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@1 Definice

\_—Nekontrolovana hypermetabolicka reakce vznikajici na principu
samospoustéciho mechanismu ( CIRC) v kosternim svalstvu ,
ktera se po urCité dob&é stava irreverzibilni @ vede ke smirti
organismu pod obrazem multiorganového selhani.

Spoustéc Vnimavy
volatilni anestetika Jed peC
halotan
Izofluran /7

sevofluran ©)
desfluran 1 &
sukcinylcholin (SCCH) 2

nefarmakologicke
(stres, heatstroke...)




Patofyziologie

extracelularni prostor « dihydropyridinovy receptor (DHPR)

<« membrana T-tubulu

«— terminalni cisterna

zpétna resorpce Ca**

je ATP dependentni
membrana SR

- nadprodukce tepla a CO,
- extrémni A\ VO,
- anaerobni glykolyza ( A laktatu )

sarkoplasmatické retikulum (SR) energetické vy&erpani organismu

smisena acidoza




]
Historicky vyvoj
\«7 istoricky vyvoj

 60. léta - zavedeni halotanu
- vznik pojmu ,,maligni hypertermie*
- mortalita 70-80%
« 70. 1éta - objev principu IVCT
- dantrolen jako kauzalni 1€k
 80. 1éta - dostupnost kapnografie
- pokles mortality na 20%
* 90. léta az dosud
- propofol (TIVA), moderni relaxancia
- detekce rizikovych osob, erudice lekaru
- mortalita ve vyspélych zemich 0,2- 2%
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EMHG guidelines: http://www.emhg.org/

OXFORD JOURNALS

B

EMHG guidelines for the investigation of MH susceptibility BJA

British Journal of Anaesthesia
European Malignant Hyperthermia Group

guidelines for investigation of malignant
hyperthermia susceptibility

Br. 1. Anaesth. first published online July 18, 2015

Appendix: Characterisation of RYR1 sequence variants

EMHG Guidelines for recognition and treatment of MH crisis [PDF/75.6KB]

Ryanodine muscle contracture testing (optional test) [PDF/]
4-chloro-m-kresol bolus test [PDF/]
Cryopreservation of muscle tissue [PDF/]
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' y HIaSeni pacienta do MH centra

. Family history of malignant hyvperthermia.

. Adverse reaction to general anaesthesia where a trigger agent has been used,
involving any combination of signs of increased metabolism (unexplained increase
in carbon dioxide production, tachycardia, temperature increase<s=)</s=, muscle
rigidity, rhabdomyolysis, disseminated intravascular coagulation and/or death.
Initial signs should be evident during anaesthesia or within 60 minutes of
discontinuation of anaesthesia.

. Family history of unexplained perioperative death.

. Postoperative rhabdomyolysis after clinical exclusion of other myopathies.

. Exertional rhabdomyolysis / recurrent rhabdomyolysis or persistently raised serum
creating kinase concentration of unknown cause (idiopathic hyperCkaemia) where
no cause has been identified following neurological work-up.

. Exertional heat stroke requiring hospital admission, where known predisposing
factors have been excluded.

. Myopathy and detection of an uncharacterised, rare, potentially pathogenic R¥R1
variant.




Clinical suspicion of MH

C—'L—i

DNA screening Muscle biopsy
I and IVCT
Diagnostic variant No variant found or
identified variant of unknown ¥
significance identified || MHS,, MHS, MHN
or MHS,

. | é

MH susceptible MH susceptible* || MH negative
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“~7 « Konzultace s MH centrem, individualni p¥istup
* [VCT - vysoka senzitivita 1 specifita
- jasny vysledek pro kazdého vySetfeného
- velka invazivita (odbér svalu = operace)
- technicka narocnost (specialni laborator)
- limitace vékem (hmotnosti), komorbiditou
 Genetika - dostupnost, nizka invazivita ( staci poslat krev)
- zlepSujici se metodika, rok od roku vice mutaci
- nizka senzitivita
- vyt€zna pro méné nez polovinu pacientu
* Zvazujeme miru MH rizika, zavaznost klinickych projevu,
rychlost zotaveni, dostupnost metody, Casovy aspekt -Casto
planovany chirurg. vykon, prani poucencho pacienta ...
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e t.C. Je v databazi 222 MH rizikovych rodin

» celkem hlasilo cca 45 pracovist’ v CR a SR




A G
it y Mapa hlaseni do MH centra v CR

. od roku 2005 spolupracujeme se Slovenskem
 zpoCatku administrativni prekazky

* spolupracujici pracovisté
Iékarské genetiky



prvni uspesny IVCT v 5/2002

341 diagnosticky uzavrenych osob
199 IVCT 63 MHS, 9 MHEc, 18 MHEh, 109 MHN
142 geneticka dg. 72 MHS, 70 MHN

V Ceskeé populaci prokazano 9 kauzalnich
mutaci RYR1 z celkem 35, 4 nove.
Pozitivni diagnoza = prace vzdy s celou
rodinou



B MHS mt+

_ OMHS mt-
Celkem 131 rodin B MHN

58 MH pozitivni
27 geneticky informativni




Diagnostika MH
u deti

AN Podezreni na MH
e ’y * Susp. MH epizoda
\\ l

e Rizikove {

Hlaseni
KDAR FN Brno,
ARK FN USA

v GENETIKA
MH REGISTR ';: » Genealogie DNA(krev) '

* Molekul.analyza
IVCT

> 30kg
IVCT proband IVCT rodice

RNA (sval) proband ' RNA (sval) rodice '

Testovani dalSich pribuznych

< 30kg




Hlaseni
KDAR FN Brno,
ARK FN USA

MH REGISTR ':: * Genealogie

Podezreni na MH
* Susp. MH epizoda
« Rizikovée

v

Diagnostika MH
u deti

MHS

T kauzalni mt

GENETIKA
DNA(krev)

l non mt /neznama

|

* Molekul.analyza

MHN

> 30kg

IVCT proband ' IVCT rodice
@
RNA (sval) proband ' RNA (sval) rodice '

< 30kg

v

MHS

—  Testovani dalSich pribuznych
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n«@y Diagnostika MH u déti:

IVCT - informovany souhlas rodict

- odbér svalu v CA (TIVA) ev. RA

- adekvatni vybaveni salu

- priprava a pooperacni monitorace
ditéte na JIP

- transport vzorku, zpracovani do 5 hod.

- limitace vahou ditéte (nad 30kg)

Molekularni genetika
- nesrazliva periferni krev — DNA analyza
- svalove vlakno — RNA analyza



Databazové nastroje
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Autor a spravce da

Zaznam: M

mband &xlmza\u
Déf probanda
Vinuci probanda

Piibuzny:

Databaze osob s rizi

Otewiit:

® Formulafe pro zada
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Formulafe pro zada

Formulafe pro diag

Pacienti

=

‘Facienti (probandi) s podezfenim na MH : |

CZ 14 poz

PEIJMEN\ [ u“c:e::,E %
[ MENG) [ | e[
Rodné o] [ j Telefon: [Ei

"| Podezieni vysloveno na zikladé:

Dé4 sturozenci

may

Synovec! netef
probanda

btz
p# |matdin sourozenec :l |:
Ulice,&p://|?

—Ia) rizikové anamnézy !
Q] 0]
e

myopatie

Ré&: bezviznamna, O4: p.h. 240044
porodnici pedes calcaneovalgi, flek
kolen, motorickd vjvo) opozdén. Slg|
RHE v Perové, cvit Yojtu, Ffijat n
talug verticalis v 12/2002, kdy jgité
konfigurace noZek nomalni. Sledovy

Anamnesticke
udaje

—Ib) operaénich komplikaci SalE

|l]pelat':ni dg:i |opelace sec McKey ||Datum: || 9.12.2002|

Mulace v rodiné:

G?Q??.A

do stanovil dg
¥ nate pracovidte

Peroperacné aplikovana farmaka:

SCCH [Jing Jina
inhalachi Ielaxantia
anestetika

Priibéh:

tigmus, obtiznd i

Mésto: P_
Pt [
]MH —i Telefon: [

Zvpiené  |LJ
evalnuéd anzamn

Wjznamne operace agi
= anhamnnesticke
Myopatie X idse

Prvni piiznak vedouci k podezieni na MH:
(Ivod do anestezie halatanem [max 2.5%), pokus o intuba
anestezii pro antepozici nedspéing, pfidan SCCH WDmg -
bradpkardie. Prodiichéavan 02, po odeznéni SCCH zading
piidan Rapiten a Thiopental, zamtubovan a vykon proved
babil:

Klirika,
lerapie
Oy fanta ABND) Daciant Ala b

do prvnih

Trvani anestezie (v minutach): 3

Ffibuzni: Rutlukmen| Zadﬁ\'at‘ Dg. Vysledky |

Zaznam: M 4 84z221 | » M b " Nefitrovano | \Vyhledavani 4

PRIJMEN] 4
JMEND
| Do databaze vloZen jako:
i pacient [proband)
MM 1 Genetie: E
1. Genetka: Analjza DNA 19q13.1 g
Datum navitéyy: (12.12.2002
o ] - ' 1.znémd mutace: [G73734 ||
Klinick_genetika: [¥] Anamnéza, genealogie 2 anémd mutace:
Odbér krve [barka) )
Molekul.analjza: ey nova mutace: I:l
veonky Sizle dakendene: Fam.
DNA krev: [1563/02) [ cDNA -wony DM, analjza DMD: non del 19
wtipovanich exond genu pro
comatigic [ ] O cDNARNAsval | |56 Neurlog. dg CCD Il
cDNA krew: |C363/02 cDMNA -hat spot
2. Svalovy kontrakEni test in vitro:
Vosledek IVCT
Datum odbénu:
N & MHS
N — - e
Operatér [ ] € MHER
Vzorek svalu z: l:m " MHN
- .
Poznémka [malka: 6.10.03, MHG netestovan L]
tela: .10.03, MHS " bezieakes
Fow - OE 1 04 BUC L
Zaznam: M 4 1z1 oMb Viyhledavani 4 | »

Tabulka

Formulafové zobrazeni

Fitered || B |dB || 4|



£ DG_RODINY_mt - | = x

i+ |Re- MHsenzitiv - Mutace - PRIJMENI ~ JMENC - Rodné &slc - IVCT - Datumodbédru - MutaceNovd - s

CZ 79 poz C1840T o Roman =~~~ 77711 MHS 30.11.2006 @

CZ 43 poz C1340T Bt Jan y7  MHS 22.9.2005

SK 110 poz C1340T Bt Juraj 12 MHS 29.3.2012

cZ poz C1340T M Zdenka 0 MHS geneticka dg.

CZ 36 poz C1840T ev.nova Ci Jifina 16 MHS 29.3.2004 zatim nenalezena

CZ 69 poz Ce617T M Tomas i3 netestovano otec MHS+CE617T

CZ 28 poz CE617T Te Jiri il  MHS 15.1.2004 =

CZ 20 poz Ce617T St Martin 11 MHS 13.11.2003

CZ 49 poz CE617T Bi Roman 3 MHS 13.1.2005

CZ 92 poz G1840T Vi Ladislav 6 MHS 15.5.2008 nenalezena

SK = 103 poz G488T Di Marcela 0 MHS 7.12.2009

CZ 131 poz G6488A Sl René 0 MHS

CZ| 80 poz G63024 Wi Pavel ¥7 |MHS 4.12.2006 Ll

CZ 87 poz G6502A S\ Ivana 6 MHS IVCT

CZ 21 poz G6502A Zi Michaela 1 MHS 25.11.2003 nenalezena

CZ 29 poz GT7048A Hi Hana ] 4 MHS 15.1.2004 nenalezena

CZ 17 poz GT7048A Pt Silvie 12 | MHS 3.11.2003 SNP: 53565

CZ 86 poz GT7373A Ja Marie | 3 MHS 3.5.2007 nenalazena

CZ 67 poz GT7373A Lu Patrik 18  MHS 2.3.2006

CZ 14 poz G7373A Ki Maté&j 15 MHS geneticka dg.

CZ 76 poz GT7373A M Martin 6 | MHS 9.10.2006

SK 94 poz nova mt 7041del ¢ Slavomir 18 MHS 2.6.2008 €.7039_7041delGAG, p.Glu2348del

CZ 84 poz nova mt G1598A St Alena 0 MHS 16.4.2007 €.1598G>A, p.R333H

CZ 119 poz nova mt A1453G Kl Gabriel i3 MHS MABSY, ATG>GTG, 1453A>G

CZ 66 poz novéd mt A7025G Sr Jakub 12 MHEC 26.1.2006 C.A7025G, p.N23425

CZ 52 poz novar N Petr i1 bezreakce 19.5.2003 V2149M, G6445Aex39,GTGto ATG; 2xSNP: P2526P T4752T

CcZ 9 poz nova? 1Y, — Jakub siweew - .36 netestovano | pozveme 5-6/2010 8
;Zkéznam: W 4 28728 H | % | yhledavani

27 s prokazanou mutaci



¢ DG_RODINY_non mt - =

Rc - | MH senzitiv ~ | Mutace - | PRUMENI - [JMENC - |Rodné &islc - IVCT - Datum odbé&ru - MutaceMNové -
40 poz non mt Sw 7 Ludwik "7 75 netestovdno | pozvat
55 poz non mt Ry Jifina MHEC 28.2.2005
47 poz non mt He Karel 0 MHS 15.11.2004
22 poz non mt M Iwvana 4 MHEc 1.12.2003 nenalezena
33 poz non mt D Jolana 5 MHS 16.2.2004 SMP: L1938L
54 poz non mt He Martina 0 MHS 14.2.2005
1 poz non mt Kc losef 4  MHS 22.5.20032
4 poz non mt 5 David 9 MHS 5.6.2003 nenalezena
16 poz non mt Ke Jana 5 MHEh 23.10.2003 SMP: 55565
30 poz non mt Jao Marketa 7 MHEh 29.1.2004 nenalezena
57 poz non mt Pz Martin 8 MHEh 9.5.2005
12 poz non mt He Monika 7 MHEc 22.9.2003
24 poz non mt K Gustav 1 netestovdno matka MHEh nenalezena
37 poz non mt He Katefina 1 MHEh 1.4.2004 nenalezena
38 poz non mt K Daniela 3 MHS 8.4.2004 nenalezena
74 poz non mt Pl Miroslav 9 MHS 7.9.2008
2 poz non mt )] Lukas 9 MHEh 6.10.2005
85 poz non mt Pz losef 4  MHS 26.4.2007
46 poz non mt Hu Tomas 3 netestovdno matka MHS, pozveme
59| poz non mt Hu Katefina 6 MHEc 27.11.2008
56 poz non mt Ze Ladislav 6 MHEC 1.3.2005 nenalezena
83 poz non mt Rc David 5 MHEh 29.3.2007 nenalezena gen CFTR: non mt
77 poz non mt Kr VEra WIHS 23.10.2006
90 poz non mt W Maté]j 9 netestovdno otec MHEh, pozveme
101 poz non mt ] Ondrej 7 MHEh 7.9.2009
95 poz non mt B: Andrea 2 MHEh 13.10.2008 nenalezena
75 poz non mt M Ludmila 2 MHS 14.5.2007
81 poz non mt Sk Hana 2 MHS 5.2.2007 nenalezena
115 poz non mt Br Marie 4 MHS 2014
127 poz non mt P Jana 2 MHS 2014 jen SNP
130 poz non mt Sc Vojtéch J 9 MHS TYTYY
Zaznam: M 4 (15231 | » M b | 0 [ vynledavani [ [ m >

31 bez prokazané mutace

| »
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. The minimum patient age for the muscle bi

test children younger than 10 years of age
may also set minimum body weight limits.

. The biopsy should be performed on the qua

vastus lateralis), using local (avoiding local
regional or trigger-free general anaesthetic

. The muscle samples can be dissected in vivi

the laboratory within 15 min.

. The excised muscle should be placed immet

solution with a composition of:
= MNaCl 118.1 mmol L
= KCl 3.4 mmel L™
= Mg50.0.8 mmal L
+ KH2PO21.2 mmol L?
+ Glucose 11.1 mmol L™
= NaHC0325.0 mmol L
+ €aClz2.5 mmol L?
- pH7.4

Freshly made or pharmaceutically stable K¢
ion cencentration should be as stated with &
should be in the range 7.35-7.45 at 37°C.

. The muscle should be transported to the lat

ambient temperature, In the laboratory it sl
carboxygenated.

. The time from biopsy to completion of the t
. The tests should be performed at 37°Cina

or continuously with Krebs-Ringer solution &
four tests should be performed, each one us
static caffeine tests (see 11 below) and two
consist of either one static (see 12 below) a
two static tests. Each laboratory should be «
Separate tissue baths should be used for dif

. Muscle specimen dimensions. Muscle sp:

should measure 20-25 mm in length betwes
measurement of length, see & below. The w
mg. The specimens are blotted and weighec

n vitro kontrakcni test - IVCT

. Determination of specimen length and predrug force. The static tests (see 11

and 12 below) are performed at optimal length (I} which is determined 5 min after

suspension of the specimen in the tissue bath by slowly stretching the muscle to
force of 2 mN {0.2 g). The length between sutures is measured (initial length). Leave
the muscle for another 4 min at initial length, then commence electrical stimulation

(see 10 below) and stretch the muscle slowly until
(usually corresponding to 2 -3 g orto 120 - 150%
is considered to be the optimal length (Ig) and is re
optimal length (lg) to stabilise for at least 15 min al
vary more than 2.0 mN (0.2 g) within a 10-min per
The baseline force immediately before addition of d
force.

. Electrical stimulation. To demonstrate viability, t

electrically stimulated (field stimulation) with a 1-2
frequency of 0.2 Hz. Following suspension of the m
the muscle at optimal length, current or voltage is
does not increase any more (initial stimulus intensi
stimulation, the current or voltage is increased to 1

. The static cumulative caffeine test and measu

threshold. The concentrations of caffeine (as free
tissue bath should be increased stepwise as follows

32 mmol L. Each successive concentration of caffi
soon as the maximum contracture plateau induced
caffeine has been reached, or after exposure of the
concentration for 3 min if no contracture occurs. TH
Krebs-Ringer solution between successive concentr
be added to the tissue bath either as a bolus by inj
ml) baths, in the Krebs-Ringer perfusate. A rapid c!
must be achieved. The result of this test will be rep
concentration which is the lowest concentration of «
sustained increase of at least 2 mN (0.2 g) in basel
reached. In addition, the maximum contracture act
should be reported. Please note that the lowest for
the predrug force.

. The static halothane test and measurement of

The halothane threshold is obtained using the halot

0.44 and an optional concentration of 0.66 mmol L
and 3.0 Vol%: respectively from a serviced and calil
recommended that the halothane concentration in {
close to the inlet port of the tissue bath and/or the
be measured regularly using gas chromatography (
be exposed to each halothane concentration for at
contracture is reached. The result of this test will b
concentration which is the lowest concentration of |
contracture of at least 2 mN (0.2 g) measure as an
the lowest force reached. The measurement of halc
determination of halothane concentration see 14 be
be set to maintain the correct halothane concentrat
flow into the tissue bath should be controlled using
device, situated close to the inlet port of the tissue
equilibration of the halothane concentration in the |
to ensure that the muscle sample is exposed to the
The equilibration time will depend on bath volume,
and the dynamics of the tissue bath.

EMHG guidelines 2015

13. T

he dynamic halothane test and measurement of dynamic halothane

threshold. This test requires a motor to enable stretching and relaxation cycles of
the muscle specimen at predefined constant rates. Initially, the muscle is stretched

a constant rate of 4 mm min 7 to achieve a force of approximately 30 mN (3 q) and
held at this new length for 1 min. The stretching process is then reversed for 1.5 mi
The movement of the transducer from the end of the 1-min rest period to the low
force is measured accurately using a vernier scale. This measurement is then used |
achieve all subsequent length/tension curves, i.e. the muscle is stretched and
shortened & mm in each cycle. The muscle is allowed to rest for 3 min. The process.

then repeated to obtain 3 contro’
at low force. At the end of the de

exposed to 0.11 mmal L haloth

repeated. The procedure is repez
% ). The force is measured at the
dynamic halothane threshold is t

g): the contracture at 0.44 mmo

14. Laboratory diagnostic classifi

= MHSh:: a caffeine threshold
2.0 mmol L™ or less in at le:
concentration at 0.44 mmol

MHSy: a halothane threshole
least one halothane test and

of 3 mmol L™ or more in all
MHS:: a caffeine threshold a

less and a halothane threshe
halothane tests.

MHN: a caffeine threshold at
in all caffeine tests and a ha

mmel L in all halothane tes

15. Quality control

Viability in any specimen used sk

the beginning of a test, and/ or f
mM (5 g) at the end.

The concentrations of halothane
least every & months. The sampl
under the same dynamic conditic
halothane concentrations should
stopped to avoid sampling from {

16. Control biopsies. Frospective MH units should test 30 control muscle samples
according to this protocol before commencing their diagnostic programme. All MH
units are asked to investigate further control samples when feasible. For control
samples, the following groups of patients are considered suitable; healthy volunteers,
patients having amputations for localized disease (not systemic of vascular disease),
patients with varicose veins, brain-dead patients within the first 24 h, patients with
fractures within the first 24 hours. Control biopsies should be conducted within the
ethical framework of the local institutional review board or ethics committee.

17. Optional tests. Tests with other drugs may be performed on an optional basis.

Results of optional tests are not used for diagnosis. However, to allow for comparison

of results between centres it is recommended that optional tests are performed in a

uniform way, agreed upon by the EMHG Board of Directors. At present, protocols

exist for tests with ryanodine, sevoflurane and 4-chloro-m-cresol. These protocols
may accessed through the EMHG homepage ( .emhg.org).

Protocol review. The EMHG protocol for investigation of MH susceptibility by IVCT is

reviewed annually.

18

Clinical advice provided by the diagnostic laboratory director remains the responsibility of
the individual physician. All available information should be taken into account, including
clinical evaluation as well as IVCT results. Muscle histopathology, serum biochemistry and
molecular genetic analysis may provide additional information. However, in general all
patients with any subtype of MHS IVCT classification should be considered at risk of
developing malignant hyperthermia under anaesthesia. Laboratory MHN diagnosis is good
evidence that the patient is not at increased risk of developing malignant hyperthermia. 4n
MHN tested individual cannot transmit MH risic to their offspring.

measured using GLC or HPLC and caffeine using U\ Spectroscopy.
Halothane 0.11 and 0.44 mmol L' and caffeine 0.5 and 2 mmol L should be

checked.

Accepted maximal deviation from the desired concentrations are £10 %. Lambda
halothane (air / Krebs-Ringer) is taken to be 0.72 at 37°C.
The vaporizer should be serviced and calibrated in accordance with the

manufacturer’s recommendations.
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7«5 Dotaznikova studie CR 2010

A ) 93 dotaznikd, vraceno 73 (78%), 53 dospélych, 20 déti
\ \ 7 38 MHS, 35 MHN

Movement limitation
12
B MHS (38 pts)
10 ® MHN (35 pts) The average:
o g time (days):
o
o
g 6 MHS = 53,76
S 4 MHN = 29,60
2
6]
1day 2days 3days 4days S5days 6days 7days 2weeks 3weeks 4weeks 2months 3months 4months 5months 6months
Sense of pain
14
b The average
B MHS (38 pts) time (days):
» 10 B MHN (35 pts)
I MHS = 27,24
g MHN = 13,17
g
S a4
2
0
1day 2days 3days  4days 5days  6days 7days 2weeks 3weeks 4weeks 2months 3months 4months 5months 6émonths

snizena vykonnost bioptované koncetiny (@ 42,18 dne)
bolestivost (@ 20,49 dne)
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-detekce mutaci RYR1 gen: 19q12.1 - 13.2
18 exonll , 35 mutaci kauzalnich

-alternativni lokusy: 1q, 3qg, 59, 17g .... DHPR

2 exony CACNAl S extracelularni prostor A dihydropyridinovy receptor (DHPR)
embrana T-tubulu

vazebny protein FKBP12

V' 4 r y
2 mu kauzalni ¢
tace auza cytoplasma v ryanodinovy receptor (RYR1)

p.Arg1086His ¢.3257G>A
p.Argl74Trp c. 520C>T

sarkoplasmatické retikulum (SR)
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Exon Nucleotide Aminoacid

————

c.103T>C p.35Cys>Arg
c.487C>T p-163Arg>Cys
c.488G>T p.163Arg>Leu
Cc.742G>A p.248Gly>Arg
c.742G>C p.248Gly>Arg
c.1021G>A p.341Gly>Arg
c.1209C>G p.403Ile>Met
Cc.1565A>C p.522Tyr>Ser
c.1589G>A p.530Arg>His
C.1654C>T p.552Arg>Trp
c.1840C>T p.614Arg>Cys
Cc.1841G>T p.614Arg>Leu
€c.6487C>T p.2163Arg>Cys
Cc.6488G>A p.2163Arg>His
c.6502G>A p.2168Val>Met
€.6617C>G p.2206Thr>Arg
c.6617C>T pP-2206Thr>Met

Causal

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Exon Nucleotide Aminoacid

43 €c.7007G>A p.2336Arg>His
44 c.7048G>A p.2350Ala>Thr
44 c.7124G>C p.2375Gly>Ala

45 c.7282G>A p.2428Ala>Thr
45 c.7300G>A p.2434Gly>Arg
45 c.7304G>A p.2435Arg>His
46 €c.7360C>T p.2454Arg>Cys
46 c.7361G>A p-2454Arg>His
46 €c.7372C>T p.2458Arg>Cys
46 c.7373G>A p.2458Arg>His
47 C.7522C>T p-2508Arg>Cys
47 c.7523G>A p.2508Arg>His
100 c.14387A>G p.4796Tyr>Cys
100 c.14477C>T p-4826Thr>Ile

100 c.14497C>T p.4833His>Tyr
101 c.14512C>G p-4838Leu>Val
101 €.14582G>A p.4861Arg>His
102 €.14693T>C p.4898Ile>Thr
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Causal

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes


http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=exon_intron_nr:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=pos_cdna:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=poly_pos_protein:1
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=43&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7007&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2336&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=44&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7048&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2350&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2350&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=44&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7124&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2375&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7282&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2428&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2428&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7300&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2434&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2434&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7304&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2435&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7360&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7361&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7372&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7373&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=47&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7522&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=47&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7523&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14387&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4796&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4796&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14477&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4826&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14497&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4833&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4833&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=101&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14512&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4838&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=101&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14582&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4861&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=102&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14693&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4898&tx_x4emutation_pi2[flanking]=20
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=exon_intron_nr:1
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http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=poly_pos_protein:1
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=2&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=103&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=35&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=35&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=6&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=487&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=6&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=488&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=9&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=742&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=9&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=742&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=11&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1021&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=341&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=12&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1209&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=403&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=14&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1565&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=522&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=15&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1589&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=530&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=15&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1654&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=552&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=17&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1840&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=17&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1841&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6487&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6488&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6502&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2168&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=40&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6617&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=40&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6617&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20
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c.103T>C p.35Cys>Arg
c.487C>T p-163Arg>Cys
c.488G>T p-163Arg>Leu
Cc.742G>A p.248Gly>Arg
c.742G>C p.248Gly>Arg
c.1021G>A p.341Gly>Arg
€c.1209C>G p.403Ile>Met
Cc.1565A>C p.522Tyr>Ser
c.1589G>A p.530Arg>His
c.1654C>T p.552Arg>Trp
c.1840C>T p.614Arg>Cys
c.1841G>T p.614Arg>lLeu
€c.6487C>T p.2163Arg>Cys
c.6488G>A p.2163Arg>His
c.6502G>A p.2168Val>Met
€.6617C>G p.2206Thr>Arg
€c.6617C>T p.2206Thr>Met

Causal

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Exon Nucleotide Aminoacid

43 c.7007G>A p.2336Arg>His
44 c.7048G>A p.2350Ala>Thr
44 c.7124G>C p.2375Gly>Ala

45 c.7282G>A p.2428Ala>Thr
45 c.7300G>A p.2434Gly>Arg
45 c.7304G>A p.2435Arg>His
46 c.7360C>T p-2454Arg>Cys
46 Cc.7361G>A p.2454Arg>His
46 €c.7372C>T p.2458Arg>Cys
46 c.7373G>A p.2458Arg>His
47 C.7522C>T p-2508Arg>Cys
47 c.7523G>A p.2508Arg>His
100 c.14387A>G p.4796Tyr>Cys
100 c.14477C>T p-4826Thr>Ile

100 c.14497C>T p.4833His>Tyr

101 c.14512C>G p-4838Leu>Val
101 €.14582G>A p.4861Arg>His
102 €.14693T>C p.4898Ile>Thr

Causal

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes


http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=exon_intron_nr:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=pos_cdna:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=poly_pos_protein:1
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=43&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7007&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2336&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=44&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7048&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2350&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2350&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=44&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7124&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2375&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7282&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2428&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2428&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7300&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2434&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2434&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=45&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7304&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2435&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7360&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7361&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2454&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7372&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=46&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7373&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2458&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=47&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7522&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=47&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=7523&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2508&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14387&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4796&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4796&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14477&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4826&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=100&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14497&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4833&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4833&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=101&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14512&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4838&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=101&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14582&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4861&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=102&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=14693&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=4898&tx_x4emutation_pi2[flanking]=20
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=exon_intron_nr:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=pos_cdna:1
http://www.emhg.org/genetics/mutations-in-ryr1/nc/genetics/mutations-in-ryr1/?tx_x4emutation_pi3[sort]=poly_pos_protein:1
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=2&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=103&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=35&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=35&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=6&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=487&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=6&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=488&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=9&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=742&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=9&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=742&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=248&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=11&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1021&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=341&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=12&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1209&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=403&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=14&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1565&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=522&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=15&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1589&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=530&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=15&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1654&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=552&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=17&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1840&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=17&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=1841&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=614&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6487&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6488&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2163&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=39&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6502&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2168&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=40&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6617&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=exon&tx_x4emutation_pi2[position]=40&tx_x4emutation_pi2[flanking]=0
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=cdna&tx_x4emutation_pi2[position]=6617&tx_x4emutation_pi2[flanking]=20
https://emhg.org/nc/genetics/search-the-gene-ryr1/?tx_x4emutation_pi2[mode]=search&tx_x4emutation_pi2[search_mode]=codon&tx_x4emutation_pi2[position]=2206&tx_x4emutation_pi2[flanking]=20

> Analyza RYR1 genu

1.krok MLPA (Multiplex Ligation-dependent Probe Amplification).

Princip metody MLPA

Zéakladem metody MLPA je navazani oligonukleotidovych sond na cilovou
sekvenci DNA na zakladé€ jejich komplementarity. Kazda sonda je sloZzena ze
dvou oligonukleotidu, ktere jsou po hybridizaci na cilové misto spojeny ligaci.
Po denaturaci jsou pouze spojené sondy amplifikovany PCR reakci S pomoci
pouZiti jednotného paru primert. Namnozené sondy jsou rozdéleny kapilarni
elektroforézou na zaklad¢ jejich rizné delky. Tato metoda umoznuje nakonec
jejich analyzu pomoci specializovan¢ho pocitacového programu.

Sonda pro analyzu RYRI1

* detekce 33 kauzalnich bodovych mutaci uznanych EMHG

* 14 ev. deleci/duplikaci (exony 1,10,20,26,30,33,41,69,80,89,90,94,99,106).
* 2 kauzalni mutace (C7360T, C7372T) nejsou v sondé zahrnuty.
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2. krok sekvenace hot spot useku
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3.krok NGS ( New Generation Sequencing )

* sekvenace nové generace

* vysetii se cely RYR1 gen a CACNAILS
* draha metoda - naplnéni soupravy na 8 vzorku
* ¢ekaci doba 1 nékolik mésicu
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‘7 Mutace v Ceské populaci

Mutace v ¢eské populaci Exon No. | Pocet Pocet Reference (kauzalita)
rodin 0sob

C487T (Argl63Cys) EX.6 1 1 kauzalni
G488T (Argl63Leu) Ex.6 1 5 kauzalni
C1840T (Arg 614 Cys) Ex.17 4 30 kauzalni
G1841T (Arg614Leu) Ex. 17 1 6 kauzalni
G6488A (Arg2163His) Ex. 39 1 1 kauzalni
G6502A (Val2168Met) Ex. 39 3 8 kauzalni
C6617T (Thr2206Met) Ex. 40 3 25 kauzalni
G7048A (Ala2350Thr) Ex. 44 2 3 kauzalni
G7373A (Arg2458His) Ex. 46 5 18 kauzalni
A1453G (Met485Val) Ex.13 1 i

G1598A (Arg533His) Ex.15 1 z

AT7025G (Asn2342Ser) Ex.43 1 2

7039_7041delGAG (Glu2348del) Ex.44 1 3
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Mutace v ¢eské populaci Exon No. | Pocet Pocet Reference (kauzalita)
rodin osob

C487T (Argl63Cys) Ex.6 1 1 kauzdlni

G488T (Argl63Leu) EX.6 1 5 kauzdlni

C1840T (Arg 614 Cys) Ex.17 4 30 kauzdlni

G1841T (Arg6l4Leu) Ex. 17 1 6 kauzalni

G6488A (Arg2163His) Ex. 39 1 1 kauzélni

G6502A (Val2168Met) Ex. 39 3 8 kauzalni

C6617T (Thr2206Met) EX. 40 3 25 kauzélni

G7048A (Ala2350Thr) Ex. 44 2 3 kauzalni

G7373A (Arg2458His) Ex. 46 5 18 kauzalni

Al1453G (Met485Val) Ex.13 1 1 korelace s pozit . IVCT u probanda

G1598A (Arg533His) Ex.15 1 2 2x's pozit . IVCT, 1x pozit.VCT nonMLPA

AT7025G (Asn2342Ser) Ex.43 1 2 korelace s pozit . IVCT u probanda

7039 _7041delGAG (Glu2348del) Ex.44 1 3 3x s pozitivnim IVCT




Legenda:
B proband

AY
B ver - MHs
B ryri analyza indikovana

19

*Chlapec, nar. 5/2000
*Ortopedicka oper. 11/2002
*MH epizoda:HR, trismus, |
ACK, AST, ALT, LDH

*Probandiiv starsi b
bratr, nar. 1998

*Podstoupil Sest
operaci v CA béhem
prvniho roku Zivota
pro uraz — vSechny

bez komplikac «Zotaveni bez nasledku
| |
L
1986 1988 1998 2000\



\ . ° Probandova teta (sestra

matky), nar. 1966

*Dosud neméla celkovou
anestezii

» Vysledek IVCT je MHS

» Detekovana mutace G7373A

*Probandova sestrenice,
nar.1986

*O¢ni operace v CA

v 1. 2000 probéhla bez
komplikaci

*Rozhodla se pro IVCT hned
po testu své matky, je MHS
«Zjisténa mutace G7/373A

[ | proband
.’\
IVCT - MHS

O RYRI1 analyza
bude nasledovat

*Matka probanda, nar. 1978
*Neprodélala dosud operaci v
celkové anestezii

*Podstoupila IVCT kvtli synovi:
vysledek je MHS

*Detekovana mutace G7373A

MHS

‘ 2004

o

1986 1988

AHS

2003

1998 2000 \



Legenda:
B proband

N
B ver o vos

O RYRI1 analyza
bude nasledovat

MES MFIS
® 673730 @ 673734
R24%8H R2458H
1986 1988 1998 2000\
M
G7373A
R2458H
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*Probanduv bratranec, "3A MHS MHS
narozen v roce 2011 ® 673730 ©@ 67373A
Zjisténa mutace G7373A R2458H R2458H
*Na z4kladé pFitomnosti G7373A |67373A 67373A
kauzalni mutace stanovena % é
dg. MHS jiZ po narozeni.
2011 1986 1988 1998 2000 \
Legenda: MHS Non
-‘ proband G7373A mt
R2458H

BME 1VCT - MHS/MHN

G7373A — ano/ne
- RYRI1 analyza v planu



‘= MH krize - vzacna komplikace
rozsireni TIVA — jesté vzacnejsi
riziko: nizSi schopnost rozpoznani
ekonomicky tlak: drahy dantrolen expiruje
AD dédicnost u lidi
vloha z populace nemizi
recentni studie: incidence MH krize 1:3000

Rosero EB, Adesanya AO, Timaran CH, Joshi GP. Trends and outcome of malignant
hyperthermia on the United States, 2000 to 2005. Anesthesiology 2009, 110 89-94
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Chlapec, 11 let, 36kg

Zdravy, sledovan jen pro zakl.dg.
Laparosk.CHCE v UN Martin v 2/2011
Po 90 minutach znamky MH:

hyperkapnie do neméritelnych hodnot
hyperpyrexie az 42°C

Adekvatni zasah vc. aplikace Dantrolenu
Zajisteni vitalnich fci, transfer na KDAIM
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sufentanil 10ug,

propofol 150mg,

tracrium 20mg

Vedeni:

AIR/O,

sevofluran 1,4 -2,7 vol%,

sufentanil bolusy celkem 15ug

tracrium bolusy celkem 5mg

Podezreni na MH:

100% O, sevofluran e,

sufentanil 5ug

diazepam 6mg

dantrolen bolusy 5x20mg
kont. 6mg/hod
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Fakultni nemocnice u sv. Anny v Brné
Anesteziologicko-resuscitaéni klinika, Pekarska 53, 656 91 Brno, Ceské republika

NARODNI CENTRUM PRO DIAGNOSTIKU MALIGNi HYPERTERMIE
HLASEN{ MH SUSPEKTNI EPIZODY:

Pacient

Prijmeni Jméno
Datum narozeni: . 6/ 2oy RC
Adresa: Ulice  No///74,/ 1 o £

PSC: 040 5 {
Msto: 0/ VAN,

SLOVERS LA™ REPYBLIA

Epizodu hlisi:  anesteziolog O doméci & obvodni Iéka¥ O jiny 1éka¥

Kde byla provedena anestezie (50))
Adresa pracovisté: £/n/4s c/._dZ anesg & 210/,
ILF Uk a UN:

Jméno piislu¥ného anesteziologa: Wy reels 4[//” 7] Jﬂ/@‘l & sy / 34203797

Ind adresa, tel. 6.)

ip//(/fom

, 00y2 y 93923792

/e A ten e /; /”L’//
/

L 036 07 ARG

Datum MH epizody: 74 / 207

ANESTEZIE:

Volatilni anestetika: Halotan
Isofluran
Sevofluran
Jiné
Jaké:

Sukcinylcholin Ano 0

Maximélni télesnd teplota

Krevni plyny

Pulzni oxymetrie: min. s:oz...fzé.%

Kapnografie:

CK: #-2 77 béhem MH epizn‘ndy...?.’.Z

72 2.77 Po 12 hod.
12.2.77 Po 24 hod.

Ano OJ Nel
Ano O Ne
Ano B Ne D
Ano O Ne
Ne
Nezndma
arterielni neprovedeno

na opes. Sa/e

5 neznimo

max.ET CO2.7 kPa 0F penmertdehe  neznimo
..;)..UII 077 : neprovedeno (Zé/ Mol '9

neprovedeno

621..6...Ulla 7300 neprovedeno

&%
Kalium: maximalni hodnota .....Q.q....mmolll _ ’
Myoglobinurie (Ne eyserens pre 1P
Masseterspasmus Ne
Generalizovani rigidita (Ne’
Max. srdetni frekvence
Min. srdeéni frekvence
Ventrikulirni arytmie (Ne)
Terapie dantrolenem: / é« Ne
Divka ..... ? mg/kg/24hod.

Trvéni anestezie do stanoveni dg. MH ... ; ﬁomh neznimo

do prvnich pfiznakd ~ ...Z é.'. ..... min.  neznimo

Prvni pfiznak vedouci k podezieni na MH 7
Indikace operace: ﬂu&yx/c@w/m per S Ve //ér gxzfé /ﬂ?/ﬁ/ﬂﬂf

Podet a druh anestezii v anamnéze: CA 1¢— Regionalni | @

MH anamnéza: | MH p¥ipad dmrti v rodiné /| MH pihoda (pFeziti) v roding sesnie
MH pozitivné testovany &len rodmy‘f" negativni

Spoleéné s timto dotaznikem zasilejte, prosim, kopii anesteziologického
promkolu a kopii propoustéci zpravy. Vysledek vy§eti‘eni bude sdélen

hlaciod:

a lékaFi.

v v

%Wm'r//”i/{.[ﬂ

Obvodni ¢ domici léka¥ Jméno

Pokud neni identick sp. 1
provadi:
Jméno:.
Adresa:
Tel.&.: 2

& domécim IékaFem, hlieni

Poznimka:

P38811323201
UDr. Alena LUPTAKOVA

[ g
A23368025 4

Podpis: ..




datum doba(misto)odbéru CPK AST ALT LDH TT pH BE pCO2 pO2 K myogl/S
Operaéni sal UN Martin,
16.2.2011 béhem MH epizody 26,75 2,25 1,09 42 7,47 -4,1
17.2.2011 20 hod po reakci 64,8 2,88 1,54 37,9 7,38 -4,9 3,33 | 28,02 3,6
17.2.2011 26 hod po reakci 69,6 | 10,37 2,25 36,8 7,39 -5,3 4,25 | 12,39 3,5
18.2.2011 44 hod po reakci 67,8 | 14,66 2,88 7,42 | -10,5 3,82 | 13,65 3,7
18.2.2011 60 hod po reakci 50,5 | 12,31 | 10,86 b 7,31 -7,6 4,55 | 12,57 4
19.2.2011 3 dny po reakci 28,87 5,46 8,88 é 7,46 -4,3 4,08 | 10,83 3,7
—
20.2.2011 4 dny po reakci 19,44 2,93 6,46 8 7,39 -2,2 5,49 9,04 3,6
21.2.2011 5 dni po reakci -dimise 7,8 1,05 3,31 LE) 7,42 -0,6 4,38 8,77 3,7
KDAR FN Brno o
29.3.2012 pred plan.excizi pro IVCT 8,8 0,55 0,3 3,83 (- 36,3
29.3.2012 8 hod po excizi svalu 6,88 0,43 0,23 2,85 126,7

Vysledek IVCT (29.3.2012): MHS
Kauzalni mutace: C1840T, Arg614Cys



MALIGNI HYPERTERMIE

CZ-HOTLINE 24H: +420 543 182 580

SPOUSTECI AGENS:

VSECHNA VOLATILNI ANESTETIKA
(HALOTAN, ENFLURAN, ISOFLURAN,
DESFLURAN, SEVOFLURAN) A SUXAMETHONIUM




15y Ceskd verze MH karty
131

TATO OSOBA BYLA MHS TESTOVANA V MH CENTRU BRNO,
CESKA REPUBLIKA.

ANESTEZIE PRO MH SUSPEKTNI PACIENTY:

UZIJ JEN BEZPECNE LEKY

BARBITURATY, PROPOFOL, ETOMIDAT, KETAMIN, BENZODIAZEPINY,
OPIOIDY, OXID DUSNY, NEDEPOLARIZUJICI SYALOVA RELAXANCIA
A YSECHNA LOKALNI ANESTETIKA

MONITORUJ:
KAPNOGRAFIE, PULSNI OXIMETRIE, EXQ, TELESNA TEPLOTA, ARTERIALNI VSTUP

JE NUTNE MIT XK DISPOZIC!

MO2ZNOST INTENSIVNI PECE

DANTROLEN
(38 Ampulfl = 720 mg)

Informace, kontak!:
Nérodnf centrum pro diagnostiku MM, FN u sv. Anny v Brné, ARK,
Pekalekd 53, 858 91 Brno, Teol,: +420 543 182 553, www.mhlinfo.0z



& oy MH krize

Vcasné rozpoznani + okamzita terapie
jsou zasadni pro preziti pacienta

101053 b0loeqads B] A
Recognizing and managing a malignant hyperthermia crisis:
guidelines from the European Malignant Hyperthermia Group

K. P. E. Glahn1*, F. R. Ellis2, P. J. Halsall3, C. R. Miiller#, M. M. J. Snoeck?, A. Urwyler® and F. Wappler’

! Danish Malignant Hyperthermia Centre, Department of Anaesthesia, University Hospital Herlev, Copenhagen, Denmark

? University of Leeds, Leeds, UK

* MH Investigation Unit, St James University Hospital, Leeds, UK

“Department of Human Genetics, University of Wiirzburg, Germany

> MH Investigation Unit, Nijmegen, The Netherlands

® Department of Anaesthesia and Research, University of Basel, Switzerland

’ Department of Anaesthesiology and Intensive Care Medicine, Hospital Cologne-Merheim, University Witten-Herdecke, Cologne, Germany

* Corresponding author. E-mail: kpeg@dadInet.dk
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MH krize

— doporuceni

Box 1 EMHG Guidelines: Recognizing an MH crisis

Early recognition of an impending MH crisis and its immediate treatment is essential for the patient’s survival. As the clinical
signs associated with MH are not unique, anaesthetists must be able to recognize a pattern of signs in order to make a rapid
diagnosis.

Any patient may develop MH during or shortly after an anaesthetic where trigger agents are used—this can occur even in
patients who have had uneventful general anaesthesia previously.

Trigger agents are
« all volatile (inhalation) anaesthetic agents;
« succinylcholine.

Clinical signs
Early signs
Metabolic

« Inappropriately elevated CO; production (raised end-tidal CO; on capnography, tachypnoea if breathing spontaneously).
+ Increased O; consurnption.
+ Mixed metabolic and respiratory acidosis.
« Profuse sweating.
» Mottling of skin.

Cardiovascular

« Inappropriate tachycardia.
« Cardioc arrhythmias (especially ectopic ventricular beats and ventricular bigemini).
+ Unstable arterial pressure.

Muscle

« Masseter spasm if succinylcholine has been used.
+ Generalized muscle rigidity.

Later signs
+ Hyperkalaemia.
« Rapid increase in core body temperature.
» (Grossly elevated blood creatine phosphokinase levels.
+ Grossly elevated blood myoglobin levels.
« Dark-coloured urine due to myoglobinuria.
« Severe cardiac arrhythmias and cardiac arrest.
« Disseminated intravascular coagulation.

Differential diagnosis

Insufficient anaesthesia, analgesia, or bath.
Infection or septicaemia.

Insufficient ventilation or fresh gas flow.
Anaesthetic machine malfunction.

« Anaphylactic reaction.

* Phaeochromocytoma.

« Thyroid crisis.

+ Cerebral ischaemia.

+ Neuromuscular disorders.

« Elevated end-tidal CO; due to laparoscopic surgery.
« Ecstasy or other dangerous recreational drugs.
« Malignant neuroleptic syndrome.

.
.
.
.

Box 2 EMHG Guidelines: Managing an MH Crisis

Start treatment as soon as an MH crisis is suspected.

The clinical presentation of MH varies and treatment should be modified accordingly.
Treatment

Immediately

Stop all trigger agents.

Hyperventilate (use a minute volume 2-3 times normal) with 100% O, ot high flow.
Declare an emergency and call for help.

Change to non-trigger anaesthesia (TIVAL

Inform the surgeon and ask for termination/postponement of surgery.

Disconnect the vaporizer—do not waste time changing the circuitfanaesthetic machine.

Dantrolene
» Give dantrolene 2 mg kg™" iv. (ampoules of 20 mg are mixed with 60 mi sterile water).
= Obtain dantrolene from other sources, for example, pharmacy/nearby hospitols=—at least 36=50 ampoules may be
needed for an adult patient.
= Dantrolene infusions should be repeated until the cardiac and respiratory systems stabilize.
» The maximum dose (10 mg kg™") may need to be exceeded.
Monitoring
Continue routine anaesthetic monitoring (5a,,, ECG, NIAP, g, ).
Measure core temperature.
Establish good iv. lines with wide-bore cannulas.
Consider inserting an arterial and central venous line, and a urinary catheter.
Obtain samples for measurement of K*, CK, arterial blood gases, myoglobin, and glucose.
Check renal and hepatic function and coagulation.
Check for signs of compartment syndrome.
Monitor the patient for a minimum of 24 h (ICU, HDU, or in a recovery unit).

Symptomatic treatment
Treat hyperthermia
= 2000-3000 mi of chilled (4°C) 0.9% saline at iv.
» Surface cooling: wet, cold sheets, fans, and ice packs ploced in the axillae and groin.
» Other cooling devices if available.
s Stop cooling once temperature = 38.5°C
Treat hyperkaloemia
s Dextrose: 50%, 50 ml with 50 IU insulin {odult dose).
» CaCly: 0.1 mmol kg™" iv. (e.9. 7 mmol=10 mi for a 70 kg adult).
= Dialysis may be required.
Treat acidosis
s Hyperventilate to nermocapnoea.
» Give sodium bicarbonate iv. if pH < 7.2,

Treat arrhythmias

» Amiodarone: 300 mg for an adult (3 mg kg™ " iv).
» p-blockers (e.g. propranolol/metoprololfesmolol)=—if tachycardia persists.
Maintain urinary output =2 ml kg™* h™*
» Furosemide 0.5=1 mg kg™,
» Mannitol 1 g kg™
» Fluids: crystolloids (e.g. loctated Ringer's solution or 0.9% saline) iv.
Consult your local Malignant Hyperthermia Investigation Unit about the case
Patients suspected of being MH-susceptible should undergo diognostic testing using in vitro contracture testing (IVCT) ot a
designated MH-laboratory (www.emhg.org).
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\ Casné znamky
Metabolickée
- neadekvatni vzestup produkce CO, produkce
- zvyseni spotreba O,
- kombinovana metabolicka a respiracni acidoza
- profusni poceni
- mramorovana klize
Kardiovaskularni
- neadekvatni tachykardie
- srdecni arytmie (ektopickeé KES, event. bigeminie).
- nestabilni arterialni systémovy tlak
Svalové
- spasmus masseterl po aplikaci SCCH

- generalizovana svalova rigidita



\o «y Rozpoznani MH krize

Pozdni znamky
Hyperkalémie
Prudky vzestup télesne teploty
Vyrazna elevace CPK v krvi
Vyrazna elevace myoglobinu vkrvi
Tmavé zbarvena moc (myoglobinurie)

Zavazni srdecni arytmie az zastava
DIC
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U e

| Neodkladna
Okamzité vypnout privod spoustect
Hyperventilovat (MV= 2-3x horma) se
100% O, a vysokym pritokem
Vyhlasit urgentni stav a zavolat pomoc
Prejit na non-trigger anestezii (TIVA)
Informovat chirurga a ukoncit / odlozit
vykon
Odpoijit odparovac — neztracet cas
vymenou okruhu i anesteziologického
pristroje



e Terapie MH krize
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‘Dantrolen
Podat Dantrolen 2 mg/kg i.v.
(v ampuli je 20 mg, redime 60 ml sterilni vody)
Ziskat Dantrolen z dalSich zdroju

(Iekarny, sousedni nemocnice - nejmene 36 az
50 ampuli mlze potrebovat dospély pacient)
Infuse Dantrolenu opakovat do stabilizace
kardiovaskularniho a respiracniho systemu

Maximalni udavana davka (10 mg/kg/den)
mUze byt v pripadé potreby prekrocena



S Terapie MH krize
S

Monitorace
Pokracuje rutinni anesteziologicka monitorace
(SpO,, EKG, NIAP, EtCO,)
Mérit teplotu télesneého jadra
Zajistit kvalitni i.v. vstup (neékolik Sirokych kanyl)

Zvazit zavedeni arterialni linky, CVK, mocoveho
katetru

Odebrat krevni vzorky pro stanoveni hodnoty kalia,
CK, arterialnich krevnich plynd, myoglobinu a
glukozy

Kontrolovat renalni, jaterni funkce a koagulace.
Hlidat znamky , kompartment syndromu*

Monitorovat pacienta minimalneé 24 hodin (ARO,
JIP, zotavovaci pokoj ...)



Terapie MH krize
<y P

“"Lécba hypertermie
- 2000-3000 ml chlazeného FR (4°C) i.v.

- povrchové chlazeni: mokré, studené zabaly, vétrak, ledy do axil a trisel
- chlazeni zastavit pri poklesu teploty na 38.5°C

Lécba hyperkalémie

- Glukosa 40%, 50 ml + 50 IU insulinu (davka pro dospele).

- CaCl,: 0.1 mmol/ kg i.v. (tj. 7 mmol=10 ml pro dospéleho 70kg).

- dialyza v pripadé potreby

Lécba acidozy

- Hyperventilovat do dosazeni normokapnie

- Aplikovat bikarbonat i.v. pfi poklesu pH pod 7,2

Lécba arytmii

- Amiodaron: 300 mg pro dospélého (3 mg/ kg i.v.).

- beta-blokatory (propranolol/metoprolol/esmolol) pri perzistujici tachykardii
Udrzovat diuresu nad 2mqg/kg/hod

- Furosemid 0.5-1 mg/ kg

- Mannitol 1 g/ kg

- naloz tekutin — krystaloidy i.v.
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