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1. TEORETICKA CAST
1.1. Uvod

Turnertiv syndrom (TS) patfi mezi nejcastéjsi chromozomalni aberace.
Postnatalni incidence je udavana 1 na 2000 - 2500 Zivé narozenych dévcatek
(Stochholm et al, 2006). V Ceské republice tedy v soucasné dobé Zije vice nez

2000 divek a Zen s TS a kazdoroc¢né se narodi dalSich 20 - 25 novorozencu s TS.

1.2. Genetické aspekty Turnerova syndromu

Nejcastéjsi chromozomalni odchylkou u TS je monozomie X chromozomu
(45,X) (Sybert et al, 2004; Bondy et al, 2009). PriCinou ztraty jednoho X
chromozomu je nondisjunkce béhem meiotického nebo mitotického
(postzygotického) déleni. Strukturalni abnormity chromozomu X jsou méné
¢asté a vznikaji v disledku chromozomalnich zlomi pii meidze. Patii k nim
izochromozom z dlouhych ramének (iXq), ring chromozom (rX), ptipadné mize
chybét kratké (Xp-) nebo dlouhé (Xq-) raménko X chromozomu. Tyto abnormity
mohou postihovat vSechny buriky nebo jen jejich ¢ast ve formé chromozomalni
mozaiky (napft. 45,X/46,XX nebo 45,X/46,XiXq). Vyjimecné byva pritomen Y
chromozom (45,X/46,XY) nebo jeho ¢ast.

Na zakladé 1dajlii z Danského cytogenetické centrdlniho registru,
prevazuji pfi prenatdlni diagnostice jedinci skaryotypem 45X, postnatalné
nartista prevalence mozaikovych forem TS (Gravholt et al, 1996; Gunther et al,
2004; Mortensen et al, 2012). Diky modernim molekuldrné-genetickym
metodam, napf. fluorescen¢ni in-situ hybridizaci (FISH), dochazi k identifikaci i
nizkoprocentnich mozaik, které diive nemohly byt diagnostikovany (Wiktor et
al, 2004; Freriks et al, 2013). Tyto nalezy stale vice davaji za pravdu jiz témér 20
let uvadénému predpokladu, Ze monozomie X neni slucitelnd s postnatalnim
Zivotem a Ze se tedy vZzdy jednd o mozaiku s minimalnim podilem normalni
bunécné linie (Férnandéz et al.,, 1996, Hook et al, 2014). Nizkoprocentni mozaiky
s nendpadnymi fenotypickymi projevy jsou pak casto diagnostikovany u
pacientek lécenych pro neplodnost, kterd miize byt jedinym ptiznakem TS

(Capkovd et al,, 2004; Kldskovd et al,, 2014).



Za pricinu vzniku typického fenotypu TS je povazovana haploinsuficience
genll v pseudoautozomalnich oblastech X chromozomu (Zin et al, 1998). Za
fyziologickych okolnosti je u zdravych Zen plné funké¢ni jen jeden X chromozom.
Proces zabranujici dvojnadsobnému tcinku geni se nazyva X-inaktivace. Nékteré
geny v tzv. pseudoautozomalnich oblastech chromozomu X (PAR) ale inaktivaci
nepodléhaji a chovaji se jako geny na autozomech (probiha mezi nimi klasicky
crossing-over). Pro jejich spravnou funkci je tedy nezbytna pritomnost
maternalni i paternalni alely. Tyto geny tvori 30 % kratkého raménka X
chromozomu - pseudoautozomalni oblast 1 (PAR1) a 3 % dlouhého raménka X
chromozomu - pseudoautozomalni oblast 2 (PAR2). Ztrata jedné alely
pseudoautozomalniho genu z PAR 1 nebo PAR 2 vede ke klinickym ptiznakiim
TS. DalSim mechanismem vlivu haploinsuficience genti na X chromozomu
na fenotyp TS je genomicky imprinting, ktery vychazi z parentdlniho ptvodu
intaktniho X chromozomu.

K nejvyznamnéjsim pseudoautozomdlnim gentim v PAR 1 patii Short
stature HOmeoboX (SHOX) gen, ktery se exprimuje v ristovych zénach dlouhych
kosti. Haploinsuficience SHOX genu se projevuje dysproporciondlnim malym
vzristem a typickymi kostnimi odchylkami (napt. Madelungova deformita, kratsi
metakarpy, odlisné utvarena dolni Celist a kiistky stifedniho ucha, apod.). DalSim
vyznamnym genem je lymfogenni gen. Jeho haploinsuficience zptsobuje
abnormalni utvareni lymfatického systému a vznik vrozenych srdecnich vad
(VSV). Kritické misto zodpovédné =za vyvoj lymfatického systému
pravdépodobné leZzi vlokusu Xpl1l.4 v pseudoautozomalni oblasti PAR1
mezi geny pro monoaminooxidazu a genem pro Duchennovu muskularni

dystrofii (Obr. 1) (Boucher et al, 2001).



Obrazek 1. Schéma chromozomu X s predpokladanou lokalizaci lymfogenniho
genu v pseudoautozomalni oblasti 1 (upraveno podle Gardner et al.,, 2000).
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Zavéry novych studii potvrzuji vyraznou korelaci vyskytu VSV
s konkrétnim karyotypem (Mortensen et al,, 2012; Bispo et al,, 2013). U pacientek
s chromozomalni mozaikou je niZsi nez u karyotypu 45,X a jejich progndza se tak
jevi po strance kardiovaskularniho rizika priznivéjsi. Vyznamnym faktorem je
rovnéZ vySe procentudlnitho zastoupeni patologické monozomické linie (EI-
Mansoury et al., 2007).

Pfesné stanoveni Kkaryotypu je nezbytné pro urceni soucasného
i budouciho kardiovaskularniho rizika. Vysledky cytogenetického vysSetreni jsou
ovlivnény radou faktort, jako je pocet analyzovanych mitéz nebo typ tkané, z niz
byl karyotyp vySetren (lymfocyty periferni krve, epitelie bukalni sliznice, koZni
fibroblasty, ovariadlni tkan, apod.) (Azcona et al, 1999). Citlivymi metodami
zavedenymi do rutinni praxe se v poslednich letech staly fluorescen¢ni in-situ
hybridizace (FISH) a kvantitativni fluorescentni polymerazova retézova reakce
(QF-PCR) (Freriks et al, 2013). Podil mozaikovych forem TS se pohybuje od 34 %
pti pouziti klasickych cytogenetickych metod, pres 60 % pri pouZiti FISH analyzy
po 74 % pri stanoveni karyotypu PCR metodou (Binder et al,, 1995).



1.3. Klinické projevy Turnerova syndromu

K fenotypickym znakim TS patfi mala postava, dysgeneze gonad a
pozustatky fetdlniho lymfedému jako jsou kozni duplikatury po stranach krku
(pterygium colli) (Obr. 2, 3), nizkd vlasova hranice (Obr. 4), Siroky hrudnik
s oddalenymi hypoplastickymi bradavkami (Obr. 5) a postnatalni lymfedém na
dorzech rukou a na nartech (Obr. 6) (Turner, 1938).

Obrazek 2. Pterygia colli u novorozence (upraveno podle Gardner et al., 2000).

Obrazek 3. Typicka facidlni stigmatizace a pterygia colli u divky s TS (upraveno
podle Gardner et al., 2000).




Obrazek 4. Nizka vlasova hranice u divky s TS (upraveno podle Gardner et al,
2000).

Obrazek 5. Stitovity hrudnik s oddalenymi hypoplastickymi bradavkami
u pacientek s TS (upraveno podle Gardner et al., 2000).

Obrdzek 6. Lymfedém na dorzu ruky na nartu u novorozence s TS (upraveno
podle Gardner et al.,, 2000).

Pro TS je typickd také vysoka incidence vrozenych rendlnich a
kardiovaskuldrnich vad. Nositelky TS nemaji mentdlni retardaci s vyjimkou
pacientek s ring chromozomem. Typické priznaky TS a jejich cetnost uvadi

tabulka 1.



Tabulka 1. Klinické priznaky a jejich frekvence u divek s TS (udaje jsou cerpdny
z vice literdrnich zdroji, proto jsou uvddeény jako rozptyl).

Priznak Frekvence

Rist 98 - 100 %
- intrauterinni ristova retardace,

- ristové opozdéni v détstvi a dospivani,
- sniZeni dospélé vysky.

Gonady 95-98%
- gonadalni dysgeneze.

Krk 80 %

- pterygia colli,

- kratky krk s nizkou vlasovou hranici.

Hrudnik 75 %

- rozloZzity s vétsi vzdalenosti hypoplastickych bradavek.

KiZe, podkoZzi a kozni adnexa 60-79 %
- lymfedémy,

- pigmentové névy,
- hypertrich6za, miskovité nehty.

Usi 40-59%
- deformované boltce,
- chronicky zanét stiredousi,

- nedoslychavost.

0¢i 20-39 %
- ptézavicek, epikantus, strabismus, myopie.

Skelet 40-59 %

- cubiti valgi, Madelungova deformita,

- zkracené metakarpy a metatarzy (zvlasté IV.),

- osteoporoza,

- skolidza, hypoplasticka dolni Celist, gotické patro,
- vadna zubni sklovina.

Srdce a velké cévy 23-26%

- koarktace aorty, bikuspidalni aortalni chlopen, (podle

- aneurysma aorty. echokardiograf.
vySetreni)

Ledviny 40-59%

- podkovovita ledvina, abnormity rendlnich cév,
- dystopie ledviny, vady ledvinnych panvicek a uretert.

Autoimunitni choroby

- Hashimotova tyreoiditida, 35-60%

- celiakie, 8-10%

- nespecifické strevni zanéty, vitiligo. 2-4%

Porucha glukézové tolerance 38 % (dospélé Zeny)




Stanoveni diagnézy TS obvykle necini potiZe u pacientek, které maji
napadné Kklinické projevy (zejména u karyotypu 45,X). Existuje ale i TS
s minimalnimi symptomy, jehoZ jedinym projevem muze byt kromé nevyrazné
ristové retardace porucha menstruacniho cyklu, pred¢asné ovarialni vyhasnuti
nebo poruchy plodnosti. Jsou to predevsim pacientky s deleci dlouhého raménka
chromozomu X (Wyss et al, 1982) nebo s minoritni chromozomalni mozaikou
(Meschede et al.,, 1998; Homer et al,, 2010). Diagnéza TS byva casto stanovena aZz
v dospélosti, kdy je u nich vySetfen karyotyp v centru asistované reprodukce
(IVF), kam prichazeji k1é¢bé sterility (Gekas et al. 2001; Capkovd et al, 2004).
[ vramci jednotlivych Kkaryotypli je zrejma velkd fenotypova variabilita

(Obr. 7, 8).

Obrazek 7. Variabilita fenotypu u dvou pacientek se shodnym karyotypem 45,X.

Copyright FN Olomouc)

Obrazek 8. Variabilita fenotypu u dvou pacientek se shodnym karyotypem 45,X.

(Copyright FN Olomouc)
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1.4. Kardiovaskularni projevy Turnerova syndromu

PostiZeni kardiovaskuldrniho systému patii mezi nejcastéjsi vady u TS
(Prandstraller et al, 1999; Prandstraller et al, 2009; Gravholt, 2004; Gravholt,
2008), které jsou priCinou vysoké morbidity a pred¢asné mortality (Lin et al,
2007; Sybert 1998) se zkracenim predpokladané délky Zivota nejméné o 13 let ve

srovnani s béZnou Zenskou populaci (Stochholm et al., 2006).

Obrazek 9. Kaplan-Meierova kiivka kumulované mortality v zavislosti
na karyotypu (upraveno podle Stochholm et al.,, 2006 ).
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1.4.1 Vrozené srdecni vady

VSV zpravidla asociované s hydropsem plodu (Obr. 10) jsou piicinou
spontanniho potratu v prvnim trimestru u vice nez 99 % plodt s TS (Hook et al,
1983; Barr et al, 2002; Surerus et al, 2003). Tomu odpovida i rozdilnad prevalence
TS diagnostikovaného prenatalné a postnatalné. Cytogenetické studie prokazaly,
ze se TS vyskytuje priblizné u 1 z 200 koncepci, ale jen u 1 z 2000 Zivé

narozenych novorozenci Zzenského pohlavi (Miyabara et al,, 1997).

Obrazek 10. Hygroma colli cysticum v 1. trimestru gravidity u plodu
s Turnerovym syndromem - ultrazvukovy obraz a obrazkové schéma (upraveno
podle Gardner et al., 2000).

42 days' gestation

Jugular lymph sac

Retroperitoneal sac

Cystorna chyli

(Copyright FN Olomouc)

Pri¢ina vysokého vyskytu VSV u TS je Siroce diskutovana (Ranke et al,
2001; Ogata et al, 2001; Boucher et al.,, 2001; Vilkl et al., 2005; Bondy et al.,, 2013).
Dodnes akceptovanou hypotézu, zZe vznik VSV u TS je zplsoben pozdnim
vyvojem nebo zcela chybéjici drenaZi mezi ductus thoracicus a jugularnimi
a podklickovymi vénami, vyslovil vroce 1984 Clark (Clark, 1984). Hromadici
se lymfa rozSifuje mizni systém v zadnich a bocnich oblastech krku a vytvari
tzv. hygroma colli cysticum (Obr. 11). Generalizovany lymfedém zhorSuje
vendzni navrat ksrdci a utlacuje vytokovy trakt levé komory. Disledkem je

srdec¢ni selhani s naslednym intrauterinnim umrtim plodu.
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Obrazek 11. Abnormalni vyvoj lymfatického systému u nositelek Turnerova
syndromu (upraveno podle Gardner et al., 2000).

Site of entry of lymphatic ducts

— Left subclavian
. vain

Lymphatic system /(;\

[ | _*._l
!..\l"'-" S
L

hy '

— Left internal
pagular wein
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U viabilnich plodi dochazi béhem prvniho trimestru téhotenstvi
v disledku zvysSeného tlaku lymfy na vytokovy trakt levé komory Kk redukci
pritoku krve levostrannymi srdecnimi oddily a ke vzniku predevs$im
levostrannych VSV (Van Engelen et al, 2014). Clarkovu teorii podporuji nalezy
autord, ktefi prokazali, Ze jedinci s ndpadnymi dysmorfickymi rysy maji vyrazné
vys$Si riziko vzniku VSV (Mazzanti et al, 1998; Loscalzo et al, 2005; Bondy, 2008;
Bispo etal., 2013).

Asociace mezi lymfedémem a VSV miize byt rovnéz zplsobena
haploinsuficienci dvou nezavislych geni, které jsou uloZeny blizko sebe
na chromozomu X. Kritické misto na chromozomu X zodpovédné za vznik VSV
se pravdépodobné nachazi na kratkém raménku chromozomu X v lokusu Xp 11.4
v PAR 1 (Boucher et al,, 2001). Nedavno byla publikovana prace, ktera prokazala
vysokou prevalenci bikuspidalni aortalni chlopné (BAV) a koarktace aorty (CoA)
u pacientek s deleci kratkého raménka chromozomu X (Bondy et al, 2013).

V souladu s touto teorii je rovnéz asociace myxomatézniho postiZeni aortalni
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chlopné s mutaci genu pro filamin A (FLNA) na kratkém raménku chromozomu X
(Kyndtetal, 2007).

Spektrum vrozenych srdec¢nich anomalii je Siroké a postihuje zejména
syndrom hypoplastického levého srdce, ktery byva vétSinou zachycen
pii prenatdlnim echokardiografickém screeningu a ma velmi nepfiznivou
prognozu. NejcastéjSimi srdeCnimi vadami v postnatalnim obdobi jsou BAV, CoA
a dilatace ascendentni aorty (AoDil) (Bondy, 2008; Sachdev et al, 2008). Méné
znamé je, Ze pacientky s TS maji napadné vyssi vyskyt parcialniho anomalniho
navratu plicnich zil (PAPVD) (13 %) a perzistujici levostranné horni duté Zily
(LSVC) (13 %). Z recentnich studii vyplyva, Ze pokud zahrneme i anatomickeé
anomalie, jako jsou PAPVD, LSVC nebo elongace transverzalniho aortalniho
oblouku, priblizné 50 % nositelek TS ma prokazatelnou VSV.

Detekce VSV byla v minulosti vyrazné limitovina omezenou moZnosti
transtorakalniho echokardiografického vySetfeni v duasledku zhorSené
viditelnosti zplisobené neobvyklou architekturou hrudniho koSe, ktera je
pozustatkem fetalniho lymfedému a Casto se vyskytujici obezitou nositelek TS.

Alternativu k nedostate¢né senzitivni transtorakalni echokardiografii
predstavuji jicnova echokardiografie a magnetickd rezonance (MRI) srdce
a velkych cév. Zatimco jicnova echokardiografie je vyuZivana v pediatrii
minimalné vzhledem ke své invazivité a potrebé analgosedace, MRI naopak
umoznuje spolehlivé a neinvazivné zobrazit srdce a hrudni aortu, a zejména
spolehlivé stanovit morfologii aortalni chlopné i u pacientek, které nejsou
spolehlivé echokardiograficky vysetritelné (Ilyas et al, 2006; Sachdev et al., 2008;
Cleemann et al, 2010; Mortensen et al, 2011; Mortensen et al., 2011; Gutmark-
Litte et al, 2013; Kneppo et al, 2014). Prti vyuziti MRI byla azZ u 7 % dospélych
pacientek zjisténa dosud asymptomatickd CoA. Podle vysledkii studie Ho
a spolupracovnikii mé az 50 % pacientek s TS pri vySetfeni MRI diagnostikovanu

néjakou VSV (Ho et al.,, 2004).
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1.4.1.1 Bikuspidalni aortalni chlopen

Nejcastéjsi vrozenou srdecni anomadlii u TS je BAV. RozliSujeme
nasledujici dva morfologické typy BAV, a to:

1. anatomicky BAV, kde je chlopen primarné tvorena dvéma cipy,

2. funk¢né BAV, kde jsou pritomny tfi cipy s iplnou nebo ¢astecnou fuzi

jedné z komisur.
Pokud je faze komisur u funkcéné bikuspidalni chlopné neuplna, je chlopen
hodnocena jako parcialné bikuspidalni. Vzhledem k tomu, Ze pfitomnost ,raphe”
u funk¢éné BAV miize vést v diastole k mylné diagnoze trojcipé aortalni chlopné,
je nezbytné hodnotit morfologii aortalni chlopné v systole pfi Uplném otevieni

chlopné (Obr. 12, 13, 14).

Obrazek 12. Nativni MRI obraz normalni trojcipé aortalni chlopné v systole (A -
aortdlni chlopen, sSipka ukazuje na tiplnou separaci vSech tri cipti aortdlni chlopné).

-

(Copyright FN Olomouc)
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Obrazek 13. Nativni MRI obraz anatomicky bikuspidalni aortalni chlopné
v systole (A - aortdlni chlopern, Sipka ukazuje na tipInou separaci obou cipti
aortdlni chlopné).

(Copyright FN Olomouc)

Obrazek 14. Nativni MRI obraz parcialné bikuspidalni aortalni chlopné v systole
(A - aortdlni chlopen, Sipka ukazuje na netuplnou separaci pravého a levého
korondrniho cipu aortdlni chlopné - tzv. ,raphe”).

(Copyright FN Olomouc)
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Pro TS je typickd tzv. funkéné bikuskupiddlni aortdlni chlopen
s anatomicky zaloZenymi tfemi cipy, ale s parcidlni nebo kompletni fazi dvou
cipi. U vétSiny pacientek se setkdvame s tzv. anterio-posteriorni konfiguraci
zplisobenou netplnou separaci pravého a levého koronarniho cipu. Pridatnymi
nalezy mohou byt diastolicky aortdlni doming chlopné (tj. prolaps aortalni

chlopné), ztlusténi cipi, piripadné stendza nebo regurgitace na chlopni.

Prevalence BAV uTS byla v minulosti podhodnocovana (Sybert, 1998;
Gotzsche et al, 1994; Mazzanti et al, 1998; Ho et al, 2004; Volkl et al, 2005),
zejména proto, Ze u témér 40 % pacientek s TS nelze spolehlivé vizualizovat
morfologii aortalni chlopné pti transtorakdlnim echokardiografickém vySetieni.
MRI srdce umoZiiuje v soucasné dobé stanovit jeji skutecny vyskyt. Zatimco jeji
prevalence v béZné Zenské populaci byla stanovena na 1,9 pripadd na 1000 zivé
narozenych dévcatek (Tutar et al,, 2005), v neselektované populaci 250 Zen s TS
byla diagnostikovana BAV u 30 % pacientek. Pii kombinaci echokardiografie
a MRI je mozZné stanovit morfologii aZ u 99 % aortalnich chlopni (Sachdev et al,

2008).

BAV je vyznamnym rizikovym faktorem pro disekci aorty (DisAo), at’ uz
se jedna o anatomicky nebo funkéné bikuspidalni chlopen. Bylo zjiSténo, Ze Zeny
s BAV maji signifikantné vétsi rozmér aorty na trovni aortalniho anuluy, sint,
sinotubularni junkce a maji i vétsi primér ascendentni aorty (Matura et al, 2007;
Hjerrild et al, 2010; Mortensen et al, 2011). BAV také predisponuje k rozvoji
casnych degenerativnich zmén aortalni chlopné, ke vzniku kalcifikaci a nasledné
aortalni sten6zy. U dospélych Zen s TS je mozZné detekovat aortalni sten6zu
u 4 -16 %, aortalni insuficienci u 6 - 45 % pripadi (Mortensen et al, 2012). BAV
je rovnéZz zvySené ohroZena rozvojem bakteriadlni endokarditidy ve srovnani

s normalni trojcipou chlopni.
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1.4.1.2 Koarktace aorty a jiné abnormality aortalniho oblouku

U pacientek s TS se napadné casto vyskytuji vrozené abnormality hrudni
aorty. Se zavadénim kardiovaskularniho screeningu u TS a rozvojem MRI
angiografie lze azZ u 50 % nositelek TS detekovat anomalie aortalniho oblouku,
¢asto obtiZné rozpoznatelné echokardiograficky (Ho et al.,, 2004).

Nejznaméjsi je asociace TS s CoA. Jeji prevalence je udavana u divek a Zen
s TS mezi 7 - 18 % (Sybert, 1998; Gatzsche et al, 1994; Mazzanti et al, 1998;
Ho et al, 2004; Volkl et al, 2005; Bondy, 2008; Kim et al,, 2011) ve srovnani s jejim
vyskytem v bézné populaci, kde se vyskytuje v priméru u 0,33 z 1000 Zzivé
narozenych novorozencil (Samdnek et al, 1999). Ke CoA je u vice neZ poloviny
pacientek pridruzena BAV, ptriCemz obé vady patii mezi zavazné rizikové faktory
pro aortalni disekci (Roos-Hesselink et al., 2003).

Kriticka CoA byva zpravidla diagnostikovana pod obrazem kritické VSV
v novorozeneckém nebo kojeneckém véku na podkladé Kklinickych piiznaki
(srdecni selhani, Spatné hmatné pulzace na femoralnich arteriich). Naopak
u pacientek s CoA s mohutnym kolateralnim obéhem je klinicky obraz casto
velmi diskrétni a koarktace byva diagnostikovana v pozdéjsim véku, neziidka
i v dospélosti. Arteridlni hypertenze (AH), jako jeden zklicovych symptomd,
nemusi byt pritomna, echokardiograficky gradient na CoA je diky kolateralnimu
obéhu nizsi, nez odpovida mire zizeni. Jedinym klinickym priznakem CoA miize
byt mirné oslabeni pulzace na femoralnich arteriich a opoZdéni pulzové viny
na arteria femoralis ve srovnani s arteria radialis. Se zvySenou dostupnosti
vySetreni pomoci MRI se setkavame s nové diagnostikovanymi pripady klinicky
némych CoA i po desatém roce Zivota (Obr. 15), které jsou rovnéz vysoce rizikové

z pohledu predcasné mortality.
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Obrazek 15. Nativni MRI hrudni aorty - koarktace aorty v oblasti aortalniho
istmu diagnostikovana u dospélé asymptomatickeé pacientky s TS s karyotypem
45,X (Sipka ukazuje na misto CoA v oblasti aortdlniho istmu).

(Copyright FN Olomouc)

Kazuistika

Pacientka s TS ve véku 31 let byla odesldna ke kardiologickému vysetieni se
zamérenim na kardiovaskuldrni riziko pred pldnovanou graviditou z centra asistované
reprodukce. Pred rokem prodélala jeden netispésny pokus o in-vitro fertilizaci (IVF)
vjiném centru. Subjektivné byla bez potiZi, bez dyspnoe, uddvala normdlini fyzickou
vykonnost. Kromé hormondini substituce pro hypergonadotropni hypogonadismus
pri dysgenezi ovarii neuZivala Zddné Iéky.

V rodinné anamnéze pacientka uddvala arteridlni hypertenzi u své matky. Z osobni
anamnézy vyplyvalo, Ze ve ctyrech letech byla operovdna pro ileézni stav pri volvulu
tenkého streva. V 6 letech byla vysetrena pro progredujici riistovou retardaci
v endokrinologické ordinaci a byl ji diagnostikovdn TS (karyotyp 45,X). V souladu
s platnymi indikacemi byla lé¢ena somatotropnim hormonem a dosdhla dospélé vysky
vpdsmu 3. - 10. percentilu norem Ceské populace. Vzhledem k prokdzané gonaddlni
dysgenezi méla indukovanou pubertu, od 14 let pri kombinované estrogen-gestagenni
lécbé pravidelny menstruacni cyklus. Neméla prokdzdnu Zddnou vadu urotraktu ani
asociované autoimunitni onemocnéni. V 19-ti letech byla preddna na endokrinologické
pracoviste interni kliniky. V priibéhu détstvi nebyl zachycen Selest, nikdy nebyla vysetiena
kardiologem.

Pri klinickém vysetreni byl zrejmy typicky fenotyp provdzejici TS: Siroky krk
s nizkou vilasovou hranici, niZeji posazené usni boltce, Sirsi hrudnik. Pacientka byla vysokd
156 cm (-2,1 SDS), body mass index méla 20,1 kg/m? (-0,81 SDS). Auskultacnim vySetienim
byl slysitelny systolicky Selest o intenzité 2/6 s maximem pri levém hornim okraji sterna,
byla lehce oslabend pulzace na femordlnich arteriich. Arteridlni tlak byl v pdsmu
normotenze 115/80 torri, na hornich koncetindch byl systolicky tlak o 10 torri vyssi
neZ na koncetindch dolnich. Ostatni fyzikdIni ndlez byl bez abnormalit.
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Na EKG méla sinusovy rytmus o frekvenci 97 pulzii za minutu, snormdini
morfologii a voltdzZi QRS komplexu a normdlni repolarizaci véetné délky QT intervalu (430
ms).

Pri transtorakdlnim echokardiografickém vysSetieni byla konstatovdna velmi
Spatnd viditelnost pro nedostatecné akustické okno. Byla zobrazena ztlustéld aortdlni
chloperi s aortdini regurgitaci 1. stupné. Ndlez na hrudni aorté byl zcela neprehledny,
nebylo moZno zhodnotit morfologii aortdlni chlopné ani toky v aortdInim oblouku.
Vzhledem k velmi obtiZné vySetritelnosti byla indikovdna MRI srdce a velkych cév, kterd
odhalila dosud asymptomatickou bikuspiddIni aortdlni chloperi, koarktaci aorty a dilataci
ascendentni aorty nad 95. percentilem. Rozmér ascendentni aorty byl hodnocen podle
parametru nazyvaného ,aortic size index” (ASI), coZ je priimér ascendentni aorty
na urovni pravé veétve plicnice vztaZeny k télesnému povrchu. O dilataci mluvime, pokud je
ASI > 90. percentil, tj. > 2,0 cm/mZ. Pacientka méla ASI 2,4 cm/m?2.

Kardiochirurgické konzilium po domluvé s pacientkou doporucilo konzervativni
postup s prisnou monitoraci krevniho tlaku a dispenzarizaci na kardiologickém pracovisti
zabyvajicim se vrozenymi srde¢nimi vadami v dospélosti. Z kardiologického hlediska byla
gravidita u této pacientky kontraindikovdna pro vysoké riziko mater'ské morbidity
a mortality.

1.4.1.3 Parcialni anomalni navrat plicnich Zil, perzistujici levostranna
horni duta zila

Parcidlni anomalni navrat plicnich Zil byl v ére pired zavedenim MRI do
rutinni praxe diagnostikovan zcela raritné (van Wassennaer et al,, 1988; Bechtold
et al, 2004). V soucasnosti je detekovan pii MRI studiich pfriblizné u 13 - 15 %
pacientek sTS (Ho et al, 2004, Kim et al, 2011). BAV spolu s parcialnim
anomalnim navratem plicnich Zil patii mezi vady s nejvy$$im relativnim rizikem
vyskytu ve srovnani s béZnou populaci. PAPVD je klinicky vyznamny priblizné
u 50 % pripadt, avsak klinicky se ¢asto manifestuje az béhem dospivani nebo
v dospélosti (Bondy, 2008).

Prevalence perzistujici levostranné horni duté Zily se pohybuje pri MRI
vySetieni mezi 7,8 - 13,0 % (Ho et al, 2004; Kim et al, 2011). Vada zpravidla
nezpisobuje zZadné klinické potize, ale mize komplikovat pokusy o zavedeni
centralniho Zilntho pristupu nebo o pravostrannou srdecni Kkatetrizaci,

napf. pred kardiochirurgickym vykonem.
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1.4.2 Dilatace hrudni aorty

Jednim z nejzavaznéjSich rizikovych faktori pro disekujici aneurysma
aorty u TS je AoDil. Pric¢inou je zfejmé primarni postiZeni pojiva, pro které
svédci nizky vék manifestace, zhorSeni v priibéhu gravidity a histologicky obraz
cystické medionekrozy. Ztéchto divodi je TS porovnavan se syndromem
Marfanovym (Lin et al, 1998) a Loewysovym-Dietizovym, které patri mezi TGF-3
protein-related (tranforming growth factor [) aortopatie (Jones et al, 2010).
[ kdyzZ se jedna o rtizna geneticky podminéna onemocnéni postihujici pojivovou
tkan, vSechna zrejmé vedou riznymi cestami k narusSeni signalni drahy
pro TGF-B protein, ktery hraje klicovou roli pti syntéze fibrilinu 1 v arterialni
sténé. Defekt fibrilinu 1 zplisobuje poruchu tvorby kolagenu a jinych
glykoproteint tvoricich elastickd vlakna, ztratu elasticity stény velkych cév
a progresivni dilataci aortalniho korene a ascendentni aorty. Bude-li tento
mechanismus vzniku poSkozeni pojiva u TS potvrzen, bude mit vyznamny
terapeuticky dopad. Losartan a nékteré dalsi nové léky pisobici jako antagonisté
pro TGF-f by mohly byt vyuzity v prevenci i 1écbé aortopatie u uvedenych
syndromu.

Prevalence AoDil je udavana 15 - 30 % divek a Zen s TS. Pro jeji presné
stanoveni v populaci TS jsou rozhodujici dva faktory - misto méreni rozméri
aorty (anulus aortalni chlopné, bulbus aorty, sinotubularni junkce, ascendentni
aorta) a pouzita zobrazovaci metoda. V jedné z prvnich MRI studii byl stanoven
vyskyt AoDil pti méfeni aortalniho anulu na 16 % ve srovnani s 33 % pii méreni
ascendentni aorty. Bylo prokazano, Ze nejvice postiZenou c¢asti aorty je jeji
ascendentni ¢ast (Ostberg et al., 2004; Ostberg et al., 2006; Cleemann et al.,, 2010).

Ze zobrazovacich metod se vsoucCasné dobé stala zlatym standardem
pro detekci AoDil MRI velkych cév (Ostberg et al, 2004; Cleemann et al,, 2010;
Mortensen et al, 2010). Jejimi vyhodami jsou:

1. vysoka presnost méreni ve srovnani s transtorakalni echokardiografii,
2. neinvazivita ve srovnani s jicnovou echokardiografii,

3. nulova radiacni zatéz ve srovnani s CT angiografii.

Zavedeni MRI do rutinni praxe vedlo k dramatickému zvyseni detekce AoDil u TS

(Chalard et al, 2005; Matura et al, 2007; Bondy, 2008; Kneppo et al, 2014)
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ve srovnani spredchozim obdobim, kdy byla pouZivaina vyhradné
echokardiografie (Lin et al,, 1998; Mazzanti et al., 1998).

Zasadnim problémem u TS je definice AoDil. Rozmér ascendentni
a descendentni hrudni aorty métfime pii MRI vySetieni na Urovni pravé vétve
plicnice (Obr. 16). Pti hodnoceni rozméra hrudni aorty je nutné zohlednit fakt,
ze populace divek a Zen s TS je malého vzriistu a vétSina znich ma sklon
k obezité. Posuzovani absolutnich hodnot naméfenych rozméri aorty
podle norem pro dospélou populaci by vedlo u pacientek sTS na rozdil
od jedinct s Marfanovym syndromem k poddiagnostikovani AoDil (Maureira et
al, 2012). Rovnéz nelze pouzit recentni pediatrické normy vztaZené k télesnému
povrchu (Gautier et al, 2010), protoZe dospély jedinec malého vzrlistu nema
stejné antropometrické charakteristiky jako dité a rozmér aorty je navic

determinovan i vékem.

Obrazek 16. Nativni MRI hrudni aorty - axialni ez na drovni pravé vétve
plicnice (AscAo - ascendentni aorta, DescAo - descendentni aorta).

DescAo

(Copyright FN Olomouc)

Jako prvni se khodnoceni AoDil zacal pouzivat pomér priméru
ascendentni a descendentni aorty (AscAo/DescAo ratio) na Urovni pravé vétve
plicnice. Tato metoda vychazi z predpokladu, Ze dilatace postihuje vyhradné

ascendentni aortu a rozmér descendentni aorty je normdalni. Za signifikantni
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AoDil, tj. 95. percentil, byl povazovan pomér = 1,5 (Ostberg et al, 2004).
Nevyhodami tohoto parametru jsou nizka specificita pro stanoveni rizika DisAo
a nedostatecna korelace 95. percentilu pro AscAo/DescAo ratio a aortic size
indexu (Obr. 17).

V soucasné dobé je AoDil u TS posuzovana podle indexovaného aortalniho
rozméru (ASI - aortic size index - indexovany primeér aorty), coz je primér
ascendentni aorty vztazeny k télesnému povrchu (Davies et al, 2006).
Za 95. percentil byla u pacientek sTS stanovena hodnota 2,0 cm/m?2
a za 99. percentil 2,5 cm/m2. Tato metoda ma vyS$i senzitivitu i specificitu
pro predikci aortdlni disekce ve srovnani s Asc/DescAo ratio. Dospélé Zeny
s ASI > 2,5 cm/m? mély v jedné prospektivni studii 33% riziko aortalni disekce

v pribéhu tii let (Matura et al.,, 2007).

Obrazek 17. Korelace 95. percentilii AscAo/DescAo ratio a ASI (95. percentil

pro AscAo/DescAo ratio je zobrazen vertikdIni ¢arou na urovni 1,5; 95. percentil
ASI odpovidd na horizontdlni linii hodnoté 2,0 cm/mZ. Pouze u 16 % ze 166
dospélych Zen s TS koreluji 95. percentily u obou metod hodnoceni AoDil. Upraveno
podle Bondy, 2008.).
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Predmétem dalSiho vyzkumu je reSeni problému, jestli ma AoDil u TS
progresivni charakter. Pri tfiletém echokardiografickém sledovani 78 divek
a Zen s TS byla prokazana pomala progrese AoDil na vSech urovnich (Lanzarini

et al, 2007). K verifikaci tohoto nalezu budou nutné dalsi longitudinalni studie,
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které by meély prispét k reSeni otazky nacasovani preventivniho chirurgického

zakroku u pacientek se signifikantni AoDil (Silberbach, 2006).

1.4.3 Arterialni hypertenze

Prevalence arteridlni hypertenze (AH) je u TS neobvykle vysoka.
Projevuje se jako zvySeni hodnot systolického a/nebo diastolického tlaku,
ale i jako ztrata fyziologického diurnalniho rytmu bez signifikantniho noc¢niho
poklesu krevniho tlaku (Landin et al, 2001; Gravholt et al, 2006; Turtle et al,
2013; Akyiirek et al,, 2014). K odhaleni naruseného diurnalniho profilu je nutné
pouzit 24-hodinové ambulantni monitorovani krevniho tlaku (ABPM).

Ve skupiné 75 pacientek ve véku 54 - 22,4 roki byla pfi ABPM
diagnostikovana systolicka hypertenze u 21 % a diastolicka hypertenze u 17 %
pacientek. U 57 % nebyl pritomen fyziologicky pokles no¢niho tlaku o vice nez
10 %, cirkadidnni rytmus byl podobny jako u pacienti se sekundarni AH
(Nathwani et al., 2000). V recentni studii byla diagnostikovdna AH u 22 % divek
pii pouZiti ABPM, ale jen u 4,4 % pti jednorazovém meéreni (Fudge et al, 2014).
V dospélosti ma AH 40 - 50 % Zen s TS, pricemz vyskyt AH stoupa s vékem,
s BMI, s pritomnosti abnormalni morfologie aortalniho oblouku a s vyskytem
renovaskuldrnich vad (Gravholt et al,, 1998; Nathwani et al.,, 2000; Elsheikh et al.,
2001; De Groote et al, 2014).

AH patti k rizikovym faktortim pro vznik AoDil a DisAo. V danské studii
byla diagnostikovana AH u 25 % pacientek s AoDis (Gravholt et al,, 2006). V dalsi
skupiné 85 pacientek s DisAo byl u 65 z nich znam krevni tlak. Z téchto 65 Zen
s TS mélo signifikantni AH 54 %, vétSinou jen mirného stupné (Carlson et al,
2007). Z tohoto divodu je u nositelek TS nutna prisna farmakologicka a reZimova
kontrola AH. Léky prvni volby jsou [-blokatory a ACE inhibitory (Bondy, 2007;
Davenport, 2010).
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1.4.4 Disekce aorty

Nejméné 1,4 % divek a Zen s TS prodéla v priibéhu Zivota zpravidla fatalni
DisAo (Gravholt et al, 2006). Riziko akutni DisAo je u Zen v mladSim a strednim
véku nejméné 100-krat vyssi ve srovnani s béZnou populaci. V epidemiologické
studii 3439 Zen s TS bylo prokazano, Ze celkova mortalita byla u TS tfikrat vyssi
nez vbézné populaci. Kardiovaskularni pri¢iny byly zodpovédné za 41 %
narlstu mortality, pricemZ standardni relativni mortalita pro DisAo byla zvysSena
23,6-krat a pro aortalni vadu 17,9-krat. Mortalita narista s vékem (Schoemaker
etal, 2008).

Skandinavska studie potvrzuje, Ze se s DisAo u pacientek s TS setkdvame
ve vyrazné niz$im véku (median 35 let) ve srovnani s béZnou populaci (median
68 let). U TS byla zjiSténa incidence DisAo priblizné 15 ptipadi/100 000
osoborokl u divek mladsich dvaceti let, 73 - 78 piipadi/100 000 osoborokl
u Zen mezi 20. a 40. rokem Zivota a 50 pripadi/100 000 osoborokli u Zen
starSich nez 40 let. Ro¢ni incidence DisAo v bézné populaci byla 6/100 000
osoborokli a median véku pri této komplikaci 71 roki (Gravholt et al, 2006).
Vjiné retrospektivni studii bylo 24 % pripadi DisAo zaznamenano u divek
mladsich 20 let, pficemz vSechny mély BAV nebo CoA (Carlson et al, 2007).

Pravdépodobnost DisAo u TS zvySuji nasledujici rizikové faktory:

1. vék mezi 20 - 40 lety,

2. karyotyp 45/,

3. vyraznd stigmatizace jako pozlstatek fetadlniho lymfedému
(pterygia colli, Stitovity hrudnik),

4. pritomnost VSV (CoA, BAV), AoDil a AH.

U 10 - 25 % Zen s DisAo vsak nebyl Zadny z rizikovych faktorii nalezen (Price
et al, 1986; Bondy, 2008; Carlson et al, 2007). Z tohoto divodu je TS povazovan
za samostatny rizikovy faktor pro DisAo i bez piitomnosti jinych faktort.

Dvé tretiny pripadi DisAo u TS zacinaji na ascendentni aorté (typ A podle
Stanforda) a jedna ti‘etina na aorté descendentni (typ B podle Stanforda). Casto
je pritomna proximalni ruptura aortalni stény s ndslednym hemoperikardem
a srde¢ni tamponadou. Pri autoptickém vySetreni byva zpravidla nalezena

cysticka medionekréza (Obr. 18) (Carlson et al.,, 2007; Gravholt et al., 2006).
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Obrazek 18. Cysticka medionekréza ascendentni aorty u pacientky s DisAo
(barventi alcidnovou modri, modré oblasti odpovidaji cystické medionekroze,
zvétseno 100x; upraveno podle Pleskacovd et al, 2010).

DisAo zpravidla nastupuje akutné, je provazena bolesti na hrudi a krku.
Méné typickymi symptomy jsou bolest bricha, pocit paleni na hrudi, bolest zad
nebo zmény fonace v dlisledku trakce nervus laryngeus recurrens. Nespecificka
bolest na hrudi doprovazend vegetativnimi priznaky (tachykardie, bledost,
poceni) u mladé Zeny vede ¢asto k prvotnimu podcenéni symptomu ze strany
pacientky i zdravotnikd a zvySuje jiz tak vysokou mortalitu, kterd presahuje
50 %.

Vzhledem ktomu, Ze DisAo je nejCastéjSi pricinou predcasného umrti
divek a Zen s TS, je nezbytné divku i jeji rodinu preventivné informovat o jejich

varovnych priznacich a umoZnit tak vcasny, zpravidla Zivot zachranujici

terapeuticky zasah.

1.5 Kardiovaskularni rizika Turnerova syndromu v gravidité

Vétsina pacientek s TS je infertilnich. Spontanni gravidita je moZna spisSe
u nizkoprocentnich mozaik TS, a to ve 7,6 - 12,0 % pripadl (Birkebaek et al,
2002; Bryman et al, 2011). V poslednich dvou desetiletich se pro neplodné Zeny
s TS ve vétSiné zemi otevrela realnd moZnost otéhotnéni metodami asistované

reprodukce pomoci darovaného oocytu. Nartstajici pocCet téhotenstvi a Zivé
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narozenych déti u Zen s TS je vSak vykoupen vysokou frekvenci materskych
komplikaci, jako jsou AH, eklampsie a zejména smrtici DisAo (Hovatta et al,
2006).

Matefskd mortalita dosahuje dvou i vice procent (Karnis et al, 2003;
Boissonnas et al., 2010; Chevalier et al, 2011; Hadnott et al, 2011; Hagman et al.,
2013). V metaanalyze 85 pripadi Zen s TS a DisAo bylo sedm pripadi
v souvislosti s graviditou a jen jedna ze sedmi Zen preZila akutni chirurgickou
intervenci (Carlson et al,, 2007). V dal$i sérii 16 pacientek s TS a DisAo byly dvé
téhotné Zeny (Gravholt et al, 2006). ZvySené riziko disekce béhem téhotenstvi
se tyka i vzacnych pripadii spontanni gravidity. Nejvyssi je na jejim zacatku
a v priibéhu tretiho trimestru v diisledku hyperkinetické cirkulace.

Téhotenstvi u TS je doprovdzeno nejen vysokou mortalitou,
ale i morbiditou. V multicentrické retrospektivni studii z obdobi let 1991 - 2010,
ktera cerpala zdatabaze z French Study Group for Oocyte Donatition, byla
v pribéhu 93 gravidit zaznamendna 2 dmrti Zen na rupturu aorty (Chavalier
et al, 2011). Mimoto byla téhotenstvi komplikovana ve 38 % AH, ve 20 %
preeklampsii s AH, ve 4 % zavaznou eklampsii, ve 28 % intrauterinni rtistovou
retardaci plodu a ve 3 % fetadlnim amrtim po 20. tydnu gravidity. Pouze 40 %
gravidit probéhlo bez komplikaci ze strany matky ¢i plodu. Podobna data
vyplyvaji i z novéjsi studie skandinavskych autori (Hagman et al, 2013). 1 dalsi
sledovani gravidnich Zen s TS dokumentuji vysoky vyskyt AH a preeklampsie
v 30 - 60 % (Foudila et al.,, 1999; Bodri et al., 2006).

Informace pacientce a jeji rodiné o moznostech otéhotnéni pomoci IVF
metod by méla byt vidy spojena se sdélenim, zda byly u pacientky zjiStény
rizikové kardiovaskularni faktory pro moznou DisAo béhem gravidity, které jsou
kontraindikaci téhotenstvi. Riziko DisAo lze snizit transferem jediného embrya
ve snaze vyhnout se mnohocetnym graviditAim (Hadnott et al, 2011).
[ pri respektovani vySe citovanych doporuceni je nutno pacientky sTS
pired planovanou graviditou upozornit, Ze i bez znamych rizikovych faktort
mohou byt nositelkami latentni vaskulopatie, ktera se miize manifestovat

az v gravidité pod obrazem DisAo.
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1.6 Nizkoprocentni mozaiky 45,X/46,XX u infertilnich para

Relativné Casty vyskyt chromozomalnich aberaci u neplodnych pari vedl
k zavedeni cytogenetického screeningu do diagnostického algoritmu ve vétSiné
center pro lécbu neplodnosti. V disledku tohoto postupu jsou stale cCastéji
diagnostikovany pacientky s minimalnimi fenotypickymi projevy s vyjimkou
infertility, jejichZ karyotyp 45,X/46,XX odpovida nizkoprocentni mozaice (Voight
et al, 2004). Pri cytogenetickém vySetieni Zen 1éCenych pro sterilitu metodou
intracytoplazmatické injekce spermie do oocytu (ICSI) byla prokazana
chromozomalni aberace u 4,8 % Zen a numerickd gonozomalni odchylka
u 2,77 % (Gekas et al., 2001).

Pojem nizkoprocentni mozaiky nebyl doposud presné definovan.
Spole¢nym diagnostickym znakem pri cytogenetickém vySetireni je priikaz stejné
bunécné linie odpovidajici TS alespon ve dvou mitézach (Sonntag et al, 2001).
Jako hranice pro nizkoprocentni mozaiku byla stanovena piitomnost
10 % a méné (Meschede et al, 1998) nebo 6 % a méné aberantnich linii
v karyotypu (Peschka et al., 1999).

V soucasné dobé je diskutovan klinicky vyznam téchto cytogenetickych
nalezl. Podle nékterych autort lze prokazat i u téchto minoritnich mozaik
signifikantné nizsi vzriist a typickou stigmatizaci (Homer et al, 2010). Data
o prevalenci VSV a riziku kardiovaskularni komplikaci odpovidacich TS, mezi néz

patfi zejména DisAo, chybi a jsou predmétem dalSiho zkoumani.
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1.7 Zavér

U 50 % divek a Zen s TS se vyskytuji kardiovaskularni abnormality, které
jsou nejcastéjsi pricinou jejich morbidity a pred¢asné mortality (Stochholm et al,
2006). Pacientky vyZaduji celoZivotni sledovani kardiologem erudovanym
v problematice TS. I divky bez VSV by mély byt kardiologicky sledovany nejméné
vintervalu jednoho roku. Soucasti vSech kontrol by mélo byt podrobné
echokardiografické vySetreni. Cilem je detekce moZnych vrozenych srdecnich
vad (CoA, BAV), monitorovani AoDil a prisna farmakologicka kontrola pripadné
AH.

MRI srdce a velkych cév je vsouCasné dobé metodou volby pro
diagnostiku VSV a sledovani AoDil. UmozZnuje rozpoznat vady, které byly
vminulosti jen obtizné zjistitelné. MRI vySetfeni je doporuceno provést
v okamZiku, kdy neni nutnad analgosedace (pokud si to stav divky nevyzada
vySetreni drive) a vZdy pred ukoncenim pediatrické péce. U asymptomatickych
pacientek bez znamek AoDil se v soucasné dobé zda byt nejvhodnéjSim pétilety
interval k posouzeni eventudlni zmény. V pripadé patologického nalezu by mély
byt intervaly opakovani MRI kratsi podle zvazeni oSetfujiciho kardiologa.

Vsoucasné dobé je pacientkim sTS a spredfasnym ovaridlnim
vyhasnutim nabizena moZnost otéhotnét pomoci metod asistované reprodukce.
Pred zahajenim lécby metodami IVF je nezbytné podrobné kardiologické
vySetieni. Pokud jsou zjistény rizikové faktory pro DisAo, je gravidita
kontraindikovana, v¢etné vzacnych pripadi spontanniho otéhotnéni u Zen s TS

s rezidudlni funkci vajecnikd.
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2. VLASTNIi PRACE

V Ceské republice byla meznikem v historii TS 90. 1éta minulého stolet,
kdy se plivodné nesystematickd péce o détské a adolescentni pacientky s TS
soustredila do center détské endokrinologie. Postupné byl vytvoren systém
komplexni péce, ktery zahrnuje nejen 1écbu ristové poruchy a gonadalni
dysgeneze, ale i cilené patrani po vrozenych vadach vnitfnich organt
a po ostatnich pridruzenych chorobach.

Rozvoj systematické kardiologické péce o pediatrické pacientky s TS
logicky navazoval na spolupraci s détskymi endokrinology ve specializovanych
centrech, ktera byla vesmés vazana na détské kliniky pri fakultnich nemocnicich.
Multidisciplinarni pristup vyznamné zlepsil kvalitu Zivota divek s TS a nemél
by byt prerusen ukoncenim pediatrické péce, ale zadkonité pokracovat
v ordinacich internistli - endokrinologti, gynekologti - specialistii na hormonalni
substitucni 1écbu a asistovanou reprodukci, a kardiologt.

Nase pracovisté jako prvni v Ceské republice zahajilo systematické
kardiologické sledovani téchto pacientek vCetné MRI srdce a velkych cév.
Od roku 2005 jsou vSechny pacientky s TS v naSi spadové oblasti v péci
endokrinologické ambulance Détské kliniky LF UP a FN Olomouc a jsou zaroven
dispenzarizovany détskym kardiologem. Byla navazana spoluprace s dal$imi
dvéma tercialnimi centry - endokrinologickymi a kardiologickymi ambulancemi
Pediatrické kliniky 2. LF UK a FN Motol v Praze a Kliniky détského l1ékarstvi
LF OU a FNO v Ostrave.

Do algoritmu péce o divky s TS bylo zarfazeno nejméné jedenkrat za rok
komplexni kardiologické vySetfeni vletné transtorakalni echokardiografie.
U vSech divek jsou dale v priibéhu détstvi provedena nejméné dvé MRI vysetieni
srdce a velkych cév - prvni v okamzZiku, kdy je divka schopna MRI vySetreni
absolvovat bez analgosedace, a druhé pii predani z pediatrické péce do péce
kardiologa pro dospélé. V okamZiku predani je pacientka informovana o svém
individualnim kardiovaskuldrnim riziku a o nutnosti podstoupit kardiologické
vySetieni vietné MRI vySetieni srdce a velkych cév pred budouci planovanou
graviditou. Tato informace ji je zaroven preddna v pisemné podobé spolu

s kontaktem na kardiologa specializovaného na péci o dospélé pacientky s TS.
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Prvni vysledky ziskané béhem kardiologické dispenzarizace jsme
analyzovali vroce 2009. Vté dobé jsme méli k dispozici data od 44 pacientek,
u nichZ byl median véku pti diagnéze TS 7,4 roki (rozptyl 0,1 - 16,2), a median
véku pii prvnim kardiologickém vySetieni 12,3 roka (rozptyl 0,1 - 19,0). 86 %
z nich (38 divek) podstoupilo i MRI srdce a velkych cév, median véku pii MRI
vySetieni byl 13,6 rokit (rozptyl 6,6 - 19,0).

V tomto pilotnim souboru jsme prokazali vysoky vyskyt patologickych
nalezi pri MRI studii (Tab. 2).

Tabulka 2. Vyskyt patologickych nalezi pii MRI vySetteni srdce a velkych cév.

Procento patologickych nalezii

Pomér pruméru ascendentni a
descendentni aorty

21,0 %

ASI 22,0 cm/m2 (95. percentil) 8,0 %
ASI 22,5 cm/mz2 (99. percentil) 2,5%
Bikuspidalni aortalni chlopen 29,5 %
Dalsi srde¢ni abnormality 19,0 %

(dilatace aortalniho korene, atypicka
morfologie hrudni aorty - ETA)

Tato data potvrzovala vysoké kardiovaskularni riziko u vSech pacientek
s TS (Graf 1) a zaroven svédcila pro vyraznou variabilitu kardiovaskularnich

nalezi v zavislosti na konkrétnim karyotypu (Tab. 3).

Graf 1. Vyskyt abnormalnich kardiologickych nalezii v celém souboru.
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Tabulka 3. Vyskyt abnormalnich kardiologickych nalezi a rizikovych faktort
pro aortalni disekci v zavislosti na karyotypu.

Karyotyp Pocet Jakakoliv Piitomnost
pacientek kardiovaskularni alespon jednoho
abnormalita rizikového faktoru
pro DisAo

45X 18 78 % 45 %
(41 %)

45,X/46,XX 18 50 % 40 %
(41%)

Strukturalni 8 35% 25%

abnormalita (18 %)

chromozomu X

VSechny karyotypy 44 61% 33%

0Od roku 2009 byla zahajena spoluprace détské kardiologické ambulance

Détské kliniky LF UP a FN Olomouc se dvéma centry pro lé¢bu neplodnosti -

Centrem pro lécbu neplodnosti FERTIMED Olomouc a Centrem asistované

reprodukce pri Porodnicko-gynekologické klinice FN a LF UP v Olomouci, ktera

spocivala v hodnoceni kardiovaskularniho rizika Zen s TS planujicich graviditu.

Soucasti této spoluprace bylo i vySetfeni pacientek s minoritni mozaikou

TS bez rlistové poruchy, u nichz byla infertilita jedinym fenotypickym projevem

TS.

VySe zminéna pilotni studie a spoluprace s IVF nas vedla k tomu, Ze jsme

nasi pozornost zamérili na korelaci karyotypu a kardiovaskularniho fenotypu

u pacientek s TS a resili jsme otazky formulované v nasledujicich anotacich.
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AnotaceI.

Stanoveni vztahu mezi prevalenci bikuspidalni aortalni chlopné a karyotypem.

Anotace II.
Stanoveni prevalence rizikovych faktori pro aortalni disekci u pacientek

s minoritni mozaikou TS lé¢enych pro infertilitu.
Anotace III.

Vypracovani navrhu protokolu kardiologického vySetieni a sledovani pacientek

s TS od détstvi po dospélost.
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2.1 PREVALENCE BIKUSPIDALNi AORTALNi CHLOPNE V ZAVISLOSTI NA
KARYOTYPU

Cilem prace bylo stanovit, jak se liSi prevalence BAV u nositelek TS
ve srovnani s béZnou populaci a soucasné jsme analyzovali prevalenci BAV
s ohledem na specificky cytogeneticky nalez u TS jako podklad pro budouci

stratifikaci kardiovaskularniho rizika v zavislosti na typu karyotypu.

2.1.1 Soubor pacientek a metodika vySetieni

V prospektivni studii bylo vySetieno 67 pacientek s TS ze tii tercidlnich
center zajiStujicich specializovanou péci (z Détské kliniky LF UP a FN v Olomouci
- 50 divek, z Pediatrické kliniky 2. LF UK a FN Motol v Praze - 12 divek a z Kliniky
détského lékarstvi LF OU a FNO v Ostravé - 5 divek). Pacientky podstoupily
vySetreni srdce a velkych cév pomoci MRI, které bylo mimo jiné zaméieno
i na hodnoceni morfologie aortalni chlopné. Pfed vySetrenim vSechny pacientky
nebo jejich rodice podepsali informovany souhlas, ktery byl schvalen Etickou

komisi.

Pacientky

VSechny divky spliiovaly pred zarazenim do studie nasledujici kritéria:
karyotyp zlymfocyti periferni krve potvrzujici diagnézu TS, schopnost
absolvovat MRI srdce bez analgosedace a nepritomnost jinych obecnych
kontraindikaci (napf. pritomnost kovového materidlu, klaustrofobie,
kardiostimulator). Do studie nebyly zarazeny pacientky s minoritni mozaikou
(pod 5 % patologické linie v karyotypu).

Pacientky byly podle karyotypu rozdéleny do 4 nasledujicich podskupin:
karyotyp 45X (*45X ) - 27 pacientek (40,3 %), mozaika 45,X/46,XX nebo
45X/46, XY (*M-45X) - 7 pacientek (25,4 %), strukturdlni abnormalita
chromozomu X (*SA-X) - 10 pacientek (14,9 %) a smiSend mozaika karyotypu
45,X a strukturalni abnormality chromozomu X (*45,X/SA-X) - 13 pacientek
(19,4 %).

Median véku pii diagnéze TS byl v celém sledovaném souboru 7,3 roku

(0,1 - 16,5), v podskupiné *45,X - 5,6 roku (0,1 - 16,5), v podskupiné *M-45,X
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- 5,9 roku (0,1 - 15,5), v podskupiné *SA-X - 9,7 roku (0,9 - 13,8) a v podskupiné
*45,X/SA-X - 10,0 roka (4,0 -15,0). Median véku pacientek pri MRI vySetieni
srdce byl 14,0 roki (6,6 - 32,5).

Metoda

U vSech pacientek bylo provedeno nativni MRI vySetieni srdce a velkych
cév v prisluSném terciarnim centru, pristroj Siemens - Magnetom Avanto 1,5 T.
VysSetrovaci protokol obsahoval zobrazeni srdce pomoci EKG-synchronizovanych
kinematickych sekvencich ve standardnich srde¢nich rovinach, a dale zobrazeni
hrudni aorty pomoci EKG-synchronizovanych sekvenci gradientniho echa
a turbospinového echa v transverzalni roviné a Sikmé sagitalni (candy cane)

roviné.

Za BAV byla povaZovana bud anatomicky dvojcipa chlopen se dvéma
vytvorenymi cipy, nebo funk¢né dvojcipa chlopen, pokud byla anatomicky
tvofena tifemi cipy suplnou nebo castetnou fazi dvou komisur. Rovnéz
v pripadé, Ze u funkéné dvojcipé chlopné nedochazelo k dplné separaci cipii
v systole (tzv. parcialné bikuspidalni chlopen), byla tato chlopent popsana jako
BAV. Vzhledem k tomu, Ze pritomnost ,raphe“ u funkéné BAV miize vést k mylné
diagnoéze trojcipé aortalni chlopné v diastole, byla morfologie aortalni chlopné

analyzovana v systole pfi Uplném otevieni chlopné.

Statistické hodnoceni

Vysledky jsou uvadény jako median a rozpéti. Na zakladé MRI vySetieni
bylo stanoveno odds ratio (OR) BAV v celém souboru a v jednotlivych skupinach
pacientek podle karyotypu ve srovnani sobecnou populaci (vCetné 95 %
intervalu spolehlivosti - confidence interval (CI)). OR lze interpretovat jako podil
Sance vyskytu urcitého jevu u nemocnych, napt. nositelek TS, a Sance vyskytu
daného jevu u zdravych jedinci. Termin ,Sance jevu“ je definovan jako podil
pravdépodobnosti, Ze jev nastane ku pravdépodobnosti, Ze jev nenastane. Pokud
je OR > 1, pak je Sance na vyskyt daného jevu ve skupiné nemocnych vyssi
nez ve zdravé populaci, priCemZ mira rizika vyskytu daného jevu stoupa

s hodnotou OR.
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Rozdil mezi prevalenci BAV v populaci TS a obecné populaci byl testovan
pomoci Pearsonova chi-kvadrat testu (1 - sided x2) na hladiné statistické
vyznamnosti 5 %. Pro statickou analyzu byla pouZita prevalence BAV v obecné
populaci Zivé narozenych dévcatek 1,9/1000 zjiSténa na zakladé
echokardiografického vysetieni 508 novorozencti Zenského pohlavi (Tutar et al,
2005).

Bylo provedeno statistické srovnani prevalence bikuspidalni chlopné
mezi jednotlivymi podskupinami podle karyotypu, rozdily byly testovany pomoci

Fisherova exact testu (two - sided) na hladiné statistické vyznamnosti 5 %.

2.1.2 Vysledky
Vysledky MRI srdce jsou shrnuty v nasledujici tabulce (Tab. 4).

Tabulka 4. Vysledky MRI vySetieni v jednotlivych podskupinach podle
karyotypu.

Karyotyp Pacientky | BAV Prevalence | OR pro BAV P - hodnota
(pocet) (pocet) | BAV (95% CI)
(%)
*45,X 27 11 40,7 361,8
[148,6 - 881,0]
*M-45,X 17 4 23,5 161,9
[48,4 - 541,8]
*SA-X 10 0 0,0
*45,X/SA-X 13 4 30,7 233,9
[66,3 - 825,4]
Celkem 67 19 28,4 208,3 <0,0001
[103,8-418,0]

Statisticka analyza dat potvrdila hypotézu, Ze se prevalence BAV

v populaci TS a v obecné populaci statisticky vyznamné liSi, pricemZ byla
potvrzena asociace BAV a TS (p < 0,0001). Pacientky s TS maji 208-krat vyssi
Sanci na pritomnost BAV ve srovnani sobecnou populaci. Prokazali jsme
statisticky vyznamny rozdil mezi prevalenci BAV v podskupinach pacientek,
které maji v karyotypu pritomnu bunécnou linii 45,X ve srovnani s pacientkami

se strukturalni abnormalitou X chromozomu (p = 0,05) bez pritomné linie 45,X

(Graf2.).
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Graf 2. Prevalence BAV v celém souboru TS a jednotlivych skupinach dle
karyotypu (AoV* - aortdlni chlopeni; *TS - cely soubor TS).

3-cipa AoV*

BAV

2.1.3 Diskuze

BAV predstavuje nejcastéjsi vrozenou srdecni vadu u pacientek s TS
a je vyznamné asociovana s rizikem aortalni dilatace a disekce. U pacientek, které
mély provedeno kardiologické vySetreni pred aortalni disekci, byla BAV nalezena
u 27 % z nich (14 z 51) a BAV v kombinaci s CoA u 18 % (9 z 51) (Carlson et al,
2007). V dalsi studii pacientek s TS a aortalni disekci byla BAV bez CoA pritomna
v 70 % pripadi (14 z 20), BAV s CoA v 8 % (4 z 20) a BAV s interupci aortalniho
oblouku v5 % (1 z 20) (Carlson et al. 2012). Pouze jedna pacientka z 20 neméla
Zadnou vrozenou srdec¢ni vadu. Z hlediska karyotypu jsou pro disekci aorty
nejrizikovéjsi pacientky s karyotypem 45,X (Gravholt et al, 2006), coz Koreluje
s vysokou prevalenci BAV u tohoto karyotypu.

Vzhledem k tomu, Ze BAV je vyznamnym rizikovym faktorem pro aortalni
disekci v gravidité, byla vypracovdna doporuceni odbornych spolecnosti.
Nejprisnéjsi je revidované doporuceni The Practice Committee of the American
Society for Reproductive Medicine zroku 2012, které povazuje pritomnost

signifikantni srdec¢ni vady vCetné BAV za absolutni kontraindikaci téhotenstvi.
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Francouzska doporuceni z roku 2010 naopak BAV bez dilatace ascendentni aorty
povaZzuji pouze za relativni kontraindikaci gravidity (Cabanes et al, 2010).
Ve vSech doporucenich je zdliraznéna nezbytnost podrobného kardiologického
vySetieni, nejlépe vCetné MRI srdce a velkych cév, pred jakoukoliv planovanou
graviditou. Podrobné evropské doporuceni pro TS v gravidité nebylo dosud
vypracovano, v poslednim dokumentu Evropské kardiologické spolecnosti
je vSak TS zminén jako vysoce rizikovy pro kardiovaskularni komplikace
v gravidité (Regitz-Zagrosek et al,, 2011).

Limitaci naSi studie je maly pocet pacientek s TS v jednotlivych skupinach.
Vzhledem krelativné nizké prevalenci TS v populaci je vhodna centralizace
pacientek na specializovand pracovisté, kterd dokazi zajistit komplexni péci
vcetné kardiologické a nasledné analyzovat kardiovaskuldrni riziko na vétsich
souborech pacientek, coz by mohlo do budoucna zlepsit jejich zdravotni

prognozu.

2.1.4 Zavér

kardiovaskularnich rizikovych faktord, které u TS predisponuji ke vzniku
disekujicitho aneurysmatu hrudni aorty. Prokazali jsme, Ze nejvyssi prevalenci
BAV maji pacientky s karyotypem 45,X a Ze pritomnost bunécné linie 45,X

u mozaikovych forem TS rovnéz zvySuje riziko BAV.

Stratifikace kardiovaskularniho rizika u divek sTS podle typu
chromozomalni odchylky by méla byt vbudoucnu zakladem individualniho
pristupu pri sledovani pacientek sTS. Tento individualni pristup nabyva
na vyznamu zejména v souvislosti s prudkym rozvojem novych metod lécby

infertility u Zen s TS, ktery s sebou nese vysoké riziko materské mortality.
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2.1.5 Souhrn

PREVALENCE BIKUSPIDALNI AORTALNi CHLOPNE V ZAVISLOSTI NA
KARYOTYPU

Souhrn

Vrozené vady srdce a velkych cév postihuji az 50 % nositelek TS. Klinicky
ohroZujici DisAo a rupturu aorty. Zatimco CoA byva zpravidla diagnostikovana
jako kriticka srdecni vada v novorozeneckém véku, BAV je dlouho klinicky néma

a prvnim klinickym projevem mize byt az vySe zminéna komplikace.
Cil studie: stanovit prevalenci BAV u divek s TS v zavislosti na jejich karyotypu.

Pacientky a metoda: 67 divek a Zen s TS ve véku 6,6 - 32,5 rokid (median 14,0
let) sledovanych ve tiech tercidlnich centrech podstoupilo v letech 2008 - 2014
MRI srdce. Pacientky byly rozdéleny do 4 podskupin podle cytogenetického
vySetreni - karyotyp 45X, mozaika 45,X/46,XX, strukturalni abnormalita
chromozomu X a smiSend mozaika 45,X/strukturdlni abnormalita chromozomu
X. Prevalence BAV a odds ratio (OR) vyskytu BAV ve srovnani s obecnou populaci
byly stanoveny v celém souboru a ve vSech ctyfech podskupinach. Bylo
provedeno statistické srovnani prevalence BAV mezi jednotlivymi podskupinami

dle karyotypu.

Vysledky: BAV byla zjisténa v celém souboru u 28,4 % pacientek (OR 208,3;
p = 0,0001); u pacientek s karyotypem 45,X byla BAV diagnostikovana v 40,7 %
(OR 361,8); s mozaikou 45,X/46,XX nebo 45X/46XY v 23,5 % (OR 161,9);
se strukturdlni abnormalitou chromozomu X v 0 %; a s mozaikou
45,X /strukturalni abnormalita chromozomu X v 30,7 % (OR 233,9). Prokazali
jsme statisticky vyznamny rozdil mezi prevalenci BAV u pacientek s TS, které
maji v karyotypu pritomnu bunécnou linii 45,X ve srovnani s pacientkami bez

pritomné linie 45,X (p = 0,05).
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Zaveér: Nase data potvrzuji hypotézu, Ze prevalence BAV u TS je vyrazné vyssi
ve srovnani sobecnou populaci a lisSi se podle karyotypu. Karyotyp 45X
je asociovan s nejvyssi prevalenci BAV, a tim i s nejvySSim rizikem zavaZnych
kardiovaskularnich komplikaci, vcetné vysoké matei'ské mortality v gravidité.
Piitomnost bunécné linie 45,X v karyotypu ve formé mozaiky staticky vyznamné

zvySuje pravdépodobnost vyskytu BAV.
Klic¢ova slova

Turnertiv syndrom, bikuspidalni aortalni chlopen, disekce aorty, karyotyp,

magneticka rezonance srdce.

PREVALENCE OF BICUSPID AORTIC VALVE ACCORDING TO KARYOTYPE
Summary

Congenital heart disease affects approximately 50 % of individuals with Turner
syndrome (TS). The most clinically important defects are bicuspid aortic valve
(BAV) and aortic coarctation (CoA) that are important risk factors
for life-threatening aortic dissection or rupture. Whereas CoA is usually
diagnosed as a critical heart defect during the newborn period, BAV may remain
asymptomatic for a remarkably long period of time until it presents itself as one

of these above-mentioned complications.

Aim of study: To determine the correlation between the karyotype and the

prevalence of BAV.

Methods: 67 TS patients aged 6.6 to 32.5 years (median 14.0 years) followed
in three tertiary centres underwent non-contrast cardiovascular magnetic
resonance study from 2008 to 2014. They were divided into four cytogenetic
subgroups - 45,X karyotype; 45,X/46,XX mosaicism; structural abnormalities
of the X chromosome, and 45,X/structural abnormality of the X chromosome
mosaicism. Prevalence of BAV and odds ratio (OR) compared to the general
population in the whole study group, and statistical comparison

of the prevalences of BAV among the individual subgroups were determined.
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Results: BAV was diagnosed in the whole TS study group in 28.4 % of patients
(OR 208.3; p-value <0.0001); in individuals with 45,X karyotype BAV was found
in 40.7 % (OR 361.8; p-value <0.0001); in individuals with 45,X/46,XX
or 45,X/46,XY mosaicism in 23.5 % (OR 161.9, p-value <0.0001); in individuals
with structural abnormalities of the X chromosome in 0 % (OR 0);
and in individuals with 45X/structural abnormalities of the X chromosome

mosaicism in 30.7 % (OR 233.9; p-value <0.0001).

Conclusion: Our data confirm the hypothesis that prevalence of BAV differs
among individual karyotype subgroups in TS. 45X karyotype is associated
with the highest prevalence of BAV. Also, the presence of the 45,X cell line in the
mosaic karyotype increases the probability of BAV. Therefore, these particular
patients are at most significant risk for severe cardiovascular complications

including significantly increased maternal mortality during pregnancy.

Key words: Turner syndrome, bicuspid aortic valve, aortic dissection,

karyotype, cardiovascular magnetic resonance study.
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2.2 KARDIOVASKULARNI RIZIKO U PACIENTEK S MINORITNI MOZAIKOU
45,X/46,XX LECENYCH PRO STERILITU

Cilem nasi prace bylo zjistit, zda infertilni pacientky s minoritni mozaikou
45,X/46,XX postupujici 1écbu neplodnosti v IVF centrech maji zvySeny vyskyt
rizikovych faktorli pro DisAo ve srovnani s béznou populaci. Dalsim cilem bylo
srovnat prevalenci rizikovych faktori pro DisAo u téchto Zen ve srovnani

s pacientkami s karyotypem 45,X nebo s minimalné 70 % mozaikou 45,X/46,XX.

2.2.1 Soubor pacientek a metodika vySetieni

Jedna se o prospektivni studii, ktera probihala ve dvou centrech pro 1é¢bu
neplodnosti v letech 2009 - 2013. Pacientky pred zarazenim do studie spliiovaly
nasledujici kritéria: primarni nebo sekundarni infertilita a prokazana
nizkoprocentni mozaika 45,X/46,XX. Pred vySetfenim vSechny pacientky
podepsaly informovany souhlas s kardiologickym vySetfenim a MRI srdce

a velkych cév, ktery byl schvalen Etickou komisi.

Pacientky

Do studie bylo zarazeno 25 pacientek, které byly odeslany klécbé
neplodnosti do jednoho ze dvou specializovanych center: Centrum pro 1é¢bu
neplodnosti FERTIMED Olomouc (19 Zen) a Centrum asistované reprodukce
pri Porodnicko-gynekologické klinice FN LF UP v Olomouci (6 Zen) a u nichZ byla
pifi cytogenetickém vySetfeni pred zahajenim 1écby sterility zjiSténa
nizkoprocentni mozaika 45,X/46,XX.

Zadna z pacientek nevykazovala typické znaky TS, mezi néz patfi maly
vzrist, nizkd vlasovd hranice, nizce posazené usi, gotické patro, kozZni
duplikatury po stranach krku, Siroky hrudnik s oddalenymi bradavkami, zvySeny
pocet koZnich névi nebo cubiti valgi. Zadna rovnéZ nebyla v détstvi lé¢ena

ristovym hormonem. VSechny mély spontanni pubertu a menarché.
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Poté, co byla pri cytogenetickém vysSetreni zjiSténa nizkoprocentni
mozaika 45,X/46,XX, bylo u vSech Zen provedeno antropometrické vysSetieni.
Pro hodnoceni byly pouzity ristové grafy z VI. celostatniho antropologického
vyzkumu déti a mladeZe 2001 (Bldha et al.,, 2003), pti hodnoceni vysky pacientek
jsme vychazeli z norem pro dospély vék, tedy pro 18. rok Zivota. Télesny povrch
byl vypocitdn dle DuBoisova vzorce. Pacientky byly podle body mass indexu
(BMI) rozdéleny do nasledujicich ¢tyr podskupin: Zeny s podvahou: BMI < 18,4
kg/m?, snormalni hmotnosti: BMI 18,5 - 24,9 kg/m?2; snadvahou:
BMI 25,0 - 29,9 kg/m?; sobezitou: BMI > 30 kg/m? a s extrémni obezitou:
BMI = 30 kg/m?.

Kardiologické vySetreni

VSechny Zeny podstoupily kardiologické vysSetfeni zahrnujici Kklinické
vySetreni, auskultacni zméreni krevniho tlaku a standardni 12-svodové EKG.

Krevni tlak byl méren rtutovym tonometrem na pravé pazi, vsedé
po 10-minutovém zklidnéni. Diastolicky tlak byl odecten v okamzZiku vymizeni
vSech ozev (5. Korotkoviiv fenomén). Za normotenzi byl povazovan krevni tlak
< 120/80 torr, za prehypertenzi 120 - 129/80 - 89 torr. Hypertenzi odpovidala
hodnota krevniho tlaku = 130/90 torr nebo situace, kdy uz byla pacientka 1écena

antihypertenzivy (Chobanian et al., 2003).

Transtorakalni echokardiografické vySetieni

U vSech pacientek bylo provedeno standardni transtorakalni
echokardiografické vySetreni zahrnujici dvourozmérné a doplerometrické
vySetfeni pomoci komer¢né dostupného pristroje Philips HD15. Srdce bylo
zobrazeno ve standardnich projekcich podle doporuceni American Society of
Echocardiography, tj. v parasterndalni, apikalni a subkostalni projekci (Schiller
etal, 1989).

Morfologie aortalni chlopné byla analyzovana v parasterndlni kratké ose,
a to jak vsystole, tak v diastole. Vnitini rozmér ascendentni aorty byl méren
v diastole v drovni 1 cm nad sinotubularni junkci (Obr. 19). Diastola byla urcena
okamzikem uzavieni aortalni chlopné. Jako horni limit rozméru ascendentni

aorty byla stanovena hodnota 2,1 cm/m? (Drexler et al. 1990).
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Obrazek 19. Doporucené transtorakalni zobrazeni aortalni chlopné

a ascendentni aorty v parasternalni dlouhé ose (LV - levd komora; LA - leva sini;
RV - pravd komora; AAo - ascendentni aorta. Urovné méfeni: 1 - aortdlni chloperi;
2 - bulbus aorty; 3 - sinotubuldrni junkce; 4 - ascendentni aorta. Upraveno

podle Evangelista et al., 2010).

Magneticka rezonance srdce a velkych cév

Nekontrastni MRI srdce a hrudni aorty bylo provedeno na pfristroji
Magnetom Avanto Siemens 1.5 Tesla. VySetifovaci protokol zahrnoval zobrazeni
srdce v EKG-synchronizovanych Kkinematickych sekvencich ve standardnich
srdecnich rovinach, a zobrazeni hrudni aorty pomoci EKG-synchronizovanych
sekvenci gradientntho echa a turbospinového echa v transverzalni roviné
a Sikmé sagitalni (candy cane) roviné.

Rozmér ascendentni aorty byl méfen v axidlni roviné na drovni pravé
vétve plicnice. Pro hodnoceni rozméru ascendentni aorty byl pouzit aortic size
index, tedy indexovany pramér vztaZeny k télesnému povrchu. Za dilataci byla
povaZovana hodnoty ASI > 2,0 cm/m?, ktera odpovida 95. percentilu (Matura

etal, 2007).
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Za BAV byla povazZovana bud anatomicky dvojcipa chlopent se dvéma
vytvorenymi cipy, nebo funk¢éné dvojcipa chlopeni, pokud byla anatomicky
tvorena tfemi cipy suplnou nebo c¢astetnou fizi dvou komisur. Rovnéz
v pripadé, Ze u funk¢éné dvojcipé chlopné nedochazelo k uplné separaci cipa
v systole (tzv. parcialné bikuspidalni chlopeni), byla tato chlopeni popsana jako
BAV. Vzhledem k tomu, Ze pritomnost raphe u funk¢né BAV miiZe vést k mylné
diagnoze trojcipé aortalni chlopné v diastole, byla morfologie aortalni chlopné

analyzovana v systole pri uplném otevieni chlopné.

Cytogenetické vySetieni

U vSech pacientek zarazenych do studie bylo v uvedenych IVF centrech
provedeno rutinni cytogenetické vySetfeni. Béhem studie byla incidence
nizkoprocentnich mozaik 45,X/46,XX v Centru pro 1é¢bu neplodnosti FERTIMED
3,57 % (80 z 2244 analyzovanych karyotypii) a v Centru asistované reprodukce
pii Porodnicko-gynekologické klinice LF UP a FN Olomouci 2,58 % (20 ze 774
analyzovanych karyotypii).

Chromozomalni analyza byla provedena standardni technikou
z fytohemaglutinem stimulovanych lymfocyti periferni zilni krve a bylo
analyzovano nejméné 30 metafazi. Nizkoprocentni mozaika 45,X/46,XX byla
definovana pritomnosti bunéc¢né linie 45,X v nejméné dvou burkach, pricemz
podil patologické linie byl niZ$i nebo roven 10 %. Vzhledem k tomu, Ze aberantni
bunécna linie 45X je pfi cytogenetickém vySetireni Casto doprovazena jinymi
gonozomalnimi aneuploidiemi (napt. 47,XXX), byly do studie zahrnuty i tyto
pacientky.

Statisticka analyza

Namérené hodnoty aortic size indexu (ASI) jsou prezentovany jako
aritmetické priaméry vcetné 95% intervalu spolehlivosti - confidence interval
(CD). Za referenc¢ni skupiny byly vybrany Zeny s TS a Zeny z béZné populace
s normalnim Kkaryotypem vySetiené v recentni praci stejnym MRI protokolem
zaméfenym na hrudni aortu (Matura et al, 2007). Rozdily mezi primeéry
ve studované a referencnich populacich (populace TS a béZna populace (Matura

et al, 2007)) byly testovany Studentovym t-testem a Welchovym t-testem
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na zakladé vysledkli Fisherova testu equality of variances. Pti testovani byla
pouZita 5% hladina statistické vyznamnosti (p = 0,05).

Prevalence BAV a CoA je vyjadiena v procentech s95% CI. Rozdily
mezi prevalenci BAV a CoA v populaci nizkoprocentnich mozaik, v populaci TS
a v bézné populaci byly testovany testem equality of proportions. Pro statickou
analyzu byla pouZita prevalence BAV v obecné populaci Zivé narozenych
dévcatek 1,9/1000 zjiSténa na zakladé echokardiografického vySetfeni
508 novorozenct Zenského pohlavi (Tutar et al, 2004). Referencni hodnota
prevalence CoA v béZné populaci 0,33/1000 Zivé narozenych byla prevzata
z Prospective Bohemia Survival Study (Samdnek et al, 1999). Rozdily
v prevalencich byly testovany pomoci Fisherova exact testu (two-sided)
na hladiné statistické vyznamnosti 5 %. VSechny statistické vypocty byly

provedeny v programu R Statistical Software version 2.15.3.

2.2.2 Vysledky

VySetfovany soubor byl tvoren 25 Zenami s nizkoprocentni mozaikou
45,X/46,XX, které byly odeslany klécbé neplodnosti do IVF center, pricemz
21 z nich (84 %) bylo 1éCeno pro primarni a 4 Zeny (16 %) pro sekundarni
sterilitu.

Pri cytogenetickém vySetieni lymfocytii periferni krve byl zjiStén median
podilu aberantni bunécné linie 45,X/46,XX vhodnoté 5,0 % (3,0 - 9,0 %)
(Tab. 5).
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Tabulka 5. Vysledky cytogenetického vySetreni.

Pacientka | Vék Karyotyp Procento linie 45,X
(roky) v karyotypu
1. 35,5 45,X(2)/46,XX(36) 53
2. 36,7 45,X(3)/46,XX(27) 10,0
3. 34,9 45,X(2)/46,XX(33) 5,7
4, 32,3 45,X(4)/46,XX(37) 9,8
5. 39,4 45,X(2)/47,XXX(1)/46,XX(35) 53
6. 32,6 45,X(2)/47,XXX(1)/46,XX(47) 4,0
7. 32,8 45,X(2)/46,XX(54) 3,6
8. 36,8 45,X(2)/46,XX(56) 3,4
9. 39,4 45,X(2)/47,XXX(2)/46,XX(36) 5,0
10. 36,1 45,X(4)/46,X(96) 4,0
11 35,3 45,X(2)/46,XX(49) 39
12. 35,6 45,X(2)/47,XXX(2)/46,XX(28) 6,3
13. 39,2 45,X(4)/46,XX(96) 4,0
14. 35,2 45,X(2)/46,XX(54) 3,6
15. 35,0 45,X(2)/46,XX(56) 3,4
16. 27,3 45,X(2)/47,XXX(1)/46,XX(58) 3,3
17. 37,4 45,X(4)/46,XX(46) 8,0
18. 34,4 45,X(2)/47,XXX(1)/46,XX(30) 6,1
19. 36,9 45,X(5)/46,XX(95) 5,0
20. 27,8 45,X(2)/47,XXX(1)/46,XX(50) 3,8
21. 33,7 45,X(2)/46,XX(30) 6,3
22. 36,2 45,X(2)/47,XXX(1)/46,XX(27) 6,7
23. 30,5 45,X(2)/46,XX(48) 4,0
24. 29,4 45,X(3)/46,XX(30) 9,1
25. 36,2 45,X,(3)/46,XX(27) 100

Median véku pacientek v dobé MRI vysetieni byl 35,3 rokt (27,3 - 39,4).
Vyska pacientek se pohybovala mezi 4. a 91. percentilem (median 55. percentil),
tj. mezi -1,15 az +1,75 SD (median +0,12 SD). 19 Zen (74 %) mélo BMI v pasmu
normalni hmotnosti, 4 Zeny (17 %) mély BMI v pasmu nadvahy a 2 Zeny (9 %)

mély BMI v pdsmu obezity (Tab. 6).
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Tabulka 6. Charakteristika souboru s nizkoprocentni mozaikou 45,X/46,XX.

Primeér + SD
Vék 34,7+3,3
(roky)
Vyska 168,0 £ 5,2
(cm)
BMI 24,2+ 4,0
(kg/m?)
Télesny povrch 1,8%0,2
(m?)

Vysledky kardiologického vysetieni

Pii rutinnim kardiologickém vySetfeni vcetné EKG nebyla u Zadné
pacientky diagnostikovana jakakoliv signifikantni abnormalita. Jedna Zena méla
prehypertenzi, zbyvajici pacientky byly normotenzni. Pfi echokardiografickém
vySetreni byla vizualizovdna jedna BAV, u Zadné Zeny nebyla nalezena CoA

a AoDil. Tyto nalezy byly v souladu s nalezy pii MRI.

Vysledky magnetické rezonance srdce a velkych cév

Morfologie aortalni chlopné byla zobrazena u 24 z 25 pripadl. Jedna
pacientka absolvovala pouze MRI studii hrudni aorty, vySetieni bylo predcasné
ukonceno kviili klaustrofobii. Echokardiografické vysetieni u ni potvrdilo dobte
prehlednou trojcipou aortalni chlopen. U jedné pacientky byla diagnostikovana
BAV bez stendzy (i regurgitace. U Zadné Zeny nedosahlo ASI 95. percentilu

(Tab. 7) arovnéz nebyla nalezena CoA (Tab. 8).

Statisticka analyza

Primérné hodnoty ASI ve vySetfované skupiné s nizkoprocentni
mozaikou 45,X/46,XX byly statisticky signifikantné niZ$i neZ hodnoty v kontrolni
skupiné s TS a v bézné populaci (Tab. 7, Graf 3). Vzhledem k tomu, Ze metodiky
méreni rozméru ascendentni aorty pri echokardiografickém vysetieni a pri MRI

nejsou identické, nebylo provedeno statistické srovnani obou metod.
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Tabulka 7. Srovnani ASI v populaci pacientek s LLGM, s TS a s normalnim
karyotypem (LLGM - nizkoprocentni mozaika 45,X/46,XX; TS — kontrolni skupina
Zen s TS (Matura et al.,, 2007); 46,XX - kontrolni skupina Zen z béZné populace

s normdlnim karyotypem (Matura et al., 2007)).

LLGM TS 46,XX
Pocet 25 166 26
pacientek
Primér 1,48 1,89 1,7
(95% CI) (1,420 - 1,541) (1,838 -1,942) (1,635-1,765)
Smérodatna 0,146 0,34 0,16
odchylka (SD)

Graf 3. Grafické zobrazeni primérnych hodnot ASI s 95. intervalem
spolehlivosti. LLGM - nizkoprocentni mozaika 45,X/46,XX; TS - kontrolni skupina
Zen s Turnerovym syndromem (Matura et al.,, 2007); GP - kontrolni skupina Zen

z béZné populace s normdlnim karyotypem (Matura et al, 2007).

ASI
1.6 1.7 1.8 19 2.0

1.5

14

1.3

Byl prokazan

LLGM T8

statisticky vyznamny

GP

rozdil

v prevalencich BAV

mezi vySetifovanou skupinou s nizkoprocentni mozaikou 45,X/46,XX (prevalence
4 %; 95% CI = 0,1% - 20,35 %) a populaci TS (prevalence 29,6 %; 95% CI= 24,01
- 35,68 %) na hladiné statistické vyznamnosti 5 % (p = 0,012) (Tab. 8).
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Tabulka 8. Srovnani prevalence CoA a BAV v populaci pacientek
s nizkoprocentni mozaikou 45,X/46,XX, s TS a s normalnim karyotypem 46,XX

(p <0.05).
LLGM TS 46,XX
Pocet Prumeér Pocet Priumeér Pocet Prumeér
(95% CI) (95% CI) (95% CI)
CoA | 0/25 0% 10/85 11,8 % 266/5030 53 %
(0-13,72 %) (5,79-20,57 %) (4,69 - 5,94 %)
p=0,1606 p=0,464
BAV | 1/25 4 % 74/ 250 29,6 % 1/508 0,2 %
(0,1-20,35 %) (24,01-35,68 %) 0-1,1%)
p=0,01225 p=0,1735

2.2.3 Diskuze

Nartstajici podil neplodnych part v populaci a zaclenéni cytogenetického
vySetreni do vySetrovaciho algoritmu infertility vedou k signifikantnimu zvySeni
incidence nizkoprocentnich mozaik 45,X/46,XX u Zen léCenych pro sterilitu
(Gekas et al, 2001; Capkovd et al, 2004). Klinicky vyznam téchto minoritnich
mozaik je v soucasné dobé nejasny.

Podle nékterych autorli je chromozomadlni mozaika u TS asociovana
s mirnéjsimi fenotypickymi projevy a méné rizikovym kardiovaskularnim
profilem (El-Mansoury et al,, 2007). Predpoklada se, Ze nizkoprocentni mozaiky
s vysokym podilem normalni bunécné linie jsou spojeny s nizsi prevalenci VSV
a tudiZ i s niZ$im kardiovaskuldrnim rizikem (Mortensen et al, 2012). Autori
vychazeji z hypotézy zpomaleného bunécného cyklu (cell cycle delay) u geneticky
abnormalnich bunék ve srovnani sbuifikami snormalnim karyotypem.
Béhem bunécného déleni ve fazi organogeneze tak vznikd nizsi podil bunék
s aberantnim karyotypem, neZ odpovida jejich procentualnimu zastoupeni
v karyotypu. Vysledkem miize byt velmi variabilni fenotyp od typického obrazu
TS aZ po zcela normalni Zensky fenotyp.

V souladu s touto hypotézou jsou i vysledky nasi studie. Pacientky nemély

jakékoliv fenotypické projevy TS kromé infertility. Nezaznamenali jsme maly

vzrist ani sklon knadvaze. Jejich primérna vyska byla na 55. percentilu.
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Prevalence nadvahy a obezity v nasi skupiné byla niZ$i neZ prevalence v bézné
populaci Zen mezi 35 a 44 lety (28 % vs. 37 %).

Ke stanoveni prevalence CoA, BAV a AoDil jsme cilené zvolili metodu
s nejvySssi senzitivitou, a to MRI srdce a velkych cév. Ani vyuZiti této zobrazovaci
metody nevedlo Kk priikazu zvysené prevalence vySe zminénych rizikovych
faktorii pro DisAo ve srovnani sbéznou populaci (Matura et al, 2007)
a k prokazani vyssiho kardiovaskularniho rizika.

[ pres vySe uvedené vysledky se domnivame, Ze je vhodné, aby tyto
pacientky nadale absolvovaly kardiologické vySetreni pred zahajenim lécby
neplodnosti. Domnivadme se, Ze transtorakalni echokardiografické vySetieni
by mohlo byt dostate¢nou screeningovou metodou. Vychazime z faktu, Ze jsme
nepozorovali u sledovanych Zen fenotypické projevy TS zodpovédné za zhorSené
akustické okno pii echokardiografickém vysetifeni (abnormadlni architektura
hrudniho kose, obezita). MRI srdce a velkych cév je vSak rozhodné indikovano
u vSech pacientek, u kterych nelze ziskat spolehlivé vysledky p¥i transtorakalnim

echokardiografickém vysetieni.

2.2.4 Zavér

Nase studie je prvni praci, ktera se zabyva prevalenci rizikovych faktort
pro DisAo u infertilnich Zen s nizkoprocentni mozaikou 45,X/46,XX. I kdyZ je
nase studie limitovana relativné malym poctem vySetfenych Zen, ziskana data
nenasvédCuji tomu, Ze by tato populace infertilnich Zen musela mit zvySené
kardiovaskularni riziko vyplyvajici z abnormalniho karyotypu. K potvrzeni nasi

hypotézy jsou nezbytné dalsi studie.
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2.2.5 Souhrn

KARDIOVASKULARNI RIZIKO U PACIENTEK S MINORITNI MOZAIKOU
45,X/46,XX LECENYCH PRO STERILITU

Souhrn

Chromozomalni aberace predstavuji jednu ze zavaznych pricin sterility, coZ
vedlo k zarazeni cytogenetického vySetreni u pacientek podstupujicich 1écbu
neplodnosti do rutinniho diagnostického algoritmu ve vétSiné IVF center
a nasledné ke zvySenému zachytu nizkoprocentnich mozaik 45,X/46,XX,
tj. nizkoprocentnich gonozomadlnich mozaik (LLGM). V soucasné dobé nejsou
k dispozici udaje o prevalenci vrozenych srdecnich vad u téchto Zen, na jejichz
zdkladé by bylo moZné stanovit riziko kardiovaskuldrnich komplikaci
béhem gravidity a rozhodnout, zda maji nositelky LLGM pied planovanou

graviditou podstoupit podrobné kardiologické vySetreni.

Cil studie: Stanovit prevalenci rizikovych faktori pro DisAo, mezi néz fadime

BAV, CoA a AoDil, u Zen s LLGM podstupujicich 1é¢bu sterility.

Pacientky a metoda: Soubor je tvoren 25 Zenami, které byly vletech
2009 - 2013 odeslany k 1é¢bé neplodnosti do dvou IVF center a u nichz byla na
zakladé cytogenetického vysSetreni diagnostikovana LLGM s podilem patologické
linie 45X v karyotypu vrozmezi 3,3 - 10,0 %. VSechny pacientky postoupily
vsouladu sdoporuCenim Practice Committee of the American Society for
Reproductive Medicine pro Zeny s TS podrobny kardiovaskularni screening
vCetné klinického vySetreni, EKG, echokardiografického vySetreni srdce a hrudni

aorty a nekontrastniho MRI srdce a velkych cév.

Vysledky: BAV bez stendzy (i regurgitace byla diagnostikovana u jedné Zeny, CoA
nebyla nalezena u Zadné pacientky. Nebyl prokazan statisticky vyznamny rozdil
mezi prevalenci BAV a CoA u Zen s LLGM a v béZné populaci. U Zadné pacientky

nebyla zjisténa AoDil.
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Zavér: Vnasi studii jsme neprokazali zvySeny vyskyt rizikovych faktora
pro DisAo u Zen s LLGM bez dalSich fenotypickych projevli TS ve srovnani
s béznou populaci. Na zakladé téchto vysledkl Ize predpokladat, Ze nositelky
LLGM pravdépodobné nemaji signifikantné zvysené riziko kardiovaskularnich

komplikaci a ndsledné mateifské mortality béhem téhotenstvi.

Klicova slova
Nizkoprocentni gonozomalni mozaika, asistovana reprodukce, vrozena srdecni

vada, disekce aorty, magneticka rezonance srdce, Turnerav syndrom.

CARDIOVASCULAR RISK FACTORS IN PATIENTS WITH LOW-LEVEL
45,X/46,XX MOSAICISM UNDERGOING INFERTILITY TREATMENT

Summary

Since one possible reason for infertility is caused by chromosomal abnormalities,
it is now a common practice in most in-vitro fertilisation centres to perform
a routine cytogenetic screening in patients seeking infertility treatment.
Therefore, an increased number of women with low-level 45,X mosaicism is
currently being diagnosed. There is no sufficient information available whether
women with the low-level 45,X/46,XX mosaicism are at an increased risk
of maternal cardiovascular mortality or not, and whether they should undergo
a careful cardiovascular screening before getting pregnant. The frequency
of congenital heart disease in these individuals has not been established yet.

Aim of study: To establish the prevalence of risk factors for aortic dissection
such as bicuspid aortic valve, coarctation of the aorta and dilatation
of the ascending aorta in women with the low-level 45X/46,XX mosaicism
undergoing IVF procedure.

Methods The study group comprised 25 women with the low-level 45,X/46,XX
mosaicism (ranging from 3.3 % to 10 %) who were from 2009 to 2013 referred
to two reproductive medicine units because of infertility and were karyotyped.
In accordance with the recommendation of the Practice Committee

of the American Society for Reproductive Medicine for patients with Turner
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syndrome, all women, prior to the IVF procedure, underwent a careful
cardiovascular screening for the congenital cardiovascular disease
and the thoracic aorta dilatation, including the standard cardiac examination,
ECG, echocardiography, and non-contrast cardiovascular magnetic resonance
study.

Results: The bicuspid aortic valve without any stenosis or regurgitation was
found in one woman. A statistical significant difference between prevalences
of bicuspid aortic valve in our study group with the low-level 45X/46,XX
mosaicism and women with Turner syndrome was revealed. Coarctation
of the aorta was not identified in any individual. The ascending aortic diameter
normalised to body surface area was below the 95t percentile in all cases,
and its mean value was significantly below the reference values of both
the general population and the women with Turner syndrome.

Conclusion: No higher prevalence of risk factors for aortic dissection in women
with the low-level 45,X/46,XX mosaicism without any noticeable features,
but the infertility, was detected. Therefore, these particular patients are
probably not at significant risk for cardiovascular complications including

increased maternal mortality during pregnancy.

Key words: low-level sex chromosome mosaicism; assisted reproduction;
congenital heart disease; aortic dissection; magnetic resonance imaging; Turner

syndrome.

54



2.3 NAVRH PROTOKOLU KARDIOLOGICKEHO VYSETRENi A SLEDOVANI
U PACIENTEK S TS VDETSTVIi A V DOSPELOSTI

Prvni signifikantni data o vysokém kardiovaskularnim riziku u pacientek
s TS pochazeji z devadesatych let minulého stoleti. Odhadovana prevalence
vrozenych srde¢nich vad i dalSich kardiovaskuldrnich onemocnéni postupné
narlstala stim, jak se zdokonalovaly diagnostické metody. Zlomovym bodem
bylo zavedeni MRI srdce a velkych cév do rutinni praxe. I v dlisledku centralizace
péce o pacientky s TS bylo prokazano, Ze pacientky s dosud asymptomatickou
vrozenou srde¢ni vadou jsou ohroZeny aortdlni disekci v mladém dospélém
véku, a je tedy po nich nezbytné cilené patrat.

I kdyZ je kardiologickd dispenzarizace v mnoha pracich doporucovana
(Mazzanti et al, 3006, Bondy et al, 2007; Carlson et al, 2012), algoritmus
systematické kardiologické péce o pacientky s TS od détstvi aZ po dospélost
nebyl dosud vypracovan ani na celoevropské, ani na narodni drovni. Cilena
doporucenti tykajici se kardiovaskularniho screeningu u TS jsou k dispozici pouze
pro Zeny planujici graviditu. Nasi snahou bylo pripravit k diskusi doporuceni

tykajici se vSech nositelek TS bez ohledu na vék.

2.3.1 NAVRH PROTOKOLU KARDIOLOGICKEHO VYSETRENiI A SLEDOVANI
DETSKYCH PACIENTEK S TS

1. Kardiologické vySetfeni 1x roc¢né i u pacientek s normalnim
kardiologickym nalezem. Cilem je detekovat vrozené srde¢ni vady
(zejména koarktaci aorty, bikuspidalni aortalni chlopen, parcialni
anomalni navrat plicnich Zil) a diagnostikovat i mirné formy arterialni
hypertenze.

e Klinické vySetreni - cilené patrat po arterialni hypertenzi.

e EKG.

e Transtorakalni echokardiografie.

e ABPM - pii podezieni na arteridlni hypertenzi, je nutné 1écit i
mirné formy arterialni hypertenze. Jedna se o rizikovy faktor pro

dilataci a disekci hrudni aorty.
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2. MRI srdce v okamzZiku, kdy divka nevyZaduje pti MRI analgosedaci nebo
kdykoliv pfi podezieni na hemodynamicky vyznamnou srdec¢ni vadu,
kterou nelze dobfe vizualizovat pomoci echokardiografie. Cilem je
vyloucit vrozené srdec¢ni vady.

e Viz Zadanka na MRI - viz str. 56.

e Vhodné provést i pri normalnim echokardiografickém nalezu.
Zejména parcidlné bikuspidalni aortalni chlopen, parcidlni
anomalni navrat plicnich Zil a perzistujici levostranna horni duta
Zila jsou obtiZné detekovatelné echokardiograficky.

e Pri normalnim nalezu neni nutné MRI srdce opakovat - neplati pro

MRI hrudni aorty - viz niZe.

3. MRI hrudni aorty - vokamZziku, kdy divka nevyzaduje pfi MRI
analgosedaci nebo kdykoliv pri podezieni na hemodynamicky vyznamnou
srde¢ni vadu, kterou nelze dobie vizualizovat pomoci echokardiografie.
Zopakovat pred predanim kardiologovi pro dospélé.

e Viz Zadanka na MRI - viz str. 56.

e Opakované vySetfeni hrudni aorty slouZi ke sledovani progrese
dilatace hrudni aorty.

e Pro detekci dilatace ascendentni aorty pouZivame aortic size
index (primér ascendentni aorty na drovni pravé vétve plicnice
vztaZzeny Kktélesnému povrchu - tj. cm/m?2, 95. percentil je

2,0 cm/m?2, 99. percentil je 2,5 cm/m?2.

Text Zzadanky na MRI

Dg.: Turneriiv syndrom, Q96.4

MRI hrudni aorty - stanoveni rozméru ascendentni a descendentni aorty
na urovni pravé vétve plicnice, vyloucCeni koarktace a elongace transverzalni
casti aortalniho oblouku.

MRI srdce - vizualizace aortalni chlopné a posouzeni jeji morfologie a funkce.
Vylouceni parcidlniho anomalniho navratu plicnich Zil a perzistujici levostranné

horni duté zily.
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2.2.3.2. NAVRH PROTOKOLU KARDIOLOGICKEHO VYSETRENI A SLEDOVANI
DOSPELYCH PACIENTEK S TS

1. Kardiologické vySetieni 1x rocné i u pacientek normalnim
kardiologickym naleze. Cilem je detekovat vrozené srdecni vady (zejména
koarktace aorty, bikuspidalni aortalni chlopen, parcialni anomalni navrat
plicnich Zil) a diagnostikovat i mirné formy arterialni hypertenze.

e Klinické vySetfeni - cilené patrat po arterialni hypertenzi.

e EKG.

¢ Transtorakalni echokardiografie.

e ABPM - pri podezieni na arteridlni hypertenzi, je nutné lécit i
mirné formy arterialni hypertenze. Jedna se o rizikovy faktor pro

dilataci a disekci hrudni aorty.

2. MRI srdce pfi prvnim kardiologickém vySetifeni - vylouceni vrozenych
srdec¢nich vad

e Viz Zadanka na MRI - viz str. 58.

e Vhodné provést i pri normalnim echokardiografickém nalezu.
Zejména parcialné bikuspidalni aortalni chlopen, parcialni
anomalni navrat plicnich Zil a perzistujici levostranna horni duta
Zila jsou obtiZné detekovatelné echokardiograficky.

e Pfinormalnim nalezu neni nutné MRI srdce opakovat — neplati pro

MRI hrudni aorty - viz niZe.

3. MRI hrudni aorty - pri prvnim kardiologickém vySetieni. Opakovat
v pétiletych intervalech a pred kaZdou planovanou graviditou.
e Viz 7adanka na MRI - viz str. 58.
e Opakované vySetieni hrudni aorty slouzi ke sledovani progrese
dilatace hrudni aorty.
e Pro detekci dilatace ascendentni aorty poZivame aortic size index
(primér ascendentni aorty na urovni pravé vétve plicnice
vztazeny ktélesnému povrchu - tj. cm/m?2, 95. percentil je

2,0 cm/m?, 99. percentil je 2,5 cm/m?2.
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Text Zadanky na MRI

Dg.: Turneriv syndrom, Q96.4

MRI hrudni aorty - stanoveni rozméru ascendentni a descendentni aorty
na urovni pravé vétve plicnice, vylouceni koarktace a elongace transverzalni
c¢asti aortalniho oblouku.

MRI srdce - vizualizace aortalni chlopné a posouzenti jeji morfologie a funkce.
Vylouceni parcidlniho anomalniho navratu plicnich Zil a perzistujici levostranné

horni duté Zily.

MUDr. Eva Klaskova, Doc. MUDr. Jifina Zapletalova, Ph.D., MUDr. Zbynék Tiidds
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3. ZAVER

Turnertiv syndrom je asociovan s vysokou kardiovaskularni morbiditou
a mortalitou, ktera je zplisobena vysokou prevalenci VSV (BAV, CoA) a incidenci
DisAo. Po strance kardiovaskularnich komplikaci nesou nejvyssi riziko pacientky
s karyotypem 45,X a s typickou stigmatizaci odpovidajici fetalnimu lymfedému.
Z téchto diivodl musi byt kazda pacientka s TS pfi stanoveni diagnézy podrobné
vySetiena kardiologem a celoZivotné kardiologicky dispenzarizovana.

Vzhledem klimitované vytéZnosti echokardiografického vySetieni
je u nositelek TS indikovdno MRI srdce a velkych cév, které provadime
v okamZiku, kdy divka nevyZaduje pri MRI analgosedaci anebo kdykoliv
pii podezieni na hemodynamicky vyznamnou srdecni vadu, kterou nelze dobie
vizualizovat pomoci echokardiografie.

Vysoce rizikové obdobi predstavuje pro Zeny s TS gravidita, ktera je
v soucasnosti umoznéna novymi metodami 1é¢by infertility (darovani oocytu).
Tehotenstvi je spojeno s matefskou mortalitou presahujici 2 %, a to i v ptipadé
vzacné spontanni gravidity. Zeny, které se rozhodnout vyuZzit metod umélého
oplodnéni, musi byt podrobné informovany o kardiovaskularnich rizicich a projit
podrobnym vySetrenim vcetné MRI srdce a hrudni aorty. Pti zjiSténi signifikantni
srdecni vady, dilatace ascendentni aorty a pritomnosti nekontrolované arterialni
hypertenze je téhotenstvi kontraindikovano.

Dosazenim 19. roku véku kon¢i pro divky s TS (stejné jako pro jiné
chronicky nemocné pacienty) specializovana pediatricka péce a jsou obvykle
piredavany do ordinaci specialistli — internistli. V soucasné dobé opousti ordinace
détskych endokrinologli zcela jind generace mladych Zen s TS neZ pted 15 lety.
Ma minimum télesnych handicapl a je pripravenad proZit plnohodnotny Zivot
vCetné moznosti porodit dité pomoci metod asistované reprodukce.

Tyto mladé Zeny se vSak v okamziku predani dostdvaji do specifické
situace vzhledem kodliSnym pozadavkim na zdravotni péci v détstvi
a vdospélosti. Do 19-ti let véku jim byla zajiStovana péce ve specializovanych
centrech détské endokrinologie, kde byly vzhledem kléfebnému protokolu
(rGstovy hormon a hormondlni substitu¢ni terapie) sledovany v intervalu
3 - 6 mésicl. Ziniciativy détského endokrinologa jsou pravidelné vySetfovany

v ordinacich dalSich odbornikl. Pii ukonceni pediatrické péce se rozhoduje,
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ktery zlékairi - specialisti by mél komplexni péci o mladou Zenu s TS
koordinovat.

Ve vétsSiné vyspélych statli je doporucovano, aby zZeny s TS byly
dlouhodobé sledovany ve specializovanych endokrinologickych ordinacich
ve zdravotnickych zarizenich vy$Siho typu, kde je zajiStén multidisciplinarni
pristup (kardiolog, otorinolaryngolog, foniatr a gynekolog - specialista na HRT,
ktery ma navaznost na centrum asistované reprodukce). Koncepce péce
o dospélé Zeny s TS je do detailu propracovana a byla opakované publikovana
(Snajdrovd, 2003). Skute¢nost je vS$ak jina, jak dokazuje zahrani¢ni studie
u 566 pacientek. Vétsina Zen s TS je sledovdna pouze svym praktickym lékafem
a/nebo gynekologem. Pouze u jedné tretiny z nich bylo provedeno foniatrické
a kardiologické vySetieni. U 64 % pacientek byl nepravidelné sledovan krevni
tlak, priblizné stejné procento mélo kontrolovano glycidovy a lipidovy
metabolismus a jaterni enzymy. 45 % pacientek mélo vySetieno hormony Stitné
zlazy (Devernay-Lefort et al,, 2007).

Pficinami nesystematické péce o Zeny s TS mohou hypoteticky byt
nasledujici davody:

1. Pacientky nejsou détskym endokrinologem radné predany.

2. Internista - endokrinolog odmitd péci o pacientku bez hormonalni
poruchy.

3. Lékari prvni linie nemaji dostatek informaci o systému sledovani
pacientek s TS.

4. Pacientky, které dosud nemély zdravotni problémy, se soustied’uji pouze
na péci gynekologickou.

5. Pacientka nema pocit zodpovédnosti za sviij zdravotni stav a je zvykla, Ze
jeji sledovani bude i v dospélosti organizovano podobné jako v détstvi

a v adolescenci.

Zvlastnich zkuSenosti vychazi poznatek, Ze podminkou zachovani
kontinuity péce o pacientky s TS i v dospélém véku (na rozdil od obdobi détstvi
ma predevSim preventivni charakter), je podrobna informovanost pacientky
a jeji rodiny. Pri ukonceni pediatrické péce by méla byt Ustné i pisemné

seznamena s vySetifenimi, kterda ma pravidelné podstoupit, sjejich c¢asovymi
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intervaly a mit kontakt na spolupracujici odborniky. = Musi byt realné
informovdna o rizicich, kterym se vystavuje v pfipadé nedodrzeni
1éCebné - preventivniho rezimu (Stochholm et al.,, 2006).

Z pohledu kardiologa by zachovani tohoto pristupu a centralizace
pacientek na specializovana pracovisté i v dospélém véku vedlo nejen k udrzeni
vysokého standardu kardiologické péce o konkrétni pacientky, ale zaroven
by umoznilo systematicky sbér a analyzu dat o kardiovaskularnich projevech TS.
Vyzkumna prace by méla byt zameéfena na prevalenci kardiovaskularnich
rizikovych faktorti pro aortalni disekci u nositelek TS a moznostmi jejich detekce
vcetné vyuziti novych diagnostickych metod, mezi néz patri MRI srdce a velkych
cév. Cilem je stratifikace pacientek sTS podle rizika nahlé srdec¢ni smrti

v korelaci s karyotypem a prevence nahlé srde¢ni smrti v této rizikové populaci.

Zavéry vztazené k anotovanym ciliim

Anotace I. Stanoveni vztahu mezi prevalenci bikuspidalni aortalni chlopné a

karyotypem.

67 divek a Zen sTS sledovanych ve trech tercidlnich centrech podstoupilo
vletech 2008 - 2014 magnetickou rezonanci srdce. Pacientky byly rozdéleny
do 4 podskupin dle cytogenetického vySetreni - karyotyp 45X, mozaika
45,X/46,XX, strukturdlni abnormality chromozomu X a smiSend mozaika
45,X /strukturalni abnormalita chromozomu X. Prevalence BAV a odds ratio (OR)
vyskytu BAV ve srovnani s obecnou populaci byly stanoveny v celém souboru
a ve vSech Cctyrech podskupinach. Bylo provedeno statistické srovnani

prevalence BAV mezi jednotlivymi podskupinami podle karyotypu.

Nase data potvrdila hypotézu, Ze prevalence BAV u TS je vyrazné vyssi
ve srovnani sobecnou populaci a lisSi se podle karyotypu. Karyotyp 45X
je asociovan s nejvyssi prevalenci BAV, a tim i s nejvySSim rizikem zavaznych
kardiovaskularnich komplikaci, vcetné vysoké materské mortality v gravidité.
Pritomnost bunécné linie 45,X v karyotypu ve formé mozaiky staticky vyznamné

zvySuje pravdépodobnost vyskytu BAV.
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Anotace II. Stanoveni prevalence rizikovych faktorli pro aortdlni disekci

u pacientek s minoritni mozaikou TS 1éCenych pro infertilitu.

Do studie bylo zahrnuto 25 Zen, které byly v letech 2009 - 2013 odeslany k 1écbé
neplodnosti do dvou IVF center a u nichZ byla na zakladé cytogenetického
vySetieni diagnostikovdna LLGM s podilem patologické linie 45,X v karyotypu
vrozmezi do 10,0 %. VSechny pacientky postoupily v souladu s doporucenim
Practice Committee of the American Society for Reproductive Medicine pro Zeny s
TS podrobny kardiovaskularni screening vcetné klinického kardiologického
vySetreni, EKG, echokardiografického vySetreni srdce a  hrudni aorty a

nekontrastniho MRI srdce a velkych cév.

NasSe studie neprokazala zvyseny vyskyt rizikovych faktort pro DisAo u Zen
s LLGM bez dalsich fenotypickych projevii TS ve srovnani s béZnou populaci.
Na zakladé téchto vysledki lze predpokladat, Ze nositelky LLGM pravdépodobné
nemaji signifikantné zvySené riziko kardiovaskularnich komplikaci a nasledné

matei'ské mortality béhem téhotenstvi.

Anotace III. Vypracovani navrhu protokolu kardiologického vySetfeni a

sledovani u pacientek s TS v détstvi a v dospélosti.

Byl vypracovan navrh protokolu kardiologického vySetfeni a sledovani
u pacientek sTS wvdétstvi a v dospélosti, ktery jsme prezentovali
na 43. Celoslovenské pediatrické konferenci (Galandove dni) ve dnech
24. - 25. 11. 2011 v Martiné a na XXXVI. Endokrinologickych dnech v Plzni

ve dnech 10.-12.10. 2013.
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4. SOUHRN

KARDIOVASKULARNI PROJEVY U TURNEROVA SYNDROMU OD DETSTVI PO
DOSPELOST

Vady srdce a velkych cév postihuji aZz 50 % nositelek TS. Klinicky
nevyznamnéjsi jsou BAV, CoA a AoDil. Tyto vady predstavuji vyznamny rizikovy
faktor pro Zivot ohroZujici DisAo a rupturu aorty. Zatimco CoA byva zpravidla
diagnostikovana jako kriticka srde¢ni vada v novorozeneckém véku, BAV a AoDil
byvaji dlouho Kklinicky némé a prvnim klinickym projevem miiZze byt az vyse

zminéna komplikace.

Chromozomalni aberace predstavuji jednu ze zavaZnych pricin Zenské
sterility, proto bylo cytogenetické vySetfeni zahrnuto do rutinniho
diagnostického algoritmu ve vétSiné center pro IVF. Tento postup vedl
ke zvySenému zachytu nizkoprocentnich mozaik 45,X/46,XX. V soucasné dobé
nejsou k dispozici idaje o prevalenci vrozenych srdec¢nich vad u téchto Zen,
na jejichz zakladé by bylo moZné stanovit riziko kardiovaskuldarnich komplikaci
béhem gravidity a rozhodnout, zda maji nositelky LLGM pied planovanou

graviditou podstoupit podrobné kardiologické vySetienti.
Dizertacni prace méla nasledujici cile:

1. Stanovit prevalenci BAV u divek s TS v zavislosti na jejich karyotypu.

2. Stanovit prevalenci rizikovych faktort pro DisAo, mezi néz radime BAV,
CoA a AoDil, u Zen s LLGM podstupujicich 1é¢bu sterility.

3. Vypracovat navrh protokolu kardiologického vySetfeni a sledovani

u pacientek s TS v détstvi a v dospélosti.

Nase vysledky potvrdily hypotézu, Ze prevalence BAV je u TS vyrazné
vyssi ve srovnani s obecnou populaci a lisi se také podle karyotypu. S nejvyssi
prevalenci je asociovan karyotyp 45,X, jehoZ nositelky maji nejvyssi riziko
zavaznych Kkardiovaskuldarnich komplikaci, vCetné vysoké materské mortality
v gravidité. Rovnéz pritomnost bunécné linie 45X vkaryotypu ve formé
vysokoprocentni mozaiky statisticky vyznamné zvySuje pravdépodobnost

vyskytu BAV.
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Neprokazali jsme zvyseny vyskyt rizikovych faktorii pro DisAo u Zen
s LLGM bez dalSich fenotypickych projevii TS ve srovnani s béZnou populaci.
Na zakladeé téchto vysledki lze predpokladat, Ze nositelky LLGM pravdépodobné
nemaji signifikantné zvySené riziko kardiovaskularnich komplikaci a nasledné

matei'ské mortality béhem téhotenstvi.

Na 43. Celoslovenské pediatrické konferenci (Galandove dni) konané ve dnech
24, - 25. 11. 2011 v Martiné (Slovenskd republika) a na XXXVI.
Endokrinologickych dnech v Plzni konanych ve dnech 10. - 12.10. 2013 jsme
publikovali navrh protokolu kardiologického vySetreni a sledovani u pacientek

s TS v détstvi a v dospélosti.

Klicova slova

Turnertv syndrom, vrozené srde¢ni vady, bikuspidalni aortalni chlopen, disekce
aorty, karyotyp, magnetickd rezonance srdce, nizkoprocentni gonozomalni

mozaika, asistovana reprodukce.
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CARDIOVASCULAR DISEASE IN TURNER SYNDROME FROM CHILDHOOD TO
ADULTHOOD

Summary

Cardiovascular disease affects approximately 50 % of individuals with Turner
syndrome. The most clinically important defects are bicuspid aortic valve, aortic
coarctation and ascending aorta dilatation that are important risk factors for life-
threatening aortic dissection or rupture. Whereas aortic coarctation is usually
diagnosed as a critical heart defect during the newborn period, bicuspid aortic
and ascending aorta dilatation valve may remain asymptomatic for a remarkably
long period of time until they present themselves as some of these above-

mentioned complications.

Since one possible reason for infertility is caused by chromosomal abnormalities,
it is now a common practice in most in-vitro fertilisation centres to perform a
routine cytogenetic screening in patients seeking infertility treatment. Therefore,
an increased number of women with low-level 45,X mosaicism is being currently
diagnosed. There is no sufficient information available whether women with the
low-level 45,X/46,XX mosaicism are at an increased risk of maternal
cardiovascular mortality or not, and whether they should undergo a careful
cardiovascular screening before getting pregnant. The frequency of congenital

heart disease in these individuals has not been established yet.

Aims of the dissertation were as follows:

1. To determine the correlation between the karyotype and the prevalence
of BAV.

2. To establish the prevalence of risk factors for aortic dissection
such as bicuspid aortic valve, coarctation of the aorta and dilatation
of the ascending aorta in women with the low-level 45,X/46,XX
mosaicism undergoing IVF procedure.

3. To prepare an algorithm focused on cardiological follow-up in TS patients

from childhood to adulthood.
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Our data confirmed the hypothesis that prevalence of bicuspid aortic valve
differs among Kkaryotype subgroups of Turner syndrome. 45X karyotype
is associated with the highest prevalence of BAV. Also, the presence
of the 45,X cell line in the mosaic karyotype increases the probability of BAV.
Therefore, these particular patients are at most significant risk for severe
cardiovascular complications including significantly increased maternal

mortality during pregnancy.

Further, no higher prevalence of risk factors for aortic dissection in women with
the low-level 45,X/46,XX mosaicism without any noticeable features, but the
infertility, was detected. Therefore, these particular patients probably are not at
most significant risk for cardiovascular complications including significantly

increased maternal mortality during pregnancy.

We published a proposal of algorithm focused on cardiological follow-up in TS

patients from childhood to adulthood.

Key words: Turner syndrome, congenital heart defects, bicuspid aortic valve,
aortic dissection, karyotype, cardiovascular magnetic resonance study, low-level

sex chromosome mosaicism, assisted reproduction.
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5. SEZNAM POUZITYCH ZKRATEK

ABPM 24-hodinové ambulantni monitorovani krevniho
tlaku

AH arterialni hypertenze

AoDil dilatace hrudni aorty

AoV aortalni chlopen

AscAo ascendentni aorta

AscAo/DescAo ratio pomér primeéru ascendentni a descendentni aorty

na urovni pravé vétve plicnice

BAV bikuspidalni aortalni chlopen

BMI body mass index (kg/m?)

CI confidence interval (interval spolehlivosti)
CoA koarktace aorty

DescAo descendentni aorta

DisAo disekce aorty

ETA elongace transverzalni ¢asti aortalniho oblouku
IVF in-vitro fertilizace

LLGM nizkoprocentni mozaika 45,X/46,XX

LSVC perzistujici levostranna horni duta Zila
MRI magneticka rezonance

PAR pseudoautozomalni oblast

PAPVD parcialni anomalni navrat plicnich Zil

RH ristovy hormon

TS Turneriv syndrom

VSV vrozené srdecni vady
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*M-45,X podskupina pacientek s mozaikou 45,X/46,XX nebo
45,X/46,XY

*SA-X podskupina pacientek se strukturalni abnormalitou
chromozomu X

*45,X podskupina pacientek s karyotypem 45,X

*45,X/SA-X podskupina pacientek s mozaikou 45,X a SA-X
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ABSTRACT

Objective To establish the prevalence of risk factors for aortic dissection such as bicuspid
aortic valve, aortic coarctation and ascending aorta dilatation in women with low-level

45,X/46,XX mosaicism undergoing IVF procedure.

Methods The study group comprised 25 women with low-level 45,X/46,XX mosaicism
(ranging from 3.3% to 10.0%) who were from 2009 to 2013 referred to two reproductive
medicine units because of infertility and were karyotyped. In accordance with the
recommendation of the Practice Committee of the American Society for Reproductive
Medicine for patients with Turner syndrome, all women, prior to IVF procedure, underwent
careful cardiovascular screening for congenital heart disease and thoracic aorta
dilatation, including standard cardiac examination, echocardiography, and non-contrast

cardiovascular magnetic resonance imaging study.

Results Bicuspid aortic valve without any stenosis or regurgitation was found in one
woman. A statistical significant difference between prevalences of bicuspid aortic valve in
our study group with low-level 45,X/46,XX mosaicism and women with Turner syndrome
was revealed. Aortic coarctation was not identified in any individual. The ascending aortic
diameter normalised to body surface area was below the 95t percentile in all cases, and its
mean value was significantly below the reference values of both the general population

and women with Turner syndrome.

Conclusion No higher prevalence of risk factors for aortic dissection in women with low-

level 45,X/46, XX mosaicism without any neticeable features, but infertility, was detected.
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INTRODUCTION

Turner syndrome (TS) is a chromosomal disorder related to the X chromosome.
Individuals with TS have a monosomy for the X chromosome; a major deletion of the X
chromosome short arm or abnormalities of the X chromosome such as ring X
chromosome and Xq isochromosome. Women with TS might have a chromosomal

change in only some of their cells, which is known as mosaicism.

The most characteristic features in TS are short stature and premature ovarian
failuret. A broad spectrum of heart defects has been described in approximately 50% of
TS individuals27 as well. Their life expectancy is reduced up to 13 years due to aortic
dissection or rupture®310 which are in most cases connected with risk factors such as
systemic hypertension, bicuspid aortic valve (BAV), aortic coarctation (CoA) or

ascending aorta dilatation (AoDil)1112,

Mosaic karyotypes are associated with the highly varied and less severe
phenotype. As it is now a common practice in most IVF centres to perform routine
cytogenetic screening in patients seeking infertility treatment, an increased number of
women with low-level 45,X/46,XX mosaicism without any noticeable features has been
diagnosed?3. The term of low-level gonosomal mosaicism (LLGM) has been defined
either as a state of sex chromosome mosaicism where the aberrant cell line constitutes
10% or less'4, or 6% or less of all analysed metaphases?s. The further condition is the

detection of at least 2 cells with identical chromosomal aberration?s.

Since the risk of death from aortic dissection or preeclampsia during perinatal
period in TS women is approximately 2%1718, the Practice Committee of the American

Society for Reproductive Medicine recommends careful cardiovascular screening. BAV,
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CoA and AoDil represent an absolute contraindication to attempting pregnancy. There
is no sufficient information available about congenital heart disease and maternal
cardiovascular mortality in women with low-level 45,X/46,XX mosaicism. Guidelines are
missing whether such patients should undergo cardiovascular screening before getting

pregnant or not.

Our study analyses the prevalence of risk factors for aortic dissection in study
group comprised of females with low-level 45,X/46,XX mosaicism up to 10% of
aneuploidy who were referred to reproductive medicine units because of infertility. The
goal of the study was to statistically compare the prevalence of risk factors for aortic
dissection such as CoA, BAV and AoDil in study group of infertile women with low-level
45,X/46,XX mosaicism and both women with TS and a normal karyotype. To achieve a
maximal sensitivity for detection of any cardiovascular abnormality, cardiovascular MRI

was performed in all study participants.
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MATERIALS AND METHODS

This was a prospective study of data obtained in two IVF centres over a five-year period
from 2009 to 2013. Inclusion criteria were: primary or secondary infertility and low-
level 45,X/46,XX mosaicism. The study was approved by the FERTIMED, Infertility
Centre in Olomouc, Ethic Committee; and by the University Hospital Olomouc Ethic

Committee. Women were enrolled in the study after giving informed consent.
Study population

Study group was recruited from women who had been karyotyped prior to
having assisted reproductive technologies performed at both FERTIMED, the Infertility
Centre in Olomouc and the Infertility Centre of Department of Gynecology and

Obstetrics, University Hospital Olomouc from 2009 to 2013.

No participant expressed any characteristic phenotypical features of TS such as
short stature; low posterior hairline; low-set ears; high arched plate; webbing of the
neck; multiple nevi or cubitus valgus. None of them underwent any growth hormone
treatment in their childhood either. Further, all females had shown a complete

spontaneous pubertal development with menarche.

Once having low-level 45,X/46,XX mosaicism diagnosed, clinical and biological
data were collected. Using the growth charts from The National Institute of Public
Health of the Czech Republict?, patients’ body height was compared to normal
morphometric measurements for women at the age of 18 years. Body surface area was
calculated using the DuBois formula. Body Mass Index (BMI) was assessed in all

participants when individuals with BMI < 18.5 kg/m? were considered to be
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underweight; with BMI 18.5 - 24.9 kg/m? normal weight; with BMI 25.0 - 29.9 kg/m?

overweight; with BMI = 30 kg/m? obese, and with BMI = 40 kg/m? extreme obese20,
Cardiac evaluation

After that, routine cardiac evaluation including physical examination; auscultatoric
blood pressure measurement using mercury sphygmomanometer, and standard 12-lead
electrocardiography (ECG) was completed at the Department of Cardiology, Department
of Paediatrics, University Hospital Olomouc. Blood pressure was measured on the right
arm in the sitting position after 10 min of rest. Disappearance of Korotkoff sounds
(phase V) was used to determine diastolic pressure. According to The Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure2, prehypertension was defined as 120-129/80-89 mmHg;
hypertension as > 140,/90 mmHg and /or if treatment for hypertension was taken.
Subsequently, all patients underwent non-contrast cardiovascular MRI study before IVF

procedure.
Transthoracic echocardiography study

Standardized, complete two-dimensional and Doppler transthoracic echocardiograms
were obtained in all participants through the commercially available system (Philips
HD15). Standard parasternal, apical, and subcostal views were taken in accordance with

the American Society of Echocardiography guidelines2z.

The aortic valve morphology was examined in both systole and diastole in the
parasternal short-axis view as the raphe in the larger leaflet of bicuspid valve may
simulate a trileaflet valve in a closed position. Off-line measurements of the ascending
aorta were made in diastole at the level of 1 cm above the sinotubular junction and at

the level of maximal dimension using an inner wall to inner wall convention. Diastole
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was distinguished by the closure of the aortic valve and downward motion of the aortic

wall. The upper normal range23 of the ascending aorta diameter was set to be 2.1 cm/m2.

Cardiovascular magnetic resonance imaging study

Non-contrast cardiovascular MRI study was done in all individuals. All examinations
were performed on the 1.5 Tesla whole-body MRI scanner (Magnetom Avanto, Siemens,
Erlagen, Germany). MRI study included breath-hold ECG-gated Cine sequences of the
heart in standard cardiac planes, breath-hold ECG-gated Gradient Recalled Echo
sequences and black-blood Turbo Spin Echo sequences of the thoracic aorta both in

axial plane and “candy cane” view.

Ascending aortic diameter normalised to body surface area (i.e. aortic size index
- ASI) was systematically acquired by MRI on the axial slice at the level of the right
pulmonary artery origin (Figure 1). Values considered to be normal were those ranging
up to the 95% percentile indexed to body surface area. The upper normal limit of the

proximal ascending aorta?* was defined as 2.0 cm/m?2.

Figure 1 MRI of the thoracic aorta - axial slice at the level of the right pulmonary artery.

A- ding aorta di; ;D -d ding aorta di 3 RPA - right pulmonary artery.

Aortic valve morphology was performed in all women by MRI study using the in-
plane cine sequence (Figure 2). BAV was determined as a partial or complete fusion of
two cusps, with or without a central raphe, resulting in either a partial or complete

absence of a functional commissure between fused leaflets.

Figure 2 MRI of the aortic valve showing normal tricuspid aortic valve.

A - aortic valve.
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The reference values of ASI in both the general population and TS patients were
drawn from the recent study focused on aortic dilatation in TS24, using the same
screening method for AoDil detection. Reference prevalences of CoA and BAV in TS were
based on MRI study as well, using the same method as in our study group*¢. Due to the
fact that the prevalence of CoA and BAV in the general population has not been
established by MRI yet, the prevalences were based on two prior study cohorts. The
prevalence of CoA in the general population was based on autopsy studies in infants?s;

and the prevalence of BAV was established by echocardiography in newborns?s.

Cytogenetic methods

Routine cytogenetic analysis was performed at these IVF centres listed above. In the
course of the study, the incidence of low-level 45,X/46,XX mosaicism in infertile women
was 3.57% (80 out of 2244 karyotypes) at FERTIMED, the Infertility Centre, Olomouc;
and 2.58% (20 out of 774 karyotypes) at the Infertility Centre of Department of

Gynecology and Obstetrics, University Hospital Olomouc.

Chromosome investigations were carried out on cultured peripheral blood
lymphocytes using standard techniques. Cytogenetic analysis was performed on GTG-
banded metaphase spreads prepared from phytohemagglutinin-stimulated peripheral
blood lymphocytes. The harvesting of the cultures was done after 72 hours of incubation
and for each case, at least 30 GTG-banded metaphases were analyzed using the LUCIA
Cytogenetic system. These karyotype results were elaborated in accordance with the

ISCN 2009 standards (International System for Human Cytogenetic Nomenclature).

Aberrant single cell findings were not taken into consideration. Only if 45X

aneuploidy was found in at least two cells of minimum of thirty metaphases analysed, it
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was classified as 45,X/46,XX mosaicism. Mosaicism was defined as low-level when the
aberrant cell line constituted 10% or less of all analysed metaphases. As the 45X cell
line is often associated with a single cell finding for other sex chromosomal

abnormalities (e.g. 47,XXX), these latter were reported as well.
Statistical analysis

Data are presented as means with 95% confidence intervals and graphically as
95% confidence intervals of means (ASI). Prevalences of CoA and BAV were expressed
as percentages (also with 95% confidence intervals). Results of statistical tests were
represented by p-value. The level of significance was set at 5%. Differences between
means were tested by Student’s t-test or Welch'’s t-test according to the results of
Fisher's test of equality of variances. Differences between prevalences of CoA and BAV in
patients with low-level 45,X/46,XX mosaicism, patients with TS, and the general
population were tested by the test of equality of proportions. All tests were performed

in R Statistical Software version 2.15.3.
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RESULTS

Our study group consisted of 25 women with low-level 45,X/46,XX mosaicism who were
from 2009 to 2013 referred to FERTIMED, the Infertility Centre, Olomouc (19 patients)
and to the Infertility Centre of Department of Gynecology and Obstetrics, University
Hospital Olomouc (6 patients) because of infertility. Out of these 25 patients, 21 women

(849) suffered from primary infertility, 4 females (16%) had a secondary one.

The age of the women involved was between 27.3 and 39.4 years (median 35.3
years). The percentage of 45,X/46,XX mosaicism in peripheral blood lymphocytes
ranged between 3 and 9% (median 5%). Participants’ height ranged from the 4% to 91
percentile (median 55% percentile), i.e. from -1.15 to +1.7 standard deviations (median
+0.12 SD). Our study group consisted of 19 patients with BMI 18.5 - 24.9 kg/m? (74%);
of 4 patients with BMI 25.0 - 29.9 kg/m? (17%); and of 2 patients with BMI 30.0 to 39.9
kg/m?2 (9%). There was the median BMI 23.7 kg/m?2. Participants’ clinical characteristics

are summarized in Table 1.

Routine cardiac evaluation including blood pressure measurement, ECG and

transthoracic echocardiography results

We did not find any significant abnormality during a routine cardiac evaluation or on
ECG. Out of 25 patients in our study group, 24 women had normal blood pressure; one
woman was prehypertensive; no patient had hypertension. With echocardiography, we

confirmed BAV in one woman; no patient had CoA. AoDil was not diagnosed in any
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DISCUSSION

The cytogenetic analysis has recently become a standard method when evaluating
infertile couples at IVF centres, which has contributed to an increased prevalence of

low-level 45,X/46,XX mosaicism in this particular group of patients?7.28,

According to a number of studies, TS patients with 45,X karyotype are at an
increased risk for aortic dissection or rupture to compare with the general population.
These cardiovascular complications are in most cases associated with BAV, CoA and
AoDil. Whereas in the general population the prevalence of CoA is 0.33 per 1000 live
births?s and the prevalence of BAV 1.9 of 1000 in female neonates?, in TS individuals
CoA has been recently found in 7 - 18%?* and BAV in 14 - 30%¢. Apart from congenital

heart defects, AoDil affects 25-30% of girls and women with TS24

The genetic mechanisms contributing to cardiovascular disease in TS patients
are still not determined. The possible mechanism explaining the phenotype variability in
TS includes the haploinsufficiency of X-linked gene or genes that produces impaired
Iymphatic development in some patients, and defective cardiovascular development in
others2e. A lymphoedema critical region was mapped to Xp11.4. BAV and CoA are linked
to deletion of the X chromosome short arm, too30. Clark’s hypothesis based on the
association of neck webbing with congenital heart disease in many TS patients suggests
that distended lymphatics obstructs or reduces blood flow in the developing fetal heart

and thus causes the left ventricle outflow tract defects®t. On the other hand, this
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hypothesis does not account for some TS individuals that have neck webbing but no

heart defect, and vice versa.

Since sex chromosome mosaicism depends upon the methodology and criteria
used for its determination, there are only limited data on the correlation between
karyotype and phenotype in 45,X/46,XX mosaicism3233-3¢, The presence of mosaicism is
affected by the number of cells that are counted; the number of tissues that are tested
(blood; skin; ovarian tissue; etc.); and the technique that are used (karyotype; FISH)34.
There are currently no data available on correlation between peripheral blood

lymphocytes and heart tissue mosaicism.

Some authors suggest that chromosomal mosaicism seems to mitigate the TS
phenotype and the cardiovascular risk factor profile®3. They believe that mosaic
karyotypes with a larger fraction of normal cell lines are linked to a lower prevalence of
congenital heart disease and more favourable prognosis3233. They propose the so-called
‘cell cycle delay’ hypothesis based on the observation that genetically abnormal cells
have a longer cell cycle compared to normal cells. A prolonged cell cycle results in fewer
cell cleavages taking place during the time available for differentiation of an organ or
structure. As a result, the phenotype of such mosaics may vary from the typical TS to

that of a normal female.

In general terms, the established prevalence of congenital heart defects in TS in
different studies is strongly influenced by the level of 45,X/46,XX mosaicism in subjects
involved. In accordance with this fact, the highest prevalence of BAV was found in the
recent study based on the inclusion criterion specifying that at least 70% of cells had

either a complete or partial loss of the second sex chromosomes.

Regarding the absence of characteristic phenotypical features in our study
group, no woman invelved underwent any growth hormone treatment in childhood.

Still, their adult height ranged between the 4% and 91+ percentile (mean 55% percentile).
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In addition, the prevalence of overweight and obesity, which are typical signs in TS
patients, was only 28% to compare to the prevalence of overweight and obesity in Czech
women aged between 35 and 44 years which was determined to be 37.2%3%. Hence, we
did not confirm, as opposed to previous study3?, that main phenotypical features of TS
are visible in individuals with low-level 45,X/46,XX mosaicism. We did not prove a

higher BMI in our study group either.

Due to the fact that transthoracic echocardiography is unable to visualize or
define both the aortic valve structure and the morphology of the thoracic acrta in 10 to
40% of subjects with TS, MRI study was done in all our patients. Although recent data
reveal that MRI has considerably contributed to a higher detection of congenital heart
disease in TS if compared with echocardiography 24293839 no statistically significant
higher prevalence of CoA, BAV or AoDil was found if compared with the general
population. This might be explained by normal, unaltered chest anatomy in these

individuals.

Further to MRI results, the authors cannot give any convincing reason why the
statistically significant lower ASI occurred in low-level 45X /46,XX mosaicism group if
compared with the general population. Based on the fact that the ascending aortic
diameter normalised to body surface area is an accepted way of abolishing the impact of
body size?*, the lower prevalence of obesity in this group cannot be taken as an
explanation for statistically significant lower ASIL. More data need to be, consequently,

provided in further scientific research.

Missing noticeable clinical signs of TS and the above-mentioned cardiovascular
risk factors for aortic dissection in our study group could be possibly explained by the
very low proportion of the 45,X cells in karyotypes. Our study actually reports the first
results of cardiovascular examination in this particular group of low-level 45,X/46,XX

mosaicism.
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A clear limitation of the study is the low number of participants to be included.
More data are essential for an explicit determination whether pregnancy of TS women
with low-level 45X /46,XX mosaicism is associated with higher cardiovascular risk
factors or not, and whether, prior to any infertility treatment, cardiovascular screening
including MRI is to be performed. In order to follow recent guidelines, it remains of a
considerable importance to undergo cardiovascular examination together with
transthoracic echocardiography as a broadly accessible and safe screening diagnostic
tool for both congenital heart defects and AoDil# in the general population. MRI might
be indicated in case of an unsatisfactory visualization of the heart or thoracic aorta due

to a pure acoustic window.

CONCLUSION

Our study reports the first prospective measure of the prevalence of both congenital
heart defects and thoracic aorta dilatation in women with low-level 45,X/46,XX
mosaicism. We have shown no statistically significant higher prevalence of risk factors

for aortic dissection during pregnancy in this study group.
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Table 1 Participants’ clinical characteristics

Parameter n Mean +5D Range
Age (years) 5 34733 273-394
Height (cm) 25 168452 156-178
BMI (kg/m2) 25 242140 19.4-354
BSA (m?) 25 1.8+02 15-22

BMI - body mass index; BSA - body surface area

Table 2 Statistical characteristics of aortic size index values (cm/m?)

Statistical parameter LLGM (n=25) TS (n=166)" GP (n=26)"
Mean (95% CI) 1.48 (1.420; 1.541) 1.89 (1.838; 1.942)° L7 (1.635; 1.765)
SD 0.146 0.340" 0.160"
LLGM - low-level 45 X/46,XX (gonosomal) mosaicism; TS - Turner syndrome population; GP - general
population

CI - confidence interval: SD - standard deviation
*Matura et al., 2007
*“*P-value < 0.05 (Student’s t-test, Welch's t-test)

Table 3 Prevalences of aortic coarctation and bicuspid aortic valve

LLGM TS GP
n Mean n Mean n Mean
(95% CI) (95% CI) (95% CI)
CoA 0in25 0% 10in 85* 11,8% 266 in 5030 53%
(0.0%: 13.7%) (5.8%: 20.6%) (4.7%: 5.9%)
***P-value = 0.161 **P-value = 0.464
BAV  1in25 4% 29.6% 1in 508" 0.2%
(0.1%: 20.4%) (24.0%: 35.7%) (0%: 1.1%)
**P-value = ***P-value = 0.174
0.0123
LLGM - low-level 45,X/46,XX (gonosomal) mosaicism; TS — Turner syndrome population; GP - general
population

CoA - coarctation of the aorta; BAV - bicuspid aortic valve

CI - confidence interval; SD - standard deviation

*Ho et al., 2004; *Samanek et al., 1999; *Sachdev et al, 2008; ***Tudar et al., 2005
“*“P-yvalue < 0.05 (test of equality of proportions)
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Figure 1.tiff

Figure 1 MRI of the thoracic aorta - axial slice at the level of the right pulmonary artery.
A - ascending aorta diameter; D — descending aorta diameter; RPA - right pulmonary artery.
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Figure 2. tiff
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Figure 2 MRI of the aortic valve showing normal tricuspid aortic valve.
A - aortic valve.
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SUMMARY

We present results of cardiovascular magnetic resonance study (MRI) focu-
sed on prevalence of congenital cardiovascular disease and thoracic aorta dila-
tation in women with low-level sex chromosome mosaicism undergoing IVF
procedure. There is a considerably higher prevalence of the congenital heart
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defects in patients with Turner syndrome (TS), ie. with the 45X/46 XX
karyotype, as being observed in a number of recent studies. The estimated
maternal risk of rupture or dissection of the aorta in pregnancy in such indivi-
duals is 2% or higher and the risk of death during pregnancy is increased as
much as 100-fold. Nevertheless, there is a lack of knowledge concerning the
45 X/46 XX mosaic forms, in particular the mosaicism below 10% of aneuploi-
dy. The study group was comprised of 25 women with the low-level 45X/
46 XX mosaicism (ranging from 3.3% to 10%) who were from 2009 to 2013
referred to two reproductive medicine units because of infertility and were
karyotyped. In accordance with the recommendation of the Practice Committee
of the American Society for Reproductive Medicine for patients with Turner
syndrome, all participants underwent, prior to the IVF procedure, a careful
cardiovascular screening for the congenital cardiovascular disease, particularly
for a bicuspid aortic valve (BAV) and coarctation of the aorta (CoA); and for
the thoracic aorta dilatation (AoDil), including the non-contrast cardiovascular
magnetic resonance study. No higher prevalence of risk factors for aortic dissec-
tion in women with the low-level 45 X/46 XX mosaicism without any noticea-
ble features, but the infertility, was detected.

Keywords: Turner syndrome, aortic dissection, bicuspid aortic valve, aortic
coarctation, pregnancy, thoracic aorta dilatation.

INTRODUCTION

Turner syndrome is caused by a complete or partial monosomy (i.e. mosai-
cism) for the X chromosome, by a major deletion of the X chromosome short
arm or by the abnormalities of the X chromosome such as ring X chromosome
and Xq isochromosome during the embryonic development.

The most characteristic features are short stature, premature ovarian failure
and congenital cardiovascular defects [1]. Patients with TS are usually identi-
fied after birth or in their childhood by phenotypical features suggestive of this
syndrome. Nevertheless, there is a large proportion of less severe phenotypes
with mosaic karyotypes. Although the mosaic forms of TS have been recently
more often properly diagnosed, the highly varied phenotype is liable for the fact
that up to 30% of females with TS never get a correct diagnosis [2].

Since one possible reason for infertility is caused by a number of chromo-
somal abnormalities, it is now a common practice in most in-vitro fertilisation
centres to perform the cytogenetic screening in patients seeking infertility tre-
atment. Cytogenetic studies of female partners of couples enrolled in an ICSI
programme have shown an unexpectedly increased incidence of abnormal
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karyotypes ranging from 1.1 to 9.8% when cases with the low-level sex chro-
mosome mosaicism were also included [3].

The cardiovascular disease seems to be one of the most common and clini-
cally significant phenotypical symptoms in live born individuals with TS. Dis-
section or rupture of the aorta have been recognised as the major causes of
premature mortality in adults. A known risk factor for dissection has been pre-
sent in most cases, either a systemic hypertension or a predisposing cardiac
malformation such as BAV, CoA or AoDil; or both. On the contrary, cases with
no risk factors identified have occurred only rarely [4].

Congenital cardiovascular abnormalities affect approximately 50% of indivi-
duals with TS. Dilatation of the ascending aorta represents another clinically
important cardiovascular risk factor affecting 25-30% of girls and women with
TS.

Pregnancy in all probability represents an additive risk factor that has emer-
ged only recently with the increasing number of TS women becoming pregnant
through oocyte donation. The risk of death from aortic dissection or rupture,
preeclampsia and its complications during the perinatal period in women with
TS is approximately 2% [5].

There is no sufficient information available whether women with the low-
level 45 X/46 XX mosaicism are at an increased risk of maternal cardiovascular
mortality or not, and whether they should undergo a careful cardiovascular
screening before getting pregnant. The frequency of congenital heart disease in
these individuals has not been established yet.

MATERIAL AND METHODS

Our study group was recruited from women who had been karyotyped from
2009 to 2013 prior to having the assisted reproductive technologies performed
at both FERTIMED., Infertility Centre in Olomouc and the Infertility Centre of
Department of Gynecology and Obstetrics, University Hospital Olomouc.

Once having the low-level 45 X/46 XX mosaicism diagnosed, clinical and
biological data were collected. The mosaicism was defined as low-level when
the aberrant cell line constituted 10 % or less of all analysed metaphases. As the
45 X cell line is often associated with a single cell finding for other sex chro-
mosomal abnormalities (e.g. 47 XXX), these latter were reported as well.

A routine cardiac evaluation including physical examination, blood pressure
measurement, ECG and transthoracic echocardiography was completed at the
Department of Cardiology, Department of Paediatrics, University Hospital Olo-
mouc. Subsequently, all patients underwent the non-contrast cardiovascular
magnetic resonance study before the IVF procedure. The goal of the magnetic
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resonance study was to identify those individuals with risk factors for aortic
dissection such as CoA, BAV and AoDil.

The non-contrast cardiovascular magnetic resonance study was done in all
individuals. All examinations were performed on a 1.5 Tesla whole-body MR
scanner (Magnetom Avanto, Siemens, Erlagen, Germany). Magnetic resonance
imaging included breath-hold ECG-gated Cine sequences of the heart in stan-
dard cardiac planes. breath-hold ECG-gated Gradient Recalled Echo sequences
and black-blood Turbo Spin Echo sequences of the thoracic aorta both in axial
plane and «candy cane» view.

Aortic diameter measurements were systematically acquired by MRI on the
axial slice at the level of the right pulmonary artery origin. Values considered
to be normal were those ranging up to the 95% percentile indexed to body
surface area. The upper normal limit of the proximal ascending aorta was de-
fined as 2.0 cm/m? [6].

Aortic valve morphology was performed in all women by MRI study using
the in-plane cine sequence. The BAV was determined as a partial or complete
fusion of two cusps, with or without a central raphe, resulting in either a partial
or complete absence of a functional commissure between the fused leaflets.

RESULTS

Our study group consisted of 25 women with the low-level 45 X/46 XX. The
percentage of the 45.X/46 XX mosaicism in peripheral blood lymphocytes ran-
ged between 3.3 and 10% (median 5%).

The age of the women involved was between 27.3 and 39.4 years (median
35.3 years). No participant expressed any characteristic phenotypical feature of
TS such as short stature, low posterior hairline, low-set ears, high arched plate,
webbing of the neck, multiple nevi or cubitus valgus. None of them underwent
any growth hormone treatment in their childhood either. Further, all females had
shown a complete spontaneous pubertal development with menarche. Out of
these 25 patients, 21 women (84%) suffered from a primary infertility, 4 fema-
les (16%) had a secondary one.

Participants® body height ranged from the 4™ to 91* percentile (median 55™
percentile), e.g. from -1.15 to + 1,7 standard deviation (median + 0,12 SD).
There were none patients with BMI < 18.5 kg/m?, i.e. underweight; 17 patients
with BMI 18.5-24.9 kg/m” (74%), i.e. normal weight; 4 patients with BMI 25.0-
299 kg/m?* (17%). 1.e. overweight; 2 patients with BMI 30.0 to 39.9 kg/m? (9%),
i.e. obese; and none patients with BMI > 40 kg/m’, i.e. extreme obese. There
was a median BMI 23,7 kg/m?.
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Cardiovascular Magnetic Resonance Study Results

Morphology of the aortic valve during MRI study was visualized in 24 out
of 25 cases. One woman could not complete the MRI study due to claustropho-
bia, and she, therefore, underwent the thoracic aorta MRI study only. The
morphology of her aortic valve seemed, nevertheless, to be tricuspid on echo-
cardiography. In the remaining 24 patients, a normal tricuspid aortic valve was
identified in 23 women by the magnetic resonance aortic valve study. A BAV
without any stenosis or regurgitation was found in one woman.

The ascending aortic diameter normalised to body surface area (i.e. aortic
size index — AST) was below the 95® percentile in all 25 cases. A coarctation of
the aorta was not detected in any individual.

CONCLUSION

In summary, this study reports the first prospective measure of the prevalen-
ce of both the congenital heart defects and dilatation of the thoracic aorta in
women with the low-level 45.X/46. XX mosaicism up to 10% of aneuploidy
evaluated before the IVF procedure. With the aim to guarantee the sensitivity
of the cardiovascular screening, the non-contrast cardiovascular magnetic reso-
nance study was used in accordance with the recommendation of the Practice
Committee of the American Society for Reproductive Medicine [7]. Neverthe-
less, no statistically significant higher prevalence of the above-mentioned risk
factors for aortic dissection during pregnancy was proved in our study group
comprised of women with the low-level 45 X/46 XX mosaicism.
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Considering both accuracy and the time required to perform manual
segmentations, it appears that five slices is a good compromise when
measuring AVol.

Supporting information can be found in the online
version of this abstract
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Feasibility of automated transcerebellar axial plane finder
using 3-dimensional volume of the fetal posterior fossa

L. Leel, J. Kwonl!, H. Chol, Y. Kim!, Y. Park!, S. Kim?,
K. Lee2, J. Yoo

! Department of Obstetrics and Gynecoclogy, Yonsei
University College of Medicine, Seoul, Republic of Korea;
ZSamsungMedison Research and Development Center, Seoul,

Republic of Korea

Objectives: To evaluate the feasibility of automated transcerebellar
axial plane finder program, novel technique using 3-dimensional
(3D) volume of the fetal brain.

Methods: Total of 31 singleton pregnancies beween 2040 and
2840 weeks of gestation was included. Multiferal pregnancy,
oligohyramnios, fetus with central nervous system anomaly were
excluded. 3D ultrasound volume of the feral head was obrained
transabdominally with Accuvix V20 Prestige (SamsungMedison Co,
Ltd, Seoul, Korea) using 4-8-MHz volume transducer. Volume sweep
was initiated in transcerebellar axial plane for measuring biparietal
diameter with sweep angle set at 60 degrees. The volume data were
subjected to off-line program that automatically manipulated the
volume and produced transcerebellar axial plane within seconds. The
quality of produced images was assessed by two expert examiners.
Automation was considered a success if both experts assured the
quality.

Results: The median gestational age at the scanning was 22
weeks. Out of 31 fetal head volumes, overall success rate of 3D
transcerebellar axial plane finder was 90.3 % (28/30). Three failed
cases were all caused by posterior fossa shadowing at the time of
volume sweep.

Conclusi The d transcerebellar axial plane finder
program reliably produced transcerebellar axial plane using 3D
volume of the fetal head. It is encouraging that this novel technique
will add objectivity in evaluation of posterior fossa.

P11.03

Low-level 45,X/46,XX mosaicism up to 10% of aneuploidy
seems not to be associated with higher prevalence of
congenital cardiovascular disease and thoracic aorta
dilatation: a prospective study

E. Klaskova!, Z. Tudos?, M. Prochazka*, ]. Dostal*,

A. Sobek?, J. Zapletaloval

! Pediatrics, Medical Faculty of Palacky University, Olomouc,
Czech Republic; *Radiology, Medical Faculty of Palacky
University, Olomouc, Czech Republic; 3Iﬂferﬁ!'it)r Center,
Fertimed, Olomouc, Czech Republic; * Obstetrics and
Gynecology, Medical Faculty of Palacky University,
Olomouc, Czech Republic

Objectives: Turner syndrome (TS) affects 1 in 2000 to 1 in 2500
live born girls. The higher prevalence of congenital cardiovascular
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disease in TS has been observed in several studies. Our study has
been focused on the prevalence of risk factors for aortic dissection
such as bicuspid aortic valve (BAV), coarctation of the aorta (CoA)
and dilatation of the ascending aorta (AoDil) in individuals with
low-level 45 X/46, XX mosaicism.

Methods: The study group comprised of 25 women with low-
level 45,%/46,XX mosaicism (ranging from 3.3% to 10%), who
were referred to two reproductive medicine units from 2009
to 2012 because of infertility and were karyotyped. Ascending
and descending aortic diameters were measured by MRI at the
level of the right pulmonary artery with the aim to identify
AoDil.

Results: We visualised the morphology of the aortic valve during
MRI study in 24 of 25 cases. Multiple linear regression analysis
didn't prove thestatistical relationship between the level of
45,X/46,XX mosaicism and the prevalence of CoA and BAV, and
berween the level of 45,X/46,XX mosaicism and the ascending aorra
diameters. The only linear statistical correlationwas found berween
the age of the patients and ASI{p 0,56).

Conclusions: We did not prove the higher prevalence of risk
factors for aortic dissection in women with low-level 45X/46,XX
mosaicism without any noticeable features but infertility.

P11.04

Novel automatic coupled ellipse fitting tool for fetal arm
adipose tissue quantification in 2D ultrasound images across
gestation

S. Rucda®, C.L. Knight'%, J.A. Noble*, A.T. Papagcorghiou”

"Nuffield Department of Obstetrics & Gynaecology,
Umniversity of Oxford, Oxford, United Kingdom; * Institute of
Biomedical Engineering, Department of Engineering Science,

Usiversity of Oxford, Oxford, United Kingdom

Objectives: To evaluate a new clinical tool to automatically
approximate by two ellipses the fetal arm adipose tissue area in
a transverse section at mid-humeral level on 2D ultrasound images
across a range of gestational ages.

Methods: Fetal arm adipose tissue was automatically measured on
15 cross-sectional ultrasound images at mid-humeral level from
optimally healthy fetuses between 21 and 31 weeks of gestation
using a novel image analysis measurement tool (Rueda et al. [EEE
ISBI 2013). The measurement tool is based on fitting two ellipses
simultaneously to the inner and outer boundaries of the adipose
tissue layer. The tool is based on structural and oriented edge
information to delineate the tissue boundaries and guide the fitting.
The final estimation of the adipose tissue layer is obtained from the
area between both fitted ellipses.

Results: The new methodology was compared to manual delin-
eations, measured twice by the same clinical expert on each of the
15 images. The differences between between automatic and the aver-
age manual measurements were assessed using a Bland-Altman plot
obtaining a mean of —1.86 mm? and a standard deviation of 40.46
mm?.

Conclusions: Good correlation of the automatic method with
respect to manual delineations was observed across gestation. This
method has the potential as an automated gquantitative tool for
assessment of fetal arm fat thickness.

Supporting information can be found in the online
version of this abstract

Ultrasound in Obstetrics & Gynecology 2013; 42 (Suppl. 1): 113-179.
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Postizeni kardiovaskularniho
systému u zen s Turnerovym
syndromem, kardiovaskularni rizika
spojena s tehotenstvim

E. Kldskov4, |. Zapletalové, A. Sabek, D. Horak, . Wiedermann, A. Sobek Jr.

Souhrn: Turneriv syndrom (TS), neboli monozomie X (karyotyp 45X), je charakierizovdna malym vzristem, pfedcasnym ovarialnim se-
Thanim a pfitomnosti vrozenych srdecnich vad. TS je vidy spojen s Zenskym fenotypem. Viozené srdecni vady postihuji pfiblizné 50 %
nositelek TS a jsou hlavni pfiinou pfedéasné mortality u dospélych s T8, Disekce acrty postihuje pacientky s TS v napadné niZ&im
véku (primér 36 let). Aortalni disekee je obvykle spojena s rizikovymi faktory, jako jsou bikuspidalni acrtalni chlopefi nebo jiné abnorma-
lity aortalni chlopné, kearktace nebo dilatace aorty a systémova arteridlni hypertenze. V poslednich letech otéhotni nartstajici podet 2en
s T8 diky metodam arteridlni hypertenze. Riziko disekce nebo ruptury acrty béhem gravidity je vice neg 2 % a riziko imrti t€hotné Zeny
je zvySeno vice ne stokrat. Z tohoto ditvodu Practice Committee of the American Soc:naty lbr Repmduc:hve Medicine vydal v roce 2006
doporuéeni provést u véech Zen s TS5, ktere planuji t2h 1, podrobné screening ke vySetfeni véetné echokardiografic-
kého vySetfeni a magnetické rezonance srdce a velkych cév. U Zen s jakymkoli rizikovym fakturem pro aortdlni disekci je gravidita kon-

traindikovéana.
Klicova slova: Turneriv syndrom - vrozena srdecni vada - aortélni disekee - systémova arterialni hypertenze - t#&hotenstvi
Summary: Cardi lar di in Turner synd: di lar risks iated with preg y. Turner syndrome (T8), or mono-

somy X, is characterised by short stature, premature ovarian failure and congenital cardiovascular defects in phenotypic females. Conge-
nital cardiovascular disease affects approximately 50% of individuals and is the major cause of premature mortality in adults with TS. Dis-
section of the acrta occurs in TS patients at a remarkably young age (mean 36years). Aortic dissection is usually associated with additio-
nal risk factors including bicuspid acortic valve or other abnormalities of the acortic valve, coarctation or dilatation of the aorta, and syste-
mic arterial hypertension. In recent years, increasing numbers of women with TS have become pregnant via assisted reproduction. The
risk for acrtic dissection or rupture during pregnancy is 2% or higher and the risk of death is increased as much as 1004old. Because of
this fact, the Practice Committee of the American Society for Reproductive Medicine recommended in 2006 a careful screening for cardr
ovascular abnormalities including echocardiography and cardiovascular magnetic resonance imaging in all TS patients before any plan-
ned attempt at pregnancy. Women with any risk factors for aortic dissection should not undertake pregnancy.

Key words: Turner syndrome, congenital heart disease, aortic dissection, systemic arterial hypertension, pregnancy

Uvod
Turnertiv syndrom (TS) je jednou z nej
¢astéjsich chromozomalnich aberaci.
Postnatalni incidence je udavéna pii
blizné 1 na 2 000 zive narozenych dév-
satek. V Ceské republice zije v sow
&asné dobé vice nez 2 000 divek a Zen
s TS a kaZdoroéné se narodi dalich
20-25 novorozenct s TS.

Za nejcastéjsi chromozomalni od-
chylku u TS byva povaZovana mo-
nozomie X (45X), kdy zcela chybi

www.praktickagynekologie.cz

druhy pohlavni chromozom. Struktu-
ralni abnormity chromozomu X jsou
méné ¢asté. Patfi k nim izochromozom
z dlouhych ramének (iXq), ring chro-
mozom (rX), pfipadné milfe chybét
kratké (Xp-) nebo dlouhé (Xp-) ra-
menko X chromozomu. Tyto abnor-
mity mohou postihovat véechny buriky
nebo jen jejich &dst ve formé chro-
mozomalni mozaiky. Vyjimecné byva
pfitomen Y chromozom (453X/46,XY)
nebo jeho ¢ést.
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Diky rozvoji novych cytogenetic-
kych a molekuldrnich metod jsou pi-
vodni genetické nalezy pfehodnoco-
vany a ¢astéji jsou diagnostikovany
1 minoritni mozaikove formy TS. Abnor-
mity X chromozomnu, typické pro TS, se
vyskyhyi u 1-3% viech koncepci, ale
999 fétl s karyotypem 45X je spon-
tdnné potraceno jiZ v rané fazi gravidity
v dilsledku srdecéniho selhani [1]. Toto
zjisténi vedlo k pfedpokladu, Ze vétsi
«Zivotaschopnost" maji plody s chro-




Postizeni kardiovaskularniho systému u Zen s Turnerovym syndromem, kardiovaskularni rizika

spojena s téhotenstvim

mozomalni mozaikou, jejichz druhy
pohlavni chromozom je v nékterych
tkanich alespofi ve zbytku zachovan.
Néktefi autoii se domnivaji, Ze &ista
monozomie (45X) neni slu¢itelna se
Zivotem, a Ze se tedy u TS vidy jedna
o skrytou, nerozpoznanou mozaiku.

K pfiznakiim, které vedou k pode-
zieni na TS, patii mala postava, dysge-
neze gonad a pozistatky fetdlniho lym-
fedému, jako jsou koZni duplikatury
po stranach krku (pterygium colli),
nizkd vlasova hranice, Siroky hrudnik
s odddlenymi bradavkami a postna-
talni lymfedém na dorzech rukou a na
nartech (obr. 1, 2). U TS je vysoka in-
cidence renalnich a kardiovaskuldr
nich vad. Nositelky TS nemaji mentalni
retardaci s vyjimkou pacientek s ring
chromozomem.

Stanoveni diagndzy TS necini potize
u pacientek, které maji ziejmé klinické
projevy (zejména divky s karyotypem
45X). Existuji ale divky a Zeny s TS,
které maji minimalni symptomy, a je-
dinym projevem TS mize byt kromé
nevyrazne ristove retardace porucha

Obr. 1,2. Pacientka se stigmaty
typickymi pro TS.

menstruaéniho cyklu, pfedcasné ova-
ridlni vyhasnuti nebo poruchy plod-
nosti. Jsou to pfedeviim pacientky
s minoritni chromozomalni mozaikou
(za TS je povaZzovan karyotyp s vice
nez 5% patologickjch bunéénych
linii) nebo s deleci dlouhého raménka
chromozomu X [2]. Tyto Zeny mohou
byt klientkami IVF center a pokud
nemaji vySetien karyotyp, nemusi byt
rozpoznany jako nositelky TS.

Sdéleni je vénovano kardiovas-
kularnim projeviim TS a jeho cilem
je upozornit na vysokou prevalenci
a Siroké spekirum kardiovaskularnich
anomalii, které jsou gasto klinicky
zeela némé. Prvni manifestaci mize
byt fatalné probihajici disekce a rup-
tura aorty u mladé zeny.

Vrozené srdec¢ni vady u TS
Spektrum vrozenych i ziskanych
srde¢nich anomalii je Siroké a po-
stihuje zejména levostranne srdecni
oddily, tj. aortalni chlopefi a ascen-
dentni acrtu. Nejcast&jdimi srdec-
nimi vadami jsou dvojcipa aortalni
chlopefi, koarktace aorty a dilatace
ascendentni aorty [3-5]. Méné znamé
je, ze pacientky s TS maji napadné
vyssi vyskyt parcidlniho anomélniho
navratu plicnich zil (13%) a perzistu-
jici levostranné horni duté Zily (13 %).
Z recentnich studii vyplyva, Ze az B0%
zen s TS ma néjakou vrozenou srdecni
anomalii.

Piicina vzniku vrozenych srdeénich
vad neni doposud jednoznaéné cbjas-
néna. Nejvice je akceptovana teorie,
ze jsou diisledkem haploinsuficience
lymfogenniho genu v pseudoautozo-
malni oblasti 1 chromozomu X (PARIL).
Kritické misto zodpovédné za vyvoj
lymfatického systému leZi v lokusu
Xpll4[6].

V roce 1984 vyslovil Clark [T] hy-
potézu, Ze vznik vrozenych srdec-
nich vad u TS je zplsoben pozdnim
vyvojem nebo uplné chybéjici drenazi
mezi ductus thoracicus a jugularnimi
a podkli¢kovymi vénami. Hromadici se
lymfa rozsifuje mizni systém v zadnich
a boénich oblastech krku. Disledkem
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je venik tzv. hygroma colli cysticum,
které je vedoucim symptomem pro
prenatalni ultrazvukovou diagnostiku
TS. Generalizovany lymfedém je pii-
&inou spontannich potrati u vice nez
99,9% ploda s karyotypem 45,X. Hypo-
tetickym diivodem potratu je porudeny
vendzni navrat v disledku tlaku nad-
meérné dilatovanych hrudnich lymfatic-
kyjch cév, coz nasledné vede k srded-
nimu selhini.

Intrauterinné vzniklad dilatace
mizniho systému zplisobuje i fadu kli-
nicky napadnych postnatalnich pro-
jevla TS (pterygium colli, nizka vlasova
hranice, abnormalni tvar a posazeni
uénich bolted, ,Stitovity® tvar hrudniku
a lymfedémy nartd, hibetll rukou a zev-
niho genitalu). Opakované bylo potvr-
zeno, Ze jedinci s témito typickym stig-
maty maji signifikantné vyssi vyskyt
vrozenych srdecnich vad [8].

Moznost detekce kardiovasku-
larnich abnormalit se vyrazné zvy-
Zila se zavedenim novych vySetfova-
cich metod, zejména magnetické re-
zonance (MRI) srdce a velkych cév.
Echokardiografické vysetfeni u divek
a zen s TS byva komplikovdno zhor-
Senou viditelnosti pfi transtorakalnim
vysSetfeni. Pfi¢inou je sklon k oberzité
a neobvykla architektura hrudniho
kose, kterd je poziistatkem fetdlniho
lymfedému. MRI naopak umoifinje
spolehlivé zobrazit hrudni aortu a sta-
novit morfologii aortalni chlopné u Zen,
které nejsou echokardiograficky vy-
Setfitelné [5,9,10].

Nejéastéjsi vrozenou anomalii u TS
je bikuspidalni aortalni chlopef. Jeji
prevalence u TS byla v minulosti pod-
hodnocovana [3,4,11-14]. V posledni
publikované studii, v niz byla vySet
fena neselekiovana populace 250 Zen
= TS, byla diagnostikovana bikus-
pidilni aortalni chlopefi u 30% pa-
cientek [5]. U 6% nebylo moZne echo-
kardiograficky vizualizovat aortalni
chlopeti pro Spatmou vysetfitelnost. Pfi
kombinaci echokardiografie a MRI se
podafilo stanovit morfologii 99 % aor-
talnich chlopni (obr. 3). Bylo zjisténo,
Ze zeny s bikuspidalni aortalni chlopni



Postizeni kardiovaskularniho systému u Zen s Turnerovym syndromem, kardiovaskularni rizika

spojena s téhotenstvim
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Néktefi autoii se domnivaji, Ze &ista
monozomie (45X) neni slu¢itelna se
Zivotem, a Ze se tedy u TS vidy jedna
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zieni na TS, patii mala postava, dysge-
neze gonad a pozistatky fetdlniho lym-
fedému, jako jsou koZni duplikatury
po stranach krku (pterygium colli),
nizkd vlasova hranice, Siroky hrudnik
s odddlenymi bradavkami a postna-
talni lymfedém na dorzech rukou a na
nartech (obr. 1, 2). U TS je vysoka in-
cidence renalnich a kardiovaskuldr
nich vad. Nositelky TS nemaji mentalni
retardaci s vyjimkou pacientek s ring
chromozomem.

Stanoveni diagndzy TS necini potize
u pacientek, které maji ziejmé klinické
projevy (zejména divky s karyotypem
45X). Existuji ale divky a Zeny s TS,
které maji minimalni symptomy, a je-
dinym projevem TS mize byt kromé
nevyrazne ristove retardace porucha

Obr. 1,2. Pacientka se stigmaty
typickymi pro TS.

menstruaéniho cyklu, pfedcasné ova-
ridlni vyhasnuti nebo poruchy plod-
nosti. Jsou to pfedeviim pacientky
s minoritni chromozomalni mozaikou
(za TS je povaZzovan karyotyp s vice
nez 5% patologickjch bunéénych
linii) nebo s deleci dlouhého raménka
chromozomu X [2]. Tyto Zeny mohou
byt klientkami IVF center a pokud
nemaji vySetien karyotyp, nemusi byt
rozpoznany jako nositelky TS.

Sdéleni je vénovano kardiovas-
kularnim projeviim TS a jeho cilem
je upozornit na vysokou prevalenci
a Siroké spekirum kardiovaskularnich
anomalii, které jsou gasto klinicky
zeela némé. Prvni manifestaci mize
byt fatalné probihajici disekce a rup-
tura aorty u mladé zeny.

Vrozené srdec¢ni vady u TS
Spektrum vrozenych i ziskanych
srde¢nich anomalii je Siroké a po-
stihuje zejména levostranne srdecni
oddily, tj. aortalni chlopefi a ascen-
dentni acrtu. Nejcast&jdimi srdec-
nimi vadami jsou dvojcipa aortalni
chlopefi, koarktace aorty a dilatace
ascendentni aorty [3-5]. Méné znamé
je, ze pacientky s TS maji napadné
vyssi vyskyt parcidlniho anomélniho
navratu plicnich zil (13%) a perzistu-
jici levostranné horni duté Zily (13 %).
Z recentnich studii vyplyva, Ze az B0%
zen s TS ma néjakou vrozenou srdecni
anomalii.

Piicina vzniku vrozenych srdeénich
vad neni doposud jednoznaéné cbjas-
néna. Nejvice je akceptovana teorie,
ze jsou diisledkem haploinsuficience
lymfogenniho genu v pseudoautozo-
malni oblasti 1 chromozomu X (PARIL).
Kritické misto zodpovédné za vyvoj
lymfatického systému leZi v lokusu
Xpll4[6].

V roce 1984 vyslovil Clark [T] hy-
potézu, Ze vznik vrozenych srdec-
nich vad u TS je zplsoben pozdnim
vyvojem nebo uplné chybéjici drenazi
mezi ductus thoracicus a jugularnimi
a podkli¢kovymi vénami. Hromadici se
lymfa rozsifuje mizni systém v zadnich
a boénich oblastech krku. Disledkem
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je venik tzv. hygroma colli cysticum,
které je vedoucim symptomem pro
prenatalni ultrazvukovou diagnostiku
TS. Generalizovany lymfedém je pii-
&inou spontannich potrati u vice nez
99,9% ploda s karyotypem 45,X. Hypo-
tetickym diivodem potratu je porudeny
vendzni navrat v disledku tlaku nad-
meérné dilatovanych hrudnich lymfatic-
kyjch cév, coz nasledné vede k srded-
nimu selhini.

Intrauterinné vzniklad dilatace
mizniho systému zplisobuje i fadu kli-
nicky napadnych postnatalnich pro-
jevla TS (pterygium colli, nizka vlasova
hranice, abnormalni tvar a posazeni
uénich bolted, ,Stitovity® tvar hrudniku
a lymfedémy nartd, hibetll rukou a zev-
niho genitalu). Opakované bylo potvr-
zeno, Ze jedinci s témito typickym stig-
maty maji signifikantné vyssi vyskyt
vrozenych srdecnich vad [8].

Moznost detekce kardiovasku-
larnich abnormalit se vyrazné zvy-
Zila se zavedenim novych vySetfova-
cich metod, zejména magnetické re-
zonance (MRI) srdce a velkych cév.
Echokardiografické vysetfeni u divek
a zen s TS byva komplikovdno zhor-
Senou viditelnosti pfi transtorakalnim
vysSetfeni. Pfi¢inou je sklon k oberzité
a neobvykla architektura hrudniho
kose, kterd je poziistatkem fetdlniho
lymfedému. MRI naopak umoifinje
spolehlivé zobrazit hrudni aortu a sta-
novit morfologii aortalni chlopné u Zen,
které nejsou echokardiograficky vy-
Setfitelné [5,9,10].

Nejéastéjsi vrozenou anomalii u TS
je bikuspidalni aortalni chlopef. Jeji
prevalence u TS byla v minulosti pod-
hodnocovana [3,4,11-14]. V posledni
publikované studii, v niz byla vySet
fena neselekiovana populace 250 Zen
= TS, byla diagnostikovana bikus-
pidilni aortalni chlopefi u 30% pa-
cientek [5]. U 6% nebylo moZne echo-
kardiograficky vizualizovat aortalni
chlopeti pro Spatmou vysetfitelnost. Pfi
kombinaci echokardiografie a MRI se
podafilo stanovit morfologii 99 % aor-
talnich chlopni (obr. 3). Bylo zjisténo,
Ze zeny s bikuspidalni aortalni chlopni
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maji signifikantné vétsi rozmér aorty
na urovni aortidlniho anulu, sini, si
notubuldrni junkce a vét3i primér
ascendentni aorty. Ve skupiné 51 Zen,
které prodélaly disekci aorty a za
Tovell u nich bylo provedeno kardiclo
gické vydetieni pfed touto komplikaci,
mélo 27 % z nich izolovanou bikuspi-
dalni chlopef a 18% kombinaci biku
spidalni aortalni chlopné a koarktace
aorty [15].

Diagnéza koarktace aorty je na
rozdil od bikuspidalni acrtalni chlopné
obvykle stanovena na podkladé kli-
nickych piiznaki v kojeneckém a ba
tolecim véku, kdy vyZaduje chirur-
gické fedeni. Prevalence koarktace
aorty je udavana u divek a zen s TS
mezi T-18% [3,4,12,13,16]. Se zave
denim kardiovaskulamiho screeningu
u viech pacientek s TS a se zvySenou
dostupnosti MRI se setkévame s nové
diagnostikovanymi pfipady klinicky
némych koarktaci aorty i po 10. roce
zivota (obr. 4). I tyto nalezy jsou vysoce
rizikove pro disekci aorty.

MRI angiografie umoZiuje az u 50%
nositelek s TS detekovat anomalie aor-
talniho cblouku obtiZné rozpoznatelné
echokardiograficky, a to zejména elon
gaci transverzélniho oblouku (ETA)
s prohnutim oblouku v misté acrtalniho
istmu [16]. V budoucnu bude nutné ob-
jasnit, zda pfitomnost ETA predikuje
gortalni komplikace ve smyslu dila-
tace a disekce aorty, nebo zda maji
tendenci k progresi do koarktace.

Dilatace aorty a disekce
aorty

Nejméné 1,4% divek a Zzen s TS pro-
déla v priibéhu Zivota acrtalni disekci
[17,18]. Vétsina z nich ma prokazatelny
alespon jeden ze znamych rizikovjch
faktorfl, k nim# patfi koarktace aorty,
bikuspidalni aortdlni chlopen, dila-
tace ascendentni aorty a arterialni hy-
pertenze [19,20]. U 10-25% Zen s di-
sekci ale nebyl Zddny z rizikovych falk
torfi nalezen [8,15]. Z tohoto divedu je
TS povaZovan za samostatny rizikovy
faktor pro disekei i bez pfitomnosti
jinych rizikovych faktord. Nejvyssi
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riziko disekce maji Zeny s typickjmi
stigmaty TS.

S aortalni disekei se u pacientek
s TS setkdvame ve vyrazné niziim
véku nez v béiné populaci, a to ve
druhém a tfetim decenniu (median
veku je 36 let oproti 68 letim v béiné
populaci). Tento nizky vék vede k pod-
cenéni prvnich symptomi, jake jsou
bolest na hrudi, bolest zad, poceni,
tachykardie. Disledkem je vysoka
mortalita, ktera pfesahuje 50% [15]. Pii
histologickém vysSetfeni byva zjisténa
cysticka nekréza medie aorty.

Jednim z nejzévaznéjsich rizikovyjch
faktorii pro disekci aorty je dilatace
ascendentni aorty. Jeji prevalence
je udévana 15-30% divek a Zen s TS
[10,21,22]. Zasadnim problémem je,
jak definovat dilataci aorty u této spe-
cifické populace. Rozméry aorty jsou
urceny vékem a télesnym povrchem.
Populace divek a Zen s TS je malého
vzristu ama sklon k obezité. PouZivani
absolutnich hodnot naméfenych roz-
merh aorty bez vztaZeni k télesnému
povrchu vede u pacientek s TS k pod-
diagnostikovani dilatace aorty a mize
mit zdvainé disledky.

V soucasné dobé je zlatym stan-
dardem k detekci dilatace ascen-
dentni aorty MRI (obr. 5) [98,22,23].
Jednim z prvnich pouzivanych markert
dilatace ascendentni aorty bylo stano-
veni poméru ascendentni a descen-
dentni aorty (Asc.Ao/DescAoratio)na
urovni pravé vétve plicnice. Aplikace
tohoto pomeéru vychazi z pfedpokladu,
Ze dilatace postihuje vyhradné ascen-
dentni aortu a rozmér descendentni
aorty je normalni. Za signifikantni dila-
taci je povazovan pomér > 1,5 [21].

Die posledni studie z roku 2007 je do-
porucovan pro screening dilatace aorty
u TS indexovany acrtalni rozmér (ASI -
aortic size index), coz je primeér ascen-
dentni aorty vztaZeny k télesnému po-
vrchu. Tato metoda mé nejvyssi senzi-
tivitu i specificitu pfi predikci daldich
komplikaci. Za 95. percentil byla stano-
vena hodnota 2,0cm/m? a 99. percentil
2,5cm/mé [24]. Zeny s ASI > 25cm/m?
mély v této studii riziko disekce v né-
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spojena s téhotenstvim

Obz. 5. MRI hrudni aorty - stano-
veni priméri ascendentni a descen-
dentni aorty na drovnl pravé vétve
plicnice.
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spojena s téhotenstvim

sledujicich tfech letech 33%. V soucas
nosti se jedna o nejvice akceptovany
ukazatel klinicky zavainé dilatace.

Dosud neni vyfedena podstatna
otazka, zda ma dilatace ascendentni
aorty u konkrétni pacientky progre-
sivni charakter. Lanzarini [25] prokazal
pii tiletém echokardiografickém sle-
dovani 78 divek a Zen s TS pomalou
progresi dilatace aorty na viech urov-
nich. I kdyZ nebyla klinicky zivaina,
pacientky musi byt celoZivomé sledo
vany kardiclogem. Zaroven chybi jed
noznacny algoritmus, kdy by Zena s TS
a dilataci aorty méla podstoupit pre-
ventivni chirurgicky zdkrok ke stabi-
lizaci ascendentni aorty. Ronéz neni
vyfedeno, zda je moZno progresi aor
talni dilatace ovlivnit farmakologicky
(B-blokatory nebo ACE inhibitory).

K daldim zévainym rizikovym fak-
torfim patfi arteridlni hypertenze [10].
Obecné je znamo, ze vice nez 50% Zen
s TS ma pfi 24hodinovem monitorovani
(ABPM) arteridlni hypertenzi. Typickeé
je narufeni diurnalniho rytmu arteri-
dlniho tlaku, kdy je redukovan nebo
zeela chybi noéni pokles. U nositelek
TS je nutna pfisnd farmakologicka
a rezimova kontrola hypertenze. V gra
vidité plati toto pravidlo dvojnasobné.

Kardiovaskularni rizika

v gravidité

V poslednich dvou desetiletich se pro
zeny s TS oteviela redlna moznost oté-
hotnéni s vyuiitim metod asistované
reprodukce z darcovského oocytun. Na-
riistajici pocet t€hotenstvi a zivé narc-
zenych déti je vwykoupen vysokou frele
venci matefskych komplikaci, jako
jsou arteridlni hypertenze, eklampsie
a aortalni disekce [26].

V praci Spanélskych autort byla
piitomna arteridlni hypertenze u péti
z osmi gravidnich Zen s TS, z toho se
u tf pacientek vyvinula preeklampsie
[27]. Disledkem vysokeého vyskytu
arteridlni hypertenze byla intrauterinni
ristova retardace a pfeddéasny porod
ve vice nez 50% piipadi. Dalsi antofi
sledovali arterialni hypertenzi u 6 z 18
téhotnych [28]. Vieobecné je dopo-

rudeno snizit riziko hypertenze trans-
ferem jediného embrya ve snaze vy-
hnout se mnchoéetnym graviditam.
Matefska mortalita u TS v disledku
aortalni disekee je odhadovénana vice
nez 2% [15]. V nejrozsahlejsi metaana-
lyze 85 ptipadd Zen s TS a aortalni di-
sekci bylo sedm piipadli v souvis-
losti s graviditou a jen jedna ze sedmi
Zen piefila chirurgickou intervenci.
V dalsi sérii pacientek s TS a aortalni
disekci byly dvé t8homé Zeny z 16 pii
padi [17]. Zvysené riziko disekce
béhem téhotenstvi se tyk4 i vzacnych
piipadil fen s TS, které spontanné oté-
hotni. Nejvy3ai riziko disekce je na
zaddatku gravidity a v prib&hu tfetiho
trimestru v disledku hyperkineticke
cirkulace.
Na podkladé narfistajicich dat
o riziku aortalni disekce v gravidité
vydal The Practice Committee of the
American Society for Reproductive
Medicine [29] v roce 2006 tato dopo-
ruceni, jak piistupovat k téhotenstvi
u zen s TS.
signifikantni srdecni vady (dilatace
ascendentni aorty, bikuspidalni aor-
talni chlopen a koarktace aorty), jsou
kontraindikaci téhotenstvi
u #en s norméalnim kardiclogickjm
nilezem je nutno zajistit dislednou
léchu arterialni hypertenze a opako-
vané echokardiografické vysetfeni
v gravidité
zeny ve stabilizovaném stavu s pri-
mérem acrtdlniho kofene < 4cm
mohou rodit spontdnné v epiduralni
anestezii, u Zen s dilataci acrtalniho
kofene je doporuden porod cisaf-

skym fezem

Viyse zminéna doporudeni jsou
v soucasné dobé pfedmétem diskuze
[30]. Jedna z nejvétsich autorit v kardio-
vaskularni problematice TS Carolyn
Bondy [31] doporuéuje na podkladé
novych poznatkfl upravit doporuceni
nasledujicim zpiiscbem:

u zen se srdedni vadou (bikuspidalni

aortdlni chlopeni nebo koarktace

aorty) nebo s hypertenzi je gravidita

kontraindikovana
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Zeny bez znamé srdecni vady maji

byt podrobné kardiologicky vyset

feny pfed planovanou graviditou

véetné magneticke rezonance srdce

a hrudni aorty

Zeny s indexovanym rozmérem

ascendentni aorty nad 2,0cm/m® by

nemély otéhotnét

Autorka rovné# zdiraziiuje, Ze i Zeny

bezvyse zminénych rizikovych faktord
mohou byt nositelkami latentni vasku-
lopatie, ktera se miife manifestovat aZ
v gravidité disekci aorty.

Zavér

Nositelky TS mohou v pfipadé véasné
diagnozy a pii adekvatni medikamen-
tozni lécbé dosahnout plné femini-
zace a skoro normalni dospélé vysky.
Kvalita jejich Zivota se téméf nelidi od
béiné populace.

Vyhlidky na normalni délku Zivota
viak byvaji limitovany rizikem pied-
¢asneé kardiovaskularni morbidity
a mortality, zejména v disledku di-
sekce ascendentni aorty. Gravidita
pfedstavuje pro tyto Zeny vysoce rizi-
kové obdobi s nejméné dvouprocentni
matefskou fimrtnosti. Zeny, které se
rozhodnou vyuZit metod umeélého
oplodnéni, musi byt podrobné infor-
movany o kardiovaskuldrnich rizicich
a projit podrobnym kardiologickym vy-
Setfenim véetné MRI srdce a hrudni
aorty. Pfi zjisténi signifikantni srdeéni
vady, dilatace ascendentni aorty a ne-
kontrolované arteridlni hypertenze je
t&hotenstvi kontraindikovano.

Zeny mensiho vzriistu, které se 16&i
pro neplodnost, by mély podstoupit
geneticke vysetfeni véetné karyotypu
Pokud se u nich prokaze TS5, je u nich
nutné provést pfed planovanou gravi-
ditou kardiologické vysetfeni.
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Souhrn

Tumerlv syndrom (TS) e relativn& asté onemocnéni, jehoZ hlavnimi pfiznaky jsou maly vzrist, gona-
ddini dysgeneze a vrozené vady kardiovaskuldrniho a uropoetické&ho systému.

Vrozené srde&ni vady postihuji pfibliZné 50 % nositelek TS a Jsou hlavni pficinou pfed&asné mortality
v dasledku aortdini disekce. Miadé Zeny a Zeny ve stfednim véku maji vice neZ 100krat vy3si riziko aor-
taini disekce ve srovnani s obecnou populaci. Aortdini disekce Je obvykle spojena s rizikovymi faktory,
Jako jsou bikuspidd@ini aortdini chiopef nebo jiné abnormality aortaini chlopné&, koarktace nebo dilatace
aorty a systémova arteridini hypertenze.

V poslednich letech narlsté po&et Zen s TS, které ot&hoini pomoci metod asistované reprodukce. Ri-
ziko disekce nebo ruptury aorty b&hem gravidity je vice neZ 2%. Z tohoto divodu Practice Committee of
the American Society for Reproductive Medicine vydal v roce 2005 doporuéeni provést u viech Zen s TS,
které planuji t8hotenstvi, podrobné screeningové kardiologické vyseffeni. Zeny s jakymkoliv rizikov§m
taktorem pro aortdini disekcl by nemély ot&hotnét.

Prehledovy ¢lanek popisuje spekirum kardiovaskuldrnich vad se zviGstnim ddrazem na znamé rizikové
faktory pro aoridini disekcl. Autofi doporuéuji u viech nositelek Turnerova syndromu celoZivoini kontinu-
@ini sledovani kardiologem v&ein& novych metod, jako je magneticka rezonance srdce a velkych cév.

Kligova slova: Turnertv syndrom, vrozené srde&ni vady, koarktace aorty, bikuspiddini aortaini chlope,
dilatace ascendentni aorty, aortic size index, disekce aorty, arteri@ini hypertenze, t&8hotenstvi

Summary

Cardiovascular disease in Turner syndrome

Tumer syndrome (TS) Is relatively commeoen disorder with typical features of short stature, gonadal dys-
genesls and congenital defects of cardiovascular or uropoetic system.

Congenital cardiovascular disease affects approximately 50% of TS Individuals and Is the major cause of
premature mortality due fo the aorfic dissection. Risk of acute aoriic dissection Is increased by more than 100-
fold in young and middle-aged women with Turner syndrome when compare with the general population.
Aortic dissection Is usually assoclated with additional risk factors including bicuspid aortic vaive or other ab-
normalities of the aortic valve, coarctation or dilatation of the aorta, and systemic arterial hypertension.

In recent years, increasing numbers of women with TS have become pregnant via assisted reproduc-
tion. The risk for aortic dissection or rupture during pregnancy Is 2% or higher. Because of this fact, the Prac-
tice Commitiee of the American Soclety for Reproductive Medicine recommended in 2005 a careful scree-
ning for cardiovascular abnormalities in all TS patients before any planned attempt at pregnancy. Women
with any risk factors for aortic dissection should not undertake pregnancy.

The review describes the spectrum of cardiovascular defects with particular attention to Identifying risk
factor for aortic dissection. Authors suggest that all individuals with Turner syndrome require confinued car-
diovascular monitoring throughout the lifespan including new methods such as magnetic resonance ima-
ging of the heart and great vessels.

Key words: Turner syndrome, congenital heart defects, aortic coarctation, bicuspid aortic valve, as-

cending aorta dilatation, aortic size index, aortic dissection, arterial hypertension, pregnancy
K.

Ces-slov Pediat 2012; 67 (2): 000-000

122

prehledovy Clanek



Kigskovd E. a spol.

OvoD

Turnertiv syndrom (TS) je jednou z nejéast&sich
chromozomalnich aberaci. Postnatalni incidence je
udavina 1 na 2000-2500 Zivé narozenych dévéa-
tek. V Ceské republice tedy v soutasné dobé Zije
vice neZ 2000 divek a #en s TS a kaZdorotné se na-
rodi daliich 20-25 novorozenecti s TS.

GENETICKE ASPEKTY

Za nejcasté)sf chromozomalni odchylku u TS byva
povaZovana monozomie X (45.X). Pri¢inou ztraty jed-
noho X chromozomu je nondisjunkce b&hem melo-
tického nebo mitotického (postzygotického) déleni.
Strukturalni abnormity chromozomu X jsou méné
¢asté a vznikaji v disledku chromozomalnich zlomu
pil meidze. Patfi k nim 1zochromozom z dlouhych ra-
mének (IXg), ring chromozom (rX), pfipadné muiiZe
chybét kratké (Xp-) nebo dlouhé (Xp-) raménko X
chromozomu. Tyto abnormity mohou postihovat
vSechny buriky nebo jen jejich ¢ast ve formé chro-
mozomAalni mozalky (napf. 45.X/46,XX nebo
46,X1Xq/45,X). Vyjime¢né byva pfitomen Y chromo-
zom (45,X/46,XY) nebo jeho ¢ast [1].

Diky rozvoji novych cytogenetickych a moleku-
larnich metod jsou plivodn{ genetické nilezy pfe-
hodnocovany a ¢astél jsou diagnostikovany 1 mi-
noritni mozaikové formy TS. Néktefi autofl se
domnivaji, Ze ¢ista monozomie (45.X) neni sluéi-
telna se Zivotem a Ze se tedy u TS vidy jedna o skry-
tou, nerozpoznanou mozaiku.

Pii¢inou vzniku typickych fenotypovych projevi
TS je pravdépodobné haploinsuficlence gent
v pseudoautozomalnich oblastech X chromozomu.
Za fyziologickych okolnostf je u zdravych Zen plné
funkéni jen jeden X chromozom. Proces zabrafiu-
jici dvojndsobnému uiéinku gentl se nazyva X-inak-
tivace. Nékteré geny v tzv. pseudoautozomalnich
oblastech chromozomu X (PAR) ale inaktivacl ne-
podléhaji a chovaji se jako geny autozomalni.
U zdravych jedincii se tedy vyskytuji ve dvou funke-
nich koplich. Tyto geny tvofi 30 % kratkého (PAR1)
a 3 % dlouhého raménka (PAR2). Ztrata jedné alely
pseudoautozomalniho genu vede k patologickym
pfiznakiim. Dal&im mechanismem vlivu haploinsu-
ficlence genii na X chromozomu na fenotyp TS je
genomicky imprinting, ktery vychazi z parental-
nfho ptivodu intaktnfho X chromozomu.

K .pseudoautozomalnim® gentim patff 1 tzv.
SHOX gen, jehoZ haploinsuficience se projevuje dy-
sproporcionilnim malym vzristem, a lymfogenn{
gen, ktery je odpovédny za spravny vyvo] lymfatic-
kého systému. Lymfogenni® gen, hypoteticky va-
zany na kratké raménko Xpll a Ypl11.3, uniki X
inaktivaci podobné jako SHOX.
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KLINICKE PROJEVY

K pfiznaktim, které vedou k podezienf na TS, pa-
tfi mala postava (98-100 % pacientek), dysgeneze
gonad (95-98 %) a pozistatky fetalntho lymfedému,
mezl néZ patfi koZni duplikatury po stranach krku
(pterygium colll) a nizka vlasova hranice (80 %), 8-
roky hrudnik s oddilenymi bradavkami (75 %)
a postnatilni lymfedém na dorzech rukou a na na-
rtech (60-79 %) [1]. U TS je vysoka incldence re-
nalnich (40-59 %) a kardiovaskularnich vad (aZ 50
%). Nositelky TS nemaji mentalni retardaci s vy-
jimkou pacientek s ring chromozomem.

Stanoveni diagnézy TS neéini potiZe u pacientek,
které maji nipadné klinické projevy (zejména divky
s karyotypem 45,X). Existuje ale 1 TS s minimalnimi
symptomy a jeho jedinym projevem muZe byt
kromé nevyrazné ristové retardace porucha men-
struaénfho cyklu, predéasné ovaridlni vyhasnuti
nebo poruchy plodnosti. Jsou to pfedevsim paci-
entky s minoritni chromozomalni mozatkou (za TS
Je povaZovan karyotyp s vice neZ 5 % patologickych
bunéénych linii) nebo s deleci dlouhého raménka
chromozomu X. Diagnéza TS muZe byt u t&chto Zen
zjisténa aZ v dospélosti, kdy je jim vySetfen karyo-
typ v IVF ceniru, kam pfichazeji k 16¢bé sterility.

KARDIOVASKULARNI PROJEVY TS

Sdéleni je vénovino postiZeni kardiovaskular-
nfho systému u TS s cilem upozornit na vysokou
prevalenci a 3iroké spektrum anomallf, které mo-
hou byt ¢asto dlouhou dobu klinicky némé a je
nutné po nich cilené patrat. Jsou nejvyznamnéjsi
pfitinou zava#né morbidity a pfedfasné mortality
mladych Zen s TS. Prvni manifestaci postiZzenf kar-
diovaskuliarnfho systému u TS miiZe byt fatalng
probihajici disekce a ruptura aorty v adolescenci
a rané dospélosti.

Vrozené srdecéni vady

Spektrum vrozenych srde¢nich anomallf je Siroké
a postihuje zejména levostranné srdeé¢nf oddily, tj.
aortalni chlopeni a ascendentn{ aortu. Nejéast&simi
srde¢nimi vadami jsou dvojcipa aortalni chloper
(BAV), koarktace aorty (CoA) a dilatace ascendentni
aorty [2]. Méné znamé je, Ze paclentky s TS maji na-
padné vyss{ vyskyt parcialnfho anomalnfho navratu
plicnich Zil (PAPVD) (13 %) a perzistujici levo-
stranné horni duté Zly (LSVC) (13 %). Z recentnich
studif vyplyva, Ze pokud zahrneme {1 anatomické
anomalle, jako jsou PAPVD, LSVC nebo elongace
transverzalniho aortalniho oblouku, pfiblizné 50 %
divek a Zen s TS ma prokazatelnou vrozenou
srde¢nf vadu.
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Rozsahlé cytogenetické studie prokazaly, Ze se TS
vyskytuje pfiblizné u 1 z 200 koncepci, ale jen u 1
z 2000 #ivé narozenych novorozenci Zenského po-
hlavi. VétSina plodi s TS je spontdnné potracena
nisledkem naruSeného vyvoje kardiovaskularniho
systému [3]. Zivotaschopné{3ijsou plody s chromo-
zoméalni mozaikou.

Pfi¢ina vzniku vrozenych srde¢nich vad nenf do-
posud jednozna¢né objasnéna. Nejvice je akcepto-
vana teorie, Ze jsou disledkem haploinsuficience
lymfogennfho genu. Kritické misto zodpovédné za
vyvoj lymfatického systému lezi v lokusu Xp11.4 [4]
v pseudoautozomalni oblasti PAR1.

Tato teorie koreluje s hypotézou, kterou v roce
1984 vyslovil Clark [5]. Autor pfedpoklada, Ze vznik
vrozenych srde¢nich vad u TS je zptisoben pozdnfm
vyvojem nebo zcela chybéfici drenazi mezi ductus
thoracicus a jugularnimi a podkli¢kovymi vénami.
Hromadici se lymfa rozsifuje mizni systém v za-
dnich a boénich oblastech krku a vytvafi tzv. hy-
groma colli cysticum (obr. 1). Tento ukazatel je
mimo jiné vyuZivan v prenataln{ ultrazvukové diag-
nostice TS. Generalizovany lymfedém vyvolava
spontanni potrat u vice nez 99,9 % plodi1 s karyo-
typem 45,X.

Obr. 1. Hygroma colli cysticum (archiv autori).
Fig. 1. Cystic hygroma colli cysticum [authors’ archive).

Za hypotetickou pfi¢inu spontanniho potratu je
povaZovan poruseny venozni navrat a alterace vy-
voje vytokového traktu levé komory v disledku
tlaku nadmérné dilatovanych hrudnich lymfatic-
kych cév. Vysledkem jsou vrozené srdecni vady,
jako syndrom hypoplastického levého srdce, BAV
a CoA. Pfimou pfi¢inou intrauterinniho timrti je
srde¢ni selhini plodu.

Intrauterinné vznikla dilatace miznfho systému
zpiisobuje | fadu klinicky napadnych postnatilnich
projevia TS (pterygium colli, nizka vlasova hranice,
abnormilni tvar a posazeni udnich boltet1, ,Stito-
vity* tvar hrudniku a lymfedémy nart(i, hfbeti1 ru-
kou a zevniho genitdlu) (obr. 2, 3, 4). Opakované
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Dbr. 2. Pacientka se stigmaty typickymi pro TS (archiv
autora).

Fig. 2. Female patient with stigmas typical for TS (au-
thors' archive).

Dbr. 3. Pterygium colli a nizka vlasova hranice u novoro-
zence [archiv autora).

Fig. 3. Pterygium colli and low hair border in a newborn
[authors’ archive).

bylo potvrzeno, Ze jedinci s témito typickymi stig-
maty maji signifikantné vyssi vyskyt vrozenych
srdec¢nich vad [6].

MozZnost detekee kardiovaskuldrnich abnormalit
se vyrazné zvysila se zavedenim novych vySetfova-
cich metod, zejména magnetické rezonance (MRI)
srdce a velkych cév. Echokardiografické vySetfeni
u pacientek s TS byva komplikovino zhorSenou vi-
ditelnosti pfi transtorakalnim vySetfeni. Pfi¢inou je
jejich sklon k obezité a neobvykla architektura
hrudniho koSe, ktera je poziistatkem fetalnfho lym-
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fedému. Zatimco je jicnova echokardiografle vyuZi-
vana v pedlatril vzhledem ke své invazivité a po-
trebé analgosedace minimalngé, MRI naopak umo-
Znuje spolehlivé a neinvazivn& zobrazit hrudni
aortu a stanovit morfologii aortalni chlopné u di-
vek, které nejsou spolehlivé echokardiograficky vy-
Setfitelné [2, 7).

Obr. 4. Lymfedém nartd u novorozence (archiv autord).
Fig. 4. Lymphedema of insteps in a newborn (authors’
archive).

Bikuspidalni aortalni chlopen

Nejcasté|si vrozenou srdeéni anomalli u TS je
BAV. Pro TS je typicka tzv. .funkéné” bikuskupi-
daln{ aortalni chlopefli s anatomicky zaloZenymi
tfeml cipy, ale s parclalni nebo kompletni fiizi dvou
cipa (obr. 5). U vétSiny pacientek se setkavame
s tzv. anterlo-posteriorni konfiguraci zptisobenou
netiplnou separaci pravého a levého koronarniho
cipu. Pfidatnymi nalezy mohou byt diastolicky aor-
tAln{ doming chlopné (. prolaps aortalni chlopnég),
ztlusténi ciph, ev. signifikantni regurgitace na
chlopni.

Prevalence BAV u TS byla v minulosti podhodno-
covana. PFi¢inou byla skute¢nost, Ze u 1040 % pa-
cientek s TS nelze spolehlivé vizualizovat morfologii
aortilni chlopné pfi transtorakialnim echokardio-
grafickém vySetfeni. Rozvo] MRI srdce umozZnil sta-
novit skuteény vyskyt BAV. V posledni publikované
studil, v niZ byla vySetfena neselektovani populace
250 Zen s TS, byla diagnostikovana BAV u 30 % pa-
clentek [2]. P kombinaci echokardiografie a MRI
se podafilo stanovit morfologii 99 % aortalnich
chlopni.

BAV je vyznamnym rizikovym faktorem pro di-
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sekel aorty, at uZ se jedna o anatomicky nebo
funkéné bikuspidalni chlopeii. Bylo zji5téno, Ze
Zeny s BAV majf signifikantné vétsf rozmér aorty na
urovnl aortalnfho anulu, sint., sinotubularni
junkce a vét3f primér ascendentni aorty. Ve sku-
piné 51 Zen, které prodélaly disekci aorty a ziroven
u nich bylo provedeno kardiologické vySetfeni pred
touto komplikaci, mélo 27 % z nich izolovanou BAV
a 18 % kombinaci BAV a CoA [8].

Dbr. 5. MRI aortalni chlopné - funkéné bikuspidélni aor-
talni chlopef u pacientky s TS - nedplna separace pra-
vého a levého koronarniho cipu (archiv autord).

Fig. 5. MRI of aortic valve - functional bicuspid aortic
valve in a female patient with TS - incomplete separation
of the right and left coronary tip (authors’ archive).

Koarktace aorty a jiné abnormality
aortalniho oblouku

U pacientek s TS se napadné ¢asto vyskytuji vro-
zené abnormality hrudnf aorty. Se zavadé&nim kar-
diovaskularnfho screeningu u TS a rozvojem MRI
angiografie lze aZ u 50 % nositelek TS detekovat
anomalie aortidlnfho oblouku, éasto obt{Zné rozpo-
znatelné echokardiograficky.

Nejznameé|sf e asoclace TS s CoA. Dlagnéza byva
na rozdil od BAV vétSinou stanovena jiZ v kojenec-
kém véku na podkladé klinickych pfiznaki. K CoA
je tasto pfidruZena BAV, pfi¢emZ obé vady patfi
mezl zivazné rizikové faktory pro aortalni disekel.
Prevalence CoA je udavana u divek a Zen s TS mezi
7-18 % [9]. Se zvySenou dostupnosti MRI se setka-
vame s nové diagnostikovanymi pfipady klinicky
némych koarktaci 1 po 10. roce #Zvota (obr. 6). Rov-
néZ tyto pozdé|l diagnostikované CoA jsou vysoce
rizikové z pohledu pfedéasné mortality.
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S nartistajicim poétem paclentek s TS vySetfe-
nych pomoci MRI jsou detekovany doposud nez-
namé anomailie aortalnfho oblouku, a to zejména
elongace transverzilniho oblouku (ETA - elongated
transverse arch of the aorta) se sifonovitym pro-
hnutim oblouku v misté aortalnfho istmu (tzv. kin-
king) [9]. Dal3im radiologickym nalezem miiZe byt
tzv. pseudokoarktace, pro niZ je charakteristické
zuZeni hrudni aorty tésné pod odstupem levé pod-
klickové tepny bez pritomnosti hemodynamicky vy-
znamného gradientu, tedy bez nalezu sniZeného ar-
terlalniho tlaku méfeného na dolnich konéetinach
ve srovnani s kon¢etinami hornimi.

Obr. 6. MRI hrudni aorty - koarktace aorty nové diag-
nostikovana u 28leté pacientky pred IVF (archiv autora).
Fig. 6. MRI of thoracic aorta - coarctation of aorta di-
agnosed in a 29-year female patient before IVF (authors’
archive).

K objasnéni klinického vyznamu téchto nalezu je
nutné provést prospektivni longitudinalni studie.
Mély by zejména odpovédét na otazku, zda pfitom-
nost ETA s tzv. kinkingem predikuje aortilni komp-
likace ve smyslu dilatace a disekce aorty a zda maji
tendenci progredovat do koarktace. Existuje pouze
Jedna recentni studie 17 dospélych pacientek s TS,
ktera poukazuje na moZnost progrese tohoto nalezu
do CoA nebo dilatace ascendentni aorty u dospé-
lych Zen vySetfovanych v dvouletych intervalech po-
moci MRI [10].
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Parcialni anomalni navrat plicnich zil,
perzistujici levostranna horni duta Zila

Obé tyto vady jsou detekovany pfi MRI studiich
piiblizné u 13 % pacientek s TS. BAV spolu s par-
clalnim anomalnim navratem plicnich Zil jsou u TS
vady s nejvy338im relativnim rizikem ve srovnani
s bé&Znou populaci. PAPVC je klinicky vyznamna
priblizné u 50 % pfipadd, avSak klinicky se ¢asto
manifestuje az v dospivani nebo v dospélosti [6].

Perzistujici levostranna horni duta Zila nezptso-
buje zpravidla klinické potiZe, ale miiZe kompliko-
vat pokusy o zavedeni centrilniho #ilntho pfistupu
nebo pravostrannou srdeéni katetrizaci, napf. pfed
kardiochirurgickym vykonem.

Dilatace aorty a disekce aorty

Nejméné 1,4 % divek a Zen s TS prodéla v pri-
bé&hu Zivota zpravidla fatdlni aortalni diseket [11,
12]. VEtSina z nich ma prokazatelny alespon jeden
ze znamych rizikovych faktorti, k nim# patfi CoA,
BAV, dilatace ascendenini aorty a arterialni hyper-
tenze [13]. Vysoce rizikové je obdobi gravidity.

U 10-25 % Zen s disekci vSak nebyl Zadny z rizi-
kovych faktorti nalezen [6, 8]. Z tohoto divodu je
TS povaZovan za samostatny rizikovy faktor pro di-
sekel 1 bez pfitomnosti jinych rizikovych faktort.
Vy33i riziko disekce maji paclentky s karyotypem
45X a plné vyjadfenymi fenotypickymi stigmaty
TS

S aortaln{ disekei se u paclentek s TS setkavame
ve vyrazné niZz&im véku neZ v b&Zné populaci, a to ve
druhém a tfetim deceniu (medidn véku je 36 let,
oproti 68 lettiim v bé&Zné populact). Popsané pfipady
disekce v détském a adolescentnim véku byly vidy
asoclovany s CoA nebo BAV. Nizky vék vede k pod-
cenéni prvnich symptomu, jako jsou bolest na
hrudi, bolest zad, poceni, tachykardie. Dusledkem
Je vysoka mortalita, ktera pfesahuje 50 % [8].

Jednim z nejzavaZné|sich rizikovych faktorii pro
disekci aorty je dilatace ascendentn{ aorty. Jejf pre-
valence je udavana u 15-30 % divek a Zen s TS [14].
Zasadnim problémem je definice dilatace aorty
u této specifické populace. Rozméry aorty jsou de-
terminovany vékem a télesnym povrchem. Populace
divek a Zen s TS je malého vzriistu a ma sklon
k obezité. PouZivani absolutnich hodnot naméfe-
nych rozméra aorty bez vztaZeni k télesnému po-
vrchu vede u pacientek s TS k poddiagnostikovani{
dilatace a mtiZe mit zavazné disledky.

V soucasné dobé Je zlatym standardem k detekci
dilatace ascendentni aorty vySetfen{ pomoci MRI
(obr. 7, 8) [7, 15]. Jako prvni marker dilatace
ascendentni aorty byl pouZivan pomér priaméru
ascendentni a descendentn{ aorty (Asc.Ao/Desc.Ao
ratio) na drovni pravé vétve plicnice. Aplikace to-
hoto poméru vychazi z pfedpokladu, Ze dilatace po-
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stihuje vyhradné ascendentni aortu a rozmér des-
cendentnf aorty je normalni. Za signifikantni dila-
taci, tj. 95. percentil, je povaZovian pomér 21,5 [14].

Podle posledni studie z roku 2007 je doporuco-
vAn pro screening dilatace aorty u TS indexovany
aortalni rozmér (ASI - aortic size index). coZ je pri-
mér ascendentn{ aorty vztaZeny k télesnému po-
vrchu. Tato metoda ma vy338{ senzitivitu 1 specifi-
citu pifl predikel daldich komplikaci. Za 95.
percentil byla stanovena hodnota 2,0 em/m?2 a za
99. percentil 2,5 ecm/m2 [16]. Dospélé Zeny s ASI
>2.5 cm/m? mély v této studii riziko disekce v na-
sledujicich 3 letech 33 %. V soufasnostl se jedna
o nejvice akceptovany ukazatel klinicky zivazné di-
latace.

Obr. 7, 8. MRI hrudni aorty - stanoveni poméru pramérd
ascendentni a descendentni aorty na Grovni pravé vétve
plicnice. Na obrazku 7 je normalni pomér praméra as-
cendentni a descendentni aorty (pomér 1,37), na ob-
razku 8 je wjznamna dilatace ascendentni aorty (pomér
2,08) (archiv autord).

Fig. 7, B. MRI of thoracic aorta - determination of the
ratio of average ascendant and descendant aorta on the
level of the right pulmonary artery branch. Figure 7
shows a normal ration of the averages of ascendant and
descendant aorta [ratio 1.37). Figure 8 shows a signifi-
cant dilation of ascendant aorta [ratio 2.08) (authors'
archive).
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Rozméry aorty u pacientek s TS nelze na rozdil od
zdravé populace vztahovat kK télesné vySce a hmot-
nosti, a to vzhledem k malému vzristu a sklonu
k obezité u Zen s TS. PouZiti téchto norem by vedlo
k podhodnoceni miry dilatace ascendentni aorty.

Prfedmétem zkoumani je otdazka, zda ma dilatace
ascendentn{ aorty u TS progresivni charakter. Lan-
zarini [17] prokazal pfi tfiletém echokardiografic-
kém sledovani 78 divek a Zen s TS pomalou pro-
gresi aortdlni dilatace na vSech urovnich.
K verifikaci tohoto nalezu jsou nutné dalsi longitu-
dinaln{ studie.

Zarovenl chybi jednozna¢ény algoritmus, kdy by
pacientka s TS a dilataci aorty méla podstoupit pre-
ventivni chirurgicky zdkrok ke stabilizaci ascen-
dentni aorty. Dal3fm diskutovanym problémem je
moZnost ovlivnéni progrese aortilni dilatace far-
makoterapif (B-blokatory nebo ACE inhibitory), ale
nejsou Kk dispozicl studie zabyvajici se timto prob-
lémem.

Disekce aorty je nej¢ast&)si pfi¢inou pfedéasného
umrti u divek a Zen s TS. Pokud je divka nositelkou
rizikovych faktorti pro disekeci, mé&ll by byt jejf ro-
di¢e, a pozd#|11 ona sama, informovani 1 o méné ty-
pickych symptomech aortalni disekce, jako jsou bo-
lest bficha, pocit paleni na hrudi, bolest zad nebo
zmény fonace v dasledku trakce n. laryngeus re-
currens. Zlepieni informovanosti by mohlo vést ke
sniZeni mortality.

Arteriidlni hypertenze

K dal3im rizikovym faktortim patfi arterialni hy-
pertenze. Obecné je znamo, Ze vice neZ 50 % Zen
5 TS ma pfi 24hodinovém monitorovani (ABPM) ar-
terlalni hypertenzi. Typlcké je naruSeni diurnalniho
rytmu arteridlnfho tlaku, kdy je redukovan nebo
zcela chybi noéni pokles.

Ve skupiné 85 pacientek s disekef aorty byl u 65
z nich znam krevni tlak. Z téchto 65 Zen s TS mélo
signifikantni hypertenzi 54 %, vétSinou jen mirného
stupné [8]. U nositelek TS je nuitni pfisna farma-
kologicka a reZlmova kontrola hypertenze. Léky
prvni volby jsou opét B-blokatory a ACE inhibitory.

KARDIOVASKULARNI RIZIKA V GRAVIDITE

V poslednich dvou desetiletich se pro Zeny s TS
otevfela reilna moZnost otéhotnéni metodami asis-
tované reprodukce pomoci darovaného oocytu.
O této moZnosti jsou Informovany vsechny paci-
entky pfl dosaZeni dospélost, tedy v okamziku, kdy
je zpravidla ukonéfovana péte détského endokrino-
loga.

KaZdou graviditu je nutno u Zen s TS povaZovat
za vysoce rizikovou, bez ohledu na pfipadny vyskyt
vrozené srde¢ni vady nebo hypertenze. Informace
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o moznostl docilit otéhotnéni pomoci IVF metod by
meéla byt vZdy spojena se sdé&lenim, zda byly u pa-
clentky zjiStény rizikové kardiovaskularni faktory
pro aortiln{ disekel béhem gravidity. Nartistajicf
pocet téhotenstvi a Zivé narozenych déti u Zen s TS
je totiZ vykoupen vysokou frekvenci matefskych
komplikaci, jJako Jsou arterlalni hypertenze,
eklampsie a zejména smriici aortalni disekce [18].

Matefskd mortalita u TS v diisledku aortalnf di-
sekce je odhadovana na vice nez 2 %. V nejrozsa-
hlej3f metaanalyze 85 pfipadi Zen s TS a aortaln{
disekef bylo sedm pfipadii v souvislosti s graviditou
a jen jedna ze sedmi Zen pfeZila akutni chirurgic-
kou intervenct [8]. V dal3im sérii 16 paclentek s TS
a aortilni disekci byly dvé t&hotné Zeny [11]. Zvy-
Sené riziko disekce b&hem t&hotenstvi se tyka 1 vzac-
nych pfipadt spontanni gravidity. NejvySsf riziko di-
sekee je na zadatku gravidity a v priibéhu tfetiho
trimestru v diisledku hyperkinetické cirkulace.

Vzriistajici poéet dat o pfipadech aortalni disekce
v gravidité byl podnétem pro The Practice Commit-
tee of the American Soclety for Reproductive Medi-
cine k vydani doporudeni, z nichZ vyplyva, Ze signi-
fikantni srdecni vady (BAV a CoA), jsou
kontraindikaci téhotenstvi. I u Zen s TS a normal-
nim kardiologickym nilezem je nezbytna disledna
1é¢ba arterlalni hypertenze a opakované echokar-
diografické vySetfeni v gravidité [19].

Vyse zminéna doporuéeni jsou v soucasné dobé
pfedmétem diskuse. Jedna z nejvétsich autorit
v této oblasti Carolyn Bondy [20] doporuc¢uje na
podkladé novych poznatkii zohlednit v rizikovych
faktorech 1 dilataci ascendentni aorty. Navrhuje
provést podrobné kardiologické vysetfeni u vSech
Zen s TS pfed planovanou graviditou véetné mag-
netické rezonance srdce a hrudni aorty. Nedoporu-
¢uje t€hotenstvim paclentkam s indexovanym roz-
mérem ascendentnf aorty nad 2,0 cm/m?2.

I pri respektovani téchto doporuceni je nutno pa-
clentky s TS pfed planovanou graviditou informo-
vat, Ze 1 Zeny bez vySe zminénych rizikovych faktori
mohou byt nositelkami latentni vaskulopatie, ktera
se miiZe manifestovat a# v gravidit& disekef aorty.
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ZAVER A DOPORUCENI PRO PACIENTKY
S TURNEROVYM SYNDROMEM

1. 50 % divek a Zen s TS ma kardiovaskularni ab-
normality, které jsou nejcastéjsi pfi¢inou jejich
predéasné mortality.

2. Paclentky vyZaduji celoZivotni sledovani kardio-
logem erudovanym v problematice TS. I divky bez
vrozené srdeéni vady by mély byt kardiologicky
sledovany nejméné v intervalu jednoho roku.
Souéasti vSech kontrol by mélo byt podrobné
echokardiografické vy3etfeni. Cilem je zji5téni
vrozenych srdecnich vad, monitorovani dilatace
ascendentnf aorty a pfisna farmakologicka kon-
trola pfipadné hypertenze.

3. MRI srdce a velkych cév je v sou¢asné dobé me-
toda volby zji5ténf vrozenych srde¢nich vad a sle-
dovani dilatace ascendentni aorty. UmoZiiuje de-
tekovat vady, které byly v minulosti jen obtiZné
zjistitelné.

4. MRI vySetfeni je vhodné provést v okamzZiku, kdy
neni nutna analgosedace (pokud st stav divky ne-
vyZada vySetfeni dfive) a pfed ukonéenim pedia-
trické péée. U asymptomatickych pacientek bez
znamek dilatace ascendentn{ aorty se v sou¢asné
dobé zda byt nejvhodnési pétilety interval k po-
souzeni ev. progrese dilatace ascendentni aorty.
V pfipadé patologického nalezu mély byt inter-
valy opakovani MRI kratsi a mély by vychazet
Z klinického nalezu.

5.V soucasné dobé je pacientkam s TS s pfedcas-
nym ovariilnim vyhasnutim nabizena moZnost
otéhotnét pomoci metod asistované reprodukce.
Pred zahajenim 1é¢by metodami IVF je nezbytné
podrobné kardiologické vySetfeni. Pokud jsou
7j15tény rizikové faktory pro disekel aorty, je gra-
vidita kontraindikovana, véetn& vzacnych pfi-
padii spontdannfho otéhotnéni u TS Zen s rezidu-
dlnf funkef vajeéniki.

Tato prace byla podpofena grantem SGS UP
LF-2011-018.
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Priloha 7

Nepoznana vrozend srdecni vada u pacientky
s Turnerovym syndromem a jeji diisledky

MUDr. Eva Klaskova', MUDr. Zbynék Tiidés, Ph.D.2, MUDr. Kapralova Sabina',
doc. MUDr. Jitina Zapletalova, Ph.D.!

Détska klinika LF UP a FNOL, Olomouc

?Radiologicka klinika LF a FNOL, Olomouc

Vrozené srdeénl vady Jsou pfitomny pfiblizné u 50 % paclentek s Turnerovym syndromem (TS). Bikuspidalni aortalni chlopefi, koarktace
aorty, dilatace ascendentnl aorty a arterlalni hypertenze pfedstavujl vyznamné rizikové faktory pro Zivot ohrozujicl disekd a rupturu
aorty. Autofi diskutujl vyznam podrobného kardiologického vySetfeni veéetné magnetické rezonance srdce u nositelek TS a nezbytnost
celoZivotniho sledovani zkusenym kardiologem, poukazuji na vysokou matefskou mortalitu a morbiditu v téhotenstvi. Zarovefi pre-
zentu)i kazulstiku Zeny s TS s vyie zmin&nyml, v d&tstvi nedlagnostikovanymi vrozenymi srde¢nimi vadami, kterd podstoupila lé¢bu
neplodnosti bez pfedchoziho kardiologického vyietfeni zamé&feného na riziko aortalnf disekce.

Kli¢ova slova: Turneriv syndrom, vrozené srde&ni vady, bikuspidalnf aortaini chlopef, koarktace aorty, aortalni disekce, t&hotenstvi.

During childhood unrecognized congenital heart defect in patient with Turner syndrome, and its implications

Congenital heart disease affects approximately 50% of individuals with Turner syndrome (TS). Bicuspid aortic valve, aortic coarctation,
ascending aorta dilatation and arterlal hypertension are important risk factors for life-threatening aortic dissection or rupture. Authors
discuss the Importance of a careful cardiac examination including cardiac magnetic resonance imaging study and life-long follow-up
by experienced cardiologist in TS patients, and point out high maternal mortality and morbidity during pregnancy. They present a case
report of woman with TS and the above-mentioned In childhood unrecognized congenital heart defects that underwent Infertility tre-

atment without preconceptional counselling focused on cardlovascular risk for aortic dissection.

Key words: Turner syndrome, congenital heart defect, bicuspid aortic valve, aortic coarctation, aortic dissection, pregnancy.

Uvod

Turmerdv syndrom (TS) patfi mezi nejéastsjs
chromozomaln( aberace, jeho postnatainl preva-
lence je udavana pfiblizné 1 na 2000-2 500 Zive
narozenych déviatek. Je zplsoben bud ztritou
nebo strukturalnl abnormalitou jednoho chro-
mozomu X. Pl vyietten karyotypu je nalezeno
postizenl viech bunék nebo jen jejich astl (pak
miuvime o chromozomalnl mozaice) (1).

Mezi nejtastéjsl fenotypicke projevy T5 pa-
tfi mald postava (98-100%), kozni duplikatury
po strandch krku (pterygium colli), nizka viasova
hranice, iroky hrudnik s oddalenymi prsnimi
bradavkami, kostnl deformity a postnatainf lym-
fedém na dorzech rukou a na nartech. V&tiina
pacientek ma gonadalni dysgenezi s infertilitou
(95-98%). Pro T5 je typicky vysoky vyskyt vro-
zenych vad uropoetického traktu, kardiovasku-
larnfho systému a autoimunitnich onemocnnl.
5 vyjimkou pacientek s ring chromozomem,
nepatfl mentalni retardace mezi projevy TS (1)

Postizeni kardiovaskularniho systému u TS
patfi mez nejtastejil vady a je pfitinou pred-
&asné mortality (zkracen pfedpokladané délky
Fivota nejméné o 13 let ve srovndnl s b&Znou
Zenskou populach), zejména v disledku disekce
aruptury aorty (2). Mezi srdeénl vady typické

pro TS patff bikuspidalni aortalnf chloperi (BAV),
koarktace aorty (Cod) a dilatace ascendentni
aorty (AoDil). Méné frekventnl jsou vady pra-
vého srdce, jako je parcidlnl anomalni ndvrat
plicnich il a perzistujicl levostrannd hornl duta
#la. Po viech téchto vadach je nutno cileng
pétrat, protofe mohou zstat aZ do dosp&kého
viku klinicky némé (3).

Popis pfipadu

Pacientka s TS ve v&ku 31 let byla odeslana
ke kardiologickému vysetfen( se zamé&fenim
na kardiovaskulamn( riziko pred planovanou gra-
viditou z centra asistované reprodukce. Pled
rokem prodélala jeden neusp&iny pokus o in-
-vitro fertilizaci (IVF) v jiném centru. Subjektivné
byla bez potizl, bez dyspnose, udavala normalni
fyzickou vykonnost. Kromé& hormonainf substi-
tuce pro hypergonadotropnl hypogonadismus
pfi dysgenezi ovaril neufivala Zadné leky.

Z osobni anamnézy vyplyvalo, 2e ve Etyfech
letech byla operovéna pro iledznf stav pfi volvu-
Iu tenkeho stfeva. V 6 letech byla vysetfena pro
progredujict ristovou retardaci v endokrinologic-
ké ordinaci a byl ji diagnostikovan T5 (karyotyp
45 X).V souladu s platnymi indikacemi byla k¢ena
somatotropnim hormonem a dosahla dospé-
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1& wyiky v pdsmu 3.-10. percentilu. Vzhledem
k prokdzané gonadélnl dysgenezi méla induko-
vanou pubertu, od 14 let se pfi kombinované
estrogen-gestagennl [&¢b& dostavil pravidelny
menstruacni cyklus. Nemé&la prokizinu Zadnou
vadu urotraktu ani asociované autoimunitnione-
mocnéni.V 19 letech byla pfedana na endokrino-
logické pracovist® internf kliniky.

Vrodinné anamnéze pacientka udavalaarte-
ridlnl hypertenzi u své matky. V pribéhu détstvi
nebyl zachycen Selest, nikdy nebyla vyietfena
kardiologem.

Pri Klinickem vy3etfenl byl ztejmy typicky
fenotyp provazejicl T5: Siroky krk s nizkou via-
sovou hranicl, nZeji posazené uini boltce, ir-
&1 hrudnik. Pacientka byla vysoka 156cm (-2,1
5DS), body mass index byl 20,1 kg/m?(-0,815D5).
Auskultacnim vySetfenim byl slysitelny systolic-
ky Zelest o intenzitd 2/6 s maximemn pfi levém
hornim okraji sterna, byla lehce oslabend pul-
zace na femoralnich arteriich. Arterialni tlak byl
v pasmu normatenze 115/80 torrd, na hornich
koncetinach byl systolicky tlak o 10 torrd vysal
nez na konéetindch dolnich. Ostatni fyzikaini
nalez byl bez abnormalit.

Na EKG méla sinusovy rytmus o frekvenci 97
pulzd za minutuy, s normalni morfologil a volta#



QRS komplexu a normainl repolarizacl véetné
délky QT intervalu (430 ms).

Pfi transtorakdlnim echokardiografickém
vysetfen( byla konstatovana velmi Spatnd vidi-
telnost pro nedostatecné akustické okno. Byla
zobrazena ztlustEla aortdlnf chloperi s aortaln(
regurgitacl 1. stupné. Nalez na hrudnfl aorte byl
zcela nepfehledny, nebylo mo#no zhodnotit
marfologii aortainl chlopn ani toky v aortalnim
oblouku. Vzhledem k velmi obtiiné vy3etfitel-
nosti byla indikovana magnetickd rezonance
(MRI) srdce a velkych cév.

Pfi MRI byla diagnostikovana dosud asym-
ptomaticka bikuspidalnl aortalnl chloper
(obrazek 1), koarktace aorty (obrazek 2) a di-
latace ascendentnl aorty nad 95. percentilemn
(obrazek 3). Rozmér ascendentni aorty byl hod-
nocen podle parametru nazyvaného ,aortic size
index” (ASl), co? je primé&r ascendentnl aorty
na drovni prave vétve plicnice vztazeny k -
lesnému povrchu. O dilataci mluvime, pokud
je ASl > 90. percentil, tj. > 2,0cm/m?’. Pacientka
méla ASI 2.4 cm/m?

Kardiochirurgické konzilium po domluvé
5 pacientkou doporudilo konzervativnl postup
s pffsnou monitoraci krevniho tlaku a dispenza-
rizacl na kardiclogickém pracovidti zabyvajicim
se vrozenymi srdeénimi vadami v dospélosti.
7 kardiologického hlediska byla gravidita u této
pacientky kontraindikovana pro vysoké riziko
matefské morbidity a mortality.

Diskuse

Prevalence vrozenych srde¢nich vad (V5V)
u TS se podle rdznych autord vyrazné lish.
NejvyEsl vyskyt BAV a CoA majl pacientky s TS
a svyraznou stigmatizaci v disledku fetalntho
lymfedému (pterygium coli), ktery éasto provazl
karyotyp 45,X (4, 5). CoA byla nalezenau 7-18%
pacientek s TS, BAV U 12-30% (4, 5,6, 7).

Detekee VSV u nositelek TS je Eastolimitova-
na nevyraznymi klinickymi symptomy. Napfiklad
u pacientek s CoA a s mohutnym kolateralnim
ob&hem nebyva, podobné jako u nadl pacient-
ky, pfitomna arterialn! hypertenze jako jeden
z klicovych symptomt vedoucich k diagnaze.
Rovnez gradient na koarktaci byva diky kolate-
rilnimu ob&hu niz3, nez odpovida mife zaZenl.
Jedinym klinickym pfiznakem CoA miZe byt
diskrétn( oslabenl pulzace na femoralnich arteri-
ich a opoZdénf pulzové viny na arteria femoralis
ve srovnani s arteria radialis.

Diagnostika V5V je dale komplikovana
omezenou echokardiografickou vyetfitelnos-
tl. Pri¢inou je zhoriené akustické okno vzhle-
dem knecbvyklé architektufe hrudniho koe

zpldsobené lymfedémem ve fetalnim obdobf
a sklonem k obezita. PH vyuziti MBI byla u 50%
dospélych pacientek s TS diagnostikovana VSV,
pfitemnz v 7% se jednalo o dosud asymptoma-
tickou CoA (8).

Dal3r klinicky zévaZnou srde¢ni patologil,
se kterou se setkavame u TS, jedilatace ascendent-
ni zorty, ktera postihuje 15-30% diveka Zen s TS(9).
Vzhledem k tomu, Ze pacientky s TS jsou malého
vzristu a majl sklon k obezits, nelze pro hodnoceni
AoDil pouzit normy pro b&#nou populaci. Tyto
normy by vedly k podcengni miry dilatace. Z to-
hoto divodu hodnotime AoDil pomoct ASL Zeny
5 A5l =2,5cm/m? jsou v extrémnim riziku aortalni
disekce, podle jedné studie mély tyto Zeny 33%
riziko disekce béhemn 3 let (10). Vzhledem k tomu,
e AoDil s vékern progreduje, je nezbytné celoi-
votnf kardiclogické sledovani viach padentek bez
ohledu na pfitomnost dal3 VsV (11).

VSV, AoDil a arterialnf hypertenze pfedsta-
vujl rizikové faktory pro disekci aorty, kterou
prodéla nejméné 14% viech nositelek TS, ato
v podstatn& niZdim v&ku ne? v b&#né populaci
(median véku pfi disekci u TS je 36 let oproti 68
let@im v b&Zné populaci). Nizky vék pfi disekci
a nespecifické potiZe ve smyslu bolestina hrudi,
bolesti zad a tachykardie vedou nékdy k pod-
cenéni pfiznak( a zhordujl prognézu pacientky.
Mortalita disekce aorty u T5 pfesahuje 50 % (12).
Tato #Fivot ohrozujicl komplikace je zpravidla spo-
jena s pfitormnostl nejméné jednoho rizikového
faktoru, mezi néz pattl BAV a CoA, AoDil, a jeji
riziko je vyznamné potencovano arterialnf hy-
pertenzf (12, 13). Vzhledem k toru, 2e u 10-25%
Zen s disekcl nebyl prokazan 2adny z vyse uve-
denych rizikowych faktord, zvyuje samotny TS
bez ohledu na pfitomnost VSV nebo AoDil riziko
aortdlni disekce ve srovnani s obecnou populacl.

Vétdina pacientek s TS je sice infertilnich, ale
s rozvojem novych lécebnych metod sterility
(darcovstvl oocytu) se zvyiuje pocet gravidnich
Zen s TS. T&hotenstvl 2en s TS je obecn& vel-
mi rizikové, matefskd mortalita dosahuje dvou
ivice procent (14, 15, 16, 17), a to i u pacientek
s vyjimeénou spontanni graviditou. Z analyzy
93 téhotenstvl u nositelek TS z francouzského
registru gravidit z darcovského oocytu vyplyva,
Ze pouze 40% gravidit probéhlo bez maternal-
nich nebo fetélnich komplikad, naopak 38% #en
mélo hypertenzi, 20% preeklampsil, 4 % t&kou
formu eklampsie a 2% zemfely na rupturu aorty
v diisledku aortalnf disekce (18). Podobné data
vyphyvajl i ze studie skandinavskych autord (15).
V metaanalyze 85 pfipadd aortalnf disekce u Zen
s T5 bylo 7 t2hotnych, jen jedna tuto Zivot ohro-
2ujici komnplikaci pfezila (12).

| Kauisike | 1S3 ]

Obrdzek 1. Mativni MRI aortalni chlopné - dvojcipa
aortalni chlopen v systole (3ipka)

Obrdzek 2. Nativnl MRl hrudnl aorty — koarktace
aorty v oblasti agrtalniho isthmu (3ipka)

Obrdzek 3. Nativnl MRI srdce na drovni w&tveni
pravé vitve plicnice — dilatace ascendentni aorty,
kterd je vyrazné 3irsi nef descendentni aorta (AscAo —
ascendentnl aorta, DescAo - descendentni aorta)

RO DescAo

ysoka matefska morbidita | mortalita u Zen
s TS vedla odborné spolecnosti k vypracovani
doporuceni, jak postupovat pfi zvazovani t&ho-
tenstvi u nositelek TS. The Practice Committee of
the American Sodiety for Reproductive Medicine
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z roku 2012 povaZuje pfitornnost signifikantni
srdeenf vady vaetn@ BAV a CoA za absolutnfl kon-
traindikaci tehotenstvi (19). Francouzska doporu-
&enl z roku 2010 povazujl BAV bez AoDil pouze
za relativnl kontraindikaci gravidity, v pfipadé
Coh a AoDil je viak gravidita kontraindikovana
(20). Ve viech doporugenich je zdlraznéna ne-
zbytnost podrobného kardiologického vysetfe-
ni, nejlépe vietna MRI srdce a velkych cév, pred
planovanou graviditou.

Zaver

Z pediatrického hlediska povazujeme za vy-
znamné, aby viachny divky s TS pfi dosaZeni do-
spé&losti znaly swilj kardiovaskuldrni nalez a s nim
plipadné spjaté riziko, a to i ve vztahu k moZné
budoucl gravidité. Podle soucasnych poznatki
by méla kazda nositelka TS podstoupit vy3etfeni
pornocl MRI srdce a velkych cév v okamziku,
kdy je schopna absolvovat toto vySetfeni bez
celkove anestezie. Pacientky se zvy3enym rizi-
kem aortalnl disekce by mély byt sméfovany
pfi prekoncepenim poradenstvl splée cestou
adopce nebo jinych forem nahradni rodinné
péce. Nade pacientka vstoupila do dospélosti,
aniz u nl bylo vysloveno podezfeni na zavaZnou
patologii — BAV, CoA a AcDil, a podstoupila tedy
jeden cyklus VF bez pedchoziho kardiologic-
kého vysetfeni, &im# byla chrofena vysokym
rizikem Gmrtl na aortalnl disekc béhem pfipad-

ného t&hotenstvl,
Tato prdce byla podpofena grantem
IGA LF UP 2014_019.
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1. Introduction and definitions

Recently, both recreational and competitive sports
have attracted increasingly more attention and they
are becoming an integral part of our lifestyle.

According  to  the Bethesda,
competitive sport is defined as organised or

Conference  in
individual sports activities that require regular
intensive training and regular participation in
sports competitions which place an emphasis on
outstanding performance at the cost of overcoming
one's physical limits, regardless of subjective
complaints.
Recreational sport is characterised by sports
activities of various intensity with irregular training
and  without placing an
competitions

sports
winning.

competitions
Sports
organised within school or university education

1

emphasis  on
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and Dentistry Palacky University Olomouc Czech Republic.

have to be regarded as competitive sporting
activities as well.

Ever-increasing pressure on the performance of
athletes leads to a higher risk of sudden death (SD)
in athletes, and it is most commonly caused by
sudden cardiac death (SCD) [1]. SD is defined as
death from natural causes, which occurs within one
hour of the onset of symptoms [2]. The time is set
arbitrarily, in the past SCD was a death within 24 or
6 hours.

2. Epidemiology

Epidemiological data for SD in the world and
Europe are different. The incidence rates of 5D in
competitive  athletes relatively
epidemiological studies report an incidence of 1
case per 50,000 - 1/300,000, depending on the nature

are low -



of sport, its intensity, and the age range of athletes
[3,4,5]. Based on 12-year observation, Maron et al.
[6] reported that the risk of sudden death during
sport was 0.46 per 100,000 high school students
participating in competitive sports in the state of
Minnesota.

In Europe, the most extensive study on the subject is
a study from ltaly which Corrado based on
prospective monitoring of all sudden deaths under
the age of 35 in the Veneto region between 1979-
1999. QOverall, 51 cases of sudden death were
reported during this period, including competitive
athletes at the age of 12-35 years. [7] According to
the number of registered athletes, the incidence rate
of sudden death in men works out to 2.6 cases in
100,000 athletes per year while in women athletes it
is 0.9 cases in 100,000 athletes per year. Data from
the Netherlands report an incidence of 1.6: 100,000,
from the UK 1.8:100,000. The highest incidence rate,
2.8:100,000, was reported by the study of Vinkel et
al., but it included cases of sudden death in people
aged (1-35 years), including cases where post-
mortem was not performed. After their exclusion
the incidence of S} decreases to 1.9:100,000, similar
to that of e.g. UK. [8]

5D occurs not only in competitive athletes, but also
in junior and lower competition. Recreational sport
pursued by healthy persons poses only a minimal
risk of SD, mainly for cardiac and vascular causes.
The risk increases with age from 30 to 35 years [1,2].
Children and young people who do sports regularly
have a 3 times higher inddence rates of SD than
those without sports. Of all cases of sudden death in
sport, 40 % of deaths occur in people under 18 years
of age and 33 % in persons younger than 16 years
[9]. Solberg [10] reported that the risk of SD during
physical activity was 2.5 - 17 times higher than
when resting. According to Firoozi [11], more than
80 % of SDs in young athletes occur during hard
training or immediately afterwards.SD in athletes
under 35 years mostly occurs on the basis of a
hidden but pre-existing recognisable
cardiovascular abnormality. He also reported that
about 80 % of non-traumatic causes of SD under the

and

age of 35 years are based on hereditary or
congenital structural or functional cardiovascular
abnormalities. The relative risk of SD in competitive
athletes compared to the general population under
35 years of age is about 2.6-2.8 |7,12,13].

Data on SD from the Czech Republic are not
available. The epidemiological situation can only be
estimated indirectly according to data from UZIS
(Institute of Health Information and Statistics of the
Czech Republic. The structure of deaths by the
cause of death is influenced by the age composition
of the population, therefore it is appropriate to use
standardised indicators when comparing data. In

2
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children, adolescents and adults up to 35 years, the
main cause of death is an external cause.

In the age group 15-24 years, external causes
accounted for almost three quarters (72 %) of all
male deaths and half of all deaths in women.

The difference in the number of deaths in men and
women reaches the highest value in the age groups
20-24 and 25-29 years, where the number of
deceased men more than three times exceeds the
number of deaths in women. In the 1990s, there was
a significant decrease in standardised mortality
rates caused by cardiovascular disease (more for
men than for women). This trend also continued at a
slower rate in the first decade of the 21st century. In
2011, a total of 52,725 persons died due to
cardiovascular diseases, i.e. fewer than in 2010 by
865 persons (or 2 %). Compared to 2010,
standardised mortality rate from cardiovascular
disease decreased by 3.7 % (2.7 % for men and 5.1 %
for women) [14].
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Figure 1. Comparison of the incidence of 5D in persons
under 35 years of age in USA and ltaly (adapted from
Maron and Corrado) [6,7].



3. Etiology

According to the causes, sudden death can
be divided into traumatic and non-traumatic causes.
The traumatic causes are most common in the USA
during parachuting, horse riding, rock climbing,
motor racing, diving and boxing [12]. SD can further
be divided into cardiac and non-cardiac aetiology.
The results of analysis of the causes of 5D in 387
young athletes from a study by Maron at al. showed
that most athletes died from cardiac causes, the
number was 366 (94.5 %), while the remaining 21
(5.5 %) persons died from non-cardiac causes of SD
(bronchial and other pulmonary causes 2.1 %,
sunburn 1.6 %, drug abuse 1 %, stroke 0.8 %) [6].
Regarding cardiac causes, the most common cause
of SD young  athletes
cardiomyopathy, in Maron study it was 102 (26.4%
of the total number of deaths from SD and 27.9 % of
all cardiac causes of NS. Less common causes are:

in is

hypertrophic

Cardiac concussion 199 %, which can rather be
included in traumatic causes due to its mechanism,
coronary artery anomalies in 13.7 %, left ventricular
hypertrophy for unclear reason 7.5 %, myocarditis
5.2 %, ruptured aortic aneurysm (Marfan syndrome)
3.1 %, arrhythmogenic right ventricular dysplasia
2.8 %, myocardial bridge 2.8 %, aortic stenosis 2.6 %,
coronary  artery 26 %, dilated
cardiomyopathy 2.3 %, myxomatous degeneration
of the mitral valve 2.3 %, prolonged QT interval 0.8
% and heart sarcoidosis 0.8 % |6].

Relatively rare cause of sudden unexpected death in

sclerosis

young and healthy individuals can be innate,
genetically determined and so far undiagnosed
anomalies of ion channels. The result is a change in
the of the potential  with
arrhythmogenic impact [15]. These
"channelopathies” include: long QT syndrome, short

nature action

QT syndrome, early repolarization syndrome,
fibrillation,
syndrome and Brugada syndrome form combined

with other superimposed allelic and phenotypic

idiopathic  ventricular Brugada

aspects (Antzelevitch syndrome).

Other cardiac causes include: WPW syndrome with
short refractory period of the accessory pathway,
structural abnormalities of the conduction system,
microvasculature, catecholaminergic  polymorphic
ventricular tachycardia (CPVT), right ventricular
outflow tract tachycardia, intramural tunnelled
coronary  arteries and sudden unexplained
nocturnal death syndromes (SUNDS) [15,16].

The most common cardiac causes of SD in young
athletes:

3.1 Hypertrophic cardiomyopathy (HCM)
Hypertrophic cardiomyopathy occurs in the central

European population with an incidence rate of

3
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about 1 case per 500 people, so it is a relatively
common disease [13,17).

HCM is the most common cause of SD in young
sporting population under 35 years of age. It is
reported as the cause of 20-40 % of all cases of
sudden death.

HCM, congenital disease of the myocardium in
which the walls of the heart are pathologically
hypertrophied, was first described in 1958.

HCM is an autosomal dominant congenital disorder
with incomplete expression of genes 1q32, 2q31,
3p21.2-p213, 7q3, 11pll2, 12q23-q243, 14q12,
15q11-q14, 15q22.1, and 19q13.4 [18]. The immediate
cause of sudden death in HCM is an abnormal heart
rhythm, ie. reentry ventricular tachyarrhythmia
based on electrically unstable myocardium or

myocardial ischaemia during very intensive
training [3,13].
Ban on competitive sport is based on the

assumption that physical load in HCM is a risk
factor for sudden death by being a potential trigger
of ventricular tachyarrhythmia. Factors which may
contribute to the emergence of rhythm disorders in
HCM include changes in ion balance, changes in
autonomous nervous system tone, dehydration and
haemodynamic changes during physical load when
doing sports [17,19].

At the same time, however, there are different views
about sporting of individuals who carry genes for
sarcomeric mutations in HCM, but have not yet
typical phenotypic HCM  manifestations. And
mainly, they have no signs of left ventricular
hypertrophy.  While the 36th
American Heart Association Conference in Bethesda

conclusions  of
in 2005 allowed these individuals to do sports and
enjoy different positive effects of sports, documents
of the European Society of Cardiology are more
strict in relation to the carriers of genes for HCM
and prohibit most competitive sports [13,19,20].
This restriction is based on the assumption that
intense physical exertion may trigger cellular
regulatory mechanisms leading to hypertrophy of
the left ventricle, or that physical exertion can
accelerate clinical development of the disease, and
therefore, in addition to the restrictions of sporting
activities, a solution of potential SD by implantation
of a defibrillator should be considered.

Based on the above two recommendations (from the
36th Bethesda the
recommendations of the European Society of
Cardiology), guidelines were published in the
Czech Republic in 2011 on the fitness of individuals
with cardiovascular disease for competitive and

Conference and

recreational sports based on typical physical and
sports activities of children and adolescents in the
Czech Republic [21]. The guidelines recommend an
absolute ban on competitive sports and diving for



The clinical picture of myocarditis includes a wide
spectrum of non-specific anamnestic complaints
ranging from fatigue, general weakness, pain in
muscles and joints, palpitations and subfebrile
temperature up to the fever, oppression, precordial
pressure and dyspnoea. The objective physical
findings are dominated by resting tachycardia,
various forms of arrhythmias, signs of cardiac
insufficiency, gallop, increased respiratory rate,
changing cardiac auscultation findings, systolic
murmur of mitral or tricuspid insufficiency with
dilated cardiac chambers. Biochemical blood tests
may show signs of myocardial damage and
inflammation. Auxiliary examinations which we
rely suspicion ECG
echocardiography, in addition to the medical
history and physical and biochemical examinations,
ECG changes are common but not very specific. We

on o in include and

can observe tachycardia, elevation or depression in
the ST segment, T

atrioventricular

wave inversion, abnormal

conduction, and various
arrhythmias. We may also encounter the "pseudo-
infarction changes” in the form of pathological Q or
QS waves, which are however often reversible. X-
rays of the heart and lungs are also atypical. Today,
however, repeated echocardiographic examinations
are of greater importance. Most frequent findings
include the dilatation of cardiac chambers, reduced
lett ventricular systolic function and global or only
regional motion abnormalities. There is a growing
importance of microbiological and immunological
methods, evidence of infectious agents by serology,
culture, polymerase chain reaction (PCR) or from
biopsy [25,26].

In his paper of 2011 Chaloupecky [21] recommends
that competitive sports can only be allowed after 12
months after a disease, if there are no laboratory
signs  of or the
myocardium the from
echocardiography, ECG, Holter monitoring and
functional stress testing are normal, i.e. without any
dysrhythmia or ischaemic changes. If the patient has

inflammation to

damage

and findings

residual findings, he is recommended to perform
only recreational exercise [21].

3.5 Ruptured aortic anewrysm

Most frequently in patients with Marfan syndrome
The reported frequency of this syndrome incidence
is 1 case per 5-10,000 individuals. It is a dominantly
inherited disease with defected FBN1 gene which
encodes fibrous protein fibrilin-1. Patients with
syndrome are usually tall with long
extremities and arachnodactyly. The disease atfects
various connective tissues in the body. Most
frequently, however, the connective tissue of the

Marfan

heart valves and aorta are affected, but also the
lungs, the suspensory apparatus of the eye lens and

>
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bones. Under physiological conditions Fibrilin-1 is
fibrous protein which binds to the transtorming
growth factor beta. The mutated fibrilin is involved
in the altered properties of connective tissue, which
can cause myxomatous degeneration of the aortic
root media including the Valsalva sinuses, and
mitral valve disorder with regurgitation. Aortic root
disorders can even lead to aortic dissection. During
intense the

haemodynamically increasing blood pressure and

exercise, aorta  is exposed to
blood wvolume, which can accelerate the aortic
dilatation [3].

Conclusions from the 36th Conference in Bethesda
require regular echocardiographic examinations
every 6 months and then haemodynamically
undemanding sports are allowed, such as bowling,
golf, faster walking and skating, unless aortic root
dilatation, significant mitral regurgitation, sudden
death or aortic dissection are present in the family
history. In addition to a ban on competitive sports,
recreational sports with an increased risk of serious
chest injury are inappropriate. [19].The European
Society of Cardiology requests confirmation of the
Marfan syndrome diagnosis by genetic testing and
they prohibit all competitive sports regardless of the
width of the aorta if the findings are positive
[11,19,21].

3.6 Arrhythmogenic right ventricular dysplasia (ARVD)
The reported ARVD incidence is approximately 1
case per 1,000 individuals in northern Italy where it
occupies the first position among the causes of
sudden death, while in Germany the ratio is only
from 1:5,000 to 10,000 [7,13, 23].
It is an autosomal dominant disease characterized
by progressive replacement of myocardial muscle
cells by fibrolipomatous tissue, by predisposition in
the right ventricle. 8 genes associated with the
disease are known, and other four loci associated
with ARVD have been mapped, but the causal
genes (mutations) have not been identified yet.
Patients with ARVD are at risk of sudden death
from ventricular fibrillation. Diagnosis of this
disease is based on a number of invasive and non-
invasive tests, including genetic testing. [24].
As far as ECG is concerned, presence of epsilon
waves is valuable and negative T waves in leads V2
and V3 in the absence of right bundle branch block
in patients over 12 years are significant. Other
reported findings include a QRS complex width
greater than 110ms measured in leads V1-V3 and
the ratio of QRS complex widths in leads from the
right and left praecordia, calculated according to the
following ormula: length og QRS = (Vi+VztVa)/
(Va+Vs+Ve)= 1.2 and more [15].

There ventricular

are  usually

extrasystoles and ventricular arthythmias with the

numerous



all individuals with HCM.

syncope or pre-syncope, without severe rhythm

Individuals without

disorders, and with normal heart function without
significant left ventricular hypertrophy are allowed
to do recreational sports with low to medium
exertion (e.g. golf, ice skating, hiking, jogging,
cycling). Individuals with significant left ventricular
hypertrophy and individuals with a history of
syncope and serious arthythmias are then indicated
for ICD implantation [21].

3.2 Early ventricular depolarisation syndrome

For a long time, early repolarization syndrome has
been regarded as a kind of alternative standard
without any  practical  impact. Recent
Haissaguerrov's paper of 2008, however, proved a
clear correlation of this ECG finding with the risk of
sudden death [22]. Genetic factors have not been
entirely clarified yet; certain genetic defects have
only been found in 20-30% of patients with whole of
the heart affected. Electrocardiographically, this
syndrome is considered one of the | wave
syndromes and is very close to Osborn wave
generated in hypothermia. The hallmark of the ECG
is the presence of | wave at elevated | point,
manifested as a hook or a knot at the end of the QRS
complex in at least two leads (except aVR and V1-
V3) with an amplitude of at least (.1 mV. There are
three types: type 1 has the above described changes
in leads I, V4-V6, type 2 in leads 1, I1I, aVF and type
3 in all leads. This is due to slow conduction with
prolonged activation in subepicardial layers and
dispersion of depolarisation between endocardium

and epicardium [15, 22].

3.3 Congenital coronary artery anomalies (CCAA)
Congenital anomalies of the coronary arteries are a
relatively rare cause of sudden death in athletes, as
myocardial ischaemia usually manifests itself in
early childhood [6].

The most common CCAAs include atypical origins
of coronary arteries (CA). Suspected coronary
anomaly must always be considered, if a young
athlete has medical history of chest pain, syncope or

if  the

pre-syncope, especially problems  are
associated with physical exertion [13].
Resting ECG  waveform or  spircergometric

functional test may not be any benefit for CCAA
diagnosis. Corrado (7] says that the changes which
may still occur in ECG may include a prolonged
QTc interval, abnormal Q wave, elevation or
depression of ST segment or inverted T in more
than 2 leads. P wave and PR interval is usually
unchanged [7,25].

Coronography is part of the diagnosis of anomalous
coronary artery origin. CCAA can be
determined by CT angiography or magnetic

4
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resonance imaging. Anomalous coronary artery
origin can also be revealed by conventional or
transoesophageal echocardiography, and diagnosis
can also be determined by CT examination.

Patients with anomalous coronary artery origin
often do not have any changes on resting ECG;
some of them may exhibit ischaemic changes in the
repolarization phase of the stress test; while
negative ECG during exercise does not exclude
CCAA.

After a comprehensive cardiac evaluation, patients
with CCAA can be allowed to do physically
undemanding sports activities and the assessment
of sports activities after a cardiac surgery is of
individual character [19,21,24]. Firoozi [11] and Link
[13] say that an athlete with CCAA should be
excluded from competitive sports, but an individual
without ischaemia during exercise testing can begin
to do sports & months after cardiac surgery. This
statement is also supported by Chaloupecky in his
recommendations of 2011 where he recommends
that CCAAs  should be addressed
individually and intervention should  be
considered [21].

native

an

3.4 Myocarditis

Myuocarditis is often a sudden acute inflammatory
damage to the heart muscle and cardiac conduction
system. In the literature, data on the incidence vary,
usually an incidence of about 1 % is reported, more
often in children than in adults, and more in men
than in women. In children and adolescents who
suddenly died, myocarditis was reported in 15-20 %
of cases and in adults with newly detected signs of
heart insufficiency (in the study Myocarditis
Treatment Trial) in 9.6 % of cases. [25]. Myocarditis
may be caused by various factors - physical,
chemical, immunological, but mostly by various
infectious agents. 50-60 % of these are cardiac-
viruses - Coxsackie and

specific groups

adenoviruses, enteroviruses, echoviruses,
cytomegaloviruses, hepatitis B virus, HIV, Epstein-
Barr virus and others. Bacteria, staphylococd,
Corynebacterium diphteriae, Chlamydia
pneumoniae, Mycoplasma pneumoniae, Lyme
Disease, Legionella, and parasites involved are
(rarely)  echinococcus,  Toxoplasma  gondii,
Trypanosoma cruzi or certain fungal infections are
less common. There is virtually no microorganism,
which could not cause myocarditis. Non-infectious
reported,
prEng.anL‘}'

thyrotoxicosis, allergies, medications and drugs.

causes of myocarditis include, as

hormonal factors during or
Physical factors include various kinds of heat
damage, irradiation, immune factors in rheumatic
fever, systemic diseases, sarcoidosis or rheumatoid

arthritis [25,26].



The clinical picture of myocarditis includes a wide
spectrum of non-specific anamnestic complaints
ranging from fatigue, general weakness, pain in
muscles and joints, palpitations and subfebrile
temperature up to the fever, oppression, precordial
pressure and dyspnoea. The objective physical
findings are dominated by resting tachycardia,
various forms of arrhythmias, signs of cardiac
insufficiency, gallop, increased respiratory rate,
changing cardiac auscultation findings, systolic
murmur of mitral or tricuspid insufficiency with
dilated cardiac chambers. Biochemical blood tests
may show signs of myocardial damage and
inflammation. Auxiliary examinations which we
rely suspicion ECG
echocardiography, in addition to the medical
history and physical and biochemical examinations,
ECG changes are common but not very specific. We

on o in include and

can observe tachycardia, elevation or depression in
the ST segment, T

atrioventricular

wave inversion, abnormal

conduction, and various
arrhythmias. We may also encounter the "pseudo-
infarction changes” in the form of pathological Q or
QS waves, which are however often reversible. X-
rays of the heart and lungs are also atypical. Today,
however, repeated echocardiographic examinations
are of greater importance. Most frequent findings
include the dilatation of cardiac chambers, reduced
lett ventricular systolic function and global or only
regional motion abnormalities. There is a growing
importance of microbiological and immunological
methods, evidence of infectious agents by serology,
culture, polymerase chain reaction (PCR) or from
biopsy [25,26].

In his paper of 2011 Chaloupecky [21] recommends
that competitive sports can only be allowed after 12
months after a disease, if there are no laboratory
signs  of or the
myocardium the from
echocardiography, ECG, Holter monitoring and
functional stress testing are normal, i.e. without any
dysrhythmia or ischaemic changes. If the patient has

inflammation to

damage

and findings

residual findings, he is recommended to perform
only recreational exercise [21].

3.5 Ruptured aortic anewrysm

Most frequently in patients with Marfan syndrome
The reported frequency of this syndrome incidence
is 1 case per 5-10,000 individuals. It is a dominantly
inherited disease with defected FBN1 gene which
encodes fibrous protein fibrilin-1. Patients with
syndrome are usually tall with long
extremities and arachnodactyly. The disease atfects
various connective tissues in the body. Most
frequently, however, the connective tissue of the

Marfan

heart valves and aorta are affected, but also the
lungs, the suspensory apparatus of the eye lens and

>
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bones. Under physiological conditions Fibrilin-1 is
fibrous protein which binds to the transtorming
growth factor beta. The mutated fibrilin is involved
in the altered properties of connective tissue, which
can cause myxomatous degeneration of the aortic
root media including the Valsalva sinuses, and
mitral valve disorder with regurgitation. Aortic root
disorders can even lead to aortic dissection. During
intense the

haemodynamically increasing blood pressure and

exercise, aorta  is exposed to
blood wvolume, which can accelerate the aortic
dilatation [3].

Conclusions from the 36th Conference in Bethesda
require regular echocardiographic examinations
every 6 months and then haemodynamically
undemanding sports are allowed, such as bowling,
golf, faster walking and skating, unless aortic root
dilatation, significant mitral regurgitation, sudden
death or aortic dissection are present in the family
history. In addition to a ban on competitive sports,
recreational sports with an increased risk of serious
chest injury are inappropriate. [19].The European
Society of Cardiology requests confirmation of the
Marfan syndrome diagnosis by genetic testing and
they prohibit all competitive sports regardless of the
width of the aorta if the findings are positive
[11,19,21].

3.6 Arrhythmogenic right ventricular dysplasia (ARVD)
The reported ARVD incidence is approximately 1
case per 1,000 individuals in northern Italy where it
occupies the first position among the causes of
sudden death, while in Germany the ratio is only
from 1:5,000 to 10,000 [7,13, 23].
It is an autosomal dominant disease characterized
by progressive replacement of myocardial muscle
cells by fibrolipomatous tissue, by predisposition in
the right ventricle. 8 genes associated with the
disease are known, and other four loci associated
with ARVD have been mapped, but the causal
genes (mutations) have not been identified yet.
Patients with ARVD are at risk of sudden death
from ventricular fibrillation. Diagnosis of this
disease is based on a number of invasive and non-
invasive tests, including genetic testing. [24].
As far as ECG is concerned, presence of epsilon
waves is valuable and negative T waves in leads V2
and V3 in the absence of right bundle branch block
in patients over 12 years are significant. Other
reported findings include a QRS complex width
greater than 110ms measured in leads V1-V3 and
the ratio of QRS complex widths in leads from the
right and left praecordia, calculated according to the
following ormula: length og QRS = (Vi+VztVa)/
(Va+Vs+Ve)= 1.2 and more [15].

There ventricular

are  usually

extrasystoles and ventricular arthythmias with the

numerous



morphology of left bundle branch block. Heart
rhythm disorders are directly associated with the
stimulation of the sympathetic tone and therefore
they most frequently occur during physical exercise
[1,11,15,23, 24].

Diagnosis of ARVD is based on the family history
where we focus on premature sudden death from
cardiac causes in young people, and on the personal
history where palpitations and syncopes are
alarming,

Diagnostic criteria for ARVD were arranged in the
scheme, where the diagnose requires either the
presence of two major criteria or a combination of
one major and two minor criteria, or positivity of
four minor criteria (Table no 1) [27]:

. Dot of the
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Table 1. Diagnostic criteria for ARVD.

The basic diagnostic examinations in ARVD include
Holter ECG monitoring. Out of the imaging
methods, MRI is sensitive enough - dilation of the
right ventricular outflow tract to more than 30mm
along the parasternal long axis and abnormalities in
the right ventricular contractility are regarded as
significant. MRI is able to detect adipose and fibrous
the damaged
Echocardiography and angiography may be less
sensitive. Myocardial biopsy can also be considered,
but due the segmental damage of the
myocardium the benefit of endomyocardial biopsy

tissue in myocardium.

to

for the diagnosis may not be unambiguous. Since
ARVD is partly a hereditary disease with autosomal
(but
autosomal recessive variations: Carvajal syndrome,
Maxos disease), there is also the possibility of
genetic  testing. Genetic  testing of
importance also for blood relatives of the proband,

dominant  transmission there are also

is clinical

because it can reveal potential risks of disease which

6
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has been latent so far. It should be emphasized that
the genotype of ARVD has highly
expressivity and relatively low penetrance [11,27].

ARVD treatment includes beta-blockers or other
antiarrhythmic drugs, ablation, ICD or even heart
transplantation [27]. Due to catecholaminergic
provocation of ventricular arthythmias in ARVD,

variable

competitive sports and diving is out of the question
for these patients, as recommended by the 36th
Conference in Bethesda. Also non-intensive jogging,
cycling, swimming or weight training cannot be
pursued. According to an arrhythmia specialist,
recreational MNordic walking or golf can be
recommended [11, 20,21,27].

3.7 Long QT syndrome
Long QT syndrome, whether in the form later called
Romano-Ward syndrome or in conjunction with
congenital deafmess as Jervell and Lange-Nielsen
syndrome. Long QT interval has not only the
congenital, but also acquired form where a number
of cardiac and non-cardiac drugs, nowadays already
known, are involved in its aetiology. [28.29].
Currently, a total of 10 genetic types of the disease
are known (LOQT1 - LOT10). It is a mutation of one
or more genes encoding cardiac ion channels, and
the disease can have autosomal dominant and
recessive inheritance. The most common form is the
type of LQTT with mutation in the KCNQI gene on
chromosome 11. This gene controls the production
of proteins forming IKs channels responsible for
extended period of reverse current of potassium
ions. This type is often provoked by physical
exercise, the intensity of which proportionally
increases the risk of sudden death [15].
Some of the genetic types of LOT have their own
(LQT7
syndrome, LOQTS = Timothy syndrome) and are

clinical  designation = Andersen-Tawil

associated with other malformations such as
syndactyly, clinodactyly, autism and others.
Mutations lead to a prolongation of the ventricular
action potential with a consequent prolongation of
the QT interval [15].

Patients with LQT are only allowed sports activities
with low static and dynamic loads (e.g. shooting,

curling, archery...) [21].

3.8 Brugada syndrome

Was defined as a familial, autosomal dominant
genetic disease. According to the shape of ST
segment elevations in leads V1-V3, there are three
different forms with an ECG image of combination
of the right bundle branch block with ST segment
elevations in the right-sided praecordial leads.
Currently a total of 6 types of mutations are known
(B1-B6), the most common mutation being SCN5A
on the short arm of the third chromosome which



encodes a subunit of the cardiac sodium channel in
the membrane of cardiomyocytes. The mutation
leads to loss of the action potential in some
epicardial areas of the right ventricle, which in turn
leads to increased dispersion of depolarisation,
increasing thus the risk of ventricular tachycardia or
fibrillation [15,30,31,32].

In asymptomatic patients, recreational activities can
be allowed as long as they are recommended by an
arrhythmia specialist and with regular cardiology
check-ups. [21].

Other cardiac causes of SD that can be encountered
in clinical practice include mitral valve prolapse,
WFPW syndrome with short refractory period of the

accessory pathway and rarely with
catecholaminergic polymorphic ventricular
tachycardia.

3.9 WPW syndrome with short refractory period of the
accessory pathway

It can also be included in the potentially malignant
configurations, although the incidence of sudden
arrhythmic death is very low in this case. The
incidence of Wolff-Parkinson-White syndrome in
our population is 0.1-0.2 % [13].

WPW syndrome may rarely also have a familial
form and it is part of the clinical picture of some
types of hypertrophic
cardiomyopathies. In  Fabry disease (X-linked
deficiency of alpha-galactosidase activity), the ECG
image of left ventricular hypertrophy is only
shortened P-Q  interval with
unchanged QRS complex. In Danon disease (X-
linked deficiency of the lysosomal protein LAMP-2),
left ventricular hypertrophy is associated with the

NON-SaTCOMETIC

associated  with

image of a typical WPW syndrome, i.e. shortening
of the PQ interval and a delta wave present at the
beginning of the QRS complex. [15.34].
The recommendation from the 36th Conference in
Bethesda does not consider WPW syndrome in
athletes as a clear indication for elecrophysiological
examination, but it requires this examination for
symptomatic individuals, such as patients with
disorders  of  consciousness  or  persistent
palpitations.  Furthermore,  electrophysiological
examination is considered appropriate for all sports
which involve medium or high intensity loads.
However, the European Society of Cardiology
always requires electrophysiological examination,
and only on the basis of this examination it is then
possible to make recommendations for doing a
sport [11, 13, 20].

The European Society of Cardiology and
the recommendations of the 36th Conference in

Bethesda ablation should be
performed if there is an increased risk and also for

7

recommend that
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all symptomatic athletes, ie. with atrial fibrillation
or flutter, or reported medical history of syncope.
After performing ablation, asymptomatic athletes
can Tesume competitive sport after 3-6 months
[11,13,20). According  to  Chaloupecky, return  to
sport is possible as early as one month after
successful ablation, based on the recommendations
by arrhythmia specialist [21].

4. Prevention Of Sudden Death In Athletes

The question whether ECG should be part of
routine  preventive  inspections highly
controversial. In Italy, this test is obligatory for all
registered athletes, while in the USA, ECG is
refused due to its price. In Italy, the introduction of
the above system of health checks including ECG
led to a decrease in the incidence of SD in sports by

is

90 %, but a recent study in Israel demonstrates that
pre-participation programs involving routine ECG
testing and physical examinations do not reduce
mortality rates or cardiac arrest. Studies that
directly evaluate ECG screening and improved
health outcomes are lacking. A limited number of
studies  suggest that combining  physical
examination with a mediacal history and ECG
screening for SCD may be cost effective. The
turm
favourably, and the Italian system actually works

European calculations out much more
[7.12]. The question of the price and effect remains
controversial.

4.1 The American Heart Association: Recommends
cardiovascular pre-participation screening with a
focused physical examination to identify or raise the
suspicion of those cardiovascular diseases known to
cause sudden cardiac death or disease progression.
The AHA recommends against ECG as universal
screening because of its low specificity and costly
additional workups. [41]

4.2 European Society of Cardiologists: Recommends
screening all young competitive athletes with a
complete physical examination and 12-lead ECG.
20]

4.3 International Olympic Committee: Recommends a
systematic cardiovascular evaluation (including 12-
lead ECG]) for all young competitive athletes. [42]
4.4 American College of Sports Medicine: Supports pre-
participation Hé&P without routine ECG for athletes.

23]
Therefore, based on a common consensus of
professional societies and Lausanne
recommendations, a new uniform screening

program for young top-performance athletes is now
The should  be
performed by a physician with education in sports

recommended. examination

medicine. It should always be performed at the start



of the competitive athlete’s career, generally around
the age of 12-14 years and then at least once every
two years [34,3536].

In 2012 an expert group, who met in Seattle,
developed a common opinion on the evaluation of
ECG in athletes. The main objective of this opinion
is to improve the education of physicians in the
evaluation of ECG in athletes. This resulted in the
development of the "Seattle Criteria”. The authors
say that these criteria should be a compromise for
the sensitivity and specificity of the examination,
and they should improve ECG interpretation, even
for beginners [36,37,38].

Dalsim problémem neni jen vlastni diagnostika
nékterych asymptomatickych onemocnéni, ale také
stanoveni  naslednych  preventivnich  opatfeni
piipadné terapeutckych postupii. Vétsina stavajicich
doporudeni se tyka dasto pouze wrcholovych
sportoven,  ale  nezahrnuji  pofetnou  skupinu
rekreacnich sportovnoved, kterych piibyva a jsou
rovnéz ohrozeni SCD.

Zeela konkrétni doporudeni iz existuji napi. pro
WPW . Recent guidelines of the American College
of Cardiology, American Heart Association, and
European Society of Cardiology assign catheter
ablation in the asymptomatic individual with the
WPW pattern a class 2A designation.

V pfipadé Brugadova syndromu jsou jednoznacna
douporudeni for symptomatic patients where no
effective antiarrhythmic drug or other therapies are
available so implantation of a cardioverter-
defibrillator is mandatory [30].

But the problem is asymptomatic individuals. In
some individuals a spontanecusly abnormal
electrocardiogram could be recorded as part of a
the

electrocardiogram appear only during treatment

routine  screening, In  some, abnormal
with antiarrhythmic drugs given for the treatment
of atrial fibrillation or other arrhythmias and finally,
in still others, the abnormal electrocardiogram could
be obtained only after pharmacologic challenge
performed of  the
documentation of Brugada syndrome in the family.

[30].
It is confirmed that a spontaneously abnormal

because suspicion  or

electrocardiogram is a marker of possible sudden
arrhythmic death.
individuals

The group of asymptomatic
the
recognized

abnormal
after

in whom

electrocardiogram  was

only
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pharmacologic challenge had no events during
follow-up in study of Burgada, so as no events
occurred in this group, it is not justified to
recommend further investigations in of
jmanagement. [30].

Nejkomplikovanéjsi otazkou do budoucna zistava

terms

problematika syndrome ¢asné repolarizace, (ERP) se
kterou se pii vySetfeni mladych sportoven
setkavame relativné ¢asto. But recent studies by
Haissaguerre and by Tikkanen found a small (but
real) increased incidence of ERP findings (ST
elevation and especially J-point abnormalities)
among patients with sudden cardiac death. Tato
skupina pacientii bude vyZadovat dalsi rozsahlejssi
sledovani, na zakladé kterych bude do budoucna
moino  vypracovat doporudeni pro  eventudlni
preventivni opatieni. [22,44].

Se zménami na EKG odpovidajicimi syndromu
casné repolarizace se v nadi ambulanci setkavdme
nejastéji (76 pripada/ 2010-2013), méné fasto s
WPW  syndromem (24  pfipadi/2010-2013)
nejvzacnéji pak s Long QT syndromem (3
pipady/2010-2013).

5. Conclusion

5D in sport is a serious problem requiring attention.
The largest portion of SD, up to 95 %, is due cardiac
causes, and 90 % of the causes of sudden cardiac
death in sport are detectable by
examination of the athlete along with taking a

a physical

medical history and performing a 12-lead ECG
recording. Thats why we suggest that, without a
thorough examination it is not possible to detect
hidden significant
morphological changes in the heart caused by

cardiovascular  disease or
excessive load. From the above, it follows that the
only way to prevent SD sports

comprehensive medical examination, in which we

in is a

can follow the recommendations of Lausanne
Conference of the European Society of Cardiology.
An early detection and adequate management can
avert the life-threatening cardiac arrest and malign
tachyarrhythmias. Genetic analyses open new
possibilites for the prevention of these severe
complications [36,37,38]. Today, it is not always
possible to exclude completely suspected borderline
findings and this issue will require a lot of effort

and patience of patients.
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Structured Abstract

Sudden cardiac death often affects young people, but it is much more likely to occur in top athletes. Since this is a
serious issue, we present a summary of basic cardiac diagnoses which may cause sudden death (SD) in sport. In
competitive sports, we can encounter sudden death more often than in recreational sports, therefore it is
necessary for athletes to have preventive sports medical examinations. The question of the price and effect
remains controversial. Today, it is not always possible to exclude completely suspected borderline findings and
this issue will require a lot of effort and patience of patients.
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Condensed Abstract

Sudden cardiac death often affects young people, it more occurs in top athletes. We present a summary of basic
cardiac diagnoses which may cause sudden death (SD) in sport. In competitive sports, we can encounter sudden
death more often than in recreational sports, it is necessary to have medical examinations.
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