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Thank You Karen!



Definition:

Malignant Hyperthermia 
l inherited disorder
l hypermetabolic state 
l skeletal muscle 
l triggered by

n inhalational anesthetics 
n depolarizing muscle relaxants



Incidence

l Can be seen at either end of spectrum
l Most commonly seen in first 3 decades of life
l Exact incidence unknown

n 1:3000 to 1:15,000 incidence in kids 
l Children under 15 account for 52% of cases

n 1:50,000-1:100,000 incidence in adults
n 1:30,000 incidence in general population

l Many cases are unreported due to various 
presentation and legal ramifications



Causes:

l Inhalational Agents
n Halothane
n Sevoflurane
n Desflurane
n Isoflurane



Causes:

l Depolarizing muscle relaxants



Causes:

l Heat
l Stress
l Vigorous Exercise



Causes:

l 30% of cases need greater than 3 
exposures to anesthetics to prompt 
reaction

l Variable penetration and presentation



Genetics:

l Chromosomal abnormality:
n Chromosome 19

l 50% of known MH cases (with multiple variations)
n Chromosome 1 

l 1% due to mutations
l Abnormal receptor mutation of:

n Dihydropyridine receptor (DHPR) or
n Type 1 ryanodine receptor (RYR1) on skeletal 

muscles
l Inheritance:

n Autosomal dominant









History:

l Between 1915 and 1925, one family 
suffered 3 deaths due to an anesthesia 
related event

l Rigidity and Hyperthermia in the 
patients

l Unclear picture
l Later confirmed MH susceptibility 



History:

l 1960-21 year old male fractured his leg
l More concerned with
 the anesthesia than 
 his leg.
l History of multiple 
 deaths in his family 
 due to anesthesia



History:
l Young man under the care of 

anesthesiologist Dr. Villiers
l During OR case, he suffered cyanosis, an 

increase in temperature, and tachycardia
l Case terminated, patient cooled
l First known survival of MH episode
l Case investigated by 

n Dr. Denborough-an internist and research fellow 
interested in genetics

n Dr. Lovell-anesthesiologist
l Case report led to recognition of MH and 

further investigation





History

l 1975-Dantrolene found to be effective in treating 
MH in pigs

l 1979-Dantrolene approved by FDA for MH 
treatment

l 1980’s-awareness of MH increased. MH registry 
created in US (MHAUS)

l 1990’s-molecular biologic techniques identified 
genes associated with MH

l 2003-genetic test for MH developed



Signs and Symptoms:

l MH can occur intraoperatively, in the 
PACU, or after discharge

l Most likely within 1 hour of initiation of 
inhalational agents or depolarizing 
muscle relaxant



Signs and Symptoms:

l Early Signs:
n Rise in ETCO2

lEarliest sign of MH
lRefractory to increased ventilation and higher 

tidal volumes
lDue to an increase in metabolism and more 

CO2 production
lDDx: hypoventilation, machine malfunction, 

absorption of CO2 during laproscopy



Signs and Symptoms:

l Early Signs:
n Tachycardia

l Inappropriate of patient condition
lDDx: pain, surgical stimulus, sepsis, 

inadequate anesthesia depth, 
pheochromocytoma, etc



Signs and Symptoms:

l Early Signs:
n Masseter Muscle Rigidity

l Inability to open patient’s mouth after triggering 
event

l If persistent, indicative of MH in 30% of all 
cases

lAlthough not pathognomonic, if present, 
triggering agent should be discontinued and 
suspicions for MH high



Signs and Symptoms:

l Early Signs:
n Generalized muscle rigidity

lPathognomonic for MH if present with other 
signs



Signs and Symptoms:

l Late Signs:
n ECG changes

lCell death from anaerobic metabolism and 
hypoxia can cause muscle breakdown

lMuscle breakdown can lead to hyperkalemia, 
increasing potential for arrhythmias 

lStrengthens Dx of MH
lMay become ventricular tachycardia or 

ventricular fibrillation



Signs and Symptoms:



Signs and Symptoms:

l Late Signs:
n Rhabdomyolosis

lMuscle fatigue will lead to muscle breakdown 
causing rhabdomyolosis

lElevation of creatine kinase (CK) levels peak 
around 14 hours after acute event

lElevated CK levels range from 20,000 to 
100,000 

lNormal CK ranges from 40-180 units/L
lCan manifest as renal failure and/or cardiac 

arrest



Signs and Symptoms:

l Late Signs:
n Hyperthermia

l Commonly misunderstood as an early presenting sign
l From sustained muscle contraction from unregulated 

calcium release
l Core temperature may rise 1ºC/5min
l DDx: Intraoperative fever, faulty temperature probe, 

Neuroleptic Malignant syndrome
l Extreme high temperatures (up to 45ºC) can lead to 

increased CO2 production, increased O2 use, and organ 
dysfunction



Differential Diagnosis:

l Neuroleptic Malignant Syndrome
n Muscle rigidity
n Temperature increase

l Meningitis
l Pheochromocytoma
l Sepsis
l Thyrotoxicosis
l Heatstroke
l Fever
l Cocaine/Amphetamine Toxicity



Treatment: 

l TURN OFF AGENT
l Call for HELP
l Increase flows to 100% O2
l Dantrolene
l Treat arrhythmias and hyperkalemia
l Cool patient
l ICU transfer





Treatment:

l Dantrolene
n Muscle relaxant
n Mainline Treatment 

for MH



Treatment:

l Dantrolene
n Unlike 

lneuromuscular blocking agents that act at the 
site of the neuromuscular junction or

lnonspecific relaxants which act at the spinal 
cord (ex: flexeril)

n Dantrolene acts within the muscle cell 
ldecreases calcium release from the 

sarcoplasmic reticulum
l reducing intracellular calcium levels

n Exact mechanism of action is unknown



Sux and NDMR

dantrolene



Treatment:

l Dantrolene:
n 2.5mg/kg with repeat doses as needed. 
n Up to 10mg/kg 
n Most episodes controlled with 2-3mg/kg
n Mixed with 60ml of sterile water
n MUST be made with sterile water or it will 

precipitate





Treatment:

l Ryanodex:
n 250mg dantrolene per vial. 
n Mixed with 5ml of sterile water 

lCompare with 60ml for traditional formulations 
of Dantrolene

n Significantly less sterile water mix



Treatment:



Treatment:

l Dantrolene:
n Reduced Mortality from 80% 40 years ago, 

to 10% in current practice
n Other studies have quoted reduced 

mortality 70% to between 1-17% 
laverage of 1.4%

n Delays in treatment lead to significant 
increases in complications 
lDantrolene delayed 50 minutes can lead to 

100% complication rate (renal dysfunction, DIC, 
coma, arrythmias, cardiac dysfunction, etc.)



Treatment:

l Dantrolene: Cost
n Cost of Dantrolene: 84 dollars/vial of basic 

formula. 
l$1008/year, assuming shelf life of 3 years

n Does NOT include cost of other 
medications/supplies to treat MH

n Does NOT include cost for maintaining MH 
Carts



Treatment



Treatment: 

l Treat arrhythmias and hyperkalemia
n Calcium gluconate

l Stabilizes cardiac membrane potential 
l 2-3 ampules of calcium gluconate over 5 min or 1g 

CaCl2 over 3 minutes
n DO NOT GIVE CALCIUM CHANNEL BLOCKERS
n Sodium Bicarbonate

l Transfers K+ into cells
l Maybe used in circumstances of severe 
 metabolic acidosis 
l 50-100 meq over 5-10 min



Treatment: 

l Treat arrhythmias and hyperkalemia
n Glucose and Insulin

l Insulin transfers K+ into cells
l10 units insulin IV with 50ml of 50% glucose 

solution
n Other options: Diuretics (lasix), Beta-2 

agonists, hemodialysis, etc.



Treatment:





Treatment: 

l Cooling of patient
n Severe increase in body temperature can 

be very dangerous
n Cooling fans
n Ice and ice water around head, groin area, 

axillae
n Tell surgeon to flood field with cool solution
n STOP at 38ºC to avoid hypothermia



Treatment: 

l Transfer to ICU
n Continue dantrolene therapy (1mg/kg q4-6hrs for 24-36hrs)
n Monitor vital signs constantly
n Lab tests: Basic metabolic panel, coagulation profile, CK 

levels, Liver function tests, urine output
n Maintain urine output-diuretics, fluid
n Watch for renal failure 
n Watch for muscle weakness
n Watch for metabolic acidosis
n Watch for DIC
n As many as 25% of patients may experience a relapse within 

hours of episode
n Mortality higher in patients with significant co-morbidities or 

larger muscle mass 



Treatment:



Treatment: 

l Malignant Hyperthermia Hotline
1-800-MH-HYPER
(1-800-644-9737)



Prevention: 

l History and family history
l Family awareness and testing
l Avoid triggering agents
l Use other anesthesia techniques 

l Nondepolarizing neuromuscular blocking drugs 
(rocuronim, vecuronium, etc), remifentanil, 
propofol, local anesthetics, TIVA



Prevention:

l Machine checkout
n Tape vaporizers in OFF position
n Flow 10L O2 through machine for 20 

minutes 
n New unused breathing circuit
n Check with machine’s manufacturer 

individually for specifications!
lEx: Drager Fabius requires 60 min of 

preparation



What YOU can DO: 
l Be Present! 

n If you hear about an MH emergency, GO HELP
l Call the MH Hotline
l Get the MH Cart
l Prepare Ice to Cool Patient
l Get Sterile Water
l Help Mix and Prepare Dantrolene
l Preventive Tactics

n Tape vaporizers
n New Breathing Circuits
n Call Anesthesia Machine company for recommendations



Post-Op:

l Must be watched closely in PACU for 
2.5 hrs after surgery

l If no complications, can be discharged 
home



Testing:

l Contracture testing:
n Gold standard
n Can establish a definitive diagnosis
n Sensitivity 100%
n Specificity 80% 



Testing:

l Caffeine Halothane Contracture Test: 
n Exposure of a FRESH muscle biopsy 

specimen 
l caffeine 
lhalothane

n Produces contractures at lower thresholds 
than non-MH individuals





Testing:



Testing:

l Caffeine Halothane Contracture Test
n Costly

l Insurance will sometimes pay
l Sometimes will not 
l (6-10,000 U.S.dollars)

n Requires 2-7 days from work
n Even if test is negative, caution must be used
n Requires a FRESH sample
n Can be done at few centers around the U.S. and 

Canada



Testing:

l Test Centers: 
n University of Minnesota- Minneapolis, MN
n University of California- Davis, CA
n Wake Forest University- Winston-Salem, NC
n Uniformed Services University of the Health 

Sciences- Bethesda, MD
n The Ottawa Hospital - Civic Campus- Ottawa Ontario
n Thomas Jefferson University- Philadelphia, PA
n MHAUS- Sherburne, NY



Testing:

l Genetic Testing: 
n Presence of causative mutation in RYR1 

gene is diagnostic for MH
n Less invasive
n Less costly—but STILL 4-8 thousand U.S. 

dollars
n Less traveling
n Contracture test might still be needed due to 

heterogeneous nature of MH gene
n Limited due to incomplete genetic panel of 

all causative mutations for MH



Summary:
l Malignant Hyperthermia is a rare but potentially 

fatal disease in the OR
l Early signs and symptoms (hypercapnia, 

tachycardia, rigidity) may go unnoticed initially, but 
suspicions should be high if seen

l Treatment should be quick and thorough to prevent 
severe damage to patient

l If a MH patient presents, be aware of other 
possibilities for anesthetic choices

l Family counseling and testing are options to 
identify and prevent future complications with MH

l Overall, VIGILENCE!!!
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Questions?


