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ABSTRACT

Malignant hyperthermia (MH) is a potentially
lethal inherited disorder characterized by
disturbance of calcium homeostasis in skeletal
muscle. Volatile anesthetics and/or depolarizing
muscle relaxant succinylcholine may induce this
hypermetabolic muscular syndrome due to
uncontrolled sarcoplasmic calcium release via
functionally altered calcium release receptors,
resulting in hypoxemia, hypercapnia,
tachycardia, muscular  rigidity, acidosis,
hyperkalemia, and hyperthermia in susceptible
individuals. Mortality without specific treatment
is 80% and decreases to 5% with the use of
dantrolene sodium. If it is not recognized and
promptly treated, this hypermetabolic state can
disturb  acid-base balance and produce
rhabdomyolysis with hyperkalemia,
myoglobinuria, and, consequently, multiorgan
dysfunction and death. The treatment requires
immediate suspension of the trigger agent,
administration of dantrolene, active cooling, and
supportive measures. This review is an attempt
to provide a summary of malignant
hyperthermia and highlight some recent
advances.
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INTRODUCTION

Malignant hyperthermia (MH) is a rare, but
life-threatening, autosomal-dominant
inherited pharmacogenetic disorder that may
lead to metabolic crisis of skeletal muscle in
susceptible individuals following exposure
to triggering agents, such as volatile
anesthetics such as halothane, sevoflurane,

desflurane, the depolarizing muscle relaxant
succinylcholine, and rarely, in humans, to
stresses such as vigorous exercise and
heat.'!! " The apparent features were,
dominated by a progressive pyrexia that
usually lead to death.”) hence the name
malignant hyperthermia.®*] The malignant
in MH has proved useful in emphasizing the
potentially fatal nature of the reaction
whereas, hyperthermia is relatively late
feature in which early intervention is
important.) Altered calcium release
channels cause dysfunction of intracellular
calcium homeostasis and uncontrolled
calcium release from the sarcoplasmic
reticulum, which may lead rapidly to a fatal
hypermetabolic state known as MH crisis."!
It manifests as a potentially lethal
hypermetabolic crisis, which can lead to
breakdown of muscle cells, resulting in
hyperkalemia, acidosis, increased serum
creatine  kinase  concentration,  and
myoglobinuria.l}"l Complications include
cardiac arrhythmia and cardiac arrest s(from
acidosis and hyperkalemia), renal failure,
compartment  syndrome,  disseminated
intravascular coagulation (DIC), pulmonary
edema, and central nervous system
injury. 71 Moreover, in everyday life, most
MH-susceptible (MHS) individuals do not
suffer from muscle symptoms. Nevertheless,
MH is still a relevant complication and
every anesthesiologist must recognize the
symptoms of an MH episode and start
appropriate treatment without delay.®!
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EPIDEMIOLOGY

The incidence of MH episodes during
anesthesia is  between1:10,000 and
1:250,000  anesthetics.  The  highest
incidence is in young people. It has been
found that children under 15 years age
comprised 52.1 % of all reactions.®! The
estimated prevalence of genetic
abnormalities  associated  with  MH
susceptibility may be as great as one in 3000
individuals (range 1:3000 to 1:8500), with a
more recent estimate being 1 in 400. MH
crises develop not only in humans but also
in other species, particularly pigs, which
have been a valuable source for research.
Such reactions have also been described in
horses, dogs and other animals.[*}[?]
Malignant hyperthermia mortality dropped
from 80% to less than 5% after the
introduction of a potent MH antidote,
dantrolene, in the late 1970s. Nevertheless,
in the first decade of the 21st century
mortality has risen to 14% and this may be
associated with the increased use of MH
triggering anesthetics outside conventional
hospital settings and possibly the mistaken
belief that MH was not triggered by modern
inhalation anesthetics.'”! Regardless of the
cause, the increase in mortality emphasizes
the need for anesthesiologists to have a
sound understanding of MH, even though it
IS rare.

All inhalation anesthetics (e.g., halothane,
ether, desflurane, sevoflurane, isoflurane)
except nitrous oxide are reported as MH
triggers.°M8 Confirming previous findings,
a recent study showed that the depolarizing
neuromuscular blocking agent,
succinylcholine, is associated with adverse
events graded as ‘‘very likely’” or ‘‘almost
certainly’> MH, even when inhalation
anesthetics were not used.'*) Studies in
different populations have indicated that
early dantrolene administration drastically
reduces the incidence of complications.
They revealed that the complication rates
increase with delay in administration of
dantrolene treatment.[**]

CLINICAL PRESENTATIONS

Clinical symptoms of MH are highly
variable, and range from mild or moderate
symptoms to fulminant MH crises with
severe skeletal muscle hypermetabolism and
rhabdomyolysis. €] Excessive CO2
production presenting with an increase in
the end tidal CO2 concentration or
hyperventilation while breathing
spontaneously is a sensitive and specific
early sign of imminent MH. Further early
symptoms of an MH crisis may include
tachycardia, supraventricular or ventricular
arrhythmia, and isolated muscle spasm or
generalized muscular rigidity. 50-80% of
patients develop arrythmia or muscular
reactions.™*?! Distinctive cyanosis indicating
increased oxygen consumption may occur
later in the course of an Malignant
hyperthermia episode. A rapid increase in
temperature (to .38.8°C) is a relatively late
sign. However, a rapid increase of .1°C in
15 minutes is diagnostically more relevant
than the peak temperature.™*®! In some cases,
there is no relevant changes in body
temperature, particularly if  adequate
treatment is started early.**51  Arterial
blood gas analyses shows a combination of
respiratory and metabolic acidosis with
negative base excess, lactemia, hypercapnia,
and hypoxemia. Fulminant MH crisis
usually presents with paCO2 values more
than 60 mmHg and a base excess of more
than 8 mVval/L. As the MH episode
progresses, rhabdomyolysis leads to
increased creatine phosphokinase,
hyperkalemia, and myoglobinemia, and
might result in acute renal failure. The end
stage of a fulminant MH crisis is
characterized by multiorgan failure and
circulatory collapse.®!

PATHOPHYSIOLOGY

The exact mechanism by which different
substances initiate a MH has not been
determined. The defect of intracellular Ca2+
homeostasis plays an important role.!*®!
Calcium ions are responsible for excitation
contraction coupling mechanism of skeletal
muscles. Release of Ca2+ is initiated by the
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activation of dihydropyridine receptor
(DHPR) located in the wall of the transverse
tubule.*”) The DHPR is a voltage dependent
receptor has 5 subunits: al,a2, b, ¢ and d
with the al-subunit holding Ca2+ channel
activity and binding to Ca2+ antagonists.
The other four subunits function as
modulators.*®)  The DHPR functionally
couples the transverse tubule to the
ryanodine receptor which is a protein
complex built up of four identical
monomers and transmits the wave of
depolarization from the transverse tubule to
the ryanodine receptor. This process is
initiated by a voltage-dependent
conformational change in the al subunit of
the  dihydropyridine  receptor  being
transmitted to the ryanodine receptor
through the protein segment linking motifs
Il and 1l that open the ryanodine receptor

and induce Calcium release into the
myoplasm.  Triadin,  calmodulin  or
calsequestrin are proteins located in

specialized areas of the sarcoplasmic
reticulum, they can modify the interaction
of the dihydropyridine receptor and the
ryanodine receptor.[**) The myoplasmic part
of the ryanodine receptor is additionally
equipped with numerous binding sites for
proteins and other ligands including
Calcium, ATP, Magnesium and various
other agents such as volatile anaesthetics,
ryanodine or dantrolene.”®’ During the

normal muscle contraction cycle the free
ionized unbound intracellular Calcium
within the muscle cell reduces troponin
inhibition of the contractile elements and
hence results in muscle contraction. The
intracellular Calcium pumps rapidly transfer
calcium ions back into the sarcoplasmic
reticulum, and relaxation occurs when the
concentration is less than the mechanical
threshold.*! Susceptibility to MH is clearly
based on an abnormal Calcium metabolism
within the skeletal muscle most probably
caused by a defective Ca2+ release channel
in the sarcoplasmic reticulum. Calcium
dependent metabolic activities that are
provoked by an increased cytoplasmic Ca2+
concentration is being stimulated leading to
typical symptoms of MH which include
hypercapnia, acidosis and fever.*"]

DIAGNOSIS

The diagnosis of Malignant Hyperthermia is
mainly based on clinical presentation or
laboratory testing. The principal diagnostic
features of MH are unexplained elevation of
ETCO2 concentration, tachycardia, acidosis,
muscle  rigidity,  hyperthermia, and
hyperkalemia. The variability in the order
and time of onset of signs often makes the
clinical diagnosis difficult.[!!

A clinical grading scale was developed by
Larach and colleagues in order to assist in
clinical diagnosis oh MH.[?!

Clinical Finding Manifestation

Respiratory acidosis

End-tidal CO2>55 mmHg; PaC02>60 mm Hg

Cardiac involvement

Unexplained sinus tachycardia, ventricular tachycardia or ventricular fibrillation

Metabolic acidosis Base deficit >8 m/Eql

pH<7.25

Muscle rigidity Generalized rigidity; severe masseter muscle rigidity

Muscle breakdown Serum creatine kinase concentration >20,000/L units; cola colored urine; excess myoglobin in urine or serum;
plasma [K+]
>6 mEg/L

Temperature Rapidly increasing temperature; T >38.8°C

increase

Other Rapid reversal of MH signs with dantrolene. Elevated resting serum creatine kinase concentration

Family history Consistent with autosomal dominant inheritance

MANAGEMENT AND TREATMENT
Dantrolene is the only drug known to
specifically treat Malignant Hyperthermia.
The drug, introduced in 1979, has been
responsible for lowering the mortality
rate.*!

Acute MH crisis

The essential points in the treatment of
acute MH are the immediate discontinuation
of  trigger agents, hyperventilation,
administration of dantrolene in doses of 2.5
mg/kg repeated to limit MH, cooling by all
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routes available and treating hyperkalemia.
Calcium blockers should not be used along
with dantrolene, since hyperkalemia may
occur with such a drug combination The
steps in the treatment of acute MH include
discontinuation of potent inhalation agents
and succinylcholine, Increase minute
ventilation to lower ETCO2, Prepare and
administer dantrolene 2.5 mg/kg initial
dose, Titrate dantrolene to tachycardia and
hypercarbia. Begin cooling measures: If
hyperthermic, use iced solutions, i.e. Ice
Packs to groin, axilla, and neck; Nasogastric
lavage with iced solution; More aggressive
measures as needed and Stop cooling
measures at 38.5°C, Treat arrhythmias as
needed. Do not use calcium channel
blockers, Secure blood gases, electrolytes,
creatine Kkinase, blood and urine for
myoglobin, evaluate Coagulation profile
every 6-12 hours; Treat hyperkalemia with
hyperventilation, glucose and insulin as
needed. Once crisis is under control. Further
Continue dantrolene at 1 mg/kg every 4-8
hours for 24-48 hours. Ensure urine output
of 2 ml/kg/hour with mannitol, furosemide,
and fluids as needed. Evaluate need for
invasive  monitoring and  continued
mechanical ventilation. Observe patient in
Intensive Care Unit for at least 36 hours.
Refer patient and family to Malignant
hyperthermia Testing Center for contracture
or DNA testing.[*}[€]

DANTROLENE

Dantrolene is the only clinically available
agent for the specific treatment of malignant
hyperthermia. Dantrolene was synthesised
by Snyder and his co-workers in 1967. It
was found to have skeletal muscle relaxant
properties after intravenous administration
in animals. Studies revealed that these
relaxant properties are due to depression of
excitation  contraction coupling.  This
complex process enables skeletal muscles to
transform a chemical signal at the
neuromuscular junction into a muscle
contraction. Dantrolene was initially used as
a muscle relaxant in the long term treatment
of skeletal muscle spasticity. 2!

Dantrolene is highly lipophilic and therefore
poorly soluble in water. Today, dantrolene
is available for intravenous use in vials
containing 20 mg lyophilized dantrolene
sodium added to 3 g mannitol to improve
water solubility. The prepared solution
should be protected from light and stored at
15°-25°C, and once prepared should be used
within 6 h. The resulting alkaline solution is
highly irritating to peripheral veins and
should therefore be injected into a large vein
or a fast running infusion.[?!1(2?]

PHARMACOKINETICS

After oral administration, 70% of a dose of
dantrolene is  absorbed.  Significant
variations in plasma concentrations are seen,
peaking at about 6 hr. In healthy conscious
volunteers, intravenous administration of
dantrolene 2.4 mg/kg results in plasma
concentrations of 4.2 pg.ml'1, which blocks
up to 75% of skeletal muscle contraction.!*!
The Plasma concentration remains stable
within ~ the  therapeutic range  for
approximately 5 h after administration.
Plasma elimination half-life time is
estimated to be 12 h. In Paediatric patients,
the pharmacokinetic profile is similar, with
a half-life of approximately 10 hr.[*
Dantrolene is metabolised by liver
microsomes to 5-hydroxydantrolene, which
itself acts as a skeletal muscle relaxant.
Reduction of the nitro moiety of the
benzene ring leads to the formation of
aminodantrolene, which is metabolized to
the reduced acetylated derivative of
dantrolene.®l41 Dantrolene  and  its
metabolites are excreted mainly via urine
and bile.®l Dantrolene has structural
similarities to both hydantoin and some
local anaesthetics, but has neither
anticonvulsant nor anaesthetic properties.??!

PHARMACODYNAMICS

Voltage changes in the t-tubule membrane
regulate conformational changes in the
dihydropyridine receptor during normal
excitation—contraction coupling of skeletal
muscle fibres. Dihydropyridine receptors act
as voltage sensors that undergo
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intramolecular charge movement during
depolarization. This phenomenon probably
results in a movement of the intracellular
loop between the transmembrane domains 11
and Il of the alpha-1 subunit of the
dihydropyridine receptor.®3/ The alpha-1
subunit and the ryanodine receptor isoform
1 (RYR1), the main calcium-releasing
channel of the sarcoplasmic reticulum, are
intimate  physiological  partners.  The
opening of RYR1 induces the efflux of
calcium ions into the myoplasm. 26271
Subsequently, calcium ions activate muscle
contraction by attenuation of troponin C
inhibition of the contractile proteins actin
and myosin. Relaxation is achieved by a
rapid adenosine triphosphate  (ATP)-
consuming transfer of calcium ions back
into the sarcoplasmic reticulum and is
completed  when  the  myoplasmic
concentration is less than the mechanical
threshold.

the underlying molecular mechanisms and
the exact mode of dantrolene’s action have
been incompletely understood. Dantrolene
is a direct-acting skeletal muscle relaxant
blocking calcium release from intracellular
storage in the sarcoplasmic reticulum.
Muscle contraction is decreased without an
effect on the action potential patterns of the
neuromuscular junction.?541]

ADVERSE DRUG REACTION

Adverse reaction may occur after acute or
chronic  parenteral  administration  of
dantrolene. A retrospective analysis showed,
164 patients suffering from MH crises were
treated with dantrolene. The most frequently
observed side-effects were muscle weakness
in 22%, phlebitis in 10%, respiratory failure
in 3% and gastrointestinal discomfort in 3%
of the patients. Dantrolene-associated
muscle relaxation might cause prolonged
respiratory insufficiency, especially in
patients with neuromuscular disease. The
second most common side-effect, local
inflammatory phlebitis at the infusion site,
is caused by the highly alkaline solution.
Accidental extravascular infusion causes
severe tissue necrosis. Therefore, it is

recommended that dantrolene is given into
large peripheral veins or via central venous
lines. Other ADRs include drowsiness,
dizziness and confusion. Chronic oral
therapy has been associated with liver
dysfunction, yet dantrolene was not the only
potentially hepatotoxic substance
administered to the patients in whom this
complication was reported. Neonates are at
risk of ‘floppy child syndrome’ when
dantrolene is administered to the mother
during Caesarean section. Postpartum
uterine atony has been described after
dantrolene therapy. !

SYMPTOMATIC TREATMENT

The metabolic acidosis can be corrected by
administering 1+2 mmol L1 sodium
bicarbonate is  important.  Repeated
administration of sodium bicarbonate might
be necessary because of a continuous efflux
of lactate from cells as lactate crosses
through cell membranes slowly.*?l The
treatment of metabolic acidosis and elevated
potassium concentration requires forced
diuresis and a continuous infusion of
glucose and insulin.!!

Mechanical ventilation with 100% oxygen
at a flow of more than 10 L/min is essential.
End-tidal carbon dioxide concentration
should be kept within the normal range with
the aid of hyperventilation of the lungs.
Antidysrhythmic therapy using lidocaine
and b-adrenoceptor blocking agents should
be initiated. In animal experiments, the
administration of channel blockers did not
improve survival.”?! Indeed, they might
even induce elevated serum potassium
concentrations by interfering  with
dantrolene and this might ultimately lead to
another MH crisis or the development of
further severe dysrhythmias and low
cardiac-output syndrome.°!

To avoid acute renal failure that might result
from hypotension and rhabdomyolysis,
sufficient volume replacement and fluid
balance is required. Diuresis should be
promoted by the administration of loop
diuretics until urine production reaches 1+2
mL kg1 body weight.[*?!
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Once the vitals are stable, the patient should 6. Riazi S, Larach MG, Hu C, Wijeysundera

be transferred to the intensive care unit in D, Massey C, Kraeva N. Malignant

order to monitor vital functions and to hyperthermia in Canada: characteristics of
continue  dantrolene administration. In index anesthetics in 129 malignant
addition, laboratory variables should be hyperthermia  susceptible  probands.

observed closely, i.e. blood-gas analysis, Anesthesia and Analgesia. 2014; 118(2):

electrolytes, blood coagulation, blood count 381-7.

and renal function. Low-dose heparin /- Larach MG, Gronert GA, Allen GC,

should be initiated as early as Brandom BW, Lehman EB. Clinical

possible. (121261 presentation, treatment, and _com_pllcatlons
of malignant hyperthermia in North
America from 1987 to 2006. Anesthesia

Ic\:/lgl)lli\glgcri;_nlthl-:splgrthermia remains a serious and Analgesia 2010; 110: 498-507.

. . T 8. Schneiderbanger D, Johannsen S, Roewer
risk faptor for susceptlple _|nd|V|du§1Is N, Schuster F. Management of malignant
undergoing general anesthesm using volatile hyperthermia: diagnosis and treatment.
agents. A go.od outcome in MH d_e_pends on Therapeutics and clinical risk
a combination of factors. Initially, an management. 2014:10:355.
accurate and a complete preanesthetic 9 Chamley D, Pollock AN, K.M. S, Brown
evaluation and the anesthesiologist needs to RL: Malignant Hyperthermia in Infancy
be aware of the pathology, correctly identify and Identification of a novel RYR1
and manage it, starting administration of mutation. British journal of Anaesthesia
dantrolene as soon as possible. Dantrolene 2000, 84:500-504.
is the key in the treatment hence, it must be 10. Rosero EB, Adesanya AO, Timaran CH,
available and easily accessible in every Joshi GP. Trends and outcomes of
hospital that uses trigger agents. malignant hyperthermia in the United

States, 2000 to 2005. Anesthesiology

Declaration by Authors 2009; 110: 89-94 _

Ethical Approval: Not Applicable 11. Riazi S, Kraeva N, Hopkins PM. Updated

Acknowledgement: None guide for the management of malignant

Source of Funding: None hyperther_mia. Canadian  Journal of

Conflict of Interest: The authors declare no Anesthesia. 2018;65(6):709-21. _

conflict of interest. 12. Wappler F. Malignant hyperthermia.

European Journal of Anaesthesiology.
2001;18(10): 632-652.

REFERENCE :

1. Rosenberg H, Pollock N, Schiemann A, 13. Larach MG’ Local_lo AR, Allen GC, et f"ll'
Bulger T, - Stowell = K. ~Malignant Qalizlrl&ctal h%i?’lrﬂgrm?gaIesu:gept?gialdi;;t
hyperthermia: a review. Orphanet journal . '
0¥?:ré giseazesa.l 281568;1(5?1[)):121—9(.% o Anesthesiology. 1994; 80(4):771-779

2 Britt BA: Malignant 14. Ali _ SZ, Taguchi A_, Rosenberg _H.
hyperthermia.Canadian Anaesthetist’s Malignant hyperthe_rmla. Best P_ractlce
Society Journal. 1985, 32(6):666-678. and .Resezflrch Clinical Anaesthesiology.
during general anaesthesia: a report of two ' ) P - )
cases. Canadian Anaesthetists’ Society Recognlzmg anc_j_managlng_ a malignant
Journal. 1966 Sep;13(5):437-43, hyperthermia crisis: guidelines _from the

4. Denborough M. Malignant Hyperthermia: Eu'r(_)pean Malignant Hyperthermia Grou_p.
A Review. Experimental Malignant Bmls_h qurnal of  Anaesthesia
Hyperthermia. 1988:141-6. 2010.’105(4)'.4177420'

5. Hopkins PM. Malignant hyperthermia: 16. Car_rler L, Villaz M, Dupont Y. Abnorm?"
pharmacology of triggering. British rap_ld Ca2+re|ease_ from sarcoplasm!c
Journal of Anaesthesia 2011; 107: 48-56 reticulum  of - malignant  hyperthermia

International Journal of Research and Review (ijrrjournal.com) 259

Vol. 9; Issue: 12; December 2022



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dr. Satish S et.al. A review on malignant hyperthermia

susceptible pigs. Biochimica et
Biophysica Acta biomembranes. 1991;
1064(2): 17-183.

Nelson TE, Sweo T. Ca2+ uptake and
Ca2+ release by skeletal muscle
sarcoplasmic reticulum. Anesthesiology
1988; 69(4): 571-7.

Schuster F, Johannsen S, Roewer N.
Helsinki declaration on patient safety in
anaesthesiology-part 3: SOP for malignant
hyperthermia. Anasthesiol Intensivmed
Notfallmed Schmerzther. AINS.
2013;48(3):162-4.

Pessah IN, Lynch C, Gronert GA.
Complex pharmacology of malignant

hyperthermia. ~ Anesthesiology.  1996;
84(6): 1275-9.
McPherson PS, Campbell KP. The

ryanodine receptor/ Ca2+ release channel.

Journal  Biological Chemistry. 1993;
268(19): 13765- 8.

Kolb ME, Horne ML, Martz R.
Dantrolene  in  human  malignant

hyperthermia.
1982;56(4):254-62
Krause T, Gerbershagen MU, Fiege M,
Weisshorn R, Wappler F. Dantrolene-a
review of its pharmacology, therapeutic
use and new developments. Anaesthesia.
2004;59(4):364-73.

Flewellen EH, Nelson PE, Jones WP,
Arens JF, Wagner DL. Dantrolene dose—
response in awake man: implications for
management of malignant hyperthermia.
Anesthesiology. 1983; 59(4): 275-80.
Lerman J, McLeod ME, Strong HA.
Pharmacokinetics of intravenous
dantrolene in children. Anesthesiology.
1989; 70(4): 625-9.

Gonsalves SG, Ng D, Johnston JJ, Teer
JK, Stenson PD, Cooper DN et al. Using
exome data to identify malignant
hyperthermia susceptibility mutations.
Anesthesiology. 2013;119(5):1043-53.
Protasi F. Structural interaction between
RYRs and DHPRs in calcium release units
of cardiac and skeletal muscle cells.
Frontiers in Bioscience 2002; 7: 650-8.

Anesthesiology.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cytology — a Survey of Cell Biology
1998; 183: 185-270.

Leitman PS, Haslam RH, Walcher JR.
Pharmacology of dantrolene sodium in
children. Archives of Physical Medicine
and Rehabilitation 1974; 55(8): 388-92.
Harrison GG, Wright I1G, Morrell DF. The
effects of calcium channel blocking drugs
on halothane initiation of malignant
hyperthermia in MHS swine and on the
established syndrome. Anaesthetics in
Intensive Care 1988; 16(2): 197-201.
Rubin AS, Zablocki AD. Hyperkalemia,
verapamil, and dantrolene.
Anesthesiology 1987; 66(2): 246-249.
Reber A, Schumacher P, Urwyler A.
Effects of three different types of
management on the elimination kinetics of
volatile anaesthetics. Implications for
malignant hyperthermia treatment.
Anaesthesia. 1993; 48(10): 862+865.

Carr AS, Lerman J, Cunliffe M, McLeod
ME, Britt BA. Incidence of malignant
hyperthermia reactions in 2,214 patients
undergoing muscle biopsy. Canadian
journal of anaesthesia. 1995;42(4):281-6.
Coronado R, Morrissette J, Sukhareva M,
Vaughan DM. Structure and function of
ryanodine receptors. American Journal of
Physiology 1994; 266(6): C1485-504.
Palnitkar SS, Bin B, Jimenez LS,
Morimoto H, Williams PG, Paul-Pletzer
K, Parness J. [3H] Azidodantrolene:
synthesis and use in identification of a
putative skeletal muscle dantrolene
binding site in sarcoplasmic reticulum.
Journal  of  medicinal  chemistry.
1999;42(11):1872-80.

Sutko JL, Airey JA. Ryanodine receptor
Ca2+ release channels: does diversity in

form equal diversity in function?
Physiological Reviews. 1996; 76(4):
1027-71.

Grogan H, Hopkins PM. Heat stroke:
implications  for critical care and
anaesthesia. British Journal of

Anaesthesia 2002; 88(5): 700-7.
Bouchama A. Heatstroke: a new look at

27. Shoshan-Barmatz V, Ashley RH. The an ancient disease. Intensive Care
structure, function, and cellular regulation Medicine 1995; 21(8): 623-5.

of ryanodine-sensitive Ca2+ release 38. Webb C, Williams V. Ecstasy

channels. International Review  of intoxication: appreciation of

International Journal of Research and Review (ijrrjournal.com) 260

Vol. 9; Issue: 12; December 2022



39.

40.

Dr. Satish S et.al. A review on malignant hyperthermia

complications and the role of dantrolene.
Anaesthesia. 1993; 48(6): 542-3.

Karan SM, Lojeski EW. Skeletal muscle
is responsible for heat production in
porcine malignant hyperthermia.
Anesthesia and Analgesia. 1996; 83:
1133-4.

Steinfath M, Wappler F, Scholz J.
Malignant hyperthermia. General, clinical
and experimental aspects. Anaesthesist.
2002; 51(4): 328-45.

41. Harrison GG. Malignant hyperthermia.
Dantrolene dynamics and Kinetics. British
Journal of Anaesthesia 1988; 60(3): 279-
86.

How to cite this article: Satish S, Likhitha
Prakash. A  review on  malignant
hyperthermia.  International Journal of
Research and Review. 2022; 9(12): 254-261.
DOI: https://doi.org/10.52403/ijrr.20221227

*kkhkhkk

International Journal of Research and Review (ijrrjournal.com) 261
Vol. 9; Issue: 12; December 2022



