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Historicky vyvoj

60. léta - zavedeni halotanu
- vznik pojmu ,maligni hypertermie’
- mortalita 70-80%
70. léta - objev principu IVCT
- dantrolen jako kauzalni lek
80. léta - dostupnost kapnografie
- pokles mortality na 20%
90. léta az dosud
- propofol (TIVA), moderni relaxancia
- detekce rizikovych osob, erudice |ékaru
- mortalita ve vyspelych zemich 0,2- 2%

1

Maligni hypertermie:

Volatilni anestetika a SCCH
vyvolaji u disponovanych jedincl
masivni uvolnéni Ca iontl ze SR,
které pfi poruSse Ca kanalu
(DHPR+RYR1) nelze dostat zpét.
Vysledkem je hypermetabolismus,
svalova rigidita, rabdomyolyza,
MOF az srdeCni zastava.

2010 a dale — rozvoj a prakticka dostupnost molekularni genetiky
- ohromny pfekryv genotypu a fenotypu MH a rizikovych myopatii
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Patofyziologie MH

extracelularni prostor «— dihydropyridinovy receptor (DHPR)

<«— Mmembrana T-tubulu

®‘: _ vazebny protein FKBP12
cytoplasma

ryanodinovy receptor (RYR1)

«— terminalni cisterna

zpétna resorpce Ca**
je ATP dependentni

membrana SR

- nadprodukce tepla a CO,

- extrémni A\ VO,

- anaerobni glykolyza ( AN laktatu )
sarkoplasmatickeé retikulum (SR) energetické vycerpani organismu

smisena acidoza




Klinika détské

ce“trum Pro anestezi(_)tlogie
- - a resuscitace,
dlag nostiku KDAR FN Brno

MH v Brne

Klinika

/N

IVCT <—— Genetika

Anesteticko -resuscitacni
klinika, ARK FN USA
IVCT laborator

Oddéleni klinické genetiky,
OLG FN Brno
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Hlaseni pacienta do MH centra

... Nejcastéjsi duvody

. Family history of malignant hvperthermia.
. Adverse reaction to general anaesthesia where a trigger agent has been used,

iInvolving any combination of signs of increased metabolism (unexplained increase
In carbon dioxide production, tachycardia, temperature increase<s=)</s>=, muscle
rigidity, rhabdomvyolysis, 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 rhabdomvyolysis after clinical exclusion of other myopathies.

. Exertional rhabdomvyolysis / recurrent rhabdomvyolysis or persistently raised serum

creatine 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 RYR 1

variant.

5. medzinarodny kurz CEEA , 27. - 29. 11. 2019, Kosice * n



Hlase entra
... Nejcastéjsi duvody
1. Family _hi b
2. Adverse : t'ﬁ;;o:: ere a trigger agent has been used,

sed metabolism (unexplained increase
emperature increase<s=)</s>=, muscle
vascular coagulation and/or death.
sthesia or within 60 minutes of

involvin
In carb

3. 1’3: toH n::::r’:’h POty e death.

4. - 4M:i:ob.-n,»s maximsi h:s’ /a | exclusion of other myopathies.

5. K n.cke,,f,.m;::’:;::f’j P Moy abdomvyolysis or persistently raised serum
O i sty NN n cause (1diopathic hyperCKaemia) where

eurological work-up.
admission, where known predisposing

LtEFiSEd, rare, potentially pathogenic RYR 1

5. medzinarodny kurz CEEA , 27. - 29. 11. 2019 , KoSice *



Diagnosticky algoritmus

Klinické podezreni
na MH
L1
Neuromuskularni panel, NGS GewMtECk? IVCT
vysetreni
Varianta RYR1, ¢ - ¢ ¢ ¢
ev. CACNA1S Menalezena varianta
patogenni Ci nejasna Identifikovana nebo nalezena
+ diagnosticka varianta varianta nejasného MHS, MHER, MHEC MHN
klinicka myopatie Yyznamu
& vaé:?)®
;_,‘:‘TM_I‘% MALIGNI HYPERTERMIE
MHS pacient MHS pacient - - MHS pacient MH vyloucena
til, CZ-HOTLINE 24H: +420 543 182 580
S myopa SPOUSTECI AGENS:
VSECHNA VOLATILNI ANESTETIKA
(HALOTAN, ENFLURAN, ISOFLURAN,
m DESFLURAN, SEVOFLURAN) A SUXAMETHONIUM
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Diagnosticky plan ... po domluve s rodinou

« Konzultace s MH centrem, individualni pristup

» Genetika - dobra dostupnost, mala invazivita ( staCi poslat krev)
- Zlepsujici se metodika, rok od roku vice mutaci
- vytézna pro cca polovinu MHS pacientu, tj. 20-25% hlasenych
* [VCT - vysoka senzitivita i specifita
- jasny vysledek pro kazdého vysSetreného
- velka invazivita (odbér svalu = operace)
- technicka naroCnost (specialni laborator)
- limitace vékem (hmotnosti), komorbiditou

Zvazujeme:
miru MH rizika, zavaznost prodélanych MH projevd, rychlost zotaveni, dostupnost metody,
casovy aspekt - Casto planovany chirurgicky vykon !!l prani pouCeného pacienta ...

s mediwsymcees 20 00 kaies




Diagnostika MH v CR v éislech

Pocet hlaseni v souvislosti s MH celkem 269

IVCT celkem 225: 57 MHS, 10 MHEc, 37 MHEh, 121 MHN
geneticka dg celkem 172: 90 MHS, 82 MHN

152 MH rodin celkem
68 Pozitivnich rodin
84 Negativnich rodin

36 pozitivnich

rodin s mt 84 negativnich rodin

53 % geneticky informativnich
(ve sveteé dle literatury cca 60-70 %)

V éeské populaci prokazano:
12 diagnostickych variant RYR1 z celkem 48 na RYR1,
0 (?7?) diagnostickych ze 2 na CACNAL1S
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Jak k nam poslat pacienta ?

1.

Podezreni na MH ... Iékar, ktery je vyslovil nahlasi pacienta do Diagnostického centra MH v Brné a
doda veskerou dokumentaci + vyplnény Dotaznik k DNA Analyze RYR1 genu.

Preda rodiné kontakt na nas.
Edukace rodiny, stanoveni individualniho diagnostického postupu (osobné, telefonicky)

VétsSinou za¢iname genetikou, pacient ma 2 moznosti

Muze se dostavit pfimo na Oddéleni Iékarské genetiky FN Brno, kde je genetické diagnostické centrum pro MH. Dalsi informace a
terminy konzultace pro pacienty domluvite na tel. €. 532 234 490.

Muze se dostavit na pracovisté Iékarské genetiky v misté bydlisté. Seznam pracovist Iékarské genetiky k nalezeni zde:
https://new.slg.cz/pracoviste/ka/

Zadanka neni nutna, postaduje Iékafska zprava z pracovistg, které suspicium na MH stanovilo a e-mail
z Centra MH, kde byla potvrzena indikace k vySetfeni.

Klinicky genetik vyplni s pacientem indikacni dotaznik, informovany souhlas pacienta a pfisluSnou zadanku
k molekularne genetickému vysetreni. Zajisti odber krve a odesle material k DNA analyze do laboratore OLG
FN Brno. Adresa: Oddéleni lekarské genetiky FN Brno — PDM, Cernopolni 9, 613 00 Brno

Vy$e uvedené dokumenty: Dotaznik k DNA Analyze RYR1 genu, Zadanka k molekularné genetickému
vySetreni a Informovany souhlas pacienta jsou k dispozici volné ke stazeni na
https://www.fnbrno.cz/detska-nemocnice/oddeleni-lekarske-genetiky/dokumenty-ke-stazeni/t4146
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INSIDE THE CELL

Kde a co hledame? C(C:(QB(‘ 3 O

Cell Nucleus Chromosome Gene
(Segment of DNA)

.

RYR 1 19¢g13.1 Skeletal muscle ryanodin  Central Core Disease (CCD)
AR receptor Multi-minicore Disease (MmD) Gene dEfECtS

Centronuclear Myopathy (CNM)

Congenital Fibre Type Dysproportion (CFTD) affECtl n g
Malignant Hypertermia (MH)
MH-associated myopathies the E c c Cyc I e

Periodic Paralysis (PP)

CACNA1S 1qg32.1 AD, L-type Cachannel alpha Periodic Paralysis (PP)

AR 1S subunit Congenital Myopathy
STAC3 12913.3 AR  SH3 And Cysteine-Rich Native American Myopathy (NAM)
Domain Conteining
Protein
TRDN 60g22.31 AR  Triadin Catecholaminergic polymorphic ventricular

tachycardia
Congenital Myopathy

ATP2A1 16pl1l1.2 AR Fast-twitch SR Ca Brody myopathy
ATPase

s mediwsymcees 20 00 kaies



Jaké mame moznosti
geneticke diagnostiky?

MLPA 1. diagnosticky krok

« MLPA® (Multiplex Ligation-dependent Probe
Amplification) je multiplexni metoda PCR
detekujici abnormalni pocet kopii az 50 ruznych
genomickych DNA nebo RNA sekvenci, ktery je
schopen rozlisit sekvence liSici se pouze v
jednom nukleotidu.

* Firemne dodavany prichystany MH panel pro
31 mutaci.

+plus: rychla a jednoducha metoda

-minus: omezeny zachyt mutaci
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Jaké mame moznosti genetickeé diagnostiky?

Hot spots sekvenace
2. diagnosticky krok

« Rekombinac¢ni hot spoty jsou oblasti v
genomu, které vykazuji zvySenou miru
rekombinace vzhledem k neutralnimu
oCekavani ( az 100x).

* Na RYR1 testujeme 22 exonu

 Na CACNALS testujeme 2 exony

+plus: relativné snadné, financné dostupné,
dobry zachyt

-minus: nezachyti vzacné mutace mimo
zkoumané regiony, nezachyti introny

® o A > o0
5- 1-17 39-46 90-104 -3
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Jaké mame moznosti geneticke diagnostiky ?

NGS indikované 3. (4.) diagnosticky krok

« Sekvenovani nové generace (NextGenSeq)
je nova metoda pro sekvenovani genomu pfi
vysokeé rychlosti a relativné nizkych nakladech.

« Sekvenujeme jednotlivé geny nebo cely genom
véetné intronu

« Odhali spoustu variant nejasného vyznamu
vcetné polymorfismu

* Interpretace pomoci tzv. ,in silico” analyz
+plus: nejvetsi zachyt

-minus cena, obtizna interpretace, dlouhy Cas
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‘,Genomic DNA
sample

( Genomic DNA
libraries _—

Fragmentation and —
adaptor ligation

"Variants

-

" Enrichment of target regions

( Bioinformatic
data analysis

Sequence
reads

based capture

PCR-based Q:s
capture/
Hybridization- k

-,

¢ . A
Massive parallel sequencing




Jak dlouho vse trva?
Co muzeme z vysledku vyvodit ?

MLPA 3-4 tydny, MLPA + Hot Spots cca 3—4 meésice
NGS cca 6 mésicu

Pri detekci patogenni varianty jasného vyznamu = diagnostické mutace
|lze MH na zakladé genetického nalezu potvrdit. Geneticka dg. MHS

Geneticky informativni rodina — u dalSich pribunych vim, jakou konkrétni
mutaci v rodine hledam... déla se tzv. SCORING, ktery trva cca 1 mesic

Na zakladé negativniho genetického vysetreni probanda v rodiné nelze
MH vyloucit !! Nutny IVCT

Pomeérneé Siroka Seda zona, kdy Casto nalézame varianty potencionalne
patogenni, nejasné patogenni, pravdépodobné benigni, polymorfismy...

Existuji pfesné dana kritéria https://www.emhg.org/genetic-scoring-maitrix
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https://www.emhg.org/genetic-scoring-matrix

Podezieni | | SuspektniVi- | Kde je misto IVCT ?

na MH related myopatie

v

Telefonicka Ci elektronicka
konzultace, zaslani krve

v

KrOk 1 patogenni varianta
MLPA

\L bez nalezu

Krok 2
Hot spots

4?7 | MHSmt+ | MHS mt+

Osobni kontakt s rodinou,
sdéleni vysledku, genealogie

| |

Krok 3 indikované
IVCT NGS

MI-\IlIN I\/I\llHS mt- J
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In vitro kontrakcni test - IVCT

Krebs-Ringeruv roztok, Oxykarbogen, 37°C

MHS
1omn T 10 mN 14

1 ]
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https://photos.google.com/share/AF1QipPl9yxdoeQzn_OcvbAbF0yClSqG2gcXQdac7rqoeDxVIdkHd5YXJPJoJP3LWL_3Lw?key=b0pGZGNMa1pxUFFibFBNS1JmSDdJakxIb3lyZF9B
https://photos.google.com/share/AF1QipPl9yxdoeQzn_OcvbAbF0yClSqG2gcXQdac7rqoeDxVIdkHd5YXJPJoJP3LWL_3Lw?key=b0pGZGNMa1pxUFFibFBNS1JmSDdJakxIb3lyZF9B

Svalove choroby u deti a anestezie
-vzacne, vrozené (dedicne) dispozice

-Manifestace v pred narozenim, v kojeneckem, detskem Ci adolescentnim
veku, variabilni projevy. CAVE ! anestezie u deti pred klinickou manifestaci

-Anestezie vyzadovana u déti, které vykazuji MH rizikové faktory ¢i symptomy
suspektni ze svalového onemocneéni, ale nemaji uzavrenou diagnozu.

Anesteziolog zpravidla resi 2 situace:

1. Moznost svalového onemocnéeni a/nebo MH rizika u pacienta
zdanlive zdraveho

2. Anesteziologicka pece o diteé s vyjadrenym svalovym
onemocnenim




Predanestetické zhodnoceni rizika - krok 1

Varovné klinické znamky a symptomy

RA: svalové onemocneni v rodiné
komplikace pri CA, nejasna umrti v souvislosti s operaci
OA: neonatalni hypotonie, ,floppy baby*
atrogrypoza
opozdény motoricky vyvoj ( chuze od vice nez 2 let)
bolestivé svaloveé kreCe
tmava moc€ (cola-like) po cvi€eni Ci CA
trnuti Celisti (m. masseter) po kofeinu, cokoladé
KLINIKA: hypertrofie lytek, kontraktury, amyotrofie, bezvyrazovy
obli€ej (carp mouth), kachni chize, tachykardie v klidu
VYSETRENI: asymptomaticka elevace CK ¢&i AST
EKG: porucha A-V vedeni bez pfedchozi anamnézy
kardiochirugického vykonu




Predanestetické zhodnoceni rizika - krok 3

Perianestetické prihody a komplikace

Nahla srdec€ni zastava — hyperkalémie nebo long QT

Srdecni arytmie (po vylouCeni obvyklych pricin jako hypoxie,
hyperkapnie, iontova dysbalance) — myslet na hyperkalémii

Abnormalné prolongovana kurarizace Ci svalova slabost
abnormalni hypoventilace Ci hyperkapnie

Otoky, bolesti svalli po operaci

Tmava mo¢€ po operaci ( po vylou€eni hematurie vysetfit

myoglobin, CK)
Hyperpyrexie




Predanestetické zhodnoceni rizika - krok 2

Asymptomaticka elevace CK &i AST - diff dqg.

Vylougit: trauma, fyzickou zatéz, i.m. injekci, recentni chirurgicky
zakrok, drogy

Dystrofinopatie: m.Duchenne, m. Becker

Core myopathies: CCD, MmD, ND, CNM

Myotonickeé dystrofie 1, 2

AR pletencové muskularni dystrofie (LGMD 2)

Caveolinopatie (LGMD 1)

Nékteré metabolické myopatie

Polymyositis

Maligni hypertermie (30% MHS osob ma chronicky mirnou CK

elevaci v klidu)




RYR1 (CACNA1S) related disorders

Congenital myopathies Channelopathies

CORE MYOPATHIES
e Central Core Disease, CCD

* Multi-minicore Disease, MmD

 Nemaline Myopathy, NM
varianta Core-Rod myopathy

* Centronuclear Myopathy, CNM

JINE KONGENITALNiIi MYOPATIE
* King-Denborough Syndrome
oo - T
« Fetal akinesia o ) M
« Late-onset axial myopathy
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* Hypokalemic periodic
paralysis, HypoPP

Exertional
rhabdomyolysis/ myalgia




Congenital (RYR1 related) myopathies

Pathology Clinical signs Inheritance | Age at onset Histochemistry Serum CK
delayed motor development, infancy central cores of reduced oxidative
Central Core hypotrophy and hypotonia, non- autosomal (adult activity, sarcomere disorganization, usually normal
Disease, CCD progressive weakness typically dominant® onset also mitochondria depletion in type 1
proximal reported) fibers
h tonia, del d to
. ypotonia, de -E-l}"l':',' maotor fiber size variation, few, small, or normal or
King-Denborough development, proximal weakness, autosomal . . ) .
. . - infancy atrophic type 1 fibers, severe paucity moderately
syndrome, KDS short stature, cryptorchidism, skeletal | dominant .
L. ) of type 2 fibers elevated
abnormalities, dysmorphisms
tral tricall f
delayed motor development, lordosis, centra 01: ecc—en rlc? _Y cores 0
C d th 1ki difficulti L Achilles’ autosomal inf reduced oxidative activity, multiple al
ore-rod myopathy |walking difficuiiies, weakness, Achliles dominant miancy rods located in different areas of the norm
tendon contractures
cores
slowly p_rogressive, predl_:iminant axial adulthood fiber siz_e variation, increase_d -::ffntral no al or
. muscle involvement, variable degrees autosomal nuclei, uneveneness of oxidative
Axial myopathy . . (20-60 years) .. moderately
of lumbar hyperlordosis, scapular dominant enzyme staining or central and
L . . - elevated (3-6 fold)
winging and/or camptocormia, myalgia eccentric cores
tral . 1 fib
decreased fetal movement, autosomal ce_n 2l cores t'?pe er
. . ) ) ) . X fetuses Jf predominance (dominant RYRI SVs],
Fetal akinesia arthrogryposis, congenital dislocation | dominant / . . . . ) normal
of the hips. severe hvbotonia recessive infants histologic heterogeneity (recessive
ps. YP RYR1 SVs)
neonatal muscle hypotonia, delayed multicores of reduced oxidative
Multiminicore motor development, generalized autosomal infancy or activity, sarcomere disorganization, normal
disease, MmD muscle wealmess, amyotrophy, recessive childhood mitochondria depletion in most
external ophthalmoplegia muscle fibers (type 1 and type 2)
talh tonia, red d fetal trally 1 ted lei,
Centronuclear neonatal iypo Dnl_a re . uce -e autosomal birth, cen- rally located nuciel normal or slightly
movements, feeding difficulties, . . predominance and hypotrophy of
myopathy, CNM > recessive chilhood, ) elevated
extraocular muscle involvement type 1 fibers
hypotonia, mild-to-severe generalized
Congenital fiber type muscle weakness, ophthalmoplegia, autosomal birth, relative hypotrophy of type 1 muscle | normal or mildly
disproportion, CFTD | ptosis, facial and/or bulbar wealkness, recessive chilhood fibers compared to type 2 fibers elevated

limb /respiratory weakness

* cases with recessive inheritance have been described
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Cores Myopathies - Genetics

CCD RYR1 (19913.1) (AD,AR) Skeletal muscle ryanodine receptor
MmD SEPNL1 (1p35) (AR) Selenoprotein N
RYR1 (19913.1) (AR,AD) Skeletal muscle ryanodine receptor
MYH7 (14911) (AR,AD) Myosin heavy chain 7
NM NEB (2g21) (AR) Nebulin
ACTAL (1g42) (AD,AR) Skeletal muscle alpha-actin
TMP3 (1922) (AD,AR) Slow alpha-tropomyosin
TMP2 (9p13,2) (AR) Beta-tropomyosin
TNNT1 (19913.4) (AR) Troponin T
CFL2 (14912) (AD) Cofilin -2
KBTBD13 (15g22) (AD) BTB/Kelch protein
KLHL40 (3p22) (AR) Kelch-like protein 40
KLH41 (2g31) (AR) Kelch-like protein 41
Core-Rod Myopathy RYR1 (19913.1) (AR,AD) Skeletal muscle ryanodine receptor
NEB (2921) (AR) Nebulin
CNM MTM1 (Xq28 (XL) Myotubularin
DNM2 (19p13.2) (AD) Dynamin 2
RYR1 (19913.1) (AD) Skeletal muscle ryanodine receptor
BIN1 (2914) (AR) Amphiphysin 2
TTN (2931) (AR) Titin




EMHG, doporuceneé postupy

https://Iwww.emhqg.org/recommendations-1

Malignant hyperthermia during pregnancy

May 20, 2019

The EMHG has produced a guideline on MH during pregnancy using a two-round Delphi consensus process.

READ MORE

Qotkes @5

L Thiemy Girard

Perioperative Management of MH Suspected or

Susceptible Patients

February 27, 2018

Anaesthetic management in MH suspected or susceptible patients. The preparation of the workstation is covered in the next

recommendation.

READ MORE

Qikes @5

L Thiemy Girard

3
s

Preparation of Anaesthetic Workstations for MH suspected

or susceptible patients

February 27, 2018
Three options to prepare an anaesthetic workstation for MH suspected or MH susceptible patients.

READ MORE

© 2lkes @ snare

A Thiemy Girard

Management of MH crisis

December 30, 2017
The EMHG has published Recognition and management of a malignant hyperthermia crisis

In addition there is a free online MH registry for suspected MH events.

© 2Likes @ Share

L Thiemy Girard
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https://www.emhg.org/recommendations-1

Pohotovostni balicek pro MH ...

Obsah krabice (kufru) ... Vnasem podani

1. Dantrolen
5 x 500 ml Acqua pro in;.
36 x 20 mg Dantrolen
36 x 50ml stfikaCka

Sk . 4. V lednici

Ruzove jehly, trny k fedéni 2 x 1000 ml 0.9% FR
Navod na krizovy management a rozdéleni ukolu Insulin '

Kde jsou umistény dalSi zasoby Dantrolenu Gelové obklady (5)

ZjednodusSena tabulka davek

2. Lécba

10% Ca gluconicum.

4,2% NaHCO3 (bikarbonat)
300mg Amiodarone

10% Glu + Insulin (Humulin R)
50 ml 1% Propofol pro TIVA

3. VysSetreni/Monitoring (zkumavky)
Astrup (2)

Biochemie - K, myogl., CK (2)
Biochemie moce v€. myoglobinu (2)




Zjednodusena tabulka
davek: DANTROLEN

10 kg =60 ml = 20 mg

20 kg = 120 ml = 40 mg
30 kg = 180 ml =60 mg
40 kg = 240 ml = 80 mg
50 kg = 300 ml =100 mg
60 kg = 360 ml =120 mg
70 kg = 420 ml = 140 mg

Korekce hyperkalemie : Glc.+ insulin

11U vykryje 5 g Glg, . 10% Glc = 100 mg/ml

500 ml 10% Glc + 101U insulinu
50 mi/10 kg vahy béhem 30 min.

CaGluk. 0,5 mifkg i.y

Terapie aciddzy :
pH =7,2 1-2mlkg
BE x hm{Kg)x0,3 = ml 4,2% (dej %)

Udriovat diurézu; alespoi
2miikg/hod

Furesemid.: 0,5-1malkg
Mannitol . :1a9/kg




Prvni geneticky informativni rodina
... vr.2002 zachycena MH epizoda

JZ/ Q CZ 14 «Chlapec, nar. 6/2001,
|

*40t.g., kratce kiisen, AS 5-9-9
Pedes calcaneovalgi, flekcni

] kontraktury, opozdéni motoriky
. . *Chuze v 17 mésicich
LIy S bl | «Ortopedicka oper. 11/2002
B, 122 _ 5 *MH epizoda:Ap HR, trismus,
é:) «Podstoupil 6x CA béhem « ACK, AST, ALT, LDH

prvniho roku Zivota pro traz
— vSechny bez komplikaci

O I bt

Legenda: 1986 1988 1998 2001 \

-‘ proband
B vCr-MHS

eZotaveni bez nasledku




Prvni geneticky |

* Probandova teta (sestra matky), nar. 1966

* Do stanoveni dg.neméla celkovou anestezii

* Vysledek IVCT je MHS
* Detekovana mutace G7373A

*Probandova sestrenice, nar.1986
*Oc¢ni operace v CA v r. 2000 prob¢hla
bez komplikaci

*Rozhodla se pro IVCT hned po testu
své matky, je MHS

Zjisténa mutace G7373A

Legenda:
= proband
R

M ver o Mvis

nformativni rodina

... identifikace rodiny

CZ 14

*Matka probanda, nar. 1978
*Do stanoveni dg. neméla operaci v CA
Podstoupila ihned IVCT kvuli synovi: MHS

y *Detekovana mutace G7373A
| |
MHS MHS
. 2004 . 2003
1986 1988 1998 2000 \
MHS

2004



Prvni geneticky informativni rodina
... uspech kliniky a genetiky v r.2005

d ¢

jrafille CZ 14
|

o -

5 MHS MHS
. @ 73734 @ 573734

R2458H R2458H
Legenda: 1986 1988 1998 2000 R 7
Bl proband MHS
R G7373A
B VCT-MHS R2458H

D RYR1 analyza
bude nasledovat
(scoring)



Prvni geneticky informativni rodina

... benefit pro rodinu
@ o CZ14 1o
%7% %m‘r

5 MHS MHS
@ 73734 @ 73734
g R2458H R2458H
o " W =
Legenda: 1986 1988 1998 2000 \
1 proband MHS
R G67373A
B VCT-MHS R2458H

BEJ MHS geneticky
BEEl MHN geneticky




Prvni geneticky informativni rodina

... prvni vina geneticke diagnostiky

CZ 14
= @ SRS
%@73A ngt

non m¥ G7373A MHS MHS
@ 73734 @ 673734
R2458H R2458H
3A non mt G7373A
7 E A
Legenda: 1986 1988 1998 2000 &
1 proband MHS
R G7373A
B VCT-MHS R2458H

BEJ MHS geneticky
BEEl MHN geneticky
] vhodny scoring



Prvni geneticky informativni rodina

... hové udalosti v rodiné

=z e

6%373A

*Probandova sestfenice v roce
2011 porodila syna, hned po
narozeni proveden scoring mt.
*Na zakladé pritomnosti
kauzalni mutace G7373A
stanovena dg. MHS geneticky

Legenda:
1 proband
R
Bl VCT - MHS
BEJ MHS geneticky
BEEl MHN geneticky
] vhodny scoring

CZ 14

O

no% mt

MHS

G7373A
R2458H

MHS

@ 73734
R2458H

ﬁsfa

1986 1988

G7373A

2011

G7373A

2016 *Také druhy syn narozeny
v 1. 2016 je geneticky MHS

MHS

@ 73734
R2458H

non mt G7373A

1998 2000 ‘\

U probanda potvrzena kauzalni
mutace G7373A

*Vzhledem k opozdéni motorického
vyvoje hospitalizovan opakované na
neurologii - EMG, MR svalt, v 2005
uzavieno jako Central Core Disease
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Trigger free long duration minimal flow ventilation
using activated charcaol filters (AFCs)

Fig. 1. Workflow to prepare the anaesthetic workstation in MH patients

- A Primus anaesthesia machine (Drager,
Lubeck, Germany) was contaminated with 4%
sevoflurane or 8% desflurane by ventilating
a test lung for 90 min. The machine was
briefly flushed according to manufacturer
instructions, ACF were inserted and a test lung
was ventilated in a 24 hours test.

- Trace gas concentrations where measured
using a closed gas loop high.

- During the experiment reduced fresh gas
flows (FGF) were tested.

- At the end of each experiment the ACF
where removed to test for residual
contamination, the machine was then set to
standby for 10 min and ACF were put back in
to test the capability of removing volatile
anaesthetics (functional test).

Patients undergoing anaesthesia who have a known or suspected increased
risk of developing Malignant Hyperthermia

yes

Clean anaesthetic workstation available? ]

yes w

Workstation is ready Still enough time to prepare the workstation?
to use
yes é No !
= Remove vaporisers from » Remove vaporisers from
anaesthetic workstation anaesthetic workstation
= Change anaesthetic breathing * Change anaesthetic breathing
circuit (T-, circle circuit, circuit (T-, circle circuit, reservoir
reservoir bag) and soda lime bag) and soda lime canister for
canister for uncontaminated uncontaminated equipment
equipment *  Flush circuit with 100 % Oxygen
*  Flush circuit with 100 % or Air with maximum flow rate,
Oxygen or Air with maximum for 90 sec
flow rate for workstation » Insert activated charcoal filters
specific time (ACFs) on both inspiratory and
expiratory limb

V

Anaesthetic workstation is ready to use | | Anaesthetic workstation is ready to use

-~ =

* Keep filters in place

* Use anaesthetic workstation with
maximum fresh gas flow for the
next 30 minutes

= Decrease fresh gas flow to 3 litre
per minute

= ACFs can be used for a max. of 12
hours
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Trigger free long duration minimal flow ventilation
using activated charcaol filters (AFCs)

Conclusion

- The results of this study confirmed that the recommendations of the EMHG
are sufficient to keep the volatile anaesthetic concentrations below 5 ppm.

- Moreover Low flow (1 [/min) ventilation with ACF also met the requirements

for trigger-free anaesthesia in both desflurane and sevoflurane contamina-
ted machines in this study.

- In anaesthetic machines prior contaminated with sevoflurane even Minimal

flow (0.5 I/min) trigger-free ventilation was successfully accomplished by using
ACF but not in desflurane contaminated machines.

- However, when ACF reach their capacity, they become a source of volatiles anaesthetics.
Therefore,they should be exchanged every 12 hours as manufacturer stated.

- To prevent a rebound effect of volatile anaesthetic concentrations even a short-term
machine in standby setting should be avoided in the preparation of an anaesthetic
machine for trigger-free anaesthesia, because the internal components of the machines

continue to gas out volatile anaesthetics which may build up to relevant concentrations if
not carried away by FGF.
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Clinical MH can be prevented with non-
depolarizing neuromuscular blockers

Hypotéza: MH epizoda muze byt potlaena uzitim NMBAs béhem expozice spoustécum
Metody: 2 animalni modely
1. Pig study
— 11 MH susceptibilnich prasat , 2 skupiny: NMJ blok + halotan vs. Jen halotan
- anestezie : Thiopental + FNT, intubace, kempletri-retaxacepanreureniem, UPV
- expozice 2% halotanu po 2 hodiny
- halotan vypnut, do obnovy spontanni ventilace UPV se 100% O2
- v pfipadé pfiznaku MH Dantrolen 2,5mg/kg i.v., do zotaveni
- 0 2-4 dnech skupiny prohozeny
2. Mouse study
- 9 vnimavych mysi, monitorace intracelularniho Ca+ in vivo ( vastus lateralis)
- anestezie: ketamin, xylazin, intubace, UPV.
- kontrolni zméreni Ca+, blokada pancuroniem, méfeni kazdych 5min po dobu 20min
- expozice 1,5% izofluranu, znovu méreni kazdych 5min po dobu 20min
- podan neostigmin , méfeni po 2-3 minutach do smrti pod obrazem MH krize

5. medzinarodny kurz CEEA , 27. - 29. 11. 2019, Kosice




Clinical MH can be prevented with non-
depolarizing neuromuscular blockers

Vysledky Mozné vysvétleni opozdéného nastupu MH pfiznaku pri
_ kompetitivni blokadé NMJ béhem celkové anestezie ...
1. Pig study

— zadne z 11 prasat nevykazovalo znamky MH krize behem NMJ blokady a
vsechna se spontanne plné zotavila
- vSech 11 prasat vykazovalo znamky MH krize po expozici samotnému halotanu
bez béhem 3 minut , halotan zastaven, podan dantrolen 2,5mg/kg, plné zotaveni
2. Mouse study
- U Zzadné z mySi nezpusobil izofluran zvySeni influxu Ca do cytoplasmy béhem
blokady NMJ pancuroniem
- po zruseni blokady a zotaveni NMJ uCinkem neostigminu vSechny mysi ukazaly
okamzity vzestup Ca+ spojeny se symptomy MH krize

5. medzinarodny kurz CEEA , 27. - 29. 11. 2019, Kosice
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