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Malignant Hyperthermia
	Case Title 
	Malignant Hyperthermia

	Scenario Name
	Malignant Hyperthermia



                
	Learning Objectives  - Use action words

	Knowledge:
1. Identify malignant hyperthermia
2. Summarize common triggers of malignant hyperthermia
3. Review pathophysiology of MH
4. 

	Skills:
1. Demontrate effective management of MH including: dantrolene, cooling

	Attitude/Behaviours:
1. Demonstrate Team skills 
2. Demonstrate Situational awareness
3. Demonstrate Graded Assertiveness

	Scenario Environment

	Location
	ED

	Monitors
	Bedside

	Props/Equipment
	Intubation equipment
IV equipment
Ventilator

	Make-up/Moulage
	

	Potential Distractors
	








	Case Introduction:

	3 year old girl ingested several of her sister’s phenobarbital tablets.  Developed somnolence and respiratory depression; brought from home by EMS.  Pt has just been intubated in the ED by your colleague and is being handed over at shift change.  Awaiting an ICU bed. Intubated with atropine, ketamine and succinylcholine. Currently receiving fluids for mild hypotension.



	Patient Parameters
	Effective Management
	Notes

	Phase 1: Received into care
Condition: Paralyzed. Intubated.

Initial Assessment
· Heart Rhythm: Sinus
· HR:   100
· BP:  85/55
· RR:  20 – being bagged
· SP02:  100% on 100% FiO2
· T:  36.5
· CNS:   Sedated, paralyzed, PERL
· Chest: clear
· CVS:   cap refill <2 secs, pulses palpable, normal heart sounds
· Weight: 15 kg
	1. Take a focused history (see Notes column)

2. Assessment and Medical Management 
· Asks for post-intubation gas and CXR
· NG/ OG tube
· Considers checking tube placement with laryngoscope
· Asks for ETCO2
· Requests placement on ventilator
· Specifies fluid amount and rate

Airway
· Notes position of tube at lips and ensures tube in securely fixed
Breathing 
· Auscultates lungs
· Checks oxygen saturation
Circulation
· Checks pulse, cap refill, BP
Identifies mild hypotension
	1. Focused history
· Current event phenobarbital ingestion 
· Brought in somnolent; intubated for respiratory depression
· Unremarkable intubation, not complicated
PMHx
· Child is previously healthy 
· no known anesthetic history in self or family
· Immunizations up to date
Meds
· Nil
Allergies
· NKA


	Phase 2: Muscle Rigidity
Condition: Patient is showing first signs of malignant hyperthermia following administration of succinylcholine.  Mild muscle rigidity (as reported by nurse).

Physical Examination
· Heart Rhythm: ST
· HR:   140
· BP: 90/50
· RR: 20 bagged
· SP02: gradually dropping to 80’s
· T: 39.5
· Glucose:   
· CNS:  sedated
· Chest: clear, equal a/e
· CVS:  cap refill <2 secs, pulses palpable, normal heart sounds
· MSK: mild muscle rigidity reported by nurse
	1. Patient Reassessment (see Notes column)

2. Medical Management
A
· Suctions tube
B
· Checks CXR for tube displacement or pneumothorax
· Confirms that equipment is functional
· Asks for repeat gas and CXR
C 
· Continues bolus fluids

Investigations
· CXR – good tube placement, clear lungs, normal heart 
· Considers antipyretic
· Review laboratory investigations
	1. Patient Reassessment
Airway 
· Checks for tube displacement
· Ensures that tube has not moved

Breathing 
· Auscultates lungs – clear AE
· Checks oxygen saturation and ETCO2 (if available)


Circulation
· Checks pulse, cap refill, BP


	Phase 3: Malignant Hyperthermia
Condition: Patient progresses to fulminant malignant hyperthermia

Physical Examination
· Heart Rhythm: ST
· HR:   180
· BP: 90/55
· RR: 20 - bagged
· SP02: 80’s on 100% FiO2
· T: 42.5
· CNS:  sedated
· Chest: clear, equal a/e
· CVS:  cap refill <2 secs, pulses palpable, normal heart sounds
· MSK: muscle rigidity
	1. Patient Reassessment (see Notes column)

2. Medical Management
· Places patient on ice packs, cooling blankets
· Starts Dantrolene (2.5 mg/kg every 5-10 minutes to max 10 mg/kg)
· Sodium bicarbonate 1-2 mEq/kg
· Continues bolus fluids
· Considers Lasix
· Orders more laboratory investigations (CBC, gas, lytes, glucose, urine)
· Call ICU for urgent transfer

B
· Asks for serial blood gases
C 
· Continues bolus fluids
· Considers diuresis for renal function
	1. Patient Reassessment
Airway
· Ensures that tube has not moved

Breathing 
· Auscultates lungs – clear AE
· Checks oxygen saturation and ETCO2 (if available)
	
Circulation	
· Checks pulse, cap refill, BP





Insert more lines if more phases required.




	Expected Patient Management
	Debriefing Points

	1. Student
a. 
2. R1
a. 
3. Senior IM resident
a. 


	· 



References:






LABS – click here OR fill out below


LABORATORY *LIVE*          Lab Summary Report

	Test
	Phase 2
	Flag (H or L)
	Reference

	CBC

	WBC
	11
	H
	3.5 – 10.8 10^9/L

	Hgb
	120
	L
	130 – 170 g/L

	Platelets
	420
	H
	150 – 400 10^9/L

	Chemistry

	Na
	145
	
	137 – 145 mmol/L

	K
	5.5
	H
	3.5 – 5.0 mmol/L

	Cl
	105
	
	98 – 107 mmol/L

	HCO3
	18
	L
	22-26 mmol/L

	Urea
	6.5
	H
	2.5 – 6.1 mmol/L

	Creat
	80
	
	62 – 106 umol/L

	Glucose - Random
	8
	
	3.0 – 11.0 mmol/L

	ABGs
	
	
	

	pH
	7.2
	L
	7.35- 7.45

	pCO2
	50
	H
	35 – 45 mmHg

	PO2
	90
	
	80-100 mmHg

	BE
	5
	H
	-2.0  to  +2.0 mmol/L

	HCO3
	18
	L
	22 – 26  mmol/L






































LABORATORY *LIVE*          Lab Summary Report

	Test
	Phase 3
	Flag (H or L)
	Reference

	Chemistry

	Na
	145
	
	137 – 145 mmol/L

	K
	6.2
	H
	3.5 – 5.0 mmol/L

	Cl
	105
	
	98 – 107 mmol/L

	HCO3
	9
	L
	22-26 mmol/L

	Urea
	7.5
	H
	2.5 – 6.1 mmol/L

	Creat
	90
	
	62 – 106 umol/L

	GFR Est
	
	
	> 60 ml/min

	Glucose - Random
	8
	
	3.0 – 11.0 mmol/L

	CK
	>1000
	
	5 – 130 U/L

	ABGs

	Arterial

	pH
	7.05
	L
	7.35- 7.45

	pCO2
	85
	H
	35 – 45 mmHg

	PO2
	70
	L
	80-100 mmHg

	BE
	12
	H
	-2.0  to  +2.0 mmol/L

	HCO3
	11
	L
	22 – 26  mmol/L





























Urine – positive blood (myoglobin)
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Simulation Scenario: Malignant Hyperthermia


Debriefing/ Discussion


· Clinical syndrome that classically occurs during anesthesia with volatile halogenated alkanes (e.g. halothane) and depolarizing muscle relaxants (e.g. succinylcholine)


· Classic MH – rapidly increasing body temperature, extreme acidosis and rhabdomyolysis due to loss of control of intracellular calcium levels and uncontrolled increases within skeletal muscle 

· Initially associated with a mortality rate of 70%

· Current mortality is less than 5%

· MH episodes occur between 1:5,000 and 1:50,000 anesthesias


· Genetic abnormality may be present in up to 1:3,000 individuals

· Physiology and pathophysiology:

· MH is caused by abnormal function of ryanodine receptors in skeletal muscle, which causes dysregulation of excitation-contraction (EC) coupling

· There is a persistent increase in intracellular Ca2+ in skeletal muscle


· Increased ATP production is needed for the cell’s pumps and exchangers to correct the Ca2+ levels, producing heat


· Rigidity during an MH episode is caused by the inability to reduce intracellular skeletal muscle Ca2+ below the contractile threshold


· 50-80% of genotyped patients with MH have a mutation of the type 1 ryanodine receptor or the L-type Ca2+ channel CaV1.1

· Inherited in an autosomal dominant fashion (predominantly)


· Different mutations are region-specific, but MH is not isolated to a specific ethnicity


· Clinical presentation:


· MH episodes depend on four variables: genetic predisposition, absence of inhibiting factors, presence of an anesthetic or nonanesthetic trigger, and the presence of potentiating environmental factors 

· Anesthetic triggers: ether, halothane, enflurane, isoflurane, desflurane, sevoflurane, and depolarizing muscle relaxants (only one currently used is succinylcholine)


· Inhalational agents produce a more gradual onset of MH, whereas onset may be abrupt with succinylcholine

· Majority of episodes occur when inhalational agents and succinylcholine are used together, but may occur with either used alone


· Exacerbating factors: previous exercise (animal models)


· Mild hypothermia and preadministration of barbiturates, tranquilizers, propofol, or nondepolarizing neuromuscular blockers delay or prevent the onset of MH

· Initial clinical signs:


· Unexplained sinus tachycardia or ventricular arrhythmia


· Tachypnea (if spontaneous ventilation is present)


· Unexplained decrease in O2 saturation


· Increased end-tidal PCO2

· Metabolic and respiratory acidosis


· Central venous desaturation


· Increase in body temperature above 38.8°C with no obvious cause

· Once initiated, the course of MH can be rapid

· More than one abnormal sign must be observed to make the diagnosis of MH


· Progressive signs: 

· Whole-body rigidity

· High temperatures (may exceed 43°C)


· PCO2 >100 mm Hg, pH <7.00

· Elevated serum levels of potassium, ionized calcium, CK, myoglobin, and sodium

· Increased cellular permeability causing edema (including cerebral edema)


· Disseminated intravascular coagulation, end-organ failure

· Symptoms are variable in order of appearance and time of onset


· Masseter spasm may be seen in MH episodes triggered by succinylcholine


· Children <15 years of age comprise >50% of all reactions


· Male: female predominance (2:1)


· Closely associated with central core myopathies

· Management:

· Other causes of increased metabolism, acidosis, or hyperkalemia should be investigated


· Any patient suspected of having an MH episode should be reported to the North American Registry via the rare disease protocol (http://www.mhaus.org/)


· Acute therapy:


· Discontinue all anesthetic agents and hyperventilate with 100% oxygen

· Dantrolene (2.5 mg/kg IV to a total dose of 10 mg/kg IV) every 5 to 10 minutes until symptoms subside

· Sodium bicarbonate (2 to 4 mEq/kg IV) to correct the metabolic acidosis

· Control hyperthermia – external cooling, cooling body cavities with sterile iced fluids (down to 38-39°C)


· Monitor urinary output, establish diuresis of ≥ 2 cc/kg/hr to protect the kidney from myoglobinuria

· Continue dantrolene 1 mg/kg every 4-8 hours for 24-48 hours (or an infusion of 0.25 mg/kg/hr)

· The most effective way to lower serum potassium is reversal of MH with dantrolene

· Frequently monitor blood gases, coagulation studies, renal function, electrolytes


· Future anesthesia use may include nitrous oxide, barbiturates, etomidate, propofol, opiates, tranquilizers, and nondepolarizing muscle relaxants

· Volatile anesthetics and succinylcholine must be avoided

· Regional anesthesia is safe and may be preferred

· Dantrolene

· The only drug that has been shown to be effective in reversing the symptoms of MH

· Preadministration also prevents the development of fulminant MH in animal studies


· Hydantoin derivative that causes muscle weakness by direct muscular action

· Reduces efflux of Ca2+ from the saroplasmic reticulum


· Dantrolene must be reconstituted in sterile water rather than salt solutions or it will precipitate
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