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IVCT

ANASTHETIC DEATHS IN A FAMILY
SIR,—We have been asked to investigate a man aged 21
who was recently admitted to this hospital with compound
fractures of the tibia and fibula. He agreed to being given
general anzsthesia provided ether was not used because
several close relatives had died during or shortly after
anasthesia, and it was believed in the family that ether was

Br. J. Anaesth. (1984), 56, 1267

A PROTOCOL FOR THE INVESTIGATION OF MALIGNANT
HYPERPYREXIA (MH) SUSCEPTIBILITY

= 1960 - poprvé popsana MH

THE EUROPEAN MALIGNANT HYPERPYREXIA GROUP

= 1983 —ustanovena European malignant resonsie.
M. A. Denborough, The Lancet, 1960

= 1984 — prvni protokol pro IVCT test, i Vitro Contracture Test (IVCT)
podle doporuceni European Malignant Hyperthermia Group (EMHG 2025)
standardizace 80. léta 20. stoleti
- F ioni Kofein O Wt = B
= 2003 - ACMH, drive Centrum maligni ¥ T . ]
hypertermie v CR cHy 15 mMm s =
N NYO 2,0 mM - 20,2g/2mN
= Princip: kontrakéni odpovéd viabilniho svalu HC,A’J['(N\ 3,0 mM - -
3 CH, 4,0 mM - -
na danou koncentraci halotanu a kofeinu . e T Py =
= Alternativa (Sev. Amerika) - Caffeine Hg!’?}/g" 0,5 vol % povds 012 i g
Halothane Contracture Test (CHCT) 40wl % adgoikda 0.2 g
v s Ve 2,0 vol % OdeVidé 0,44 mM 2 012g/2 mN
= REFERENCNI DIAGNOSTICKA METODA
CF4-CHBICl 3,0 vol % odpovida 0,66 mM -
Riiffert H et al.. Br J Anaesth. 2026 Feb

hyperthermia group (EMHG)
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IVCT vyhody vs.

nevyhody

= Senzitivita: 99 - 100 %
=  Specificita: 93 % (1)

(1) Ording H et al.. Acta Anaesthesiol
Scand. 1997

=  Naklady:

— Celkové naklady (2 dny hospitalizace)
38 000 K¢

— IVCT 8 300 K¢

= Hospitalizace: 2 dny

= Rekonvalescence: 2-3 tydny

Testuje fenotyp

Primo hodnoti funkéni odpovéd
kosterniho svalu na spoustéce MH.

Vysoka senzitivita
Historicky uvadéna kolem 99 %
podle EMHG protokolu.

Dlouhodoba standardizace
EMHG protokol je pouzivan

a priibézné aktualizovan

vice nez 40 let.

@069

Invazivni

Vyzaduje odbér Cerstvé
svalové biopsie.

Omezena dostupnost

a logistika

Nutnost specializovaného centra
a rychlého zpracovani vzorku.

Cena

Vv

a personalni zazemi.

Nizsi specificita /

horsi reprodukovatelnost
Zejména pri hrani¢nich vysledcich
blizko cut-off hodnot.
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IVCT vs. Genetika

IVCT \ Genetlcke vysetrem ‘
Senzitivita e “|t99t%k s ~50-70 % PV/PPV ~45 % (1) tiincova m, et al
i ucsntiCkasiMe) | - . VUS ~ 17 % (1) OrphanetJ Rare Dis. 2026

Specificit
Hlavni vy -

ianty

Jince)
Hlavni ne

' Li ll A0 e
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Genotyp vs. Fenotyp

PFitomnost RYR1 (PV/PPV) mutace # penetrance RYR1 varianty # pravdépodobnost klinické
MH pfi expozici triggeru # zavaznosti MH reakce.

= Penetrance VUS (21.5%)
, | , No mutation (18.3%) w/
— Neu pina Pathogenic or - Females 36.95%
. , likely pathogenic (57.4%) ~
— Variant-dependentni Benign (2.6%)

. ) Rossi D. et al. Neuromuscular Disorders, 2026
— Pohlavné dependentni

— Vékove dependentni
= Populaéni odhad (EMHG) pro Arg614Cys — penetrance <25% pro déti, <5% pro dospélé (2)

* Pravdepodobny modifikujici efekt dalSich variant (1)

= Diskrepance genotypu a fenotypu

(1) Kelly MA, et al. Am J Med Genet C Semin Med Genet. 2021;187(1):83—-94
(2) https://www.emhgqg.org/nonpathogenic-ryrl-variants



https://www.emhg.org/nonpathogenic-ryr1-variants
https://www.emhg.org/nonpathogenic-ryr1-variants
https://www.emhg.org/nonpathogenic-ryr1-variants
https://www.emhg.org/nonpathogenic-ryr1-variants
https://www.emhg.org/nonpathogenic-ryr1-variants

An Assessment of Penetrance and Clinical Expression of
Malignant Hyperthermia in Individuals Carrying Diagnostic
Ryanodine Receptor 1 Gene Mutations

Carlos A. Ibarra Moreno, M.D., Ph.D.,
Department of Anesthesia, University of Toronto and Malignant Hyperthermia Investigation Unit,
Toronto General Hospital, Toronto, Ontario, Canada

= 9 PV/PPV variant, 229 pacientt
= 40,6 % penetrance

= 25 % pravdépodobnost reakce u nosicu
mutace/76 % u proband( — opét lisi se
dle PV/PPV

— Pohlavi: Muzi 50 % vs. Zeny 29,7 %
— Vék—median 12 let

— Konkrétni PV/PVV
= P.Arg614Cys —47,6 % penetrance

- g
_— Q

------ Frequency

10-19 20-29 30-39 40-49 50-59 60 - 69 27
Age (years)

Genetic variation in RYR] and malignant hyperthermia
phenotypes

D. Carpenter!, R. L. Robinson!, R. J. Quinnell?, C. Ringrose!, M. Hogg!, F. Casson?,
P. Booms?2, D. E. Tles, P. J. Halsalll, D. S. Steele?, M.-A. Shaw?’ and P. M. Hopkins!*'

=  Genotyp-fenotyp studie

= RYR1 varianta ovliviiuje intenzitu poruchy
vapnikové homeostazy a ovliviuje

projevy fenotypu

Relatives Probands MH Probability (Pyy)
Penetrance
RYRI Mutation n #Exp n #Exp (%) P vu an P nn probands
p.Gly341Arg 18 25 11 17 379 0.26 065

p.Arg614Cys 33 64 30 39 476 0.29 0.77
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1982 2004 2008 2024 2026
1982
= Vykon: Appendektomie
= Anestezie: Sukcinylcholin a Halotane .
= Klinické symptomy: Tachykardie 180-200/min 7
IVCT — MHS,,

= Zacatek symptomi po uvodu: 2-5 min

=  Dantrolen: Ne

2004 IVCT—MHS,  IVCT—MHS,
= Proveden 3x IVCT u probanda a jejich dvou
dcer

= 3x MHS
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1982

Genetika
O o O 00—+
2004 2008 2024 2026

2008

Nalez patogenni variant (PV) v RYR1 genu

probanda

— ¢.1840C>T p.Argb614Cys

Cilené genetické doSetrovani rodiny

3 ¢lenové rodiny — MHS (MHG se stejnou PV)

3 ¢lenové rodiny bez PV

O
s

L~

 ¢.1840C>T p.(Arg614Cys)

V CR velmi &asta PV,
dobre prokazana asociace s MH

Celkem 9 rodin, 42 MHS pacient

Pri IVCT typicky asociovana
s vyraznou kontrakéni odpovedi
(9 MHShc IVCT)
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2008 - Rodokmen

O

RYR1, c.1840C>T

RYR1, c.1840C>T

RYR1, c.1840C>T

O

B @ wMHs (veT - MHS,, MHS,, MHS, )

1O MHs (MHg)
\|:| O MHN (bezPV)

( Legenda grafu

JZ@/ Zemreli
O Bez testu

V riziku/indikovana diagnostika

7

IVCT = MHS,, .
RYRI, c.1840C>T

IVCT — MHS,,
RYR1, c.1840C>T

IVCT-M HSh'c
Bez PV

Genotyp-fenotyp diskrepance

\_

Gen.varianty (RYR1)

V1:c.1840C>T

~




2024 — pokracCovani pribehu...
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1982 2004 2008 2024 2026

= Pokracovani diagnostiky u vnoucat probadky (dcera IVCT MHS, bez PV)
— Genetika (NGS) — nalez dvou dalSich variant

= |VCT testovani dalSich rodinnych prislusnikd, pdvodné bez genetického
nalezu —2x MHS,

— Dalsi diskrepance mezi genotypem a fenotypem!
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= Kompletace genetickych vysetfeni 12691G>A p.(Glu4231Lys)

VUS

(2]

— Nalezeny 2 dalsi variant v RYR1 genu

— Obé hodnoceny jako VUS
" RYRI1 variant, c.12691G>A p.(Glu4231Lys)

2 rodiny, 4 pozitivni IVCT testy (MHShc)
Vysoka predikéni skore (REVEL)

Lokalizace v terminalnim hotspot regionu RYR1

= RYRI1 variant, c.3442G>A p.(Val1148lle)

c.3442G>A p.(Val1148lle)
VUS

2 rodiny, 2 negativni IVCT testy
Nizka predikéni skore

Lokalizace mimo popsané patogenni regiony

OR00 00060
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RYRI, c.12691G>A RYR1, c.1840C>T
RYR1, c.1840C>T VCT - MHS, - (2025) 7
h,c —
RYRI, c.12691G>A RYRL C12681Gon IVCT — MHS,

IVCT — MHS, . (2025)
RYR1, c.12691G>A  RYR1, c.1840C>T

4 )
Legenda rodokmenu Gen. varianty (RYR1)
B @ wiHs (veT- MHS,, MHS,, MHS,) JZL@/ Zemfeli V1: c.1840C>T
1O mHs (MHG) []O Beztestu V2: c.12691G>A
O win [0 v raiu/ciognostika inlkavd V3: c. 3442G>A
riziku/diagnostika indikovana
\_ N\

— RYR1, c.1840C>T

RYR1, c.12691G>A

IVCT — MHS,,
RYR1, c.1840C>T

IVCT — MHS,
(2025)

IVCT = MHS,, .
RYR1, ¢.12691G>A
RYR1, c. 3442G>A

@

MHN RYR1,
RYRI, C.3442G>A

c.3442G>A

c.3442G>A



-~ Model mean
95% credible interval
#- Observed reactions
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Aboelsaod et al.,
2026, medRxiv

(preprint)

Presenting MH reactions

N
o

Je viibec potreba?
Q Mirny pokles klinickych MH reakci (1)

e Pouzivani méné potentnich trigm——" ' ' <
an halothane for in vitro

Q Invazivni ermia susceptibility

-
15}

o

Jiny standardizovany b oot o ot and ‘Do of
® 9 V4

Alternatlvy . test fenOtypU M H neni Ixsg of skeletal muscle samples
o Minimalné invazivni testy vyu k dispozici ceptible patients i B et al. J. Can Anesthesia 2021

metabolomiku . .
@ IS est in vivo for

* Solid-Phase Micro Extracti ermia

. o .

@ MR spektroskopie \ ve to the calcium induced calcium Senz!t!v.lta 98’7/)

Bunééné modely — uvolfiovani Ca?* po release test in diagnosing malignant hyperthermia susceptibility Specificita 100 %
@ stimulaci (4) Otsuki S. et al, Journal of Anesthesia, 2026  oproti CICR

(1) Hopkins PM et al. Anaesthesia. 2021
(2) Schuster F, et al. Anaesthesist. 2008
(3) Schuster F et al. Anaesthesia. 2007
(4) Otsuki S. et al. ] Anesth. 2026

+ WES/WGS, funkéni genomika s predpokladem zvyseni senzitivity genetického vysetireni
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Dékuji za pozornost

2026 Basel Switzerland
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