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MFl-Assoclated Diseases

Wno Rezlly Needs a
Norn-iriggering Tecnnique?
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ES'tabHS'rJ]ng ine Ling

Iles Of causailon/associailon

- Case reporis/series
- Was it really MH?
- Was it really the syndrorme the)
Weas?
> Genellc linkage/pedigree ar alysis
> Pr oolem Vast rmejority of M
are onenotypically norrnal
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Feview of Ml Princlples

> rFarnilial or spontanzous geneiic
rmutation of calciurn-regulaiing
siruciure In rnuscle cell

> Autosornal dorninant
- Triggering agent/condition
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Ml Patnopnysiology Review
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1. Diseases definitely linked to MrlS oy
2iic linkage or overwnelming
C Me

2,
2. Diseases not assoc wiin Mrls out
palfients wno recelve triggering
agenis ey mearnifest signs and
syrnoptorms sirilar o Mr

3. Diseases purporied to pe linked to
MFS out Q/Irlenr' 1S wWeaK or
noneaxisie
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Ceniral Core Myopair

> Myopatny in infaricy
or later

> Non-progressive
> Y ypnoscoliosis
» Varlaole age of
ornsei & severity
- Mlutadion or
cnrornosorne 19
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Vultirminicore Myopatny

> Autosornal recessive

o YR ruiadion

> Congenital myopainy: nyopoionia &
oroxirnal weaxnass in infaricy or early
cnildnood

> Joint contractures, toriicollis, cnest
cdeforrnities, rigid spine, & scoliosis.

[aions: sepial

cardiornyopairy.
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> Rare cardlac rmanifesia
N

AR\ Py~ 2\
clefecis, neari nlock,
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K]ng~Denborough

syndrorne/P

Cryotorchidisrr
actus carinaturn
urnoar lordosis

[noracic Kypnosis
PTosis/straoisn
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Phenotype
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Muscular Dysiropnies

Ducnerine type — A-liniked
Beacrer tiype — A-linked
Limo-girdle
Ernery-Drelfuss

9

racloscapulonurneral
Oculopnaryngeal
Congenital

Myotonic
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Ducnenne Muscular Dystropny

> Progressive, fatal muscle-wastng disorder

> A-linked recessive - males

> Incidence: 1/3,500 live male oirins

> Apserice of dystropnin proteir

> Signs pegin oy age 2-5, naollity (o weailk
orogressive rmuscle wasing and deatn oy
age 20-30

L

> Cardiac aonorrmaliiies cornrnor
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Ducnenne Muscular Dystropny
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rlyoerralernic Cardiac Arrest in
Cnildren Wiin Occult Myopainy

> 25 chnildren, 92% el

> 3151 monins
> Mortality: 40%

> Potassiurm levels >6 1n 13/18
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rlyoerralemic Cardiac Arrest In
Cnildren witn Occult Myopatnies

> Pravious anesinesia 32%

> Wlyopainy 9/15
- DMD diagnosed 58Y%
- Mean Cr° 113,259
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Facormrendatons

suosequent
> Succinylenoline indicated for

rergency airway rranagernent only
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> Avold in ooys wiin develoornenial
cdlelay or nypotonia
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2 4-yr-old| 00/ 15.4 kg
> Large secundurn ASD repair
> Negailve ermI/ M

(non-englisn speaxing)
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Postoperative Cardiac Arr
> Pentoparnlial prermed

flurane & Nitrous Oxicde
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> ParncuUroriurm
> rentanyl 15 megliky, 1soilurane
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> Afropine, neosilgrine, fracresa
exiupated, Sp02 100%
> 20 rin laier:
broad complex bradycardia
raoldly orogressed to
V-Tach and V-Fib
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resoonded o deforillation

> ABG: BE — 4.3 mrmol/L,
K>9 meq/L
> Esopnagesal termno 37.7°C
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five Cardiac Arrest

onaie, NarlCOs,
glucose nsulin infusion
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> Danirolena witnneld

with advice frorn Ml rlotline
> =TCO2 & Minuie Veniilatlor
rernaineacd norrrzl
> No furtner everis
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\C Arrest
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Postoperatlve Card

> Discnarged norne on POD #6
Uriner cuestioning of farnily: cnild
cic not wali untl 2 yr age
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=pllogue

> Blood test: £ crnirormosorme dystropnin
gene: deletion of exons 47 o 52

DIAGNOSIS:
Ducnenne Muscular Dysiroony
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some Case reporis: DVID & Vrl

) A A Y
S 00sslolllies:
> Colncidence

I1
))

> DMD rnuscle: posiilve coniraciure test

02
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> True geneiic associailon — very unlixely

XA XX




XA-X

#.

(D




> rlyperxalermia: YES

> Rnaodormyolysis: YES
(Mecnarnism?)

> Ml Syndrome vs. Disease?
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> Volaille agents relaively
coniraindicaied

> Screern all voys for occult DMID oy
2151y anout motor rrilesiones —
wealing afier 15 rmos 1s unusueal
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McArclae's Disease

slycoger storage disease, tiype V
Jercise Intolerance, rmyoglooinuria
nrornosorne 11 rnuiaiior

G
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> Auiosornal dorninant or recessive
S
S
S

ise reporis of VIH
1523 of positive CHCT

arne toimplicatlons as DVID

Several ce
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nnelopatnies
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Calciurn: nypoxealermic periodic paralysis
- Sodiurn: nyperkalemic periodic paralysis
Chlorice: myotonia congeriita

> Occasional MM and Ml case reporis
. r\onorm?ll CriCT

> Mrl Suscepil
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f[ola?

G
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Fleat Stroke and M

2 yo crild nas acuie Mrlin OR
FCT snows Ml suscepiioility
S rmoning later: dies following footoeall

praiciice on 2 not day: rigiclity,
rnaodornyolysis, T (o IQ" -

> RYYR-1muiadion detecied in of and
relailveas
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o 49 gatlents with cnironically
- | Crunderweant CrICT

> 24149 pis, were MrIS
> 2 of inese 'ne_ 2L clinical nistory of

neai siroke — ooin VMIFIS on CHCT
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- 10 of 12 pis wiin exercise-induced
rnaocornyolysis (EIR) MEIS on CHCT

> 3 pis witn IR nad mutations of RYR1
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- Flistology: no myopainies
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Muscle Fiver Type and Caiizine-rlalothana Contractura Tasting

Imoroveas Scraaning for Rnavdornyolysis
Uniformead Servicaes Univarsity of tha rlealtn Sciences, Bainesda,
Maryland

ASA 2006 apstract
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Noonan's syndrorme

> Similar pnenotyoe as irg-
Denoorougr

> Usually not myopairic

> Normal Cr.

veral case reporis of Mir

> NO Known assoclailorn wiin
MFl suscepiivility
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Arinrogryposis

> Urnorella terr
> Any congeniial condition of joint
coriraciures

> No associatior witn Ml susceptiollity
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reL In sorne yoes

. renrl—*r (o develop
Intraoperailve nyoperinarrriia

* No MH susceptibility
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Mitocnondrial Myopairnie

(D
W

earns-sSayre syndrome (133)
L eigh's syndrorme

Mitochondrial DNA deoletion syndrome (VID3)
Mitocnondrial enceonalormyopzatny, lacitc acidosis and
stroxelike episodes (MIELAS)

Myoclonus epilepsy with ragged red fivers (MERRF)

Mitochondriad neurogastrointasiinal enceon alorn/o,Ja
(MINGIE)

Neuropatny, atauxia and retinits pigrmeniossa (NARP)
Paarson syndrome

Prograssive exiernzal opninalmoplagia (Pz0)
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Mitocnondrial Myopain
> No associatiorn wiin Ml Suscep

> |3 propofol any o
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surnrnary:

Diseasas assoclaied wiin M
Susceptlollty
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> Ceniral Core Myopainy — relatlvely rare
> Multirninicore Myopatny — really rare
> ring-Denoorougn prienoiype — really rare
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Slnmwy
Ns) soclated witn
MHSHSEJWMU

> Mitocnondrial myopairies
> Muscular dystropnies
> Noonan's syndrorne
> Arinrogryoosis
> Osteogeneasis imperfacia
> NIMIS

XA XA




surnrrary:

Diseases Possioly assoclated wiin Ml
suscepilollity Iin Ceriain Pailents
2 rleat Stroxe
> Exercise-nduced rnaodormyolysis
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A gent—mduced F naodornyolysis

. \/ 3
Deficlency
- CP

UrnImary:

fec] witn Volaille

T-2 Deficlency
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MHAUS GUIDELINES

Testing for Malighant
Hyperthermia (MH)
Susceptibility:

How do | counsel
my patients?




Muscle Contracture Testing (CHCT)

Gold Standard
Requires skeletal muscle biopsy from
patient’s thigh
Must be performed at the MH Muscle
Biopsy Center.

Sensitivity: close to 100% (false negatives
are rare)

Specificity: ~80% (~209% false positives)




Genetic Testing
RYR1 Gene Sequencing

. Isolation of DNA from patient sample (white blood,
or muscle cells; or other tissue sample)

. Primary MHS genetic locus is the ryanodine
receptor (RYR1) gene

*Currently 29 listed MH causative RYR1 mutations (see
www.emhg.org). Additional ones expected to be added
to panel in near future.




Genetic Testing
Causative Mutations

1. Presence of causative mutation* in RYR1 gene is
diagnostic for MH susceptibility.

2. At this point, not all proven MHS individuals have been found
to harbor a causative mutation .

3. Once a causative mutation is found, family members can
be tested for that specific causative mutation ; if found, the
Individual i1s considered MHS and a muscle biopsy for
contracture testing can be avoided.




CHCT - Pros and Cons

Pros:

Positive result establishes definitive diagnosis for patient who Is
tested.

Negative result allows patient freedom of choice regarding anesthetic
use, certain military career opportunities.

Cons:
Patient must undergo invasive surgical procedure; 2-7 days relative
disability
Testing can only be performed in specialized Biopsy Centers —
patients must travel to center

Expensive




CHCT - Cost, Insurance

e Cost: approximately $6000 - $10,000

e Insurance
— In the U.S., CHCT is covered by most insurance
companies; however, it is strongly recommended that
the patient contact his/her insurance carrier prior to

biopsy procedure




CHCT Testing, U.S. and Canada

University of Minnesota
Minneapolis, MN
Paul A. laizzo, PhD
(612) 624-7912 or -3959
laizz001l@umn.edu
www.vhlab.umn.edu/mh/index.html

University of California
Davis, CA
Timothy Tautz, MD
(530) 752-7805
timothy.tautz@ucdmc.ucdavis.edu

The Ottawa Hospital - Civic Campus,
Ottawa, Ontario
Kevin Nolan, MD, FRCPC
(613) 761-4169
kevin.nolan@rogers.com
mlcrossan@ottawahospital.on.ca

Uniformed Services University
of the Health Sciences
Bethesda, MD
(Military & Civilian)
Sheila M. Muldoon, MD
(301) 295-3532
smuldoon@usuhs.mil

Wake Forest University
Winston-Salem, NC
Joseph R. Tobin, MD
(336) 716-4498
[tobin@wfubmc.edu

Toronto General Hospital
Toronto, Ontario
Julian Loke, MD, FRCPC
(416) 340-3128
Jul.loke@utoronto.ca




Genetic Testing -
Pros and Cons

Pros:
Less expensive than CHCT
Less invasive than CHCT
No need to travel

If causative mutation found in family member, other family members can have
predictive testing carried out with a high degree of accuracy, without the need for
CHCT, and at a lower cost than the first person tested.

cons:

Due to discordance (contracture result genetic testing result), plus the
heterogeneity of MH, absence of a causative mutation does not rule out MH
susceptibility; muscle contracture test would be needed to confirm the individual is
not susceptible to MH

Expensive
Insurance may not cover




Genetic Testing -
Cost, Insurance

Cost: approximately $800-$4000; in certain cases, only
one exon may be sequenced for ~ $200.

Insurance: some insurance companies will cover the
cost of the test; many need to be educated about MH
and the validity of genetic testing for MHS.

MHAUS may be able to provide financial assistance for
patients who are candidates for genetic testing. Contact
MHAUS for more information info@mhaus.org




Genetic Testing Laboratories

RYR1 Gene Sequencing currently available at 2 accredited
molecular genetics laboratories  in the U.S.

PreventionGenetics, LLC * Center for Medical Genetics

3700 Downwind Drive University of Pittsburgh Medical Center
Marshfield, WI 54449 S701 Scaife Hall
Www.preventiongenetics.com 3550 Terrace Street

715 387-0484 Pittsburgh PA 15213

clinicaltesting@ http://path.upmc.edu/divisions/mdx/diagn
preventiongenetics.com ostics.html

800 454-8155 or 412 648-8519 (laboratory)

*Eull gene sequencing _currently offered by Prevention
Genetics only.




Malignant Hyperthermia Association

of the United States (MHAUS )

P. O. Box 1069
11 East State Street

Sherburne, NY 13460 -1069
Phone 1-800-986-4287 or 607-674-7901
Fax 607-674-7910
Email: info@mhaus.org
Website: www.mhaus.org
Hotline for Medical Professionals: 1-800-644-9737
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