001 to 2005, most of the MH events (71%) origin-
ated from emergency/urgent admissions [13].
An MH episode may develop upon first exposure to a trig-
gering agent. However, on average, affected individuals
undergo three anaesthesias before a first MH crisis occurs
[5], and cases are known where even more uneventful in-
halational anaesthesias were performed before an MH
crisis. Therefore, the prevalence of the genetic predispos-
ition for MH can neither be estimated nor determined. In
a French study of 104 MH families, six individuals car-
ried two MH mutations [14]. These authors estimated MH
mutations to be as frequent as 1 in 2000.

Diagnostic criteria and clinical
presentation

The characteristic hypermetabolism during an MH crisis
produces increased carbon dioxide and despite increases in
minute ventilation, carbon dioxide levels continue to rise
[15]. Rising end-tidal carbon dioxide can be an early warn-
ing sign of an impending MH crisis especially when suc-
cinylcholine is used as the relaxing agent, in which case
an abrupt rise in CO2 can be observed. In the absence of
succinylcholine, however, the rise in CO2 is more gradual
and can be missed [16]. Unexplained tachycardia, muscle
rigidity, hyperthermia, diffuse sweating, acidosis and hy-
perkalemia are further key signs of an MH episode [5]. In-
ternationally, MH experts have developed a clinical grad-
ing scale to assess the likelihood of an intra-operative event
representing an MH episode [17]. According to this scale,
differential weighting is given to the various manifestations
of the syndrome (i.e., muscle rigidity, muscle breakdown,
respiratory acidosis, metabolic acidosis, temperature in-
crease, cardiac involvement and family history) to facilitate
the clinical diagnosis of MH [15, 17]. Of note, increase in
temperature generally appears later. Therefore, one should
not wait for this sign to appear before making the dia-
gnosis. On the other hand, there are numerous conditions
(e.g., surgical stress, inadequate anaesthetic depth, sepsis,
thyreotoxic crisis, etc.) that present unspecific signs such
as tachycardia and hypercapnia, which can mimic MH [1,

Figure 1

Two screenshots of the MHApp. Panel A shows the first five
treatment steps, which all have to be confirmed before proceeding.
Panel B shows the automatically generated protocol. This protocol
can be forwarded by email.

15]. So, the clinical diagnosis of MH can at times be hard
to make. However, prompt recognition and treatment of an
MH episode is absolutely crucial; any delay in diagnosis
and treatment increases mortality [15]. A further clinical
sign of potential MH is succinylcholine-induced masseter
muscle rigidity (MMR). Often, after the administration of
succinylcholine, an increase in masseter muscle tone can
be observed. This must be distinguished from a true MMR
event, the “jaws of steel”, which is defined to last for at
least 2 min after succinylcholine administration. MMR oc-
curs in about 1 in 100 children when anaesthesia is in-
duced with halothane and succinylcholine [18]. The same
incidence is probably true for the combination sevoflurane
and succinylcholine. However, if one starts anaesthesia in-
travenously with the combination of thiopental-suc-
cinylcholine, the incidence of MMR is much less [19]. Im-
portantly, propofol was shown to have even greater muscle
relaxant properties compared to thiopental when combined
with succinylcholine [20]. Half the patients exhibiting
MMR were diagnosed as MH susceptible [21]. The clinical
incidence of MH defined by arterial blood gas analysis,
however, is only about 15% in patients experiencing MMR.
This shows that MMR can be an early sign of MH, but
in most cases it merely exposes an underlying myopathy,
not necessarily representing MH. There are many variables
influencing pharmacosensitivity of masseter muscle (e.g.,
serum electrolyte levels, size of motor units, expression
of ectopic nicotinic acetylcholine receptors). So, MMR is
very unspecific and has to be considered as an unreliable
sign of MH. Furthermore, this symptom cannot be quanti-
fied by measurements (in daily clinical practice) and may
therefore be vulnerable to subjective error, most notably in
a stressful clinical situation. Still, it may be prudent to dis-
continue anaesthesia following a MMR event. In case of an
emergency, one should ensure a ‘trigger-free’ anaesthesia
and be especially alert for signs of hypermetabolism. Post-
operatively, these individuals should be monitored for hy-
permetabolism and signs of muscle damage (i.e. temper-
ature, creatine kinase (CK) and blood gases). If there is
any second suspicion (such as inadequate CK elevation or
CO2 increase), these patients with a typical MMR episode
should best be referred to an MH testing centre [5].

Therapeutic interventions

In case an MH episode is suspected, all triggering agents
should be discontinued immediately and anaesthesia
should be changed to propofol [22]. Help should be called
as early as possible. Smart phone applications, such as
‘MHApp’ for the iPhone, can help to manage the complex
and time-consuming therapy (fig. 1). Hyperventilation with
a high fresh gas flow (>10 l/min) should be started and
treatment with a bolus of dantrolene at 2.5 mg/kg initiated
to limit MH. Dantrolene is the primary drug used to treat
MH, and, as a specific ryanodine receptor antagonist, it
inhibits the pathologically increased calcium release from
the sarcoplasmic reticulum in the affected individuals [23].
The initial bolus of dantrolene (2.5 mg/kg) should be re-
peated until clinical signs and acidosis subside (i.e., titrate
the treatment to tachycardia and hypercarbia) [1]. The re-
commended upper limit of 10 mg/kg dantrolene may have
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to be surpassed, as guided by the clinical and laboratory
signs of the individual patient. Cooling measures need to
be started (e.g., placing ice packs on the groin, axillae and
neck) and maintained until the temperature of the patient is
below 38.5°C. Blood should be regularly drawn to evaluate
acid-base status, blood cell count, coagulation profile, elec-
trolytes, creatinine, CK and myoglobin. Urine should be se-
cured for myoglobin measurement. This extended monitor-
ing helps to guide the management of the MH episode [15].
Any increase in potassium or worsening acidosis should be
followed by a dantrolene bolus. Coagulopathy, such as dis-
seminated intravascular coagulation can develop and may
need to be treated. In case of increased myoglobin in blood
or urine samples due to the muscular breakdown and the
risk of kidney damage, more aggressive hydration has to be
started, together with urine alkalinisation and the adminis-
tration of diuretics to help clear tubular myoglobin; urine
output of at least 2 ml/kg/h should be targeted [24]. Regular
CK measurements, every 6-8 h, should be conducted until
the values start to fall. Rhabdomyolysis can be associated
with accentuated derangements in the serum electrolytes;
hyperkalemia has to be especially diagnosed and treated,
as severe life-threatening cardiac arrhythmias can develop.
Patients experiencing an MH episode have to be followed
up in an intensive care unit for at least 36-48 hours. Dan-
trolene at a dose of 1 mg/kg should be continued every
4-8 hours as guided by clinical and laboratory parameters
(fig. 2). Importantly, about 20% of patients will experien-
ce a recrudescence of the syndrome (even under dantrolene
treatment) [25]. Of note, according to an analysis by Burk-
man et al., the mean time from initial reaction to recrudes-
cence was 13 h, well beyond the immediate peri-operative
period [25].

Figure 2

Treatment algorithm for malignant hyperthermia according to the
Swiss MH investigation unit.

Pathophysiology

In skeletal muscle specimens from MH-susceptible swine,
Iaizzo and co-authors showed that exposure to halothane
led to higher myoplasmic calcium concentrations as com-
pared to specimens from control animals [26], and that
these higher myoplasmic calcium concentrations were as-
sociated with contractures of the muscle fibres tested
(fig. 3). Further experimental evidence from various
sources has indicated the same underlying mechanism as
causative for MH: uncontrolled release of calcium from
the sarcoplasmic reticulum [5]. This exaggerated intracel-
lular calcium release in MH-susceptible skeletal muscle
leads to large increases in aerobic and anaerobic meta-
bolism as the muscle cells attempt to re-establish homeo-
stasis by sequestering unbound calcium [15]. However, in
MH-susceptible muscle, the rise in calcium caused by the
triggering agents overwhelms the cellular capacity to re-
establish homeostasis. The pathologically enhanced intra-
cellular calcium rise eventually reaches the threshold levels
for myofibrillar contraction and muscular rigidity begins.
This leads to increased oxygen consumption and increased
carbon dioxide production. Heat is generated with rising
lactic acid levels. Adenosine triphosphate stores become
depleted, which progressively endangers the membrane in-
tegrity of the skeletal muscle cells. Rhabdomyolysis ensues
with leakage of muscle cell contents (including electro-
lytes, myoglobin and various other sarcoplasmic proteins,
like CK) into the circulation, with potential consequences
for renal function and integrity [5, 15, 24].
The cause of this abnormal regulation and release of cal-
cium in affected skeletal muscle lies, in most cases, in a
defective calcium release channel in the skeletal muscle
sarcoplasmic reticular membrane, named the ryanodine re-
ceptor (RYR). In close contact to the RYR is the
dihydropyridine-sensitive voltage-gated calcium channel

Figure 3

A schematic representation of the excitation-contraction coupling
mechanism and the pathophysiological key elements of malignant
hyperthermia (adapted from Lehmann-Horn et al. [36]). The muscle
action potential is propagated along the sarcolemmal membrane
into the transverse tubule, where the dihydropyridine receptors
(DHP receptor) sense the action potential voltage change and open
up. The conformational change of the opening DHP receptors then
activates the ryanodine receptors, which release calcium from the
sarcoplasmic reticulum. In malignant hyperthermia, an uncontrolled
calcium release from the sarcoplasmic reticulum overwhelms the
compensatory mechanisms within the skeletal muscle cell:
increased muscle contractile activity and metabolic stimulation
ensues.
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(DHPR). DHPR are located in the transverse tubule mem-
branes and function as voltage sensors. Every time a
muscle action potential is propagated along the sarcolem-
mal membrane into the transverse tubule, the voltage
change is sensed by DHPR and the channel opens up.
The conformational change of the opening DHPR is direc-
tly transmitted to the RYR, which themselves respond by
opening. The resultant calcium release then leads to mus-
cular contraction. This is the fundamental excitation-con-
traction coupling (ECC) needed for normal skeletal muscle
function. Aberrations in these two receptors, as well as in
other proteins involved in the myoplasmic calcium regu-
lation, are responsible for the functional changes seen in
calcium regulation in MH. In particular, mutations in the
gene for the ryanodine receptor (RYR1 gene on chromo-
some 19) were linked to MH susceptibility [27, 28]. Ap-
proximately 70% of MH families carry mutations in this
specific gene [29, 30]. However, not all MH families ex-
hibit linkage to this gene. Other potential genetic loci have
been identified, such as mutations of adult muscle sodium
channel alpha-subunit (SCN4A) [31] or of the main subunit
of DHPR (CACNA1S) [32], although MH mutations have
so far only been identified in CACNA1S.

Laboratory diagnostic methods

As MH is a subclinical myopathy, special testing is needed
to confirm or exclude MH susceptibility. Testing for MH
susceptibility is invasive and, therefore, not applicable as
a screening method. Indication for MH testing is given for
individuals who have survived a suspected MH episode or
for close relatives of known MH susceptible individuals.
The gold standard for such pre-symptomatic testing is the
in vitro muscle contracture testing (IVCT). An invasive,
open muscle biopsy is conducted under regional anaes-
thesia, and the muscle strips are mounted and immersed
in tissue baths for measurement of isometric contractions
[33]. These muscle fibres are exposed to increasing con-
centrations of halothane and caffeine according to the
standardised protocol of the European Malignant Hyper-
thermia Group (EMHG) [33]. Following the test, one of the
following conclusions regarding MH susceptibility can be
reached: MH susceptible (MHS), i.e., significant contrac-
ture of at least one muscle bundle both at ≤ 2 mM caffeine
and ≤ 2% halothane; MH negative (MHN), i.e., signific-
ant contracture of all the tested bundles only at ≥ 3 mM
caffeine and > 2% halothane; MH equivocal (MHE), i.e.,
all other test results are deemed equivocal (MHEh if re-
acting to halothane only or MHEc if reacting to caffeine
only). Clinically, MHE patients are regarded as MH sus-
ceptible. This specific EMHG protocol reaches a sensitiv-
ity of 99% and a specificity of 94% [34]. Although still
regarded as the gold standard for the diagnosis of MH,
IVCT testing is invasive, costly and confined to specialised
centres in Europe. Therefore, DNA analysis and molecu-
lar genetic testing is an attractive alternative. Only a small
volume of blood is required, which can then be sent to
an accredited diagnostic laboratory for further testing. Al-
though, molecular genetic testing in patients from MH fam-
ilies with known causative mutations has been introduced
relatively recently, today it represents the routine testing

for such patients [27, 35]. Despite the fact that more than
200 RYR1 variants have been identified, only 30 of these
have been investigated for their functional effect and have,
therefore, been approved as ‘diagnostic’ mutations by the
EMHG (http://www.emhg.org). It is of utmost importance
to realise that absence of RYR1 mutations does not exclude
MH. Patients, in whom the familial RYR1 mutation was
not identified, must undergo an IVCT in order to confirm
or exclude MH susceptibility [35]. Ongoing investigations
will uncover further causative mutations and thereby im-
prove the usefulness and efficacy of genetic testing in fu-
ture.

Non-anaesthetic “awake” MH
episodes

As described earlier, it is thought that most patients with
susceptibility to MH, except for those with congenital my-
opathies associated with RYR1 mutations, have no clinical
manifestations of muscle disease except when exposed to
the typical triggering agents (i.e., only during anaesthesia).
However, over the years sporadic reports of confirmed ful-
minant and fatal non-anaesthetic “awake” MH episodes
have appeared in the literature [29, 36]. It is thought that a
subset of MHS individuals may be prone to MH-like symp-
toms if exposed to non-anaesthetic triggers (e.g., environ-
mental heat stress, exercise or even emotional stress). In
porcine MH, such an association between environmental
stressors and MH crisis is well established and is even
known as the porcine stress syndrome [36, 37]. MHS (i.e.,
homozygous) pigs are sensitive to environmental stress,
and MH episodes can be triggered in awake animals by ex-
posure to exercise, heating or excitement [38]. However,
MH is different among species. In humans, MH has an
autosomal dominant mode of inheritance, while pigs have
to be homozygous to be susceptible. In 1980, Gronert and
co-authors reported the case of a 42-year-old patient with
episodic hyperthermia [39]. This patient suffered from re-
current episodes of aching joints, malaise and fever of 40°C
or more if exposed to extreme physical or emotional stress.
As his episodes had similarities to MH, a muscle biopsy
and contracture testing was part of the diagnostic work-up.
Pathologic muscle contracture responses confirmed this pa-
tient to be MH susceptible.
In 2001, a case of non-anaesthetic, stress-induced hyper-
pyrexic death in an individual with a history of MH was re-
ported [40], and most recently similar non-anaesthetic MH-
like events have been described in two unrelated children
triggered by either exposure to environmental heat or infec-
tion [29, 36, 41]. Both children had the same RYR1 vari-
ant (p.R3983C) on one allele. While the boy also had bilat-
eral ptosis and muscle hypotonia (suggestive of additional
myopathy), the girl had a second mutation (p.D4505H) on
the other allele. Maybe this specific RYR1 variant is asso-
ciated with a distinct phenotype and predisposes patients to
massive myoplasmic calcium release (in response to heat,
fever and infection) [6, 36]. This discussion is ongoing [6],
and further research is needed.
We would like to cite recent clinical recommendations and
guidelines for advice to MH patients in this regard [42].
The vast majority of MH patients are not vulnerable and
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will not experience an MH-like episode in response to
stress, heat or infection and, therefore, need not limit en-
vironmental or stress situations. However, a subgroup of
MHS patients with a personal or family history of intoler-
ance to heat or other stressful conditions should be cautious
and should avoid over-exertion. In case of early symptoms,
stressful activity should be reduced to limit the likelihood
of an “awake” MH episode. Symptomatic treatment with
cooling should be initiated.

Idiopathic hyperCKemia,
rhabdomyolysis, statins and further
potential associations

A potential association of MH with idiopathic hyper-
CKemia, defined as a persistently elevated serum concen-
tration of CK (i.e., at least 3 serum CK levels more than
twice normal over at least 3 months) with no evidence of
neuromuscular disease, has been a matter of debate for
years. Recently, a case of a healthy 18-year-old man was
reported, known only for asymptomatic (familial) CK elev-
ation, who exhibited an MH reaction intra-operatively [43].
Further diagnostics revealed a mutation in the RYR1 gene
of this patient. Patients with asymptomatic hyperCKemia
have long been suspected to have a susceptibility to MH.
While in a recent investigation of patients with unexplained
hyperCKemia the in vitro contracture testing detected one
out of 37 individuals to be MH susceptible (2.7%) [44], the
incidence of positive contracture tests in patients with un-
explained hyperCKemia in another study was much high-
er (49%) [45]. This may be explained by varying selection
of the cases selected for testing [43]. Indeed, while various
older studies have concluded increased asymptomatic CK
levels to be, at best, a weak predictor of MH [46–48], unex-
plained persistently elevated serum CK levels in an other-
wise healthy individual should alert the clinician for a thor-
ough neurological examination and history taking [49]. In
the context of selection bias of patients it might be help-
ful to remember that thyroid dysfunction is a very common
cause of hyperCKemia. Still, in case of anaesthesiological
complications within a family, referral of the patient to an
MH investigation centre seems advisable [44, 50].
Exertional rhabdomyolysis has been linked to MH suscept-
ibility (with positive contracture testing) in a small number
of case reports. Recently, a case was reported of a 30-year-
old patient on statin therapy who first presented with ex-
ertional rhabdomyolysis after a 2.5 mile walk and had to
be taken to the operating room because of bilateral calf
compartment syndrome [51]. During one of the subsequent
operations, the patient presented with a fulminant MH re-
action. In vitro contracture testing confirmed the MH dia-
gnosis. In a previous study, Wappler and co-authors found
ten out of twelve patients with exertional rhabdomyolysis
(and with no personal or family history of MH) to be MHS
by contracture testing; three of the MHS individuals had
causative RYR1 mutations [52].
Muscular side effects due to statin therapy are frequent, and
rhabdomyolysis can occur [6, 51]. Three cases of statin-
associated myalgia have been reported with special relev-
ance, as these patients underwent muscle biopsy and in
vitro contracture testing. Thereafter, one patient had asso-

ciated myoglobinuria and the other two presented with per-
sistently elevated CK levels despite discontinuation of stat-
in therapy. All three were found to be MHS by IVCT [6].
In a case series, nine patients with increased CK levels and
myalgias after statin treatment were evaluated by IVCT:
7 out of 9 patients exhibited abnormal IVCT test results
[53]. Although these abnormal results have to be inter-
preted with caution, considering the lack of specificity of
the IVCT in the presence of muscle damage, statin therapy
may well be able to unmask underlying muscle pathology
such as MH. Nevertheless, given the various important
beneficial effects, statin therapy should not be withheld
from MHS patients [6]. Recently, Hopkins recommended
starting statin treatment cautiously in MHS patients. Spe-
cifically, a pre-treatment CK level (with further follow-
up) should be taken and the patient be instructed to report
muscle symptoms or dark urine [6].
Lastly, we would like to add that RYR1 mutations have
recently been found in patients suffering from neuroleptic
malignant syndrome, which beforehand has been seen as an
entirely separate entity [54]. There might be a causal rela-
tionship or perhaps this finding is just a coincidence.

Conclusion

The genetic prevalence of MH cannot be adequately estim-
ated, because clinical penetrance of MH is highly variable
and the majority of MHS individuals lack clinical symp-
toms in absence of triggering agents. Furthermore, there is
no screening method to test for MH, as current tests are
invasive (open muscle biopsy) or restricted to MH famil-
ies with known MH-associated mutations (molecular ge-
netic testing). Although prevalence is historically thought
to be at approximately 1 in 50,000 or less, molecular ge-
netic investigations have suggested the prevalence to be as
high as 1 in 2000. Such a high frequency is further sup-
ported by the fact, that MH mutations have been identified
in patients with exertional heat stroke and statin-induced
rhabdomyolysis. Although MH is still a condition mainly
of importance to anaesthesiologists, non-anaesthetic – and
non-pharmacological – triggering of MH have substantially
increased the number of people interested in MH. For fur-
ther information and advice we refer the reader to the fol-
lowing popular weblinks on the topic: www.emhg.org and
www.mhaus.org.
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Figures (large format)

Figure 1

Two screenshots of the MHApp. Panel A shows the first five treatment steps, which all have to be confirmed before proceeding. Panel B shows
the automatically generated protocol. This protocol can be forwarded by email.
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Figure 2

Treatment algorithm for malignant hyperthermia according to the Swiss MH investigation unit.
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Figure 3

A schematic representation of the excitation-contraction coupling mechanism and the pathophysiological key elements of malignant
hyperthermia (adapted from Lehmann-Horn et al. [36]). The muscle action potential is propagated along the sarcolemmal membrane into the
transverse tubule, where the dihydropyridine receptors (DHP receptor) sense the action potential voltage change and open up. The
conformational change of the opening DHP receptors then activates the ryanodine receptors, which release calcium from the sarcoplasmic
reticulum. In malignant hyperthermia, an uncontrolled calcium release from the sarcoplasmic reticulum overwhelms the compensatory
mechanisms within the skeletal muscle cell: increased muscle contractile activity and metabolic stimulation ensues.
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