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Definition:

Malignant Hyperthermia
e inherited disorder

e hypermetabolic state
e skeletal muscle

e triggered by

m inhalational anesthetics
m depolarizing muscle relaxants



Incidence

e Can be seen at either end of spectrum
e Most commonly seen in first 3 decades of life

e Exact incidence unknown
m 1:3000 to 1:15,000 incidence in kids

e Children under 15 account for 52% of cases

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

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



Causes:

e Inhalational Agents
m Halothane
m Sevoflurane
m Desflurane
m |soflurane £

| ‘.'. ] r '('f‘-

HALOTHANE

———
Berivart ' + Sevoflurang
p Molaties Ascse
' v - : nn_‘llr-r
N 5—A '
A ¥
Y B
= (= —f
Cogrprighe @ 2000 Thaadora W. Gexy

A —




Causes:

e Depolarizing muscle relaxants




Causes:

e Heat
® Stress
e \igorous Exercise




Causes:

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

e Variable penetration and presentation



(Genetics:

e Chromosomal abnormality:

m Chromosome 19
e 50% of known MH cases (with multiple variations)

m Chromosome 1
e 1% due to mutations
e Abnormal receptor mutation of:
m Dihydropyridine receptor (DHPR) or

m Type 1 ryanodine receptor (RYR1) on skeletal
muscles

e Inheritance:
m Autosomal dominant
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History:

e Between 1915 and 1925, one family

suffered 3 deaths due to an anesthesia
related event

e Rigidity and Hyperthermia in the
patients

e Unclear picture
e | ater confirmed MH susceptibility



History:

e 1960-21 year old male fractured his leg
e More concerned with
the anesthesia than

his leg.

e History of multiple
deaths in his family
due to anesthesia




History:

° Youn% man under the care of
anesthesiologist Dr. Villiers

e During OR case, he suffered cyanosis, an
Increase In temperature, and tachycardia

e Case terminated, patient cooled
e First known survival of MH episode

e Case investigated by

m Dr. Denborough-an internist and research fellow
iInterested In genetics

m Dr. Lovell-anesthesiologist

e Case report led to recognition of MH and
further investigation



"ANESTHESIA WAS
INVENTED IN 1846°

DOCTORS IN 1849:




History

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

e 1979-Dantrolene approved by FDA for MH
treatment

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

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

e 2003-genetic test for MH developed



Signs and Symptoms:

[E— e w2 2

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

e Most likely within 1 hour of initiation of
iInhalational agents or depolarizing
muscle relaxant




Signs and Symptoms:

e Early Signs:

m Rise in ETCO,

e Earliest sign of MH

e Refractory to increased ventilation and higher
tidal volumes

e Due to an increase in metabolism and more
CO, production

e DDx: hypoventilation, machine malfunction,
absorption of CO, during laproscopy



Signs and Symptoms:

e Early Signs:

m Tachycardia

e Inappropriate of patient condition

e DDx: pain, surgical stimulus, sepsis,
Inadequate anesthesia depth,
pheochromocytoma, etc



Signs and Symptoms:

e Early Signs:

m Masseter Muscle Rigidity

e Inability to open patient’ s mouth after triggering
event

e |[f persistent, indicative of MH in 30% of all
cases

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



Signs and Symptoms:

e Early Signs:

m Generalized muscle rigidity

e Pathognomonic for MH if present with other
signs



Signs and Symptoms:

e | ate Signs:
m ECG changes

e Cell death from anaerobic metabolism and
hypoxia can cause muscle breakdown

e Muscle breakdown can lead to hyperkalemia,
increasing potential for arrhythmias

e Strengthens Dx of MH
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Signs and Symptoms:

Serum Potassium

Typical ECG Appearance

Possible ECG Abnormalities

Mild (5.5-6.5 mEq/L)

Moderate (6.5-8.0 mEq/L)

Severe (>8.0 mEq/L)

Peaked T Waves
Prolonged PR Segment

Loss of P Wave

Prolonged QRS Complex
ST-Segment Elevation

Ectopic Beats and Escape Rhythms

Progressive Widening of QRS Complex
Sine Wave

Ventnicular Fibnllation

Asystole

Axis Deviations

Bundle Branch Blocks

Fascicular Blocks




Signs and Symptoms:

e | ate Signs:

m Rhabdomyolosis

e Muscle fatigue will lead to muscle breakdown
causing rhnabdomyolosis

e Elevation of creatine kj
around 14 hours after

e Elevated CK levels ra
100,000

e Normal CK ranges fro

e Can manifest as renal
arrest




Signs and Symptoms:

e Late Signs:

m Hyperthermia

e Commonly misunderstood as an early presenting sign

e From sustained muscle contraction from unregulated
calcium release

e Core temperature may rise 1°C/5min

e DDx: Intraoperative fever, faulty temperature probe,
Neuroleptic Malignant syndrome

e Extreme high temperatures (up to 45°C) can lead to
increased CO, production, increased O, use, and organ
dysfunction



Difterential Diagnosis:

e Neuroleptic Malignant Syndrome
m Muscle rigidity
m Temperature increase

e Meningitis

e Pheochromocytoma

® Sepsis

e Thyrotoxicosis

e Heatstroke

e Fever

e Cocaine/Amphetamine Toxicity



Treatment:

e TURN OFF AGENT

e Call for HELP

® Increase flows to 100% O,

e Dantrolene

e Treat arrhythmias and hyperkalemia
e Cool patient

e |CU transfer
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Treatment:

e Dantrolene
m Muscle relaxant

m Mainline Treatment
for MH
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Treatment:

e Dantrolene
m Unlike

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

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

m Dantrolene acts within the muscle cell

e decreases c;alciu_m CICERERI R GE
sarcoplasmic reticulum

e reducing intracellular calcium levels
m Exact mechanism of action is unknown
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Treatment:

e Dantrolene:
m 2.5mg/kg with repeat doses as needed.
m Up to 10mg/kg
m Most episodes controlled with 2-3mg/kg
m Mixed with 60ml of sterile water

m MUST be made with sterile water or it will
precipitate




Dantrolene for MH Crisis

20 mg/60 ml = 1 mg/3ml
/0 kg patient:

2.5 mg/kg = 175 mg or 525 ml (9 vials)

EEEEEEEE
~10 mg/kg = 700 mg or 2100 ml (35 vials)
) .555555555555




Treatment:

e Ryanodex:
m 250mg dantrolene per vial.

m Mixed with 5ml of sterile water

e Compare with 60ml for traditional formulations
of Dantrolene

m Significantly less sterile water mix




Treatment:

-—

@ Comparison of Dantrolene

Formulations

Factor

Vial strength

Diluent volume
per vial

Concentration

after reconstitution

Mannitol content
per vial

Number of vials

needed

Average volume
to be administered

Time to
reconstitute

Shelf life

Approximate cost
for suggested
supply

mun: manule.

Dantrium/Revonto
20 mg
60 mL

0.33 mg/mL
3,000 mg
35

2,100 mL
222 min for
13 vials

3y
$2,000-$3,000

Sonrce: References 16-18.

Ryanodex
250 mg
5mL

50 mg/mL
125 mg

3

14 mL

<1 min for
1 vial

2y
$6,000




Treatment:

e Dantrolene:

m Reduced Mortality from 80% 40 years ago,
to 10% in current practice

m Other studies have quoted reduced
mortality 70% to between 1-17%

e average of 1.4%
m Delays in treatment lead to significant
Increases in complications

e Dantrolene delayed 50 minutes can lead to
100% complication rate (renal dysfunction, DIC,
coma, arrythmias, cardiac dysfunction, etc.)



Treatment:

e Dantrolene: Cost

m Cost of Dantrolene: 84 dollars/vial of basic
formula.
e $1008/year, assuming shelf life of 3 years

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

m Does NOT include cost for maintaining MH
Carts
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Treatment:

e Treat arrnythmias and hyperkalemia
m Calcium gluconate
e Stabilizes cardiac membrane potential

e 2-3 ampules of calcium gluconate over 5 min or 1g
CaCl, over 3 minutes

m DO NOT GIVE CALCIUM CHANNEL BLOCKERS

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




Treatment:

e Treat arrhythmias and hyperkalemia

m Glucose and Insulin

e Insulin transfers K+ into cells
® 10 units insulin IV with 50ml of 50% glucose
solution
m Other options: Diuretics (lasix), Beta-2
agonists, hemodialysis, etfc. .

10mL single-dose
FUROSEMIDE
nection, USP B

100 mg (10 mg/ml)
W‘ or M. use. -

pira Inc,, Lake Forest, IL 6004




Medications Used in Acute Treatment of Hyperkalemia

Length Mechanism of
Medication™ Dosage Onset of effect action Cautions
Cslcium 10 to 20 mL of Immedistse 20 Frot=ects Cs=n worsen digoxin
gluconsts 10 perc=nt minutes myocardium toxicity
solution IV over from toxic
two to three =ff=cts of
minutss calcium; no
=ff=ct on s=rum
ocotasssium level
Insulin Regulsr insulin 1S to 20 Two to Shifts Consiger £ pero=nt
10 units I'V with minutes six potassium ocut Sextros=s scluticon
50 mL of 50 hours of the vasculsr infusion at 100 mL

pcerc=nt glucoss

so=c= 2N into
the o=lls; no
=ff=ct on totsl
oody potassium

o=r hour to prevent
hypoglycemis with
reg=st=sC Ccos=s.
Clucoss unnec=ssary
if oloocd sugsr
slsvst=ec socovse 220
mg per dL (12.9
mmol per L)

Alout=srol
VWentolin

Furcs=mic=
IL=ssix)

Sodium
colystyr=n=
sulfonst=
(Heay=sxslst=)

10 to 20 mg by
neoulizesr over
10 minut=ss (us=s
concoceEntratec
forrmm., S mg per
bl )

=20 to <0 mmig IV,
givs with sslins
if volum=
c=clsticon is =
concern

Oral: SO0 g in 20
L of scroitol
solution

Rectsl: SC g in
= ret=ntion
=nemms

15 to 20
TMminut=ss

15 minutes
to one hour

One to two
hours
rect=sl rocut=s
is fsst=r

Two to
thres
hours

Four
hours

Four to

hours

Shifts
cotsssium Iinto
th=es o=lls,
sScditive to the
=ff=ct of
insulin: Nmno
=ff=ct on totsl

bcody potassium

Inoce=ss=s rensl
=xocr=ticon of
cotsssium™m

Re=mowv=es
potassium from
the gut in
=xchsng=s for
sodium

TWMisy csus=s = orief
initisl ris= in ssrum™m
ocotsssiumm

Tnly =ffective 0f
scescusts renz=l
resocons= to looco
Siurstic

Sorbitol may o=

Sssoccist=c with cow=l
Nnecrosis. Wisy lesc to

sodium retesntion



WWhen you gotta pretend youre
awake at work but really ur just
dead inside




Treatment:

e Cooling of patient

m Severe increase in body temperature can
be very dangerous

m Cooling fans

m Ice and ice water around head, groin area,
axillae

m Tell surgeon to flood field with cool solution
m STOP at 38°C to avoid hypothermia



Treatment:

e [ransfer to ICU

m Continue dantrolene therapy (1mg/kg gq4-6hrs for 24-36hrs)
Monitor vital signs constantly

Lab tests: Basic metabolic panel, coagulation profile, CK
levels, Liver function tests, urine output

Maintain urine output-diuretics, fluid
Watch for renal failure

Watch for muscle weakness

Watch for metabolic acidosis
Watch for DIC

As many as 25% of patients may experience a relapse within
hours of episode

Mortality higher in patients with significant co-morbidities or
larger muscle mass



MH Hotline ‘

EMERGENCY THERAPY FOR

Effective May 2008

1-800-644-9737
Outside the US:
1-315-464-7079

I DIAGNOSIS vs. ASSOCIATED PROBLEMS
Signs of MH: Sudden/Unexpected Cardiac

= Increasing ETCO2 Arrestin Young Patients:
- Trunk or total body rigidity - Presume hyperkalemia and initiate treatment
- Masseter spasm or trismus (see #6)
- Tachycardia/tachypnea - Measure CK, myoglobin, ABGs, until
- Mixed Respiratory and normalized
Metabolic Acidosis - Consider dantrolene
- Increased temperature (may - Usually secondary to occult myopathy (e.g.,

- muscular dystrophy)
be late sn_gn) _ - Resuscitation may be difficult and prolonged
- Myoglobinuria

I ACUTE PHASE TREATMENT

&) GET HELP. GET DANTROLENE — Notify
Surgeon

- Discontinue volatile agents and succinylcholine.

- Hyperventilate with 1009 oxygen at flows of 10
L/min. or more.

- Halt the procedure as soon as possible; if emer-
gent, continue with non-triggering anesthetic
technique.

- Don’t waste time changing the circle system
and C02 absorbant.

available.

&) Dantrolene 2.5 mg/kg rapidly IV
through large-bore IV, if possible
To convert kg to Ibs for amount of dantrolene, give
patients 1 mg/lb (2.5 mg/kg approximates 1 mg/Ib).

- Dissolve the 20 mg in each vial with at least 60
ml sterile, preservative-free water for injection.
Prewarming (not to exceed 39° C.) the sterile
water may expidite solublization of dantrolene.
However, to date, there is no evidence that such
warming improves dinical outcome.

- Repeat until signs of MH are reversed.

- Sometimes more than 10 mg/kg (up to 30
mg/kg) is necessary.

| POST ACUTE PHASE

€Y Observe the patient in an ICU for at least 24

if temp. <38°C and falling to prevent
< 36°C.

©» Dysrhythmias usually respond to
ment of acidosis and hyperkalemia.

presence of dantrolene.

- Each 20 mg bottle has 3 gm mannitol for
isotonicity. The pH of the solution is 9.

€©) Bicarbonate for metabolic acidosis
- 1-2 mEq/kg if blood gas values are not yet

€ Cool the patient with core temperature
>39°(, Lavage open body cavities, stomach,
bladder, or rectum. Apply ice to surface.
Infuse cold saline intravenously. Stop cooling

- Use standard drug therapy except calcium
channel blockers, which may cause
hyperkalemia or cardiac arrest in the

) Follow urine myoglobin and institute therapy to prevent myoglobin predpitation in renal tubules and the

MALIGNANT HYPERTHERMIA

Trismus or Masseter Spasm with Succinylcholine

- Early sign of MH in many patients

- If limb muscle rigidity, begin treatment with dantrolene

- For emergent procedures, continue with non-triggering agents,
evaluate and monitor the patient, and consider dantrolene
treatment

- Follow CK and urine myoglobin for 36 hours.

- Check CK immediately and at 6 hour intervals until returning to
normal. Observe for dark or cola colored urine. If present, liberalize
fluid intake and test for myoglobin

- Observe in PACU or ICU for at least 12 hours

(> Hyperkalemia — Treat with hyperventilation,
bicarbonate, glucose/insulin, calcium.

- Bicarbonate 1-2 mEq/kg IV.

- For pediatric, 0.1 units insulin/kg and 1 ml/kg 50%
glucose or for adult, 10 units regular insulin IV and
50 ml 509 glucose.

- Calcium chloride 10 mg/kg or calcium gluconate
10-50 mg/kg for life-threatening hyperkalemia.

- Check glucose levels hourly.

@D Follow ETCO2, electrolytes, blood gases, CK, core
temperature, urine output and color, coagulation
studies. If CK and/or K+ rise more than transiently or
urine output falls to less than 0.5 ml/kg/hr, induce
diuresis to >1 ml/kg/hr and give bicarbonate to
alkalanize urine to prevent myoglobinuria-induced
renal failure. (See D below)

- Venous blood gas (e.g., femoral vein) values may
document hypermetabolism better than arterial
values.

- Central venous or PA monitoring as needed and
record minute ventilation.

- Place Foley catheter and monitor urine output.

drift

treat-

Non-Emergency Information
MHAUS

PO Box 1069 (11 East State Street)
Sherburne, NY 13460-1069

Since 1981

hours, due to the risk of recrudescence.

O Dantrolene 1 mgskg q £-6 hours or 0.25
mg/kg/hr by infusion for at least 24 hours.
Further doses may be indicated.

@ Follow vitals and labs as above (see ¥7)

- Frequent ABG as per dinical signs

- (K every 8-12 hours; less often as the values

trend downward

subseguent development of Acute Renal Failure. CK levels above 10,000 IU/L is a presumptive sign of rhabdomy-
olysis and myoglobinuria. Follow standard intensive care therapy for acute rhabdomyolysis and myoglobinuria
(urine output =2 ml/kag/hr by hydration and diuretics along with alkalinization of urine with Na-bicarbonate
infusion with careful attention to both urine and serum pH values).

3 Counsel the patient and family regarding MH and further precautions; refer them to MHAUS. Fill cut and send
in the Adverse Metabolic Reaction to Anesthesia (AMRA) form (www.mhreg org) and send a letter to the patient
and her/his physician. Refer patient to the nearest Biopsy Center for follow-up.

CAUTION:

Phon
1-800-986-4287
(607-674-7501}
Fax
607-674-7910
Email
infoemhaus.crg
Website
www.mhaus.crg

% assocuT

Dedicated to
Patient Safety

This protocol may not apply to all patients; alter for specific needs.




Treatment:

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



Prevention:

History and family history

Family awareness and testing
Avoid triggering agents

Use other anesthesia techniques

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

SAFE DRUGS UNSAFE DRUGS

Antibiotics All inhalation agents (except nitrous oxide)
Antihistamines Succinylcholine

Barbiturates

Benzodiazepines

Droperidol

Ketamine

Local anesthetics

Nitrous oxide

Nondepolarizing neuromuscular blockers
Opioids

Propofol

Propranolol

Vasoactive drugs



Prevention:

e Machine checkout
m [ape vaporizers in OFF position

m Flow 10L O, through machine for 20
minutes

m New unused breathing circuit

m Check with machine’ s manufacturer
individually for specifications!

e Ex: Drager Fabius requires 60 min of
preparation



What YOU can DO:

e Be Present!
m |f you hear about an MH emergency, GO HELP

Call the MH Hotline

Get the MH Cart

Prepare Ice to Cool Patient

Get Sterile Water

Help Mix and Prepare Dantrolene

Preventive Tactics
m Tape vaporizers
m New Breathing Circuits
m Call Anesthesia Machine company for recommendations



Post-Op:

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

e |[f no complications, can be discharged
home



Testing:

e Contracture testing:
m Gold standard
m Can establish a definitive diagnosis
m Sensitivity 100%
m Specificity 80%



Testing:

e Caffeine Halothane Contracture Test:
m Exposure of a FRESH muscle biopsy
specimen
e caffeine
e halothane

m Produces contractures at lower thresholds
than non-MH individuals
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Testing:

e Caffeine Halothane Contracture Test
m Costly

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

m Requires 2-7 days from work
m Even if test is negative, caution must be used
m Requires a FRESH sample

m Can be done at few centers around the U.S. and
Canada



Testing:

e Test Centers:
m University of Minnesota- Minneapolis, MN
m University of California- Davis, CA
m \Wake Forest University- Winston-Salem, NC

m Uniformed Services University of the Health
Sciences- Bethesda, MD

m The Ottawa Hospital - Civic Campus- Ottawa Ontario
m Thomas Jefferson University- Philadelphia, PA
m MHAUS- Sherburne, NY



Testing:

e Genetic Testing:

m Presence of causative mutation in RYR1
gene is diagnostic for MH

m Less invasive

m Less costly—but STILL 4-8 thousand U.S.
dollars

m Less traveling

m Contracture test might still be needed due to
heterogeneous nature of MH gene

m Limited due to incomplete genetic panel of
all causative mutations for MH



Summary:

e Malignant Hyperthermia is a rare but potentially
fatal disease in the OR

e Early signs and symptoms (hypercapnia,
tachycardia, rigidity) may go unnoticed initially, but
suspicions should be high if seen

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

e |f a MH patient presents, be aware of other
possibilities for anesthetic choices

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

e Overall, VIGILENCE!!
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Surgeons be like




Questions?
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