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ABSTRACT

Background: Malignant hyperthermia (MH) is a rare, life-threatening pharmacogenetic disordertypically triggered
by certain anesthetic agents and muscle relaxants. It is characterized by rapid onset of hypermetabolic crisis,
leading to severe hyperthermia, acidosis, muscle rigidity, and rhabdomyolysis. Prompt recognition and treatment
are crucial to reduce morbidity and mortality. Objective: This review aims to provide a comprehensive overview of
the therapeutic managementof MH, including the pathophysiology, early recognition, and latest advancements in
treatment protocols. Methods: A thorough literature search was conducted using databases such as PubMed,
MEDLINE, and Cochrane Library, focusing on publications from the last two decades. Key searchterms included
"malignant hyperthermia," "treatment," "management," "dantrolene," and "anesthesia complications." Articles were
selected based on relevance, quality, and contributionsto current knowledge on MH management. Results: The
review highlights the critical role of early diagnosis, the use of dantrolene as the primary pharmacological
intervention, and supportive measures to manage complications. Key findings include: 1) Early Recognition and
Diagnosis: Identifying early signs such as hypercapnia, tachycardia,and muscle rigidity is crucial. Genetic testing
and caffeine-halothane contracture tests remain gold standards for diagnosis. 2) Pharmacological Management:
Dantrolene remains the cornerstone of MH treatment, with recommendations for its administration and dosing
regimens. New formulations of dantrolene have improved ease of use and response times. 3) Supportive Care:
Managing hyperthermia, acidosis, and electrolyte imbalances through cooling measures, intravenous fluids, and
bicarbonate therapy is essential. 4) Preventive Strategies: Genetic counseling and preoperative screening for high-
risk individuals are critical for preventing MH episodes. Safe anesthesia practices, including the avoidance of
triggering agents, are emphasized. Conclusion: The management of MH requires a multifaceted approach
involving prompt identification, immediate administration of dantrolene, and comprehensive supportive care.
Advances in pharmacological treatments and preventive strategies have significantly improved patient outcomes.
Ongoing research and education are necessary to further enhance therapeutic protocols and reduce the incidence of
MH-related complications.

KEYWORDS: Malignhant hyperthermia, Dantrolene, Anesthesia, Pharmacogenetics, Hyperthermiamanagement,
Supportive care, Preoperative screening.

INTRODUCTION

Malignant hyperthermia is defined in the International
Classification of Diseases as a ‘“progressive life-
threatening hyperthermic reaction occurring during
general anaesthesia”. A pharmacogenetic disorder of the
skeletal muscle, malignant hyperthermia (MH) manifests
as a hypermetabolic reaction to strong volatile anesthetic
gases such as halothane, sevoflurane, desflurane,
isoflurane, and the depolarizing muscle relaxant
succinylcholine and in rare cases, to stressors such as
heat, strenuous exercise. Anesthetics have a 1:10,000-
1:250,000 incidence of MH responses. In light of the
current understanding of the structure and function of the
skeletal muscle calcium channel, this review highlights

current diagnostic, management, and therapy approaches
for the rare hereditary condition  malignant
hyperthermia.”” This review seeks to give physicians the
knowledge they need to successfully identify, prevent, and
treat this potentially fataldisorder by exploring the most
recent developments and debates in mental health
research and clinical practice. MH, which is
characterized by a dysregulated metabolism of skeletal
muscle in response to specific anesthetic drugs,
necessitates constant monitoring and prompt action from
medical professionals. Although rare, the potentially
catastrophic consequences mean that therapists need to
be well-versed in MH. With regard to MH, this thorough
study aims to provide light on the disease's complex
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epidemiology, underlying pathophysiology, clinical
presentation, diagnostic methods, and evidence-based
therapy approaches. This study seeks to act as a
knowledge illumination by combining the most recent
research findings and clinical standards. This will enable
healthcare workers to confidently and precisely traverse
the complexity of mental health, thereby protecting
patient well-being during the perioperative period.

Epidemiology of malignant hyperthermia

A. Prevalence and Incidence rates

Few cases of malignant hyperthermia (MH) have been
documented in the literature, indicating the low frequency
of this rare genetic condition in India.’! When standard
care is given, the estimated total incidence of mental
illness during general anesthesia ranges from 1:5000 to
1:50,000-100,000, with a death rate of less than 5%."!
Although MH is uncommon in India, there have been
reported cases, including a 9-year-old kid slated for a
craniotomy and a 22-year-old female receiving
emergency laparoscopic surgery who both experienced
probable MH  episodes during  anesthesia./I®!
Confirmation and management of the condition are
complicated by the unavailability of diagnostic
procedures such as the in vitro halothane-caffeine
contraction test and the restricted availability of the
antidote dantrolene in the Indian market.

Improving outcomes for Mental Health (MH) patients in
India requires early discovery, effectiveintervention, and
increasing awareness among healthcare providers. With
incidence rates ranging from 1:10,000 to 1:250,000,
malignant hyperthermia (MH) is an uncommon
pharmacogenetic illness marked by a hypermetabolic
reaction to specific anesthetics and stressors.”? [ Similar
to Western nations, the incidence of mental health illness
(MH) in the Asian population, especially in China and
Japan, has been found to be between one and two per
100,000 anesthetics.” All things considered, MH is an
uncommon illness with a 9.5% death rate that affects
people who are exposed to particular triggers; early
detection and treatment are essential for a good
prognosis.[*”!

B. Genetic Predisposition and Familial incidence

Genetic predisposition to malignant hyperthermia (MH)
involves an autosomal dominant inheritance in humans
primarily linked to mutations in the RYR1 gene.[”” MH
susceptibility is associated with specific genetic variants,
such as p.Arg6l14Cys, leading to a hypermetabolic
response triggered by an uncontrolled surge in
myoplasmic calcium.™™ Whole exome sequencing(WES)
has proven effective in identifying pathogenic alleles in
MH families, even when the specimen of the suspected
case is unavailable, highlighting the importance of
genetic testing and counseling in families with a history
of MH.' Furthermore, carriers of pathogenic RYR1
sequence variants show a tendency towards lower BMI
values, suggesting a potential protective effect against
obesity.™! Early diagnosis through genetic testing and

awareness of familial incidence are crucial in managing
MH cases and reducing associated morbidity and
mortality rates.

Pathophysiology of malignant hyperthermia
A. Genetic basis: Mutations in the ryanodine
receptor (RYR1) Gene and Others

The primary cause of malignant hyperthermia (MH) is
believed to be mutations in the ryanodine receptor type 1
(RYR1) gene, which is essential for maintaining calcium
homeostasis in the skeletal muscle.™ ™! When these
mutations are exposed to triggers such as volatile
anesthetics, they cause aberrant release of calcium
through the RyR1 channels, which in turn causes
excessive production of heat.’® p.Thr2206Met and
p.Gly2434Arg, two of the detected RYR1 variants, have
been linked to tubular aggregation myopathy and MH
susceptibility, broadening the range of histological
changes linked to RYR1 gene mutations.™™”! Furthermore,
several genes including as MYHZ1, TNNT3, MYLPF, and
ATP2A1 were found to be possible biomarkers for the
diagnosis of RYR1 mutation-associated myopathies by
Wang et al's study, offering insights into the
transcriptome-level ~ mechanisms  underlying  the
condition. These resultsemphasize that MH has a genetic
foundation.

B. Mechanism of action: Abnormal calcium

Handling and Skeletal muscle hypermetabolism
Abnormal calcium handling and skeletal muscle
hypermetabolism are the characteristics of malignant
hyperthermia (MH), which is brought on by a
combination of genetic predisposition and specific
anesthetics. Even in the absence of triggering agents,
MH-susceptible individuals display impaired
biochemical pathways. Metabolomic profiling indicates a
shift towards lipid utilization for energy production,
which may result in inefficient beta-oxidation, increased
muscle protein turnover, oxidative stress, and elevated
levels of lysophosphatidylcholine. Gene variants
influencing RYR1 activity and calcium homeostasis, such
as CASQ1 and RYR1, contribute to MHvulnerability by
causing a hypermetabolic response that manifests as
acidosis,  hyperthermia, and  muscle rigidity.
Comprehending the molecular pathways that underlie the
disrupted management of calcium in MH tissues offers
valuable perspectives for the development of innovative
treatmentsand further research directions.

C. Triggers and Onset of MH episodes

In addition to physical exertion combined with a febrile
condition, exposure to strong inhalational anesthetics and
depolarizing skeletal muscle relaxants can also cause
bouts of malignant hyperthermia (MH). When volatile
inhaled anesthetics and succinylcholine are combined,
susceptible people—particularly those with
abnormalities in the ryanodine receptor (RYR1) gene—
are vulnerable to severe hypermetabolic states.! Il
Early symptoms of MH episodes include tachycardia,
hypercarbia, and muscle rigidity. Later symptoms
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include severe acidosis, rhabdomyolysis, electrolyte
abnormalities, and hyperthermia.”” Early detection of
thesesigns is essential for starting dantrolene therapy, the
primary antidote for MH, to prevent morbidity and
mortality.

Clinical Manifestations and Diagnosis
A. Signs and Symptoms of MH
A variety of signs and symptoms suggestive of a
hypermetabolic condition brought on by exposure to
volatile anesthetics and succinylcholine are present in
malignant  hyperthermia  (MH). Muscle rigidity,
hypercarbia, and tachycardia are among the initial
clinical symptoms. These are followed by severe acidosis,
rhabdomyolysis, hyperthermia, and abnormal electrolyte
levels. Other symptoms include hyperkalemia, acidosis,
tachypnea, elevated carbon dioxide generation, and
rigidity in the muscles. Due to the syndrome's sensitivity
or quick progression, diagnosis can be difficult, which
can cause treatment delays and higher mortality."?
B. Diagnostic Criteria and Tools: Contracture
testing, Genetic Testing and Others
Genetic testing and contracture testing are the two main
methods used to diagnosemalignant hyperthermia (MH).
Muscle biopsy is necessary for contracture testing,
namely the in vitro contracture test (IVCT), which uses
halothane, caffeine, and occasionally ryanodine to
diagnose  MH  susceptibility.  Confirming MH
susceptibility by this test is essential, particularly when
genetic testing is negative for MH-related mutations.[! 1?1
In order to establish the existence of diagnostic MH
mutations, genetic testing can be carried out in those
with a high pretest risk of MH. Genetic testing is
important in finding familial MH mutations.l?
Contracture testing is still necessary to rule out MH
susceptibility, but genetic testing enhances the diagnosis
by revealing certain mutations connected to MH and
offers insightful information on the genetic basis of this
pharmacogenetic disorder.

C. Differential diagnosis: Distinguishing MH from

other causes of Hyperthermia and Musclerigidity
Malignant hyperthermia (MH) is distinguished by
specific clinical manifestations that set it apart from other
causes of hyperthermia and muscle rigidity. Typical
symptoms of MH comprise hyperthermia, tachycardia,
tachypnea, increased carbon dioxide production,
acidosis,  hyperkalemia, muscular rigidity, and
rhabdomyolysis, all suggestive of a hypermetabolic
response.l’! Initial indications may encompass muscle
stiffness, hypercarbia, and tachycardia, evolving into
electrolyte  irregularities, severe acidosis, and
rhabdomyolysis. Moreover, dyspnea, hypotension, and
elevated serum myoglobin may be apparent,
underscoring the significance of identifying unusual
clinical symptoms for timely diagnosis and management.
Adequate preoperative evaluation and the utilization of
the caffeine-halothane contracture test for diagnosis are

individuals with MH susceptibility frequently display
halothane hypersensitivity, .along with anomalous
calcium events in muscle and musculoskeletal symptoms
at rest.[?!

Management and Treatment strategies
A. Acute management: Immediate interventions in
suspected MH crises

In the acute management of suspected malignant
hyperthermia (MH), it is imperative to promptly
implement interventions to avert life-threatening
complications. Utilization of clinical presentation and
end-tidal capnography, which demonstrates an elevation
in end-tidal CO2 levels, serves as crucial diagnostic
modalities.’”™ The timely identification of signs
indicative of an MH crisis, such as hyperthermia, muscle
rigidity, and metabolic acidosis, is of paramount
importance.’?® Therapeutic measures should encompass
discontinuing triggering agents, administering dantrolene
to impede intracellular calcium release, and addressing
metabolic disturbances.1?8] The timely initiation of the
MH protocol, which includes dantrolene administration,
is indispensable for achieving patient stabilization and
favorable outcomes. Timely and suitable healthcare,
informed by a heightened level of suspicion and clinical
evaluation, can have a substantial effect on the survival
of patients experiencing suspected MH crises.

B. Pharmacological treatments: role of Dantrolene
and Other medications

Dantrolene plays a critical role as a pharmacological
intervention for malignant hyperthermia (MH) by
blocking abnormal Ca2+ release from the sarcoplasmic
reticulum through its direct interaction with the skeletal
ryanodine receptor (RyR1).?®! This medication is the
primary choice in managing MH crises, effectively
alleviating symptoms of increased metabolism such as
elevated body temperature, muscle stiffness, and
metabolic acidosis. Studies have demonstrated that
dantrolene's inhibitory properties remain consistent
regardless of the presence of RyR1 mutations, leading to
a rise in the half-maximal effective concentration (EC50)
for caffeine and areduction in resting intracellular Ca2+
levels (Ca2+]i) among individuals predisposed to MH,
with or  without  thesegenetic  variations.F%!
Furthermore, investigations have delved into the
pharmacokinetics of dantrolene in the context of plasma
exchange therapy, suggesting minimal adjustments in
dosage requirements for MH-affected adolescents
undergoing this particulartreatment.!*”

C. Supportive measures: Temperature Control,

Fluid Management, and HemodynamicSupport
Supportive interventions for malignant hyperthermia
(MH) encompass measures such as regulating body
temperature, managing  fluids, and providing
hemodynamic support to optimize patient results. The
control of body temperature is paramount in the
management of MH-induced hyperthermia, a condition

pivotal in suspected instances of MH./®! Additionally, that can swiftly escalate and result in serious
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complications.® The management of fluids is crucial for
upholding hemodynamic stability and ensuring adequate
perfusion of the graft during MH episodes, particularly
in pediatric patients with existing electrolyte and acid-
base imbalances.* Moreover, the provision of
hemodynamic support through careful administration of
inotropic agents is indispensable for maintaining steady
hemodynamics and graft function while addressing
MH.?! These supportive interventions, combined with
promptadministration of dantrolene, are essential in the
management of MH and in averting negative outcomes
for affected individuals.**I*®! Collaborative teamwork
and adherence to standardized protocols further improve
patient safety and effectiveness during MH emergencies.

D. Anesthetic considerations for MH-Susceptible
patients

For individuals at risk of Malignant Hyperthermia (MH),
it is essential to consider alternative anesthetic methods
and medications to minimize the possibility of inducing
this potentially deadly condition. One strategy involves
the utilization of total intravenous anesthesia with an
alpha 2-agonist infusion in conjunction with epidurally
administered bupivacaine. This combination can enhance
intraoperative hemodynamic control and decrease the
overall amount of intravenous anesthetics, such as
propofol, thereby potentially preventing propofol
infusion syndrome. Furthermore, incorporating activated
charcoal filters like the Vapor-Clean device into the
breathing circuit of the anesthesia machine can rapidly
decrease anesthetic vapor levels to below 5 ppm, aiding
in the prevention of MH reactions in vulnerable
individuals.® It is also advisable to avoid specific
inhalation agents like sevoflurane in patients with
Duchenne's musculardystrophy (DMD) to reduce the risk
of complications such as rhabdomyolysis, a concern
observed in documented cases linked to various inhaled
anesthetics.®

E. Long-Term Management and Follow-Up

The enduring management and surveillance of malignant
hyperthermia (MH) encompass pivotal measures to
safeguard patient welfare and safety. Individuals
predisposed to MH should undergo anesthesia devoid of
provoking agents, with prophylactic dantrolene
administration avoided and perioperative care remaining
unchanged.B®! Routine follow-up consultations with an
anesthesiologist are imperative to monitor for potential
triggers or complications, particularly preceding any
forthcoming  surgical interventions.!”®!  Furthermore,
specialized diagnostic methodologies such as the
caffeine-halothane contracture test may be employed in
non-acute scenarios to validate suspected MH cases. %!

Complications and Prognosis

A. Complications Associated with MH Crisis
Complications linked to a crisis of malignant
hyperthermia involve hypermetabolism of striated
voluntary muscle, heightened oxygen consumption,
lactate accumulation, CO2 production, excessive heat

production, muscle rigidity, metabolic acidosis,
dysrhythmias, cardiovascular changes, renal failure, and
potential fatality if not swiftly managed with
dantrolene. 4] Eyrthermore,  individuals  may
encounter muscle issues in their everyday lives, like
myalgia, cramps, or intolerance to physical activity.*? In
a documented case, the complexities of malignant
hyperthermia in a pediatric patient undergoing
ambulatory surgery comprised of hypothermia and
thrombophlebitis, underscoring the significance of
teamwork and adherence to standardized checklists for
patient safety and effective crisis resolution. Timely
recognition of signs and symptoms, coupled with prompt
intervention, is paramount to ensuring a high survival
rate in patients prone to malignant hyperthermia.

B. Long-Term Effects on Muscular and Organ

Function
Malignant hyperthermia (MH) is associated with
enduring impacts on both muscular and organ

functionality. Studies have shown that MH can trigger
persistent musculoskeletal issues like muscle soreness,
spasms, weakness, and back/joint discomfort, along with
psychological challenges such as depression and
anxiety.?  Moreover, MH can lead to sudden
rhabdomyolysis, marked by a swift rise in body
temperature and heightened levels of creatine kinase and
myoglobin, thereby negatively affecting muscle
performance./**! Additionally, individuals predisposed to
MHmay endure ongoing muscle spasms and pain, which
can restrict daily functions and disrupt sleep patterns;
nevertheless, the administration of low-dose dantrolene
demonstrates potential in easingthese symptoms without
causing harm to the liver.”®! These results emphasize the
necessity of comprehending and addressing the enduring
consequences of MH on muscular and organ functionin
order to enhance patient outcomes and overall quality of
life.

C. Prevention strategies: preoperative screening,
identification of MH-susceptible patients,and patient
education

Susceptibility to malignant hyperthermia (MH) in
patients is predominantly determined through the
caffeine-halothane contracture test (CHCT), which
entails assessing muscle reaction to halothane and
caffeine.  This particular examination is widely
regarded as the benchmark fordiagnosing MH; however,
it is intricate, expensive, and invasive, necessitating a
significant quantity of muscle tissue and specialized
equipment.*®! Genetic analysis is also employed to
pinpoint MH susceptibility, concentrating on distinct
genetic variations such as those found in the RYR1
gene. Individuals with MH susceptibility may display
symptoms like myalgia, cramps,and reduced tolerance to
physical activity. Accurate diagnosis of MH is vital to
ensure timely and appropriate intervention, typically
involving the administration of dantrolene during an MH
crisis. Further investigation is imperative to establish a
connection between genetic discoveries and clinical
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manifestations, thereby enhancing the comprehension
and management of MH susceptibility.

Recent Advances and Research directions

A. Updates in understanding genetic mutations
Recent studies have illuminated the genetic mutations
linked to malignant hyperthermia (MH), a rare
pharmacogenetic ~ condition induced by volatile
anesthetics. Research has indicated that mutations in
intracellular Ca2+ release channels, such as the RyR1-p
R163C mutation, have the potential to interfere with
Ca2+ signaling in skeletal muscle, thus contributing to
susceptibility to MH in individuals.*® Moreover,
progress in genetic screening methodologies such as
next- generation sequencing has facilitated the
recognition of different RYR1 variations correlated with
MH, leading to an enhanced comprehension of the
relationship between genotype and phenotypeas well as
the varying penetrance of the disorder.®!1%2

B. Emerging Treatments and Therapies under
investigation
Novel treatments and
researched in

therapies currently being
malignant  hyperthermia comprise
hyperthermia  therapy (HTT) combined  with
immunotherapy, = nanomaterial-based  photothermal
therapy (PTT), and magnetic hyperthermia (MHT).** The
utilization of whole-body hyperthermia (WBHT) is being
investigated as a supplementary approach for
disseminated malignancies, augmenting the efficacy of
radiation and chemotherapy through its impact on the
tumor microenvironment and cellular responsiveness to
treatment Y Moreover, innovative engineeringstrategies
are being developed, utilizing nanoparticles and
electromagnetic waves to attain optimal thermal effects
for the treatment of malignant tumors, particularly
metastases, in animal studies.>

Summary of key points on MH

Malignant hyperthermia (MH) is a rare pharmacogenetic
disorder induced due to potent volatile anesthetics and
stressors, with differential reaction rates but a high
incidence of genetic anomalies.!”) It is evident as a
hypermetabolic reaction with symptoms such as
hyperthermia, tachycardia, and muscle rigidity,
eventually leading to a fatal outcome if not attended. The
condition is primarily autosomal dominant in humans,
caused due to mutations in the ryanodine receptor
gene.”® primory diagnosis is paramount, with end-tidal
carbon dioxide monitoring being a key indicator.
Treatment implies dantrolene administration, along with
controlling metabolic imbalances and close monitoring
for recurrence. The mortality rate has remarkably
decreased in the course of time due to enhanced
understanding and management of the disease.

CONCLUSION

The management of malignant hyperthermia (MH)
necessitates a swift, coordinated approach to mitigate its
potentially fatal outcomes. This comprehensive review

underscores the importance of early recognition and
rapid intervention, which are critical for improving
survival rates and reducing complications. Dantrolene
remains the cornerstone of pharmacological treatment,
with its timely administration being paramount. The
evolution of dantrolene formulations has enhanced
response efficiency, significantly contributing to better
patient outcomes.

Supportive care measures, including aggressive cooling,
correction of metabolic imbalances, and vigilant
monitoring, are integral to the therapeutic protocol.
Preventive strategies, such as genetic screening and the
careful selection of anesthetic agents, play a crucial role
in mitigating the risk of MH episodes. The emphasis on
education and preparedness among healthcare
professionals cannot be overstated, as it is essential for
the effective management of this rare but critical
condition.

Future research should focus on improving diagnostic
methods, refining treatment protocols, and exploring
novel therapeutic agents. Enhanced awareness and
understanding of MH among medical practitioners and
the general public will further aid in the timely and
effective management of this condition, ultimately
leading to improved patient safety and care.
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