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Case History 

• F/20 years old 

• Good past health  

• Diagnosed of right cerebellar 
hemangioblastoma 

• Angiographic assisted embolization in 
Baptist Hospital done in 9-2012 

• Cx with peri-procedural SAH and IVH 

• Proceeded to crainotomy with tumor 
excision 



Case History 

• Because of expected delayed neurological 

recovery and financial reasons 

• Patient was transfer to PWH ICU  

• Poor neurological recovery with absent 

corneal, gag or cough reflexes 

• Pupils 3mm sluggish response  

• Some spontaneous triggering but entirely 

ventilator dependence 



Case History 

• Trachaeostomized and transferred to 

AHNH HDU for long-term care since 

5/2013 

• Despite repeated interview, family still had 

unrealistic expectation about pt’s clinical 

recovery and remained demanding at 

times 

• Colonization of high resistance bacteria in 

multiple sites 



Case history 

• On 6/6/2015, scheduled change of tracheostomy 
tube 

• However, failed insertion of new tube 

• Decided to convert to oral endotracheal 
intubation 

• Difficult airway 
– Small mouth/chin, stiff jaw  

– Copious amount of oral secretion 

• Failed for a few times with DL/glidescope 

• Finally successful with IV suxamethonium 50mg 
given for facilitation 



Case history 

• A few hours later 

• Noted high fever/shock with SVT 

• Given panadol/noradrenaline 

• Clinically suspected to have sepsis at that 

juncture 

• Septic workup was repeated 

• CXR: mild left lung hazziness 

• Empirically put on tazocin  





• Graph 2 



Case history 

• However, condition progressively 

deteriorated  

• Developed MOF with AKI/DIC 

• Mixed metabolic and respiratory acidosis 

– pH 7.11  

– pCO2 7.6 

– HCO3 17.6/BE -12  



Case history 

• Family was interviewed with poor 

prognosis, high chance of fatal outcome 

discussed 

• Still insisted on aggressive Tx 

• Transfer to ICU for further supportive care 

and CRRT 

– ? Underlying severe sepsis with MODS  



 



Progress in ICU 

• Clinically evidence of rhabdomyolysis  

– CK up > 600,000 

– Urine x myoglobin +ve 

– PO4 > 5 

– CRP <16 only 

– Clinically no suspicious drugs taken 

– No evidence of soft tissue 
infection/compartment syndrome 

– Sepsis workup shown no pathogen identified 





Dx: suspected Malignant 

hyperthermia due to 

succinylcholine 



Progress in ICU 

• Supportive care, external cooling  

• CPK gradually came down, intermittent 

HD for established oliguric renal failure 

• Concerning patient’s past anaesthetic Hx 

– Failed to trace back those private hospital, but 

probably uneventful 

• No known adverse event or MH within 

patient’s family members 



Discussion 

Malignant Hyperthermia 

(MH) 



Discussion 

• Disorder in thermoregulation is common in 

ICU 

• Prevalence ranges from 26% to 70% 

• IDSA defined fever as core body 

temperature >=38.3 °C  

• Classified as fever v.s. hyperthermia 





Classifications 

• Fever 

– Infectious cause  

– Pyrogens (bacterial lipopolysaccharide, TNF, 

IL-1) 

– prostaglandin E2 

– set-point in anterior hypothalamus  

–heat production and conservaation 



Classifications 

• Hyperthermia 

– Non-infectious  

– Uncontrolled heat production 

– Impaired heat dissipation 

– No adjustment of the hypothalamic set-point 



Epidemiology 

• Infectious and non-infectious are equally represented 

• Associated with young age/male/septic 
shock/trauma/emergent surgery/neurocritical illness 

• Prolonged (>5 days) and high fever (>=39.3°C) likely 
infectious cause 

• Surgical cases, usually happened at post-op Day 1 
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Epidemiology 

• Fever associated with increased ICU 

length of stay 

• Prolonged fever/high fever associated with 

significant increased risk of death 
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Hyperthermic syndrome 

• Can clinically mimic fever 

– Enviromental heat-related illness 

– Malignant hyperthermia (MH) 

– Serotonin syndrome 

– Neuroleptic malignant syndrome (NMS) 

– Recreational drug use (sympathomimetic 

drugs) 

– Withdrawal (alcohol, benzodiazepines, 

opiates) 





Malignant hyperthermia (MH) 

• An uncommon autosomal dominant 

pharmacogenetic disorder of skeletal muscle 

• Results in an extreme form of hypermetabolic 

crisis 

• Susceptible patients expose to potent volatile 

anaesthetics or depolarizing muscle relaxant  

• Rare in stressful conditions like vigorous 

exercise or heat 



Malignant hyperthermia (MH) 

• Overall incidence 

– 1 per 250,000 anesthetic procedures 

– Incidence is higher 1 per 62,000 when 

combination of potent inhaled anesthetic 

agents and succinylcholine 

– First three decades of life 

– ~half in patients younger than 15 years of age 

– Male>female (2-4 times more) 

 



Malignant hyperthermia (MH) 

• First recognized in 1960s, mortality rate was as high as 
70-80% 

• Dramatically decrease to 5-10% after introduction of 
dantrolene/early detection of MH 

• Mortality remains high 34.8% 
– Renal dysfunction (97.3%) 

– Conscious level (9.8%) 

– Cardiac dysfunction (9.4%) 

– DIC (7.2%) 
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Pathophysiology 

• Exact mechanism not fully elucidated 

• Related to uncontrolled release of calcium from 

skeletal muscle sarcoplasmic reticulum 

• iCa stimulate metabolism in 2 ways: 

– Directly through activation of phosphorylase to 

glycolysis 

– Indirectly as demand for ATP production 

• ATPase important components of myofilament relaxation + 

Ca sequestration pumps of SR and sacrolemma 



Excitation-contraction coupling 



Pathophysiology 

• Uncontrolled release of Ca to myoplasma 

• Sustained muscle contraction 

• Rapid depletion of ATP 

• Increase in glucose metabolism/O2 

consumption/CO2 and heat production 

• Failure of membrane integrity 

• Leakage of cell contents (e.g. electrolytes, 

myoglobin, CK) 



Pathophysiology 

• Defective in Ryanodine 1 receptor (RYR1) 

– ~70% of families with MHS having mutations 

in RYR1 

– At least 4 chromosomal locations identified:  

• Most common one: chromosome 19q3 

• Also in 17, 7 and 3 

• Defective in dihydropyridine receptor 

(DHPR) or FK 506 binding protein 

– Mutations in CACNA1s in chromosome 1q32 





 



Clinical presentation 



Clinical Grading Scale for MH 

Larach MG, Localio AR, Allen GC, 

Denborough MA, Ellis FR,  

Gronert GA, et al 

A clinical grading scale to predict 

malignant hyperthermia susceptibility 

Anesthesiology 1994; 80: 771-9 



Laboratory diagnostic tests 

• Confirmation diagnostic test is important in 

pt survived from a suspected MH episode 

– Prevent future exposure to triggering agents, 

anaesthetic risk  

– Other family members may be affected by this 

dominantly inherited disorder 

 



Laboratory diagnostic tests 

• Muscle biopsy contracture test 

– Gold standard 

– Excised muscle, usually from vastus lateralis, 

mounted in baths with caffeine & halothane 

alone or in combination 

– Contracture responses are measured and 

interpreted to standardized values 

– Only available in specialized centres 

– Fresh specimen mandates patient travel to the 

centre for testing 

 

 



 

The mechanical response of 

normal and MH-susceptible 

muscle (positive) to direct 

stimulation in the presence of 

a bolus of 3% halothane 

The mechanical response 

of normal and MH-

susceptible muscle (positive) 

to direct stimulation in the 

presence of incremental 

administration of caffeine 



Laboratory diagnostic tests 

• Muscle biopsy contracture test (MCT) 

– 2 different protocols 
• In vitro contracture test (IVCT) 

– European Malignant Hyperthermia Group (EMHG) 

• Caffeine-halothane contracture test (CHCT) 
– North American Malignant Hyperthermia Group (NAMHG) 

 

– Classify patients into 3 groups 
• Normal (MHN) 

• Equivocal (MHE) 

• Susceptible (MHS) 

 
 



Laboratory diagnostic tests 

• Molecular genetic testing 
– Positive MCT, strong FH, clinical episode of 

suspected MH 

– Discordance between phenotype and genotype 
• >300 MHS associated mutations in RYR1 

• Only ~34 confirmed functionally with muscle contracture test 

– Variable penetrance and expressivity within the 
susceptible family 

– Only can be diagnostic in one situation 
• When an MH case confirmed with MCT and causative mutation loci 

identified 

• Family member can be Dx MHS directly once genetic test shown 
presence of same mutation 





Treatment of acute MH 

• Decide whether the surgical procedure should 
be postponed (emergency v.s. elective) 

• Stop volatile anesthetics and succinylcholine 
– Use non-triggering agents if surgical procedure must 

be continued  

• Hyperventilate with 100% O2 

• Cooling techniques, e.g. external or internal 
– No less than 38°C to avoid Cx from hypothermia  

• Dantrolene sodium 

• Correction of hyperK/metabolic acidosis 

• Watch out rhabdomyolysis/DIC 

 



Dantrolene sodium 

• Specific ryanodine receptor antagonist 

• Blocking Ca release from SR 

• Neuromuscular transmission + electrical 

properties of skeletal muscle membrane 

unaffected  

• No effect on smooth/cardiac muscle  

 



Dantrolene sodium 

• Each vial:  
– lyophilized orange powder 20mg + mannitol 3g 

(isotonicity) + NaOH (increase solutbility) 

– diluted with 60ml H2O for injection (incompatible with 
acidic solutions) 

 

• Pharmacokinetics 
– IV or oral form (20% bioavailability) 

– Metabolized by liver by hydroxylation to weakly active 
metabolite and excrete in urine/bile 

– T1/2 ~12 hrs 

 



Dantrolene sodium 

• Recommended initial dosage is 2.5mg/kg 

IV every 15 mins until 10mg/kg or 

symptoms resolved 

• 1mg/hr every 4-6 hrs or 0.25mg/kg/hr 

continuous infusion for next 24 hrs to 

prevent recurrence  



Dantrolene sodium 

• S/E of dantrolene 

– From formulation: 

• Mannitol – diuresis may occur (? Good in case of 

rhabdomyolysis) 

• NaOH – thrombopleblitis 

– Side effect related to dantrolene itself 

• Skeletal muscle weakness – usually does not affect 

respiration / coughing 

• GI upset – nausea / vomiting / diarrhea 

• Uterine atony 

• Hepatitis + pleural effusion in chronic PO uses 



Dantrolene sodium 

• Drug interaction 

– Avoid concurrent use of Ca channel blocker 

(e.g. verapamil, diltiazem) for control of 

cardiac arrhythmias 

– Cause hyperkalemia, VF, profound 

myocardial depression, cardiac arrest 

– Also retriggers MH 



Open Journal of Anesthesiology, 2015, 63-71. 







Masseter muscle rigidity (MMR) 

• Sustained contraction of masseter 

muscles causing marked stiffness 

of jaw barely allows any opening of 

mouth 

 

• Associated with use of 

succinylcholine 

 

 

 



Succinylcholine 

• Mild increase in masseter muscle resting tension 
following use of succinylcholine with limb faccidity is a 
normal response 

 

• MMR 
– Occur more frequently in children, with or without inhalation 

agents 

– Presage of MH, ~10% will progress to generalized rigidity 

– MH may follow immediately or delayed for several minutes 

– Dantrolene is not recommend unless clinical signs of MH  

– Likelihood to develop rhabdomyolysis, regular monitor CK level 

– Discuss muscle biopsy afterwards (50% cases found to be MHS) 





The END 


