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Abstrakt

V soucasnosti jsou nejcasteéji pouzivanym technickym fesenim cerpani krve pfii
mimotélni cirkulaci béhem kardiochirurgickych operaci a u podpor typu ECMO
(mimotélni membranova oxygenace), rotaéni valeckové nebo centrifugalni cerpadlo.
Centrifugalni pumpa je pro své prednosti pouzivana piedevsim pro déle trvajici mimotélni
ob¢hy v kardiochirurgii a pii podpoie srdce a/nebo plic. Dosud v literatufe chybi
presveédCivé védecké dukazy, které by jasné podpofily jeji Siroké pouziti v bézné
kardiochirurgii.

Cilem nasi prace bylo porovnat oba typy v soucasnosti pouzivanych krevnich
cerpadel pfi pouziti u operace s delSim trvanim, navic s hlubokou hypotermickou zstavou
cirkulace. Na skupiné pacient podstupujici endarterektomii arteria pulmonalis, jsme
v randomizované klinické studii prokéazali pozitivni vliv centrifugédlniho Cerpadla na
intenzitu ¢asné pooperacni zanétlivé reakce. U ostatnich sledovanych klinickych i
laboratornich parametrii jsme nezaznamenali statisticky vyznamné rozdily mezi obéma

cerpadly.

Na zéklad¢ hypotézy, Ze vyznamné zmény teploty u vykonu v hluboké hypotermii
mohou mit vliv na tésnici tlak manZety endotrachealni kanyly, jsme zorganizovali
randomizovanou klinickou studii porovnavajici vyskyt mikroaspiraci u nemocnych
podstupujicich tyto operace. Dosli jsme Kk zavéru, Ze prevenci jak zatékani obsahu
hypofaryngu do dychacich cest, tak ischemie stény trachey, je nastaveni optimalniho tlaku

manzety endotracheélni kanyly a jeho monitoring béhem celé operace.

V dals$i nas$i randomizované klinické praci jsme také prokazali pozitivni vliv
aprotininu na intenzitu zanétlivé reakce ve spojeni s mimotélnim ob&hem s hlubokou
hypotermickou cirkula¢ni zastavou a moznost predikce casnych infek¢énich komplikaci

hodnotami prokalcitoninu a interleukinu-6.

Pro teSeni stavli srde¢niho, a/nebo plicniho selhani dospélych 1 déti mimotélni
podporou, byl ustaven ve VFN v Praze ECMO team, jehoz nedilnou soucasti se stali
perfuziologové. Jejich ukolem, kromé technického zabezpeCeni vlastni cirkulace, bylo
zavedeni centrifugdlniho Cerpadla jako cerpadla volby pro tyto podpory. Na souboru
pacientd oSetienych ECMO podporou bylo prokazana uspésnost této metody u téchto
kriticky nemocnych pacienti. Cast pacienti byla pro nemoznost standardniho transportu

pievezena mezi zdravotnickymi zafizenimi az po napojeni na mimotélni cirkulaci.
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Abstract

Currently, the most commonly used technical solution for pumping blood during
extracorporeal circulation during cardiac surgery, as well as for some types of ECMO
(extracorporeal membrane oxygenation) are either a roller pump or centrifugal pump. Due
to its advantages the centrifugal pump is mainly used for prolonged extracorporeal
circulation in cardiac surgery and as a heart and / or lung support system. In current
literature there is a lack of compelling scientific evidence that would clearly support its use

in a routine cardiac surgery.

The aim of our study was to compare both types of currently used blood pumps in
longer cardiac procedures with deep hypothermic circulation arrest. In a randomized
clinical study we had selected a group of patients that underwent a pulmonary
endarterectomy (PEA) in order to demonstrate the positive effects of the centrifugal pump
on the postoperative inflammatory reactions. There were no statistically significant
differences between these two pumps when other clinical and laboratory parameters were

observed.

Based on the hypothesis that significant temperature changes during cardiac
procedure with a deep hypothermia can affect sealing pressure of the endotracheal tube
cuff, we performed a randomized clinical trial comparing the incidence of microaspiration
in patients undergoing PEA. We came to the conclusion that in order to prevent a leaking
of the hypopharynx content into the trachea and the prevention of the tracheal wall
ischemia is an optimal endotracheal tube cuff pressure with a constant periprocedural

monitoring.

During another randomized clinical study, we had also demonstrated the positive
effects of aprotinin on the intensity of inflammatory response associated with an
extracorporeal circulation and deep hypothermic circulatory arrest. We had also showed

that procalcitonin and IL6 can predict an early infectious complications.

General University hospital had established a special ECMO team that deals with
heart and / or lung failure in adults and children. This special team integrated expertise of
various professions such as perfusionists. The role of perfusionists was the technical
support of the extracorporeal circulation, as well as the introduction of a centrifugal pump
into the clinical practice. The success of this method was demonstrated on a group of

patients treated with ECMO. Some of the patients were transported between different



medical centers after ECMO cannulation due to the complicated healthcare patients
transport policies.
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membrane oxygenation, systemic inflammatory response
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1 Uvod

1.1 Cerpadla v okruhu mimotélniho obéhu

Jednou z hlavnich sou¢asti mimotélniho ob&hu (MO) je krevni ¢erpadlo (BP), které
generuje tlak v krevnim proudu ve chvili, kdy srdce pacienta tuto funkci béhem operce
nebo z diivodu selhani nevykonava viibec nebo jen ¢aste¢né. Idealni BP by meélo precerpat
alespoil 7 1 / min proti tlaku 500 mm Hg a mé pfitom mit co nejmensi negativni vliv na
krevni elementy. VSechny soucasti BP, které pfichazeji do kontaktu s krvi, by mély byt
uréeny pouze pro jedno pouziti a nemélo by dochazet ke kontaminaci ostatnich ¢asti BP.
Vnitini povrch BP by mél byt hladky a bez mrtvého prostoru, aby nedochazelo k
turbulencim a stagnaci krve. Prutok cerpadlem by mél byt piesné definovany a
monitorovatelny (De Somer & Van Nooten, 2008). Prestoze soucasna Cerpadla spliuji
vysokou miru provozni spolehlivosti, méla by byt v ptipadé vypadku napajeni k dispozici
moznost nahradniho mechanického (ruéniho) pohonu. Historicky byly vyvijeny razné
systémy BP (klavesnicové pumpy, balonkové systémy), které se vSak pro svou technickou
slozitost, negativni vliv na krevni buriky a nizkou bezpecnost neujaly (Dale & Schuster,
1928).

Pro MO je v soucasnosti nejcastéji uzivanym cerpadlem, rotaéni valeckové
cerpadlo (RP). Kromé¢ MO naSlo uplatnéni i v systémech mimotélni membranové
- - e — oxygenace (ECMO) (Allison, Kurusz, Graves,
: & Zwischenberger, 1990; Byrnes & Fiser,
2013; Halaweish, Cole, Cooley, Lynch, &
Haft, 2015; Lawson, Ellis, Butler, McRobb, &
Mejak, 2011). Jeho princip byl patentovany v
roce 1855 (Porter, Bradley) a nasledné¢ byl
béhem let modifikovan (Cooley, 1987).
V soucasné podobé jsou na obvodu rotoru,
ktery je pohdnén elektromotorem, proti sobé

umistény dva valecky. Ty se pfi otaceni rotoru

odvaluji po hadici, ktera je vlozena do klece

Obr. 1 Rotaéni valeckové Eerpadlo

kopirujici obéznou drdhu valecki a tim ji
komprimuji (obr. 1). Jeden z valct vzdy stlauje hadici, vysledkem je tedy relativné

11



nepulzatilni tok krve ve sméru rotace a Cerpadlo je pln¢ okluzivni. To muize zpusobit
Vv urcitych ptipadech generovani vysokych pozitivnich (za Cerpadlem) i negativnich (pted
Cerpadlem) tlakt. Vysledny pritok je dan po¢tem otacek Cerpadla, jeho primérem a rovnéz
diametrem pouzité hadice. Jako materidl k jejich vyrobé se pouziva latex, PVC
(polyvinylchlorid), silikon. Z divodu elasticity a niz$i hemolyzy jsou pro RP preferovany
silikonové hadice. Rozhodujicim faktorem pro optimalni a bezpeény chod RP je peclivé
zalozeni hadice do Cerpadla a ptfedevSim nastaveni okluze (sily, kterou valecky stlacuji
hadici). Jeji vysoka hodnota zvySuje hemolyzu a opotiebeni hadice, naopak nedostate¢na
okluze také zvySuje hemolyzu a zaroven muze zpisobit hypoperfuzi, plynouci z
nedostate¢ného pritoku cerpadlem. Nevyhodou RP je schopnost piecerpat velké mnozstvi
vzduchu v piipadé zavzdusnéni piivodni hadice a zpusobit tim masivni vzduchovou
embolii. Nahradni pohon je zabezpecen klikou, ktera je ptisluSenstvim kazdého systému.
Vyhodou RP je jeho jednoduchost a nizka cena, ktera plyne pravé z nizkych narokd na
feSeni okruhu.

Alternativnim ¢erpadlem je centrifugalni pumpa (CP), kterd byla priméarné vyvinuta
jako dlouhodobé srde¢ni podpora (1968). Pro tento el se ukazala jako nevhodna, ale po
upravach se od roku 1976 pouziva rutinn¢ pro pohon MO (Medtronic BioMedicus, USA) a
jako kratkodoba srde¢ni podpora (Lynch, Peterson, & Baker, 1978). V soucasnosti se CP
kromé rutinni kardiochirurgie vyuziva pfedevS§im pro mechanické podpory obéhu a
ECMO. CP pracuje na principu odstfedivych sil a tvofi ji rotor s magnetem (hladky nebo
i s lopatkami), ktery je umistén uvniti
pouzdra (obr. 2). Otacenim rotoru
vzniké tlakovy rozdil mezi vstupem
a vystupem do pracovniho prostoru
cerpadla, ktery zplsobuje proudéni
krve. CP jsou neokluzivni, pritok
zavisi tedy nejen na otackach, ale
také na velikosti tlaku (odporu) za

cerpadlem a ptitoku do ngj. Z tohoto

davodu je nutné peclivé
Obr. 2 Centrifugalni cerpadlo monitorovat pritoky a nastavit jejich

meze. Soucasné je nutné pii

zastaveni Cerpadla (nebo snizeni otacek pod kritickou mez) zamezit zpétnému toku

systtmem. Pratok je méfen elektromagnetickymi nebo ultrazvukovymi snimaci
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umisténymi za Cerpadlem. Ptenos sily mezi elektrickym motorem a hlavici cerpadla je
zabezpecen prostfednictvim magnetické spojky. U CP je mensi riziko transportu vétSiho
mnozstvi vzduchu oproti RP, protoze po naplnéni hlavice vzduchem, dojde k zastaveni

toku Cerpadlem. Produkty riiznych vyrobct se li$i tvarem rotoru a po¢tem lopatek (obr. 3).

Obr. 3 Centrifugalni cerpadla

Naéhradni pohon je vyfesen klikou s pfevody a je vzdy soucésti systému. Vyjimecné
technické feSeni nabizi zafizeni Levitronix CentriMag (Levitronix LCC, Waltham, MA,
USA), kde se rotor bez osy pohybuje v krevnim proudu na principu magnetické levitace, a
které je pouzivano piedevsim jako kratkodoba srde¢ni podpora. Jeho vyhodou je absence
rotujicich mechanickych ¢asti, minimalni produkce tepla vznikajiciho tfenim a tim mensi
vliv na destrukci krevnich element na rozdil od béznych CP (Bottrell et al., 2014; Netuka
et al., 2010). Tento princip vsak technicky neumoznuje nahradni ru¢ni pohon, proto celek
vzdy tvoii dvé identické konzole, kdy jedna je zalozni. V systému podpory zivotnich
funkei Cardiohelp (Maquet, SNR) je CP integrovana do jednoho celku s oxygenatorem
(Alwardt et al., 2015; Philipp et al., 2011).

CP by podle nékterych autori méla byt pro své méné traumatizujici uéinky na
krevni elementy, niz§imu vyskytu CNS (centrdlni nervova soustava) komplikaci, mensi
aktivaci zanétu, koagulaéni kaskady a vétsi biokompatibilitu vhodnéjsi pro MO (Alamanni
et al.,, 2001; Just, Miiller, Hartrumpf, & Albes, 2006; Klein, Dauben, Schulte, & Gams,
1998; Parolari et al., 2000). Jiné prace naopak neprokazaly rozdily mezi obéma druhy
Cerpadel pouzitych béhem MO (Asante-Siaw, Tyrrell, Hoschtitzky, & Dunning, 2006;
Saczkowski, Maklin, Mesana, Boodhwani, & Ruel, 2012). Nevyhodou CP je jeji vyssi
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cena oproti RP. VétSina studii porovnavala cerpadla béhem relativné kratkych
chirurgickych vykoni (koronarni revaskularizace, chlopenni chirurgie) v normotermii nebo
mirné hypotermii (Keyser et al., 2011; Scott et al., 2002). Dosud nebyla publikovana data o
pouziti rozdilnych druhii Cerpadel u pomérmné¢ dlouhych MO v kombinaci s hlubokou
hypotermii a DHCA (hluboka hypotermie se zastavou cirkulace), kde by se mohly vyhody
nékterého z Cerpadel spise projevit. Takovym vykonem je naptiklad plicni endarterektomie
(PEA) provadéna rutinné v Kardiocentru Vseobecné fakultni nemocnice (VFN) v Praze
jako chirurgické FeSeni chronické tromboembolické plicni hypertenze (CTEPH). Zaroven
se stava CP v riznych modifikacich ¢erpadlem volby pro ob&hové nebo plicni podpory

(Barrett et al., 2013; Lawson et al., 2011; Luciani et al., 2016).

1.2 Mimotélni obéh u chirurgické 1é¢by CTEPH

Plicni hypertenze je definovana zvySenim stfedniho tlaku v plicni tepné nad 25 mm
Hg v klidu. Podle platné konvence se déli na 5 skupin, z nichz jednu tvoii hypertenze
vznikajici v disledku trombdézy nebo embolizace - CTEPH. Je to pomérné vzacné
onemocnéni, které se rozviji pfedevSim po opakovanych emboliza¢nich ptihodach u
pacient, u kterych nedojde ke kompletni 1yze tromboembolu. Fibrozni ptestavbou
reziduélnich trombii dochézi ke stend6zam a obstrukcim vétvi plicnice. To vede ke zvySeni
tlaku v plicnici a zvySeni plicni vaskularni rezistence. V dusledku nartstu dotizeni pravé
komory srde¢ni pak nasleduje postupny rozvoj jejiho selhani. Prognéza pacienti s CTEPH
na konven¢ni farmakologické 1€¢bé, ktera zahrnuje dozivotni antikoagulaci, kardiotonika,
diuretika, oxygenoterapii a v nékterych piipadech specifickd plicni vazodilatancia, je
neptizniva. Podle soucasnych doporuceni je 1€¢ebnou metodou doporucenou u vybranych
pacienti s CTEPH endarterektomie plicnich tepen. Principem PEA je odstranéni
organizovaného fibrotizovaného trombu s ¢asti cévni st€ny plicnice predevsim u pacientl
S postizenim centralnich vétvi plicnice. Vlastni chirurgicky vykon se provadi na
mimot&lnim ob&hu. Uspéch operace je zavisly na dokonalé piehlednosti operaéniho pole,
které je mozné dosahnout pii bezkrevnosti opera¢niho pole. Z tohoto divodu je vyuzivana
DHCA, béhem niz jsou vSechny organy pacienta zcela bez perfuze (Lindner et al., 2006).

Hypotermie je stav pacienta, kdy teplota télesného jadra klesa pod 35°C. Se
snizujici se teplotou dochazi ke zpomaleni metabolismu, zpomaleni ¢erpani energetickych
zasob a snizeni organové spotieby kysliku. Hypotermii Ize délit na mirnou (35 — 32 °C),
stiedni (31 — 26 °C), hlubokou (25 — 20 °C) a velmi hlubokou (19 — 14 °C) (Wong, 1983).
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Pti poklesu télesné teploty
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Obr. 4 Bezpetna doba cirkulaéni zéstavy v zévislosti na teploté (Kirklin & Barratt-  technickymi i

Boyes, 1993)
farmakologickymi

zpusoby organové ochrany vsSak nastal ustup od jejiho kazdodenniho pouzivani. Mirna a
stiedni se na nékterych pracovistich jesté rutinné pouziva u operaci na otevieném srdci (HO
& Tan, 2011). Hluboka hypotermie s teplotou télesného jadra pod 18°C je vyhrazena
specialnim indikacim, kdy je nutné na urcitou dobu zcela zastavit mimotélni cirkulaci
(CA). Bezpecna doba (CA) je zavisla na hloubce zchlazeni (obr. 4). Pti teploté télesného
jadra a predevsim mozku pod 18 °C mizeme povazovat 30 minut za bezpe¢nou dobu.
Piedpokladem je nulovd mozkova aktivita. Alternativou DHCA je selektivni mozkova
perfuze (antegradni nebo retrogradni). Antegradni perfuze je nejfyziologictéjsi ochranou
mozku béhem CA. Spociva v selektivni perfuzi tepen zasobujicich mozek kontrolovanym
pritokem mozkem v pribéhu CA. Umoznuje del$i dobu CA a je pfi ni mozna mensi
hloubka hypotermie (optimalni hloubka hypotermie vSak nebyla dosud stanovena). Tato
metoda je vyuzivana pfi operacich na aortalnim oblouku, pro nami preferovany protokol
pro PEA neni vhodna z divodu velkého kolateralniho pritoku (Linardi, Faggian, &
Rungatscher, 2015; Tsai et al., 2013).

Po napojeni MO béhem PEA jsou pacienti ochlazovani na cilovou teplotu 18 °C
Vv mo¢ovém méchyti. MO s integrovanym tepelnym vyménikem v oxygenatoru je hlavnim
prostiedkem pro chlazeni a ohfev pacienta. Pacient je chlazen a ohfivan prostfednictvim
krve proudici ptes MO. Soucasné je vhodné regulovat teplotu na operacnim séle, pouzivat
chladici (ohfivaci) podloZku, poduSku, lokalni chlazeni hlavy a srdce. Tyto pomocné
prostiedky zkracuji dobu chlazeni a ohiivani a zaroven, V pfipadé mozku a srdce,
zkvalitiuji jejich ochranu pfed ischemii. PEA je provadéna ze samostatnych incizi pravé a

levé vétve plicnice. Doba CA je délena na dvé ¢asti vyjimeéné presahujici dohromady 40
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minut s reperfuzi mezi jednotlivymi zastavami. V piipad¢ technické narocnosti a z toho
plynouci potieby CA delsi nez 20 minut je zastava, po reperfuzi trvajici pfiblizn¢ 10 - 15
minut, opakovana. Dulezitym voditkem pro optimalni nacasovani zastav a reperfuzi v této
kritické fazi operace je monitoring mozkové ¢innosti, eventualné sledovani saturace Krve
v mozkové tkani. K tomu slouzi bud’ bispektralni analyza EEG signalu (BIS) spolu se
saturaci krve z jugularniho bulbu anebo blizko cervend spektroskopie (NIRS), kterd je
V soucasnosti preferovana vétsinou pracovist’ (Nollert, Jonas, & Reichart, 2000).

Po endarterektomii levé vétve je obnovena mimot€lni cirkulace a pacient postupné
ohiivan. Béhem ohfivani je mozné provést dalsi vykony, které jsou pfipadné u nemocného
indikovany (aortokoronarni bypass, zachovna operace nebo nahrada chlopné, sutura
defektu septa sini, MAZE procedura). Odpojeni pacienta od MO je mozné az po Uplném
ohtati, stabilizaci jeho hemodynamiky, srde¢niho rytmu, krevniho obrazu a vnitiniho
prostiedi (Lindner et al., 2006).

Prvni Gspésnd PEA byla provedena Synderem a spolupracovniky v roce 1958. Do
roku 1976 bylo referovano 18 odoperovanych pacienti s vysokou mortalitou 22 %.
V nasledujicich osmi letech nastal rozvoj PEA, kdy bylo provedeno 80 — 90 vykont.
RovnéZ s vysokou mortalitou. Za moderni obdobi je povazovano poslednich 30 let, kdy
bylo provedeno vice nez 3000 operaci a mortalitu se podafilo snizit na 5 — 7 % (Lindner et
al., 2006).

Béhem chirurgického vykonu je nutnd Gzk4 spoluprace vSech zucastnénych na
operanim sale. Samoziejma je také interdisciplinarni spoluprace vSech odbornikii od
spravné diagnostiky az po pooperacni a naslednou péci.

Kromé standardni monitorace vitalnich funkci pacienta je nutné monitorovat tlaky
V plicnici. Méfit teploty v systému MO a télesné teploty v nasopharyngu, rektu a mo¢ovém
meéchyii (Engelman et al., 2015). Béhem MO se orientujeme piedevsim podle teploty
V mocovém mechyii.

Standardem by méla byt, vzhledem ke zménam teploty, kontinualni monitorace
krevnich plyni béhem MO. Umoziuje optimalni udrzovani acidobazické rovnovahy a
zaroven zvySuje bezpecnost mimotélni cirkulace. I pfi béznych kardiochirurgickych
vykonech miize perfuziolog okamzité reagovat na zmény krevnich parametrii. Soucasné je
mozné jeji pouziti béhem ECMO (Belohlavek et al., 2011; Kolnikova et al., 2012;
Mlejnsky, Kunstyt, Vykydal, & Lindner, 2010; Ottens, Tuble, Sanderson, Knight, &
Baker, 2010; Schreur, Niles, & Ploessl, 2005).
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Vzhledem K primérné délce MO je nutné minimalizovat negativni G¢inky MO a
hypotermie na organizmus. Od pocatku programu PEA ve VFN v Praze je pouzivan
oxygenator pro dlouhodobéjsi pouziti s membranou vyrobenou z neporéznich vladken
(polymethylpenten) a zaroven cely systém MO je oSetien hemokompatibilnim povrchem
pro snizeni negativnich ucinkd kontaktu krve s cizorodym materialem (Wendel, Schulze,
Heller, & Hoffmeister, 1999; Wendel & Ziemer, 1999).

1.3 Komplikace spojené s PEA

Pooperacni pribéh po PEA byva doprovazen fadou specifickych komplikaci, které
ptispivaji k casné pooperacni mortalité, kterd se pohybuje v rozmezi 5 - 23 %. Mezi jeji
nejcastejsi priciny patii reperfuzni plicni edém, perzistujici plicni hypertenze s naslednym
selhdnim pravé komory srde¢ni, masivni krvaceni do plic a infekéni komplikace. PEA také
byva spojena s hemodynamickou nestabilitou zplsobenou systémovou vazodilataci po
protrahovaném MO, obtizn¢ reagujici na terapii. Ultimativnim feSenim akutniho
pravostranného srde¢niho selhani i pfipadné respiracni insuficience pfi krvaceni nebo
infekci byva u pacienti po PEA zahdjeni ECMO (Belohlavek et al., 2011; Thistlethwaite et
al., 2006).

Specifické markery, které umoziuji ¢asnou detekci infekénich komplikaci béhem
pooperac¢niho obdobi, maji veliky klinicky vyznam. Prokalcitonin (PCT), jenz mezi takové
ukazatele patii, se stal v poslednim obdobi uZzitenym nastrojem pro rychlou diagnostiku
sepse a byl v poslednich letech pfedmétem nékolika nasich klinickych studii.. Jeho hlavni
vyhodou je vcasny a specificky vzestup V piipadé infekce zptisobené bakterialnim
puvodcem. Bylo prokazano, ze vysoké hodnoty PCT jsou spojeny se zvySenou morbiditou
a mortalitou v kardiochirurgii. Zaroven rizné neinfekcni faktory, operacni stresova reakce,
delka chirurgického vykonu a piedevSsim MO pfispivaji ke zvySenym hodnotdm PCT

(Maruna et al., 2011).

1.4 Mimotélni membranova oxygenace

ECMO je metoda pouzivana pii 1écbé tézkého respiracniho anebo kardidlniho
selhani, kterd byla do praxe zavedena na pocatku 70. let minulého stoleti a v posledni dobé
proziva ur¢itou renesanci (Pujara, Sandoval, Simpson, Mallidi, & Singh, 2015). Je

pouzivana Vv pediatrické i dospé€lé intenzivni péci (Bartlett & Deatrick, 2016; McCarthy et
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al., 2015). Umoziuje urgentni zavedeni, vzhledem k technické konfiguraci i bezpecny
transport pacienta ptipojeného na ECMO a to i na pomérné velké vzdalenosti. Predevs§im
vsak poskytuje ¢as potfebny k 1éCbe, vySetieni a piipadnému stanoveni diagndzy. Zaroven
se muze stat mostem k organové transplantaci nebo K pouziti jiné, dlouhodobé&jsi
mechanické podpory. K zahajeni ECMO podpory muze vést fada indikaci kardiologickych,
kardiochirurgickych i1 indikaci  ze
. vSeobecné intenzivni péce déti 1 dospelych
Gy \\} (McCarthy et al., 2015). Vyznam ECMO
podpory vzrostl v souvislosti s epidemii
: viru HIN1, ktery muze zpisobovat tézké
- >SN respiraéni selhdni (Davies et al., 2009;
‘ :  Kunstyr et al., 2010; Peek et al., 2009).
Obr. 5 Veno-arteridlni ECMO (Maguet AG) Syst¢tm ECMO tvofi vlastni konzole,
Cerpalo, okruh a oxygenator. ECMO
podpora miize probihat dle primarni indikace v rezimu veno-arterialnim (VA) (obr. 5)
nebo veno-venéznim (VV) (obr. 6) (Pujara et
al., 2015). VA ECMO je pouzivano v piipadé =
izolovaného kardidlniho nebo soucéasné 7T LA \\
probihajiciho kardidlntho a respira¢niho
selhani. Krev je odebirana z Zilniho systému
pacienta, okyslicena a nasledné vracena do \ —
tepenného systému. V ptipad¢ VV ECMO, B
které je pouzivano v situacich respira¢niho Obr. 6 Veno-venozni ECMO (Maquet AG)
selhani, je krev odebirdna z Zilniho systému
pacienta, okyslicena a ndsledné¢ vracena zpét do Zilniho systému. Vlastni napojeni
prostfednictvim kanyl je popsano v nasich publikacich (str. 76, 91 v textu). Konfigurace
systému zustava v piipadé VA i1 VV ECMO stejna. To znamena odvodna (nasavaci) kanyla
- hadice - cerpadlo - oxygenator - hadice — navratova kanyla. S rozvojem technologii je
dnes pouzivana piedev§im CP (stala se i pro nds Cerpadlem volby) a oxygenatory pro
dlouhodobé pouziti s neporézni membranou z polymethylpentenu (umoziuje v nékterych
ptipadech pouziti az 30 dni) (Robak et al., 2014; Toomasian et al., 2005). Nejmoderné;si
systémy jsou kompaktni s integrovanymi ¢idly (teplota, tlaky, saturace krve) a plné
mobilni (obr. 7) (Cardiohelp, Maquet Cardiopulmonary, SRN) (Philipp et al., 2011).
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Obr. 7 Cardiohelp

V ramci terciarniho pracovisté
jedin¢  kardiochirurgie  disponuje
technikou 1 personalnim zabezpecenim
umoziujicim mimotélni cirkulaci. Role
perfuziologii pfi této komplexni péci o
kriticky nemocné spociva v plné
technické podpofte, vlastnim
provozovani podpory, pienesent
zkuSenosti z kazdodenniho vedeni

mimotélniho obéhu do ECMO

programu a  samoziejm&  Uzké

spolupraci se vSemi zucastnénymi,

ktera se jevi jako kli¢ova pro uspéch celého programu.
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2 Cile prace

Prvnim cilem prace bylo stanovit postupy a metody prace perfuziologa, pouzitelné
pro optimalni vedeni mimotélniho ob&hu a monitoring béhem chirurgické 1é¢by CTEPH.
S timto cilem souvisi snaha predikovat nekteré jevy spojené s hypotermii a hledat feseni
ptipadnych komplikaci, které mohou béhem tohoto naro¢ného chirurgického vykonu

nastat.

Druhym, hlavnim cilem prace bylo porovnat vliv rozdilnych typtu ¢erpadel (rotac¢ni
valeckové Cerpadlo a centrifugalni ¢erpadlo) na klinicky pribéh u pacientti operovanych na
mimotélnim ob&hu. Zjistit vliv pouzitého druhu ¢erpadla na krevni elementy, krevni ztraty,
celkovou zanétlivou reakci organizmu, etnost pooperac¢nich komplikaci a délku pobytu na
jednotce intenzivni péce. Rozsifit znalosti o pisobeni odliSnych druht ¢erpadel na klinicky
stav pacientll po déle trvajicim kardiochirurgickém vykonu s pouzitim mimotélniho ob&hu
a umoznit zavedeni pouziti centrifugalniho Cerpadla jako rutinni alternativy k rotacnimu

valeckovému Cerpadlu na naSem pracovisti.

Poslednim cilem prace bylo zajistit technickou podporu v nové vzniklém ECMO
centru VFN v Praze. Zavést CP jako pohon prvni volby pro ECMO, vcetné podpor
pouzitych u malych déti a novorozencii a implementovat zkuSenosti perfuziologt S
pouzitim mimotélni cirkulace béhem kardiochirurgickych vykonti do tohoto programu

podpor srdce a plic, véetné zatazeni novych technologii a postup.
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Endarterektomie plicnich tepen — chirurgicka lécba
chronické tromboembolické plicni hypertenze
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ISkvatilova M., 'Ambroz D., Tosovsky J., 'Aschermann M., 'Linhart A.,
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ABSTRAKT

V¥chodisko. Chronickd tromboembolicka plicni hypertenze (CTEPH) je v indikovanych piipadech asp&né 16&itel-
ni endarterektomiii plicnich tepen (PEA). Symplomaticka neléfena CTEPH md velmi nepiiznivou progndzu. Pétile-
té preziti v nemocnych se stiednim tlakem v plicnici nad S0 mmHg je pouhych 10 %. PEA nebyla v CR dostupnd az
do roku 2004, kdy byl zahdjen program PEA v Kardiocentru VEN v Praze ve spoluprici s picdnim svétovym praco-
vi§lém zabyvajicim se touto problematikou (Prof. Mayer, Univerzita Mainz, SRN). Od zif{ 2004 do zaii 2005 bylo
po komplexnim vySetieni operovano 12 nemocnych s CTEPH (7 muzi a 5 Zen, pramémy veék 42 let). Stfedni tlak
v plicnici m&li prim&rné 54 mmHg, 5 nemoenych mélo koagulacni poruchu.
Metody a vysledky. Soucasnou chirurgickou techniku, kterd modifikacich pouzivd na v&Sing¢ pracovisdt, vypraco-
vali Jamieson a Daily na Kalifornské Univerzit€ v San Diegu. Spociva v reverzni endarterektomii provedené v kompletni
cirkulaéni zdstavé s ochranou mozku hlubokou hypotermii. Do ziii 2005 jsme odoperovali 12 nemocnych s nulovou
tou, Z daldich vykont jsme provedli u jednoho nemoeného sutury defektu septa sini, Priméma doby cirkulacni

i yla 45 minut, délka mimotéiniho obéhu (MO) 334 minut. Celkovd délka operace pramémeé 450 minut. Délka
mechanické ventilace praméme 45.5 hodiny. Jiz po mésici doflo k vyraznému zlepSeni az normalizaci hemodynamic-
kych parametr (mPA, Cl. PVR) a prodlouZeni primémé v. ilenosti Ppii testu Sestiminutovou chiizi o 132 metra.
; i metodou pro pacienty s CTEPH s chiru cInou obstrukci plicnice. Centraliza-
ce pée o tyto nemocné je raciondlni nutnosti umoZiujici ziskat maximum zkusenosti s komplikovanou diagnostikou
a lé¢bou téchto nemoc: . Multidisciplindrni spoluprice je nezbytnym predpokladem uspEsnosti t&chto programd.
Kli¢ovéa slova: chronmka tromboembolickd plicni hypertenze, plu ni endarterektomie, zastava ob&hu, hluboké
hypotermic.

ABSTRACT

Lindner I, Jansa P, Kunsiyi J. et al.: Pulmonary Endarierectomy — The Surgical Treatment of Chronic
Thromboembolic Pulmonary Hypertension

Background. Chronic thromboembolic pulmonary hypertension (CTEPH) in indicated cases can be successtully treated
by the endarterectomy of pulmonary arteries (PEA). Symptomatically not treated C'TEPH has highly unfavourable
prognosis, Five years survival of patients with mean pulmonary pressure over 50 mmHg is only 10%. PEA was not
available in the Czech Republic (11 2004, when PEA program was initiated it the Cardiocenter of the General teaching
hospital in Prague in collaboration with leading clinics in that field (Prof. Mayer. University of Mainz, BRD).
Methods and results: Up-to-date surgical technique, which in various modifications has been used at majority of
clinics, was claborated by Jamicson and Daily at University of California in San Dicgo. Tt is based on reverse
endarterectomy performed during complete circulatory arrest with brain protection by deep hypothermia. Till
September 2005 twelve patients were operated with zero mortality. In one patient a suture of atrial septum defect was
necessary to perform along. Average time of the circulatory arrest was 45 minutes: duration of the extracorporal
circulation was 334 minutes. Average duration of the operation was 450 minutes. Duration of the mechanical
ventilation was in average 45.5 hours. Afller one month already haemodynamic parameters (mPA, CI, PVR)
significantly improved or normalized and the average length in the test of six minutes walking increased by 132 meters.
Conclusion: PEA represents a treatment method for patients with CTEPH and surgically accessible pulmonary artery
obstruction, Centralized care of those patients is a rational necessity enabling to get maximum experience with
complicated diagnostics and treatment of those patients. Multidisciplinary collaboration is the essential condition for
the success of the program.

Key words: Chronic thromboembolic pulmonary hypertension, pulmonary endarterectomy, circulatory arrest, deep
hypothermia. Po.
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Chronickzi tromboembolicka plicni hypertenze (CTEPH) je
relativné vzaené onemoenéni, kieré vznikd u nemocenych
po opakovanych embolizacich, u nichZ nedojde z riznych pFicin ke
kompletni lyze tromboembolu. Fibrézni prestavbou rezidudlnich
trombit dochazi ke stendzam a obstrukeim vétvi plicnice. co7 je pfi-
¢inou zvySujictho se tlaku v plicnici. zvySujici se plicni vaskuldrni
rezistence (PVR) a postupné se rozvijejiciho pravostranného srde¢-
niho selhdni (1. 2) (obr. 1). Prognéza pacientti s CTEPH bez chi-
rurgické IéChy je Spatnd a prezivani je zavislé na stupni plieni
hypertenze (3). Nemocni se stiednim tlakem v plicnici nad
50 mmHg maji pravdépodobnost pétiletého piczit pouze 10% (4).
Presnd incidence onemocnéni neni znima, podle poslednich stu-
dif se ukazuje, 7e vyskyt je mnohem Castéjsi, nez se odhadovalo,
a dosahuje az 4 % do dvou let po prvni embolii (5). Endarterekto-
mic arleria pulmonalis (PEA) pfedstavuje polencidlnd kurativii
metodu lé¢by pro vybrané pacienty s CTEPH. Zikladnim predpo-
kladem pro PEA je multidisciplindrni spoluprdce, kterd vede ke sta-
noveni presné diagnozy, spravnému vybéru pacienti. precizni chi- L E
rurgickév tf:ch:(z‘{ce a tzkostlivé peélivé a bezchybné intenzivni Obr; 3o "wncTeg]]::[it;ﬁﬁizi’?ﬁ%&ﬁ'c""' SGIERH 50
poopcracni pecl. (Sikmd projekce vlevo)

Obr. 1. Fibrézni pfeména trombembolu plicnice u pacienta s CTEPH
Na povrchu excentrické intimélni fibrozy recentni trombus $ poCinajict Obr. 4. Endarterium odstranéné pfi PEA (typ [1)
organizaci (van Gieson, resorcin [uchsin, 100x).

-

Obr. 2. 3D rekonstrukee CT angiografic u pacienta s CTEPH Obr. 5. Histologicky obraz odstranéného endarteria: rekanalizace
trombembolu s vytvofenim bronchopulmonalnich kolaterdl
{van Gieson. resorcin [uchsin, 40x)

(308)
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Prvni dspéSnou PEA (dfive oznaCovanou jako trombendarterek-
tomic) provedl v roce 1958 Synder sc spolupracovniky (6), 1éla
1958-1976 se pak povazuji za pionyrské obdobi metody. V litera-
tufe je referovdno cclkem o 18 operacich s vysokou mortalitou
(22 %). VEtSi rozvoj doznala PEA v letech 1976-1984, kdy bylo
provedeno zhruba 80-90 vykond, mortalita se viak rovnéz blizila
22 %. Za moderni obdobi PEA se oznaluje poslednich 20 let, kdy
bylo provedeno téméf 3000 operaci a mortalitu se podafilo reduko-
vat na 5-7 %. Nejvysi pocet vykonil s nejnizii mortalitou ptipada
na pracovisté v San Diegu (prof. Jamieson) a v Evropé v némeckém
Mainzu (prof. Maycr).

Pii klinickém podezieni na CTEPH, tj. pfi dusnosti a znamkach
pravostranné srde¢ni nedostateénosti, zahajujeme diagnosticky pro-
ces transtorakalnim echokardiogratickym vySetienim (TTE), piede-
viim k vylouceni onemoenéni levého srdee jako piiciny plieni
hypertenze. Plicni perfuzni scan ndam pomaze odligit CTEPH od
jinych typu plicni hypertenze (2). K presné lokalizaci postiZeni jed-
notlivych vétvi plicnice slouZi angio CT (obr. 2). Magneticka rezo-
nance se zda velmi perspektivnim neinvazivnim vySetfenim i pro
hodnoceni [unkee pravé komory. Zlatym standardem vak zistava
plicni angiografie. Pro spravné zhodnoceni a interpretaci pestrych
angiogralickych nalcza zahrnujicich pruhy. defektly, stendzy a uzd-
véry arteridlniho fe¢ité riznych drovni je velice diilezitd zkuSenost
{obr. 3).

Po stanoveni diagndozy CTEPH se rozhodujeme pro chirurgickou
1é¢bu na zakladg klinického postiZeni, zdvaznosti plicni hypertenze.
chirurgické dostupnosti Iézi plicnich epen a celkového rizika ope-
raéniho vykonu (7).

Pred operaci pozadujeme minimdln¢ 3 mésice dcinnou antiko-
agulacni lé¢bu, v indikovanych piipadech muZe byt prodlouZena na
6 mésicii. K chirurgické 1¢EbE jsou indikovini zpravidla nemoceni
dudni s funkéni klasifikaci NYHA Ill nebo IV a plicni vaskuldrni
rezistencei 8001000 dyn.s.cm™.

Chirurgickd dostupnost 171 je pfimo zdvisla na zkuSenosti chi-
rurgického tymu. Se zvétSujici se zkuSenosti stoupa dostupnost sub-
scgmentarnich postizeni plicnich arterii (8).

Operaéni riziko se zvySuje pii diskrepanci mezi plicni hyperten-
«{ a angiogralickym nélezem obstrukei. kdy je hypertenze zpisobe-
na mikrovaskuldrnim postizenim (9). O sloZitosti metody svédei
skutecnost, Ze na celém svéie bylo provedenou pouze kolem 3000
PEA. ackoliv se jedna o potencidlng kurativni zptsob 1écby velmi
t&zce nemocnych s CTEPH.

PRINCIP OPERACE

Principem operace je obnoveni plicni perfuze tak, aby se zabrd-
nilo sekundarni arteriopalii plicnich tepen. V experimentu byla pro-
kdzdna také regrese zmén plicnich tepen po zlepSeni hemodynami-
ky po endarterektomii (10).

Soucasnou chirurgickou techniku, kterd se v modifikacich pou-
Zivd na vetsing pracovistich, propracovali Daily a Jamieson ze San
Diega (7. 11).

Postizeni u CTEPH je v&iSinou bilaterdni, a prolo vyZaduje
oboustranny vykon s piistupem pies pravou a levou vétev plicnice.
Operace neni emboleklomii, s¢ kierou je zaméiovina, ale skutec-
nou endarterektomii, pii které odstrafiujeme fibrézni obstrukéni
materidl z plicnich tepen s vrstvou stény plicnice (obr. 4).

Zakladni podminkou Gspé§né¢ endartercklomic je pichlednost
a dokonald viditelnost distdlnich vé&tvi plicnice. Vzhledem
k vyznamnému kolaterdlnimu pratoku, ktery s¢ u nemocenych v prao-
b&hu onemocnéni vytvori, je k vizualizaci nutnd dplna cirkulacni
zdstava v hluboké hypotermii. Jediné tak je zajiSténa bezkrevnost
operacniho pole.

SOUBOR NEMOCNYCH A METODIKA

Od zifi 2004 do zafi 2005 bylo na nasem pracovisti po komplexnim
vyletfeni odoperovino 12 nemocnych s CTEPH. Charakleristika toholo
souboru je shruta v tabulee 1. Koagulacni poruchu mélo p&t nemocnych,
u dvou pacient se jednalo o antifosfolipidovy syndrom, jeden mél Leiden-
skou mutaci, jeden mutaci v genu pro MTHFR a jeden deficit § proteinu.
Ctyfi nemocni méli rendIni insuficienci a &ty chronickou obstrukéni plieni
nemoc (CHOPN) se stfedné vyznamnou obstrukei. Doba od prvni plicni
embolie kolisala od 2 do § let.

Operacni postup

Od zavedeni mimotélniho ob&hu (MO) nemocné chladime na cilovou
teplotu 17 °C méfenou v mocovém méchyii, Endartercktomii providime 7¢
samostatnych incizi pravé a levé vétve plicnice. Za¢indme zpravidla na stra-
n¢ pravé, kterd byv ¢ postizena. Po podéIné tomii pravé vitve plicnice
je na zadni stran tie uvoInéna spravnd vrstva k endartercktomii. Ta je
postupné odloupédvina specidlnim discktorem za aktivniho velice Gcinného
odsdvini. Pro dalsi pokracovini endartercktomic do periferic a bezkrevnost
operacniho pole je nutné zastavit MO. BEhem zhruba dvacetiminutové

Tab. 1. Charakteristiky souboru nemocnych, u nichZ byla provedena
PEA v obdobi 9/2004 — 9/2005

pacienti n=12 (7muzd, 5 zen)
vek (roky) 42 (24-59)
NYHA [I/11/1v 0/9/2

mPAP (mmHg} 53,8

PVR (dyn x s x cm®) 887,9 (585-1318)

koagula¢ni poruchy n=5

délka hospitalizace (dny) n=11

mPAP- stfedni tlak v plicnici, PVR — plicni vaskularni rezistence

Tab. 2. Peroperaéni Klasifikace chronické tromboembolické plicni
hypertenze podle lokalizace obstrukcee (2, 12)

Typ charakteristika
| centralni trombus a postizeni hlavnich kment
1] segmentarni postizeni
1] distaini postizeni, subsegmentaini ztzeni
v periferni postizeni plicnich arteriol

74 kontroly zraku pii trvalém odsavini krve 7 operacniho pole pro-
vidime endartercktomii lobdrnich a segmentarnich vétvi. Suturu pravé vét-
ve plicnice ji7z providime pfi obnovené cirkulaci a po reperfuzi ndsleduje
endarterektomie strany leve opét v cirkuladni zastavg. Po ukonceni sutury
této vétve plicnice obnovujeme ob¢h a za¢indme ohifivat nemoeného. V pri-

héhu ohfivani mizeme provést dalsi vykony, pokud jsou u nemoceného indi-
koviny (aortokorondrni bypass, nahrada chlopng. sutura defektu septa sini
apod.).

Trikuspiddlni insuficience vétinou po dsptSné PEA regreduje a plastika
trikuspiddlni chlopné tedy neni indikovina a neprovidi se. Jamicson (2, 12)
navrhl peroperaéni klasifikaci CTEPH podle lokalizace obstrukee tak, jak
ukazuje tabulka 2.

Celkovd doba hypotermické cirkulacni zastavy b&hem operace je
v naiem souboru primémé 45 minut. Z tohoto diivodu je nutné i pfi tak niz-
ké teplotd dokonale ochrdnit mozek pred hypoxickym postizenim. Lokdln¢
chladime hlavu vaky s ledem a do MO béhem chlazeni poddvdme Solu-
Medrol v dédvee 30 mg/kg, Thiopental 20 mg/kg a Epanutin 15 mg/kg. Navie
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Tab. 3. Casné vysledky souboru nemocnych s chronickou
tromboembolickou plieni hypertenzi operovanych v CR
od zai 2004 do zdfi 2005

€asna mortalita 0
doba cirkula¢ni zastavy (min) 45 (31-73)
délka mimotéinihc obéhu 334 min

celkova délka operace 450 min (7 h 30 min)

délka mechanické ventilace (h) 45,5 (16-212)

komplikace reperfuzni n=2
perikardialni
vypotek n=5
delirium n=2
krvaceni n=2

Tab. 4. ECHO parametry u nemocnych s chronickou
tromboembolickou plicni hypertenzi po PEA

Predoperaéni pooperaéni P
PAP syst. (nmHg) 91+43 33+25 <0,01
PK diast. {(mm) 47+6 316 <0,01
LK diast. (mm) 3616 50+4 <0,001
frakéni zména
plochy PK (%) 24+9 34+11 0,05 (NS)
BMW (m) 296+110,16 428,82+66,98 <0,01

pooperacni méfeni — 1 mésic po operaci
PAP sys. — systolicky tlak v plicnici, PK— prava komora, LK — leva
komora, 6MW — Sesti minutovy test chize

MO zastavime pouze pii de facto nulové metabolické aktivité mozku.
0 ¢emZz sveddi nulovy zdznam bispektralni analyzy EEG a saturace krve
odebrané z juguldrniho bulbu vySSi ne? 95 %.

Pro MO pouZivime oxygendtor MEDOS HILITE 7000LT (Stolberg.
Nimecko). Heparin podidvame v davee 3 mg/kg s cilovym ACT 480 s (Acti-
vated Cloting Time) v popsaném protokolu (13). K lokdlnimu chlazeni srd-
ce pouzivime Cooling Jacket (CardoMed, Ontario, Canada).

Pooperacni prabeh je urovan fyziologickymi zmeénami funkce pravého
srdce, reperfuznimi zménami plic. plicni hemodynamikou a vyménou ply-
ni. Roziifend monitorace hemodynamiky véemné kontinudlniho méfeni
srdecniho vydeje a saturace O, ve smisené krvi se ukazala jako velmi pro-
speind. Nejzavazn€jii komplikaci je perzistujici plieni hypertenze z divoda
neadekviini endarlerektomie nebo signifikantni sekundérni vaskulopalie
a reperfuzni edémem endarterektomovanych Casti plic (14). Prevenci reper-
[uzniho poskozeni plic je kromé protektivni ventilace také negativni krysla-
loidni bilance. Reokluzi branime Casnou antikoagulacni 1é¢hou, kterou
rahajujeme kontinudlnim poddvanim IHeparinu za 4-8 hodin po operaci. Po
odstranéni drénit od 5.-6. dne pievidime pacienty na perordlni antikoagu-
la¢nf 1é¢bu Warlarinem. Kavdlni [iltr jsme indikovali jen u vysoce riziko-
vych nemocnych s koagulacni poruchou.

VYSLEDKY

Mortalita po endarterektomiich plicnice se podle dostupnych
adaji svetové literatury pohybuje od § do 24 % (14). Jsou jedno-

znacné prokdzané lepsi vysledky s niz$i mortalitou i morbiditou

v centrech s vét§imi zkuSenostmi a s dobrou mezioborovou spolu-
préci.

Vysledky shrnuje tabulka 3. Zadny nemocny nezemiel, doba
umélé plieni ventilace byla od 17 do 212 hodin. Primérnd délka
MO u nadich nemoenych byla 334 minut. U viech pacienti doslo
k signifikatnimu poklesu tlakt v plicnici i PVR a zdroven ke vze-
stupu srde¢niho vydeje. (graf 1, 2. 3). Rovné7 se snizil stupei tri-
kuspiddlni regurgitace a zlepsil se ECHO nélez nemocnych, jak
ukazuje tabulka 4.

U jednoho nemocného jsme soucasné po provedené endarterek-
tomii ve [azi ohfivani provedli suturu defektu septa sini, TEE po-
operatné ukazuje dobry efekt bez rezidudlniho zkrat

Operacni [é¢ba nemocnych s CTEPH je provazena celou fadou
specifickych komplikaci, které jsme zaznamenali. P&t nemocnych
mélo vyznamny perikardidlni vypotek. kiery ustoupil u Lyt pacien-
ti po 1é¢bé kortikoidy. U jedné nemocené byla punkee perikardu pro
hemoperikard komplikovéna poranénim pravé komory s tampond-
dou a Sokem a s nutnosti kardiopulmondlni resuscitace a urgentni
chirurgické revize. Nemocna je nyni po dvoumésiéni intenzivni
péci a plastice trachey pro stendzu po rachcostomii v dobrém sla-
vu. U dvou nemocnych se rozvinul pooperaéni reperfuzni edém
plic. ktery si u jedné nemocné vyzadal umélou plicni ventilaci
(UVP) v délce 212 hodin s agresivnim ventilatnim reZimem vcetné
prona¢ni polohy. Dva nemocni méli piechodné delirium, které
odeznélo do 24 hodin. Dva nemoceni méli krvdceni z plic, 7 toho
jeden ¢asné 12 hodin po operaci, u druhé pacientky se objevila
tivné —

hemoptyza 6 tydnh po operaci. Oboji jsme fesili konzer
v prvnim pFipadé postadilo prechodn& béhem UPV zyysit PEEP
(pozilivni lak na konci vydechu) a sniZil davku heparinu, ve dru-
hém piipadeé bylo nutno doCasné vysadit antikoagulancia.

U jednoho nemoeného jsme pro rannou infekei s piiclemi ke
kli¢kdm sternotomie za 2 mésice po operaci museli klicky ¢asné
odstranit. Nemoceni jsou po operaci predavini zpél do dalsi péce
a kontinudIniho sledovanf na indikujici pracovi§té. Casné vysledky
vkazuji vyznamné zlepSeni subjektivnich obtizi, kdy dochdzi ke
zlepSeni hodnocent v klasifikaci dle NYHA i zlepeni funkéni zdat-
nosti hodnocené testem Sestiminutové chuize (grat 4).

DISKUZE

Lé¢ba nemocnych s CTEPH md byt zdsadng soustiedéna do spe-
cializovanych center, klerd maji dostatecné zkucnosti s kaletrizac-
nim vySetfovanim a disponuji moZnosti farmakologické i nefarma-
kologické 1é¢by. Pouze tato centra jim mohou poskytnout
komplexni péci. Chronickd tromboembolickd plieni hypertenze
predstavuje jeden z mdla typl chronické plicni hypertenze, ktery lze
Gspciné vylécit chirurgicky. Nemoenym, u kterych neni chirurgic-
kd lé¢ba indikovdna, miZeme nabidnout v ramei komplexni péce
v naSem Centru [é¢bu farmakologickou. Centralizace nemocnych
s timto onemocnénim je raciondlni nutnosti umoZiujici ziskat
maximum zkuSenosti s komplikovanou diagnostikou a Ié¢bou toho-
to onemocnéni (15). Centralizace rovnéZz umoziuje lep$i vyuziti
piistrojového vybaveni a nejmoderndj&i monitorovaci techniky,
a tak zefektiviiuje tuto narocnou lécbu.

Ze zahrani¢nich zkuenosti a odhadd poclu nemocenych vhod-
nych k chirurgické 16¢bé, predpoklidime desitky a7 stovku nemoc-
nych v Ceské republice vhodnych k PEA ro¢né.

ZAVERY
PEA je efektivni a potencidlné kurativni metoda pro pacienty

s chronickou tromboembolickou plicni hypertenzi, ktefi maji bez
této operace velmi $patnou prognézu.
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sraf 1. Pramémé hodnoty stfedniho tlaku v plicnici u souboru nemocnych
operovanych pro chronickou tromboembolickou plicni hypertenzi

Op-start

1. piedoperacni
2. na caddtku operace
3. 24 hodin po operaci na JIP
Rozdil predoperacniho a pooperacniho tlaku je statisticky vyznamny.
mPAP - stfedni tlak v plicnici

p<0,001

Preop. Op-start JIP 24h

Graf 2. Rozdil hodnot PVR u nemocenych piied 4 po PEA

1. predoperacni
2. na zaditku operace
3. 24 hodin po operaci na JIP
Rozdil predoperacniho a pooperacniho tlaku je statisticky vyznamny.
PVR - plicni vaskuldrni rezistence

Ackoliv nejsou a asi ani nebudou provedeny kontrolni studie.
vysledky PEA jsou velmi piesvedéivé, jak ve zlepSeni hemodyna-
miky a funkce pravé komory, tak hlavné ve zlepSeni funkéni zdat-
nosti a zlepseni kvality Zivota. Je prokdzdn dlouhodoby pokles tla-
ku v plicnici, vyznamné snizeni PVR (16). Srde¢ni vydej a saturace
se normalizuji, trikuspidalni insulicience se také signilikaning zlep-
Suje ji7 nékolik dni po tspéiné operaci.

Dlouhodobé vysledky po endarterektomii jsou dobré, s pétile-
tym piezivanim 75-80 % a jsou vyrazné lep§i neZ pfi léché
medikamentézni nebo transplantaci plic (11, 17). Navic 60-65
% predoperaéné invalidnich nemocenych se po PEA vraci do
aktivniho pracovniho Zivota. To je také jeden z divodi, pro¢ je
i 2z ckonomického hlediska PEA veeind ndkladné pooperaéni
péce dlouhodobg vyhodngjsi ne7 jiné alternativy. Raciondlnim
poZzadavkem a nutnosti je jednoznaéné centralizace téchto
nemocnych.

Zkratky

CTEPIl — chronicka tromboembolicka plicni hypertenze
CHOPN — chronickd obstrukéni plicni nemoc

EEG — elektroencelalogral
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sraf 3. Porovndni hodnot srdecniho indexu u nemocnych s chronickou
tromboembolickou plicni hypertenzi pied a po PEA

1. piedoperacni
2. na zacatku operace
3. 24 hodin po operaci na JIP
Rozdil predoperacniho a pooperaéniho tlaku je statisticky vyznamny.
CI - srdeCni index
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Graf 4. Vzdalenosti dosazené pfi testu Sestiminutové chiize (6MWT)
u nemocnych po PEA

MO — mimotéIni obth
PEA — endartercktomic arteria pulmonalis
PVR — plicni vaskuldmi rezistence
TEE — transczofagedini cchokardiografick¢ vy
TTE — transtorakdlni cchokardiografické vy
UVP  —umdld plieni ventilace
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SCHIZOFRENIE NEUROBIOLOGIE,
KLINTCKY OBRAZ, TERAPIE

Praha, Galén, 2005, 437 s.prvai vyddnai,
1358225 mun, vdzané. barevné. cena 690 K¢.
ISBN 80-7262-277-3.

Qd vydani Libigerovy monografic (Libiger,
J.: Schizofrenic, Praha, Psychiatrické centrum
1990. 134 5. — . Zpravy" ¢. 109.) trvalo 15 let,
nez se objevila nova pavodni publikace vénova-
nd tomuto tématu. PH prynim srovnani obou
monografii je patrné, 7¢ psychiatric za tuto dobu
dosihla v dané oblasti zna¢nc¢ho pokroku. Schi-
zofrenic tavuje v psychi jedno 7e
zékladnich témat a jeho zpracovini patii vzdy
k t&m ncjobtizn&jgim dkolim. Ctendfi se nyni
dostavé do rukou dilo podavajici soucasné nizo-
ry na schizofrenii, pficemz pozornost autofi
vénuji hledisku neurobiologickému, klinickému
obrazu a terapii. Autorskd dvojice je zndma svy-
mi odbornymi kyvalitami. MUDr. Lucic Motlova

je psychiatrickou, vénuje se klinické problemati-
ce, mimo jiné napiiklad zavadéni psychoedukac-
nich programt do praxe. V monogralii je autor-
kou kapitol 1. Kiinicky obraz, 2. Epidemiologie:
vyiskyt, pribéh. progndza, podkapitoly
kové vlivy zevniho prostiedi 7. kapitoly
déle pak kapitol 4. Parogeneze:
newrovyvojovd porucha, 6. Terapie scl
a kapitoly 7. Schizofrenie a spolecnosi.

Druhym autorem této publikace je vyznamny
neuropatolog MUDr, Frantisek Koukolik, DrSc.,
ktery je spoluautorem stézejni Casti monografic,
Ji7 je kapitola 5. Patofvziologie. Tato kapitola je
Gctyhodnd svym obsahem i rozsahem (predstavu-
je v podstat¢ celou polovinu poftu texto
stran), Snad by mohla byt spi
logic« nazydna »neurchiolog
termin »neurobiologic« pouZi

misto »patofyzio-
chizofrenice, aby
ako Cdst podtitu-
v jejim textu. Moz-
pro tuto kapitolu by hylo
zyolit termin »psychobiologic«. VEfim viak. 7e
autofi uvedené feleni ndlezite zvdzili a 7¢ za
¢ jo pokladaji i recenzenti. F Koukolik
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v publikaci jedi& zpracoval podkapitolu 3.7. Gene-
fické viivy (v kapilole o etiologii schizolrenie).
Alkoli ©€zi81€ knihy je v jinych kapitolich,
zejména ve zmitiované kapitole 5. Patofvziolo-
gle, potisi zatazeni posledni kapitoly, kterd je
vénovand SirSimu kontextu této dusevni poruchy.
V souvislosti s vyzkumem schizofrenie bych

pak occkdval uvedeni alesp podkapitoly
0 zobrazovacich metodich. Jedt v neddvné dobé

bylo této problematice v odbornych Casopisech
vénovino hodnd mista, Vyber informaci je ale
plnym privem autorii,

Literdmi odkazy jsou v pichledu na konci
publikace uvedeny zvIast pro kazdou kapitolu.
a to celkem na 57 strandch!

Knihu lze doporudit viem, ktefi se cht&ji
o schizofrenii opravdu dikladné pouéit.
Autofi si zaslouZi uznéni za tak velky kus
dobie vyk é prace. Nakladatelstvi Galén
pak patii dik za pédi vénovanou piipravé této
publikace.

Jiri Beran



3.2 Chirurgicka lécba plicni hypertenze — zkuSenosti
s hlubokou hypotermii a nase vysledky

7. konference Ceské spoleénosti pro mimotéIni obéh a podplrné systémy

CHIRURGICKA LECBA PLICNI HYPERTENZE - ZKUSENOSTI S HLUBOKOU HYPO-
TERMIi A NASE VYSLEDKY

F. Miejnsky’, J. Lindner', I. Vykydal', T. Grus', J. Kunstyi?, J. ToSovsky'

'Il. chirurgicka klinika kardiovaskularni chirurgie 1. LF UK a VFN v Praze

*Klinika anesteziologie, resuscitace a intenzivni mediciny 1. LF UK a VFN v Praze

Uvod:

Chronicka tromboembolicka plicni hypertenze (CTEPH) je v indikovanych pfipadech
Uspésné |éditelna endarterektomiii plicnich tepen (PEA). Prognéza pacientt, ktefi nejsou
Ié&eni je velmi nepfizniva. Nemocni se stfednim tlakem v plicnici nad 50 mmHg maji 90%
pétiletou mortalitu. PEA je efektivni Ié€ebnou metodou pro tyto pacienty, ktefi jsou mnohdy
v produktivnim véku. Nabizi jim kromé del§iho preziti také lepsi kvalitu zivota.

Metodika:

Operace je provadéna na mimotéinim obéhu (MO). Zakladni podminkou pro Uspésné prove-
deni PEA je dokonald prehlednost operaéniho pole. Vzhledem k vyznamnému
kolateralnimu pratoku u t&chto pacientt je nutné pouzit metodu hluboké hypotermie s cirku-
laéni zastavou. Pacienty chladime na cilovou teplotu 18°C v mogovém méchyri. Pfi vedeni
MO pouzivame strategii ,alpha-stat‘. Vzhledem k obvykié celkové délce cirkulaéni zastavy
(DHCA) tuto dobu rozdélujeme na Useky neprekracujici 20 minut s opakovanou reperfuzi.

Vysledky:

Od z&fi 2004 do bfezna 2008 bylo odoperovano 75 pacientt. Operaéni mortalita Cinila 5 %.
Pramérny vék operovanych pacientl byl 56 let. Primérna délka MO byla 322 minut a doba
naloZeni svorky na aortu 126 minut. Primérna doba celkové cirkulaéni zastavy dosahovala
38 minut. Primé&rna doba mechanické plicni ventilace 53 hodin. Minimalni teplota operova-
nych v modovém méchyfi byla 16,7 °C. Cas potfebny k ochlazeni pacientt byl 82 minut
a k ohfati 133 minut. Dle nasich zku$enosti je doba potfebna k bezpeénému ohféti pacienta
priblizné 1,7 nasobkem doby chlazeni.

Zaver:
Program chirurgické Ié¢by CTEPH probihda na nasem pracovisti od roku 2004. Béhem
tohoto obdobi se nam podarilo zviadnout metodu hluboké hypotermie s opakovanou reper-

Na tomto programu se podili cela fada odbornikli z diagnostickych, internich, intenzivistic-
kych a kardiochirurgickych oborli VFN v Praze, bez kterych by tento program nebyl
Uspésny. Lécbu poskytujeme pacienttim z celé CR a pfipadné SR.

15. - 17. kvétna 2008 | Equitana Hotel Resort | Martinice 13
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3.3 Hluboka hypotermie v soucasné kardiochirurgii

T RUBRIKA KARDIOLOGICKYCH SESTER

Hluboké hypotermie v soucasné kardiochirurgii

Frantisek Mlejnsky, Igor Vykydal, Jaroslav Lindner, Jan Taborsky, Tomas Grus

II. chirurgickd Klinika ~ kardiovaskuldrni chirurgie, Vieobecnd fakultni nemocnice a 1. lekafskd fakulta Univerzity Karlovy, Praha, Ceskd
republika

Mlejnsky F, Vykydal |, Lindner J, et al. Hluboké hypotermie v soucasné kardiochirurgii. Cor Vasa 2010;52:759-761.

Autofi uvadéji moznosti vyuziti hypotermie v sou¢asné kardiochirurgii. Na zakladé vlastnich zkusenosti hodnoti jeji rizika a moznosti
bezpeéného vedeni mimotélniho obéhu v hluboké hypotermii a techniky cirkulacni zastavy. Soucasné je uveden vycet prostredkl
pouzivanych pro optimalni chlazeni a ohfev pacienta a jejich pouZiti.

Kli¢ova slova: Mimotélni obéh — Hluboké hypotermie - Zastava obéhu

Mlejnsky F, Vykydal I, Lindner J, et al. Deep hypothermia in current cardiac surgery. Cor Vasa 2010,52:759-761.

The authors discuss the potential uses of hypothermia in current cardiac surgery. Based on their own experience, they evaluate its risks
and potential for safe management of extracorporeal circulation in deep hypothermia as well as techniques of circulatory arrest. The

paper includes a review of tools employed for optimal cooling and rewarming of the patient, and their use.
Key words: Extracorporeal circulation — Deep hypotermia — Circulatory arrest

Adresa: Mgr. Frantisek Mlejnsky, Il. chirurgické klinika - kardiovaskularni chirurgie, VFN a 1. LF UK, U Nemocnice 2, 128 08 Praha 2, Ceska

republika, e-mail: frantisek.mlejnsky@vfn.cz

Uwvod

V soucasné dobé vétsinu kardiochirurgickych vykoni u dospé-
lych nemocnych providime v normotermii nebo mirné hypo-
termii. Davodem je lepsi obéhova stabilita pacienti po operaci,
mensi vyskyt koagula¢nich poruch, kratéi doba intubace, nizs
viskozita krve a v neposledni fadé také mensi riziko hypertermie
pri ohfivani.'?

Hypotermie je stav, kdy teplota télesného jadra (obsah dutiny
lebni, hrudni, bfisni a vnitini ¢ast svalstva koncetin) klesa pod
35 °C. Davodem pro snizeni télesné teploty v kardiochirurgii
bylo zvyseni tolerance organu k ptipadné ischemii. Soucasné
se snizujici se teplotou dochézi ke zpomaleni metabolismu,
zachovéni energetickych zasob a snizeni organové spotieby
kysliku. Je prokdzano, ze pfi poklesu télesné teploty o 10 °C
klesa spotfeba kysliku pfiblizné na polovinu.*

Hypotermie zaroveii poskytuje ¢as pro feSeni necekanych
technickych problémi spojenych s mimotélnim obéhem.Hypo-
termii délime na mirnou (35-32 °C), stfedni (31-26 °C), hlubo-
kou (25-20 °C) a velmi hlubokou (19-14 °C).’ Hlubokou a velmi
hlubokou hypotermii vyuzivime pfiblizné u 5 % operovanych.
Hluboka a velmi hluboka hypotermie je vyhrazena specidlnim
indikacim. Jde o vykony, kdy je nutné na urcitou dobu zastavit
mimotélni cirkulaci, tedy pfi operacich na aortalnim oblouku
a pi endarterektomii arteria pulmonalis, kterd je chirurgickou
lécbou plicni hypertenze.® Bezpe¢na doba cirkulaéni zéstavy je
zavisla predevsim na hloubce hypotermie. Pfi sniZeni télesné
teploty jadra na 18 °C je bezpeénd doba zdstavy cirkulace
30 minut, oviem za predpokladu nulové mozkové aktivity.”

Alternativni metodou ochrany mozku je jeho perfuze.
Jde o antegradni nebo retrogradni perfuzi. Sami preferujeme

CorVasa 2010:52(11-12)

antegradni perfuzi. Je to nejfyziologi¢téjsi alternativa ochrany
mozku, kterd umoziuje delsi dobu cirkula¢ni zastavy a ptipad-
nou mensi hloubku hypotermie.® Tato metoda je zavedenym
postupem pii operacich na oblouku aorty, ale neni vhodna
pro pouziti pfi endarterektomii arteria pulmonalis. Pfi tomto
vykonu pouzivime metodu pferusované cirkulacni zdstavy
s opakovanou reperfuzi, kdy po 20 minutach cirkulaéni zéstavy
obnovime priitok. Je-li tato doba nedostate¢na pro spésné
provedeni vykonu, po deseti minutéch cirkulace opét mimotélni
obéh zastavime. To nam umoznuje prodlouzit celkovou dobu
cirkula¢ni zastavy.”

Prostiedky pro chlazeni a ohfev
Chlazeni a ohfev pacienta probihd na mimotélnim obéhu
pacienta prostrednictvim tepelného vyméniku integrovaného
do systému mimotélniho obéhu. Chlazeni nebo ohfivani krve
pacienta je nejucinnéji zptisob regulace pacientovy teploty.
Pro zkraceni doby chlazeni a ohfivani pouzivime pomocné
prostiedky. V pribéhu operace regulujeme teplotu opera¢niho
salu, soucasné je pod pacientem umisténa chladici (ohtivaci)
podlozka, ve které cirkuluje voda pozadované teploty. Pokud
je to mozné, umistujeme na dolni polovinu téla ohfivaci po-
dusku, do které pfi ohtivani proudi teply vzduch (obrdzek 1).
Standardné pouzivime lokélni chlazeni hlavy (obrdzek 2),
které ti¢inné snizuje teplotu mozku, a tim pfispiva k jeho lepsi
ochrané pred hypoxickym postizenim pfi cirkula¢ni zastave.'
Pti endarterektomii arteria pulmonalis pouzivime chladici
rousku pod srdce, kterd napoméhé k ochrané myokardu
(obrdzek 3).6
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Obrazek 1 Ohfivaci poduska umisténa na pacienta pfi
rouskovani

Maonitorace

V pribéhu operace probiha standardni monitorace vitélnich
funkci pacienta. Vzhledem k pripadné vasokonstrikci zptisobené
hypotermii je icelné pro pfimé méfeni tepenného tlaku vyuzit
misto arteria radialis arteria femoralis." Pfi endarterektomii
arteria pulmonalis monitorujeme také tlaky v plicnici. Teploty
méfime v arterialni a venozni lince systému mimotélniho obéhu
av tepelné jednotce. Zaroven monitorujeme télesné teploty v rektu,
nasofaryngu a moc¢ovém méchyfi. V priabéhu mimotélniho obéhu
se orientujeme piedevsim podle teploty v mocovém méchyfi, kte-
rou povazujeme za teplotu intermediarni. Pro stanoveni mozkové
aktivity pouzivame zaznam bispektrarni analyzy EEG a ptipadné
saturaci krve odebrané z juguldrniho bulbu. Zéstavu mimotélni
cirkulace provadime az pfi nulové hodnoté bispektralni analyzy
a saturaci krve z jugularniho bulbu > 95 % (obrdzek 4).

5 materialy

ZvIastni medikace

a pouz

V priibéhu chlazeni pfidavame do mimotélniho obéhu farmaka
s cilem ochranit mozek pii cirkulacni zastavé. K prevenci mozkového
edému podavame methylprednisoloni natrii succinas (Solu-Medrol),
thiopentalum natricum (Thiopental) ke snizeni metabolismu mozku
a antiepileptikum phenytoinum natricum (Epanutin)."*

Pomoci vasodilatacniho t¢inku milrinonu, ktery podavame pti
spusténi mimotélniho obéhu, urychlujeme ochlazovani pacienta."

Vzhledem k obvyklym délkam vykonu v hluboké hypotermii
pouzivime oxygenator pro dlouhodobéjsi pouziti (del$i nez

Obrazek 2 Lokalni chlazeni hlavy béhem cirkulaéni zastavy
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Obrézek 3 Chladici rouska pod srdce a kanyly mimotélni
cirkulace

$est hodin), ktery ma membranu z neporéznich dutych vliken
(polymethylpenten). Zaroven je cely vnitini systém mimotél-
niho obéhu osetfen hemokompatibilnim povrchem pro snizeni
negativnich acinki kontaktu krve s cizorodym povrchem."

Strategie a postupy

Mimotélni obéh vedeme metodou ,alfa-stat”. Jde o strategii
vedeni mimotélniho obéhu, kdy hodnoty pH a pCO, udrzu-
jeme ve fyziologickych mezich pfi teploté 37 °C. Tato strategie
zachovava autoregulaci mozkové perfuze a optimalizuje celulrni
aktivitu enzymi. Metodu ,,pH-stat®, pfi které je acidobazické rov-
noviha udrzovina vzhledem k aktualni teploté, nepouzivime.'®
Pred spusténim a po spusténi mimotélniho obéhu provadime
fizenou hemodiluci, jejimz tkolem je snizeni hematokritu
pacienta na cilovou hodnotu 0,20. Snizenim viskozity krve je
zajisténa lepsi organova mikrocirkulace. Pfi ohfivani upravuje-
me hodnoty hematokritu zpét pomoci hemofiltrace.'”
Maximalni gradient teplot voda-krev-pacient by nemél
ptesahovat 10 °C z divodu rovnomeérného ochlazovani (ohfi-
vani) a pri ohfivani pro nebezpeci vzniku mikrobublin plyna.
Abychom se vyvarovali neurologickych komplikaci zptisobenych
hypertermii, udrzujeme maximalni teplotu v tepenné lince
do 37,5 °C (teplota mozkové tkané kopiruje teplotu v tepenné
lince)."* Mimotélni obéh ukoncujeme az pfi ohfati télesného
jadra i periferie. Pfi nedostate¢ném ohfati hrozi pokles télesné
teploty po odpojeni mimotélniho obéhu na operaénim sale

Obrazek 4 Monitor vitalnich funkci pfi cirkulaéni zastavé

CorVasa 2010;52(11-12)
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a nasledné na poopera¢nim oddéleni. Predevsim proces ohfivani
pacienta vyZaduje peclivy a trpélivy pfistup.

Zaver

Hluboka a velmi hluboka hypotermie je v soucasné kardiochi-
rurgii dospélych vyhrazena specidlnim indikacim spojenym
s nutnosti do¢asné cirkulaéni zastavy. Cilem popsané metody
a postupl je umoznéni bezpe¢ného provedeni kardiochi-
rurgického vykonu a pacient probuzeny do plného védomi
po operaénim vykonu.
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Zapis ze schlze Pracovni skupiny osetfovatelstvi
v kardiologii CKS konané 6. listopadu 2010 ve VFN Praha

Pritomni: T. Hess, D. Hetclovd, D. Klemsové, K. Mala, J. Leso
Omluveni: T. Pe¢ankova, E. Sovova, R. Skulec

Z jednani:

Vyhodnoceni aktivit v roce 2010: Vsechny akce byly dobre
organizovany a jejich odborna Groven véetné diskusi ma vze-
stupny trend.

Kdo se podilel na akcich? Jarni setkdni 3: ]. Panskd, Praha.
XVIIL. sjezd CKS: vybor. SestraFest 2: UVN: K. Mala, T. Pecan-
kovié a spol., EN Ostrava: Z. Goliszova, Z. Hrabovska, S. Obidova,
S. Vostindkova, Kardio ordinace Méstska nemocnice Praha 9:
S. Basovd, J. Leso, Kardiologie Bulovka: M. Hanzlikovd, P. No-
vakova. IV. kongres kardiosester Ostrava: L. Klemsova a spol.
(viz zprava). Listopadové setkdni 4: ]. Leso, Praha (viz zprava).
Akce 2011: Viz webové stranky PSOK CKS. Terminy akci se
mohou zménit!

11" Annual Spring Meeting on Cardiovascular Nursing,
1-2 April 2011

Brusel, Belgie. Byl stanoven deadline pro podani abstrakt
15. 11. 2010! Registra¢ni poplatek zaplaceny do 16. 2. 2011 ¢ini
270 eur. SestraFest 3: 25. 5. 2011 - podil PSOK na akci - zajisti
D. Hetclové a spol. z 1. interni kliniky FN Olomouc. Téma: Srdce
Hané — KV prevence a rehabilitace. XIX. sjezd CKS (Brno):
Prvni blok PSOK na téma Urgentni medicina - zdchranna
sluzba - zajisti J. Callerovd, R. Skulec. Druhy blok: Clenové
vyboru. Sekce volnych sdéleni: T. Hess - zajisti recenzenty dle
pokynt sekretariatu sjezdu a po vyhodnoceni sestavi bloky.
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Clenska zakladna: Ukol pro viechny ¢leny vyboru véetné
pomoci pfi internetové registraci ¢leni do CKS véetné PSOK!
Rubrika kardiologickych sester v Cor et Vasa: Vitana - od-
borna sdéleni, aktuality (zajimavosti z akci, z kardiologickych
pracovist, z regionu, editorial atd.).

Na webové stranky CKS - PSOK lze umistovat i prednasky ve for-
mitu .ppt (vie po souhlase autora). Koordinaci s redakci Cor et
Vasa nebo sekretaridtem CKS zajistuje J. Leso (leso@ mnnp.cz).
E-learning (SestraIN): Maly zdjem na tvorbé programu?
Koordinatorka K. Mald (Kardiologické oddéleni, UVN Praha)
Standardni o$etfovatelské postupy: Cilem je vytvorit 15 stan-
dardui pro potieby oSetfovatelské péce v kardiologii! Kontinudlné
budou zpracovavany dle propozic MZ. Poté budou zvefejnény
na sjezdu CKS, webu CKS a v budoucnu vydany v nakladatelstvi
Grada.

Certifikovany kurs: Specifickd oSetrovatelska péce o pacienta
po diagnostické koronarografii. Byla podéna zadost o schvéleni
projektu na MZ. V pripadé schvaleni bude realizace oznamena
cestou PSOK. Zajistuje L. Klemsova, Ostrava.

Volebni pravo pro kardiosestry élenky PSOK CKS: Dle
informace ze sekretariatu CKS bude navrh piedlozen dle
platnych stanov CKS na valné hromadé dne 1. 5. 2011. Nej-
pozdéji do 15. 2. 2011 bude nutné poslat inovovanou zadost
na sekretariat CKS. Zajisti T. Hess.

Zapsali koordindtorka akci L. Klemsovd a mistopfedseda PSOK
CKS J. Leso 14. 11. 2010.
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3.4 Predictors of infection after pulmonary endarterectomy
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Abstract

Objective: Pulmonary endarterectomy (PEA) is an effective and potentially curative treatment for chronic thrombo-embolic pulmonary
hypertension (CTEPH). The postoperative course after PEA is accompanied by a number of complications, which contribute to the high rate of
early postoperative mortality. Markers allowing the early detection of infectious complication during the postoperative period may be of major
clinical importance. The aim of the prospective study was to analyse a predictive value of five inflammatory markers to recognise inflammatory
complications accompanying PEA before the first clinical signs of infection. Methods: Eighty-two patients with CTEPH, who underwent PEA using
cardiopulmonary bypass (CPB) and deep hypothermic circulatory arrest (DHCA}, were included into the study. Procalcitonin (PCT), tumour
necrosis factor-a, interleukin (IL)-6, IL-8 and C-reactive protein arterial concentrations were measured before sternotomy and repeatedly up to
72 h after the end of surgery. Haemodynamic parameters, infectious and non-infectious complications were recorded. Results: Postoperative
course was uncomplicated in 59/82 patients (group 1). Fourteen out of 82 patients (group 2) developed an infection in the first 3 days after surgery
{bronchopneumonia, n = 9; bacterial sepsis, n = 5). Nine out of 82 patients (group 3) developed non-infectious complications in the same period.
PCTand IL-6 were the only significant independent predictors of infection in days 1—3 after PEA. The area under receiver operating characteristic
{ROC) curve calculated for PCT to predict postoperative infection was 0.83 (95% confidence interval (Cl): 0.74 - 0.92) compared with 0.74 (95% Cl:
0.68—0.81) for IL-6. With the cut-off 2.3 ngml™", the test characteristics of PCT were as follows: sensitivity, 86%; specificity, 83%; negative
predictive value, 92%; and positive predictive value, 84%. Conclusions: The increase in PCT and IL-6 may allow patients at increased risk of
infection after PEA to be identified, allowing earlier institution of antibiotic treatment. These changes that occur before infection can be
detected clinically. This finding may make the daily monitoring of PCT post-PEA useful.

i; 2010 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

Keywords: Cardiopulmonary bypass; Infection; Inflammatory mediators; Procalcitonin; Surgery complications

1. Introduction

Abbreviations: AV, artificial ventilation; CI, cardiac index; CPB, cardio- Pulmonary artery endarterectomy (PEA) is a potentially

pulmonary bypass; CRP, C-reactive protein; CTEPH, chronic thrombo-embolic curative surgical procedure for patients with chronic
pulmonary hypertension; DHCA, deep hypothermic circulatory arrest; ECC, thrombo-embolic pu[monary hypertension (CTEPH), whose

extracorporeal circulation; EF, ejection fraction; IL, interleukin; MPAP, mean
pulmonary artery pressure; NYHA, New York Heart Association; PCT, procalci-
tonin; PEA, pulmonary endarterectomy; PEEP, positive end-expiratory pres-

prognosis would otherwise be very poor [1]. After successful
endarterectomy, both pulmonary artery pressure and pul-

sure; PVR, pulmonary vascular resistance; TNFe, tumour necrosis factor-a. monary vascular resistance drop and the cardiac output
“ Supported with a grant IGA MZ NR9224-3 of the Ministry of Health, Czech increases [2—4].
Republic. The postoperative course after PEA is accompanied by a

* Corresponding author. Address: Institute of Pathological Physiology of the

1st Faculty of Medicine, U nemocnice 5, 128 08 Prague 2, Czech Republic. numt?er of ?peaﬁc complications, WhIC.h contrlbu_te to t_he
Tel.: +420 224962800; fax: +420 224919780. relatively high rate of early postoperative mortality, which
E-mait address: maruna@lf1.cuni.cz (P. Maruna). ranges from 5% to 23% [5]. PEA is associated with
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haemodynamic instability in the perioperative course due to
systemic vasodilatation that may be resistant to vasopressor
therapy [6]. The common causes of death include pulmonary
reperfusion oedema, right ventricular failure and infectious
complications [7].

In patients undergoing PEA, markers allowing the early
detection of infectious complications during the postopera-
tive period are of major clinical importance. Assicot et al. [8]
reported procalcitonin (PCT) as a highly specific marker for
the diagnosis of clinically relevant systemic bacterial
infections and sepsis. Over the last decade, PCT has become
useful as a tool for the rapid diagnosis of sepsis. A major
advantage of PCT compared with both inflammatory
cytokines and acute-phase proteins is its early and specific
increase in response to severe systemic bacterial infections
and sepsis.

There is also evidence that high levels of PCT are
associated with increased mortality and morbidity after
cardiac surgery, and PCT may provide a valuable prognostic
marker [9]. However, different non-infectious factors such as
surgical stress intensity, duration of surgery and cardiopul-
monary bypass (CPB) also contribute to raised PCT, post-
operatively [10]. Dérge et al. [10] have disputed the
specificity of PCT and suggested that PCT may not accurately
discriminate between infectious and non-infectious compli-
cations.

The authors of the present study used the highly specific
group of cardiosurgical patients undergoing PEA for the
analysis of evolution of five inflammatory parameters during
the first 72 h after surgical procedure — PCT, C-reactive
protein (CRP), and three cytokines (tumour necrosis factor-«
{TNFa), interleukin {(IL-6) and IL-8). The authors hypothe-
sised that PCT and/or other inflammatory markers have a
predictive value to recognise patients with complications
before first clinical signs of infection.

2. Material and methods

A prospective study was approved by the local research
and ethics committee. All patients scheduled for isolated PEA
between January 2005 and December 2009 were eligible.

2.1. Anaesthesia and surgical procedures

Thirty minutes before skin incision, the first prophylactic
dose of sultamicillin 1.5 g (Unasyn, Pfizer, Roma, Italy) was
given. The same dose was repeated every 3 h throughout the
procedure and every 6 h postoperatively until postoperative
day 2. A total intravenous anaesthesia using a combination of
benzodiazepines, propofol, opioids and muscle relaxants,
routinely used in our institution for PEA, was given to all study
patients.

The standard approach for pulmonary endarterectomy was
median sternotomy. CPB was established with cannulation of
the ascending aorta and the inferior and superior vena cava.
Deep hypothermic circulatory arrest (DHCA, 18—20 °C) was
used to ensure optimum operating conditions and facilitate
accurate endarterectomy. Endarterectomy was started with
dissection in the right level of pulmonary artery and followed
to the segmental branches. To achieve accurate visualisation

during peripheral dissection, repeated periods of DHCA limited
to 20 min were performed with re-establishment of CPB
between them. Arteriotomy on the main pulmonary artery was
started on the left side and continued to the left branch. After
completion of endarterectomy on the both sides, CPB was
recommenced along with controlled rewarming. Weaning from
CPRwas started with pressure control ventilation with positive
end-expiratory pressure (PEEP), atrio-ventricular epicardial
stimulation, stepwise increased filling of the right heart and
reduction of pump flow together with low doses of norepi-
nephrine. Dobutamine (Dobutrex, Lily, Germany) was admi-
nistered only if inotropic support was needed during or after
weaning of CPB. Before the end of CPB, we used an ultra-
filtration for haemoconcentration.

2.2. Monitoring

Radial and femoral artery cannulae, triple lumen central
venous cannula, Swan—Ganz catheter and single lumen
jugular bulb catheter were inserted for continuous monitor-
ing of haemodynamic parameters and jugular bulb blood
saturation. Left atrial catheter was surgically placed for both
measurement and norepinephrine administration.

2.3. PCT, cytokine and CRP analysis

Arterial blood samples were drawn from femoral artery
catheter before operation, after sternotomy, after DHCA,
after separation from CPBand 12, 18, 24, 36, 48 and 72 h after
the end of surgery. For all measurements, 5 ml of arterial blood
was drawn into a vacutainer heparin tube and immediately
centrifuged at 5000 rpm for 15 min. Plasma was stored at
—80 “C until analysis. Plasma levels of PCT were detected by
Kryptor test (Brahms AG, Hennigsdorf, Germany) in duplicates.
The sensitivity of the analytic method was 0.02 ng ml™".
Plasma concentrations of TNFq, IL-6, IL-8 (ELISA, Immunotech,
Paris, France) and CRP {Kryptor — TRACE technology, BRAHMS
AG, Hennigsdorf, Germany) were measured in duplicates. The
intra- and inter-assay coefficients of variation were below 5%.

Infectious and non-infectious post-surgical complications
were recorded. Definitions of infections were based on the
guidelines published from the Center for Disease Control and
Prevention [11]. Sepsis was defined as a systemic inflamma-
tory response syndrome (SIRS) in the presence of infection.

Statistical analysis was carried out using SPSS software
{version 12.0) for Windows (SPSS, Chicago, IL, USA). The
normal distribution of all data was examined using the
Kolmogorov—Smirnov normality test to determine subse-
quent use of tests for statistical comparison. As variables
were not normally distributed, the data were reported as
medians and interquartile range. Mann—Whitney test was
applied for the data comparison between groups. Bonferroni
correction (multiple-comparison correction) was used to
analyse simultaneous measurement at different time points.
A multiple logistic regression model was used to test for
independent predictors of infection in postoperative days 1—
3. A receiver operator characteristic (ROC) analysis was
implemented to assess the sensitivity and specificity of
tested parameters. The optimum concentration for the
calculation of positive and negative predictive accuracy was
obtained from the ROC analysis.
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Table 1. Preoperative data (n = 82).

Number of males (%) 47 (57%)
Age (year) 57.2 (8.4)
Mean pulmonary artery pressure (mm Hg) 55.8 (8.1)
Cardiac index (Lmin "m %) 1.91 (0.37)

Ejection fraction (%) 60 (9)
Pulmonary vascular resistance (dynes s cm™>) 1112 (311)

Variables are absolute number or mean (standard deviation).

3. Results

Eighty-two patients were enrolled during the 5 years of
the trial (Table 1). All patients underwent satisfactory
clearance of intra-arterial obstruction, and there were no
intra-operative deaths. No patients required allogenic blood
transfusion.

Fifty-nine patients (group 1, 35 males/24 females) did not
develop recognised postoperative infection as well as non-
infectious postoperative complication, and all these
patients were discharged home. Fourteen patients (group
2, seven males/seven females) did, however, develop a
postoperative infection within 72 h after surgery. The first
clinical signs of infection were recognised on day 2 (8/14
patients) or day 3 after surgery (6/14 patients). The
diagnosis of bronchopneumonia (n = 9) and bacterial sepsis
(n = 5) was based on standard clinical examination including
chest X-ray examination and positive blood and/or sputum
cultures. Gram-positive bacterial infection was revealed in
three patients (Staphylococcus epidermidis, n = 2; Staphy-
lococcus haemolyticus, n=1), Gram-negative bacterial
pathogens were found in nine patients {Klebsiella pneumo-
niae, n=4; Pantoea agglomerans, n=2; Pseudomonas
aeruginosa, n=2; Stenotrophomonas maltophilia, n=1)
and polymicrobial infection in two cases. In-hospital
mortality for these patients was 3/14 (21%). In the first
72 h postoperatively, nine patients (five males/four
females) revealed non-infectious complications as ventri-
cular arrhythmia {n=3), reperfusion oedema (n-=3),
pneumothorax (n=2) and lung bleeding (n=1). These
patients were defined as group 3.

Intra-operative data were analysed for all tested groups as
described in Table 2. No significant differences among groups
were found for CPB time, cross-clamp time or DHCA time.
Plasma levels of PCT, CRP, TNFq, IL-6 and IL-8 did not differ
among groups preoperatively.

An uncomplicated course after PEA (group 1) was
associated with a transient initial decline of PCT and
subsequent elevation. Minimal PCT concentrations were
found in blood samples collected after the last DHCA (Fig. 1).

Table 2. Intra-operative data.

Parameter Group 1 Group 2 Group 3
(n=59) (n=14) (n=9)
Duration of CPB (min) 331 (53) 348 (62) 334 (54)
Cross-clamp time (min) 122 (20) 120 (21) 119 (22)
DHCA time (min) 41.0 (7.8) 43.8 (7.1) 43.0 (6.2)
Minimum temperature (“C) 17.1(0.7) 17.0 (0.8) 17.1 (0.7)

Variables are means (standard deviation). DHCA: deep hypothermic circulatory
arrest, CPB: cardiopulmonary bypass. No significant differences on p - 0.05
were revealed among groups.
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Fig. 1. PCT plasma concentrations in uncomplicated patients (group 1) (med-
ians and interquartile range) The same setting used for Figs. 1-3: Box and
whisker plot depicting the mean values, interquartile range and full range. *
Statistically significant differences to preoperative values, p - 0.05.

Initial decrease of PCT appeared to correlate with the
decreased haematocrit due to haemodilution on CPB
{r=0.78, p < 0.01). PCT increased postoperatively from
0.21 ng ml™" (0.16—0.29) reaching a peak level 24 h after the
end of surgery (2.00 ng ml™", 1.70—2.54). As expected, all
inflammatory cytokines and CRP increased after surgery.
TNFa rose from 20 ng I~ (12—45) to a maximum of 218 ng L~
{140—411). IL-6 rise was maximal 12 h postoperatively from
25ng ™" (21-39) to 522 ng ™" (416—645) with subsequent
decline (Fig. 2). CRP showed prolonged elevation with a peak
level 48 h after the end of surgery (55 mg ™', 39—72) {Fig. 3).
Postoperative peak values of PCT and IL-6 correlated closely
{r=0.81, p < 0.01), as well as peak values of PCT and CRP
(r=0.72, p < 0.01).

In patients developing a postoperative infection {(group 2),
the levels of PCT were significantly higher 12 h postopera-
tively in relation to both group 1 (p=0.019) and group 3
(p=0.028) (Fig. 4). Similarly, IL-6 plasma concentrations
12 h postoperatively differed between group 1 and group 2
(p=0.030) and between group 2 and group 3 {p=0.036)
(Fig. 5). The elevation of PCT anticipated the onset of
infection in 12/14 patients with a time interval of 12—24h
before first clinical signs of infection. For TNFq, IL-8 and CRP,
there were no significant differences among groups on
p < 0.05 at 12 h after the end of surgery (Table 3). No tested
inflammatory parameter, including PCT and IL-6, distin-
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Fig. 2. IL-6 plasma concentrations in uncomplicated patients (group 1) (med-
ians and interquartile range).
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Fig. 3. CRP plasma concentrations in uncomplicated patients (group 1) (med-
ians and interquartile range).

guished group 1 and group 3 on p < 0.05 measured 12 h after
the end of surgery.

Multiple logistic regression analysis revealed that PCT and
IL-6 were the only significant independent predictors of
infection on days 1—3 after PEA. The area under ROC curve
used to predict postoperative infection for PCTwas 0.83 (95%
confidence interval (Cl): 0.74—0.92) compared with 0.74
(95% Cl: 0.68—0.81) for IL-6. For postoperative day 1, the
optimum concentration of PCT for the calculation of positive
and negative predictive accuracy as obtained from the ROC
was 2.3 ng ml~". With this cut-off, the test characteristics of
PCT were as follows: sensitivity, 86%; specificity, 83%;
negative predictive value, 92%; and positive predictive
value, 84%. The optimum concentration of IL-6 for the
calculation of predictive accuracy calculated from ROC was
646 ng |~ " with the following characteristics: sensitivity, 78%;
specificity, 74%; negative predictive value, 84%; and positive
predictive value, 86%.

In group 1, there was a weak correlation between
maximum PCT concentrations and norepinephrine support
{expressed as a time period in hours), k =0.52, p < 0.05, in
comparison with an expressive correlation between a
norepinephrine support and IL-6 concentrations 12 h after
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Fig. 4. PCT concentrations measured 12 h after the end of surgery (medians
and interquartile range).
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Fig. 5. IL-6 concentrations measured 12 h after the end of surgery (medians
and interquartile range).

surgery, k=0.80, p < 0.01. Individual maximum doses of
norepinephrine were without significant correlation to any of
the inflammatory parameters. In group 2 and group 3, no
relation between PCT levels and norepinephrine support was
found on p < 0.05.

4, Discussion

Among five tested inflammatory markers, PCT and IL-6
were the only significant independent predictors of infection
in days 1—3 after PEA. PCTand IL-6 evolution anticipated first
clinical signs of bronchopneumonia or bacterial sepsis with a
time interval of 12—24 h. Moreover, both the parameters
showed high specificity to distinguish inflammatory and non-
inflammatory complications in this period. To our knowledge,
this is the first report of PCT as a predictor of infection after
PEA.

An infection, which was proved by standard clinical and
laboratory examination, contributed substantially to mor-
tality of our patients as 3/14 patients, who developed
infectious complications, died.

Surgical patients, especially those after cardiac surgery,
represent a major diagnostic challenge in terms of identi-
fication of infectious complication [12]. Due to the
combination of local trauma, extracorporeal circulation
(ECC) and pulmonary and myocardial reperfusion, cardiac
surgery leads to substantial changes in the immune system
[13]. At the same time, the prolonged use of central venous
catheters and inotropes is associated with a high risk of the
development of nosocomial infection [14,15].

Prolonged artificial ventilation {AV) is itself an important
risk factor for post-surgical infection after PEA. In our
patients, even in the group with uncomplicated post-
operative course, the duration of AV was longer than usually
documented in other cardiosurgical procedures. Moreover,
the PEA patients are more susceptible to lung infection as a
result of pulmonary reperfusion following the procedure.
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Table 3. Arterial blood concentrations of inflammatory parameters — TNFe, IL-8, CRP and leukocytes — at samples collected 12 h after the end of PEA (median values
and interquartile range), AV time and a duration of ICU stay (mean values and standard deviation).

Parameter Group 1 Group 2 Group 3

TNFa (ng L") 172 (135-316) 218 (154-498) 181 (145-318)
IL-8 (ng ") 431 (281—647) 508 (326—841) 439 (294—741)
CRP (mg L") 6.0 (3.1-9.1) 10.9 (3.6-21.3) 10.6 (7.2—-17.4)
Leukocytes (10° L") 12.2 (8.6—15.2) 14.0 (9.1-20.6) 13.1 (8.2-19.4)
AV time (h) 42.4 (37.1) 108.5 (52.7)* 104.3 (54.1)°
ICU stay (days) 8.1 (6.3) 22.8 (12.4)* 18.5 (7.4)°

Statistically significant differences between group 2 and group 3 on p - 0.05 were not found. Abbreviations: AV: artificial ventilation; CRP: C-reactive protein; IL:

interleukin; PCT: procalcitonin; TNF«: tumour necrosis factor .

@ Statistically significant differences between group 1 and group 2 on p < 0.05.
b statistically significant differences between group 1 and group 3 on p = 0.05.

Ischaemia—reperfusion injury is common following this type
of surgery (although it is not always clinically manifested as a
pulmonary oedema).

PCT, a 116-amino-acid protein with a molecular weight of
13 kDa, was discovered 34 years ago as a prohormone of
calcitonin produced by C-cells of the thyroid gland. Since
1993, when its elevated level was found in patients with
bacterial infection [8], PCT has become an important marker
in the detection and differential diagnostics of inflammatory
states [16]. The highest plasma levels of PCT are found in
acute systemic bacterial infections and sepsis [17]. Dorge
et al. [10] as well as other authors considered PCT to be a
valuable prognostic marker in cardiac surgery but not highly
specific for infection. In their study, PCT did not discriminate
between infectious and non-infectious complications. They
concluded that PCT is not a marker of infection as such, since
local infection without systemic manifestations results only
in a mild elevation of plasma PCT.

Time course of PCT accompanying uncomplicated surgery
(Fig. 1) showed that non-infectious factor could contribute to
the evolution of serum PCT levels after cardiac surgery in the
absence of postoperative complications [18]. The increase in
PCT seems to be dependent on the surgical procedure, with
more invasive procedures associated with higher PCT levels
[19]. Cardiac surgery leads to a more pronounced activation
of cytokines than other surgical procedures [10]. This
cytokine ‘burst’” mediates an SIRS [20]. Franke et al. [21]
reported that PCT levels are affected by the use of ECC.

Patients with uncomplicated course following PEA pre-
sented a continuous reference interval for plasma PCT and
cytokine concentrations. PEA procedure induced a significant
increase in PCT levels. PCT level culminated with delay in
alignment to pro-inflammatory mediators such as IL-6 and
TNFe. Innon-infected patients, PCT peaked at samples drawn
24 h after the end of surgery with subsequent decline to half
its peak values on day 2. Maximal PCT values around
2.1 ng ml™", measured by Kryptor analysis, are in agreement
with the studies that evaluated the course of PCT after
various surgical procedures (range: 0.5-7.0ngml ")
[9,21,22]. The subsequent decline of PCT levels within a
few days after uncomplicated PEA corresponded to the half-
life of PCT (18—24 h) in the absence of a further insult that
may induce increased PCT production.

The main limitation of the study arises from a relatively
low number of non-infectious complications and hetero-
geneity of this group. Although no significant elevation of PCT

or IL-6 was found in patients with such states as ventricular
arrhythmia, pulmonary oedema or lung bleeding, more
precious division of non-infectious complications would be
useful for the comparison with infectious patients.

In summary, PCT and IL-6 measurement may enable
patients at increased risk of bacterial infection after PEA to
be identified, and their daily monitoring may be indicated.
PCT and IL-6 are not substitutes for a careful physical
examination. However, they provide important additional
information. An unexpected rise could prompt antibiotic
treatment, before clinical signs of infection can be detected.
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Summary

Aprotinin, a nonspecific serine protease inhibitor, has been
primarily used as a haemostatic drug in cardiac surgery with
cardio-pulmonary bypass (CPB). This study investigated the
effect of Aprotinin on the post-operative levels of procalcitonin
(PCT) and a set of cytokines in patients undergoing pulmonary
artery endarterectomy (PEA). We analyzed 60 patients with
chronic thromboembolic pulmonary hypertension undergoing
PEA. 30 patients (Group A) were treated with Aprotinin (2000000
IU prior anesthesia, then 2000000 IU in CPB prime and 50000 IU
per hour continuously); a further 30 patients (Group B) received
Tranexamic Acid (1 g before anesthesia, 1 g after full heparin
dose and 2 g in CPB prime). PCT, TNFa, IL-18, IL-6, and IL-8
arterial concentrations were measured from before until 72 hours
after surgery. Aprotinin significantly affected early post-PEA
plasma PCT. Patients treated with Aprotinin (Group A) had lower
peak PCT levels compared to patients in Group B (1.52 ng/ml
versus 2.18, p=0.024). Postoperative peak values of PCT and IL-
6 correlated closely in both groups (r=0.78, r=0.83 respectively).
Aprotinin attenuates the post-PEA increase of PCT in the same
manner as other pro-inflammatory cytokines. Significant
correlation between PCT and IL-6 post-surgery may be indicative
of an indirect IL-6-mediated pathway of PCT alteration.

Key words
Aprotinin « Cardiopulmonary bypass e Procalcitonin e Pulmonary
endarterectomy
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Introduction

Aprotinin, a nonspecific serine profease
inhibitor, has been used primarily as a hacmostatic drug
in cardiac surgery with cardiopulmonary bypass (CPB).
In addition, Aprotinin may cxert multiple biologically
relevant effects attenuating the inflammatory response.
Several studies have shown that high-dose Aprotinin can
suppress the release of pro-inflammatory cytokines,
particularly tumor necrosis factor-a (TNFa), interleukin-6
(IL-6) and IL-8 both in vitro and in vivo (Day et al. 2006,
Tirkoz et al 2001). Aprotinin acts on both pro-
inflammatory and anti-inflammatory cytokines induced
by ischemia/reperfusion injury, which is associated with
CPB (Buerke et al. 2007), but the exact mechanisms of
Aprotinin action require further clarification.
Procalcitonin (PCT) is a highly specific marker
for the diagnosis of clinically relevant bacterial infection
and sepsis, and is part of the pro-inflammatory network.
Uncomplicated cardiac surgery induces a postoperative
increase in serum PCT levels. The level of PCT seems to
be dependent on the surgical procedure, with more
invasive procedures associated with higher PCT levels
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(Franke et ¢ 2008, Maruna et cd. 2008).

This study was planned to investigate the effect
of Aprotinin on post-operative PCT in patients
undergoing major cardiac surgery, in the form of
pulmonary artery endarterectomy (PEA), and compare
this with the effect on other cytokines about which more
is known.

Material and Methods

The clinical study was approved by the Research
Cthics Committee of the TFirst Faculty of Medicine,
Charles University and General Teaching Hospital in
Prague, in its session on April 27, 2006. Written informed
consent was obtained from all subjects. Patients with
thromboembolic  pulmonary  hypertension
scheduled for isolated pulmonary endarterectomy surgery
(PEA) between January 2007 and June 2011 were eligible
for inclusion into the study. Exclusion criteria were PEA
combined with another procedure, severe postoperative
bleeding requiring resternotomy, and local and systemic
infection with SIRS score 22, defined according to
Society of Critical Care Medicine Consensus Conference

chronic

and guidelines of the Center for Disease Conirol and
Prevention (Horan and Gaynes 2004).

Aprotinin was used routinely in all patients until
January 2008. These patients were enrolled into the study
as Group A. Dosage was 2000000 U prior to induction
of anesthesia, then 2000000 IU in CPB prime, and
50000 1U per hour continuously intravenously throughout
the whole procedure. According to the recommendations
of the FEuropcan Medicines Agency published in
November 2007 following a report by Mangano et al.
(2007), Aprotinin usc was discontinued and it was
withdrawn from hospital formularies. From January
2008, patients (Group 1B) undergoing PEA surgery
received Tranexamic Acid (TEA); 1g before skin
incision, 1 g after heparin dose and 2 g in CPB prime.

Surgical procedure

All patients underwent PEA vie median
sternotomy. CPB was established after cannulation of the
ascending aorta and the inferior and superior vena cava.
Deep hypothermic circulatory arrest (DHCA, 18-20 °C)
was used (limited to 20 minute episodes), to ensure
optimum operating conditions and facilitate accurate
endarterectomy. Weaning from CPB was started with
pressure control ventilation with positive end-expiratory
pressure, atrio-ventricular epicardial stimulation, stepwise

increased filling of the right heart and reduction of pump
flow together with low doses of norepinephrine targeted
to reach mean pulmonary artery pressure (MPAP) less
than 20 mmHg and mean artery pressure over 70 mmHg.
Dobutamine (Dobutrex, Lily, Germany) was administered
only if inotropic support was needed during or after
weaning of CPB.

Monitoring

Peripheral vein and radial artery cannulac were
inserted before induction of general anesthesia. Femoral
artery cannula, triple lumen central venous cannula,
Swan-Ganz catheter, and single lumen jugular bulb
catheter were also inserted for continuous monitoring of
and jugular bulb blood
saturation. Left atrial catheter was surgically placed for
both left atrium filling pressure measurement and
norepinephrine administration.

hemodynamic parameters

Anesthetic management

All patients were premedicated with 0.1 mg-kg ™
of diazepam (Diazepam, Zentiva, SR) orally. After the
transfer to the operating room the patients were given
total intravenous anesthesia standard for this procedure in
our institution. This consists of sufentanil (Sufenta,
Janssen, Belgium) 0.5 ugkg ' + midazolam (Dormicum,
Roche, CR) 3-5 mg + propofol (Diprivan, AstraZeneca,
UK) | mgkg ' + rocuronium (Esmeron, Schering-
Plough, France) 0.6 mgkg ™" infravenously. Anesthesia
was maintained with a continuous infusion of propofol
and sufentanil with BIS targeted at 40 to 50. Further
incremental 5-10 mg
administered if interference with the ventilator was noted.

doses of rocuronium were

PCT and cytokine analysis

Arterial blood samples were drawn from the
femoral artery catheter before incision, after sternotomy,
after DHCA, after separation from CPB, 12, 18, 24, 36, 48
and 72 hours following surgery. For all measurements,
5 ml of arterial blood was drawn into a vacutainer heparin
tube and immediately centrifuged at 5000 rpm for 15 min.
Plasma was stored at 80 °C until analysis. All plasma
samples were analyzed retrospectively after the completion
of the study in June 2011. Plasma levels of PCT were
detected by Kryptor test (BRAHMS AG, Hennigsdorf,
Germany) in duplicates. The sensitivity of the analytic
method was 0.02 ng/ml. Plasma concentrations of TNFaq,
IL-1pB, IL-6, 1L-8 (ELISA, Immunotech, Paris, France)
were measured in duplicates. The intra- and inter-assay
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coefficients of variation were below 5 %.

Statistical analysis

Statistical analysis was carried out using SPSS
Statistics 18.0 for Windows (SPSS Inc., Chicago, USA).
The power calculation was undertaken using Sample
Power 2.0. The sample size calculation was based on a
two-sided two-sample testing, a significance level of 0.05
and a power of 90 %. The targeted sample size of

Table 1. Pre-operative and intra-operative data (n=60).

30 patients per group was specified. The normal
of all data examined using the
Kolmogorov-Smirnov  normality test to
subsequent use of tests for statistical comparison. As

distribution was

determine

variables were not normally distributed, the data were
reported as medians and interquartile range. Mann-
Whitney test was applied for the data comparison between
groups. Bonferroni correction was used to analyze
simultaneous measurement at different time points.

Parameter Group A Group B p value
(n=30) (n=30)
Number of males (%) 19 (63 %) 20 (67 %) 0.331
Age (vears) 59.2 (13.6) 62.1(7.0) 0.291
NYHA classification 3.13 (0.47) 3.09 (0.51) 0.457
Pre-operative data
Mean pulmonary artery pressure (mm Hg) 54.1 (9.6) 54.5(9.9) 0.484
Cardiac index (Lmin .m %) 2.03 (0.33) 2.10(0.39) 0.196
Ejection firaction (%) 61.3(9.2) 60.8 (6.9) 0.285
Pulmonary vascular vesistance (dynes.s.cm °j 878.3 (284.5) 866.2 (292.8) 0.217
Intra-operative data
DHCA time (min) 36.8 (12.1) 35.5(10.6) 0.284
Cross clamp time (min) 121.8(20.1) 116.9 (18.6) 0.171
Minimum temperature (°Cj 16.6 (0.7) 16.8 (0.6) 0.310

Variables are absolute number or mean (standard deviation). Abbreviations: DHCA — Deep hypothermic circulatory arrest; NYHA — New

York Heart Association

Results

A total of 60 patients were enrolled. The patient
demographic and surgical data are outlined in Table 1. All
patients underwent satisfactory clearance of intra-arterial
obstruction, and there were no intra-operative deaths. No
patients required allogeneic blood transfusion. 30 patients
(Group A) were treated with Aprotinin while 30 patients
(Group B) received TEA in the perioperative period. In-
hospital mortality was 1/30 in Group A (aspiration
pneumonia, postoperative day 9) and 1/30 patient in
Group B.

No significant differences between the groups
were found for cross clamp time, DHCA time,
catecholamine wuse perioperatively, and need for
continuous renal replacement therapy post-surgery. There
were no thromboembolic complications in either group.
These were defined as a deep venous thrombosis

diagnosed with venous Doppler or pulmonary embolism
diagnosed either with computerized tomography (CT) or
ventilation/perfusion scan. Tested groups did not differ in
the baseline PCT, TNFa, IL-1B, IL-6 and IL-8. Mann-
Whitney test was used to assess the impact of possible
subsequent cytokine degradation in frozen samples. The
test did not revealed significant relation between plasma
levels of  cytokines both  preoperatively and
postoperatively and the time between blood sample's
collection and its analysis.

An initial decrease of TNFg, IL-1, IL-6 and IL-
8 was found in both groups in blood samples collected
after the last DHCA. PCT incrcased postoperatively
reaching a peak level 18 hours after the end of surgery in
both groups (Fig. 1) with subsequent decline. Peak PCT
was significantly lower in the Aprotinin group:
1.52ng'ml * (1.26-1.84) vs. 2.18 ng'ml * (1.90-2.62) in
Group B (p=0.024).
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Fig. 1. The influence of Aprotinin on PCT level in perioperative period (medians and interquartile range). Box and whisker plot depicting
the median, interquartile range and full range. Group A (Aprotinin) — white boxes, Group B (Tranexamic Acid) — grey boxes.

* Statistically significant differences between groups, p<0.05

As expected, all inflammatory cytokines
increased after surgery. Maximum TNFaq, 11.-1B, 11.-6 and
IL-8 levels were detected 12 h after the end of surgery in
both groups. There were significantly lower peak
concentrations of TNFe, IL-6, and IL-8 in Group A
(Table 2).

Postoperative peak values of PCT and IL-6
correlated closely in both groups: 1=0.78, p=0.008 for
Group A, r=0.83, p=0.006 for Group B. Weaker
correlation was found between TNFu and PCT peak
values in both groups: r=0.64, p=0.036 for Group A;
r=0.69, p=0.027 for Group B.

Discussion

‘We have found a significant alteration of plasma
PCT levels in patients treated with Aprotinin undergoing
major cardiac surgery with CPB compared to TEA.
Uncomplicated surgical course was associated with
increased PCT concentrations reaching a maximum 18 h

post-surgery. PEA was chosen for this study as the
procedure is relatively requiring
prolonged CPB and periods of DHCA, and induces
systemic inflammatory response syndrome (SIRS) and
hemodynamic instability (Thistlethwaite er al. 2010).
19 years after the discovery of PCT as an inflammatory
marker, this is the first report of the influence of serine
protease inhibitor on plasma PCT concentrations.
Multiple studies have demonstrated that cardiac
surgery CPB
proinflammatory and anti-inflammatory cytokines, and
high-dose Aprotinin significantly reduces this increase.
effect of Aprotinin
controversial. Greilich ef af. (2001) reported lower levels
of IL-10 associated with Aprotinin administration in
patients undergoing cardiac surgery with CPB, other
authors demonstrated that Aprotinin increased levels of
IL-10 (Lei ef al. 2003, Hill et al. 1998). Similarly, IL-1-
receptor antagonist concentration was higher in patients
using high-dose Aprotinin compared to patients without

surgical invasive,

with significantly increases

However, the actual is  still
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Aprotinin (Tassani et «l. 2000). Boeken ef al. (1998)
looked at the relationship between Aprotinin and PCT in
patients undergoing cardiac surgery with CPB. However
they did not find a significant elevation of PCT in
patients afler coronary artery bypass grafi surgery,

whether treated by Aprotinin or not. Their conclusion was
that there was no influence on the levels of PCT in sepsis-
free cardiosurgical patients was subsequently disputed by
other studies (for review see Sponholz er al. 2006).

Table 2. Arterial blood concentrations of PCT and cytokines (medians and interquartile range).

Parameter Group Before surgery After separation from CPB
12h 18h
PCT (ng/ml) A 0.18 0.18 1.52
(0.13-0.23) (0.11-0.24) (1.26-1.84)
B 0.16 0.30 2.18
(0.11-0.21) (0.19-0.44) (1.90-2.62) *
TNFa (ng/l) A 16.4 180.4 114.7
(11.0-45.4) (1472-241.4) (64.1-168.6)
B 18.6 262.1 162.0
(10.7-42.1) (202.6-386.8) * (92.4-209.2) *
IL-18 (ng/l) A 2244 3023 266.9
(212.1-256.2) (249.4-348.8) (227.7-309.1)
B 236.2 316.1 2724
(210.6-264.0) (258.9-366.2) (220.3-311.5)
1L-6 (ng/l) A 22.6 394.8 374.1
(17.4-34.5) (311.4-487.2) (306.5-441.8)
B 24.8 546.0 522.9
(19.6-36.6) (476.3-652.6) * (442.0-613.7) *
1L-8 (ng/l) A 82.8 365.2 334.3
(46.7-121.2) (324.6-426.8) (316.8-425.1)
B 79.0 459.7 426.5
47.1-117.6) (395.0-562.4) * (367.2-537.4) *

Abbreviations: CPB — Cardio-pulmonary bypass; IL — Interleukin; PCT — Procalcitonin; TNFa — Tumor necrosis factor-a. * Statistically

significant diifferences between groups on p<0.05

The anti-inflammatory properties of Aprotinin
have been recognized for more than 10 years, although its
molecular mechanism is still unclear. Aprotinin is a
broad-spectrum serine protease inhibitor. Serine protcases
play a central role in the amplification of the
inflammatory response through numerous pathways,
including contact activation, coagulation, cytokine
release, and complement cascades, all of which can be
modulated by Aprotinin (Day ef al. 2006, Tassani ef al.
2000). Besides a direct effect on synthesis, Aprotinin may
modulate PCT release indirectly vic attenuation of the
inflammatory cytokines TNFu and [L-6, which are
known to mediate PCT release both in vitro and in vivo.
between PCT and TL-6

Significant  correlation

concentrations post-surgery, demonstrated in our study,
suggest this indirect pathway.

Recently, McEvoy ef al. (2009) used murine
myocardial ischemia-reperfusion model to demonstrate
diverse effects of Aprotinin on various pro-inflammatory
cytokines including 1L-6. In the study, higher Aprotinin
doses attenuated TNFo release, while IL-6 was
unaffected. Authors suggest that Aprotinin may
selectively affect cytokine release in the context of
myocardial ischemia-reperfusion. To the contrary, our
study showed significant influence of Aprotinin to IL-6
dynamics after cardiac surgery. McEvoy allow that the
murine ischemia-reperfusion model does not necessarily
recapitulate the situation occurring in the context of
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cardiac surgery. Among other, the volume of distribution,
pharmacokinetics and serine protease inhibitory profiles
are likely to be different in the murine system than that of
man.

In our study, the patients treated with TEA
served as a control group to Aprotinin-treated patients.
TEA is a synthetic derivative of the amino acid lysine
with antifibrinolytic effects. It competitively inhibits the
activation of plasminogen to plasmin by binding to
specific  sites of both compounds. Among other
indications, TEA is used to prevent excessive blood loss
in cardiac surgery. Recent studies comparing the effect
TEA and Aprotinin in cardiosurgical patients revealed the
different cytokine-proteolytic profile between both
TEA has no
significant effect of cytokine activation (Hsia ef al. 2010)
or cytokine-mediated inflammatory activities (Graham et
al. 2012).

We conclude that Aprotinin attenuates the post-
surgical increase of PCT following major cardiac surgery

antifibrinolytics. It was shown that

with CPB and DHCA, in a similar manner to other pro-
inflammatory cytokines. These results also support
previous findings that a rise of TNFu, IL-6 and IL-8 post-
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A randomised trial

David Rubes, Andrew A. Klein, Michal Lips, Jan Rulisek, Petr Kopecky, Jan Blaha,
Frantisek Mlejnsky, Jaroslav Lindner, Alena Dohnalova and Jan Kunstyr

BACKGROUND Regular endotracheal tube cuff monitoring
may prevent silent aspiration.

OBJECTIVES We hypothesised that active management
of the cuff of the tracheal tube during deep hypothermic
cardiac arrest would reduce silent subglottic aspiration.
We also determined to study its effect on postoperative
mechanical ventilation and the incidence of postoperative
positive tracheal cultures.

DESIGN A randomised clinical trial.

SETTING The study was conducted in a University Teaching
Hospital from September 2008 to November 2009.

PATIENTS Twenty-four patients undergoing elective pul-
monary endarterectomy were included in the study.

INTERVENTION After induction of general anaesthesia
and tracheal intubation, the cuff of the tracheal tube was
inflated to 26 cmH,O. Following this, 1 ml of methylene blue
dye diluted in 2 ml of physiological saline was injected into
the hypopharynx. Patients were randomly assigned to active
cuff management during cooling and warming (where cuff
pressure was monitored and the cuff was reinflated if it
dropped below 20 cmH,0, or deflated if pressure exceeded
30 cmH,0) or passive monitoring (where cuff pressure was

monitored but volume was not altered). Before weaning
from cardiopulmonary bypass, fibreoptic bronchoscopy
was performed. Silent aspiration was then diagnosed if blue
dye was seen in the trachea below the cuff of the tube.

MAIN OUTCOME MEASURES The primary aim of this
study was to determine the incidence of silent aspiration.
Secondary outcomes included duration of postoperative
mechanical ventilation of the lungs and incidence of positive
culture of tracheal aspirate.

RESULTS Active cuff management patients were younger
than controls (61.2+11.6 vs. 83.2 =9 years, P=0.028),
but otherwise the two groups were similar. The primary
endpoint was reached because we showed that silent
aspiration was significantly less frequent in the study group
(0/12 vs. 8/12 patients, P=0.001). Significantly lower
intracuff pressures were measured in the control group
patients at several timepoints during cooling, just before
hypothermic arrest and at all timepoints during rewarming.

CONCLUSION We recommend that the cuff of the tracheal
tube should be checked regularly during surgery under deep
hypothermia, and the cuff pressure adjusted as required.
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Introduction

Pulmonary cndartecrectomy (PEA) is an  established
surgical method for the treatment of chronic thrombo-
embolic pulmonary hypertension. I'he procedure involves
the removal of fibrous obstructive tissue from the pulmon-
ary arteries and requires several periods of deep hypother-
mic circulatory arrest (DHCA). Recently published data
from the international registry showed that PEA is associ-
ated with relatively high morbidity and that perioperative
complications occurred in more than 49% of patients, of
whom ncarly 20% were reported as having infection (most
commonly ventilator-associated pneumonia, VAP).!

It is known that both tracheal tube cuff overinflation
and underinflation during mechanical ventilation may
contribute to tracheal pressure injury or allow leaking
of secretions beyond the cuff and silent aspiration,
predisposing to VAP.%* "I'he risk of pneumonia is at its
highest during the first few days of prolonged mechanical
ventilation.* Several authors recommend that tracheal
tube cuff pressure should not exceed 30 emII,O during
surgery to prevent tracheal injury. 5 In contrast, other
authors recommend keeping pressure in the cuff above
20cmH,0 to reduce the risk of pneumonia.® Apart from
cuff pressure, the outer diameter of the cuff, its shape and
lengteh, and the maccrial it is made from may also affect its
capacity to seal the trachea,™®

Once of the key determinants of tracheal tube cuff
pressure during surgery is temperature. ‘I'his is particu-
larly important during cardiac surgery, in which body
temperature is altered therapeutically during cardio-
pulmonary bypass (GPB).*!° Although the cffect of
active management of the tracheal tube cuff in the
operating theatre and the ICU has been investigated
previously," ™" this has not been studied when DHCA,
routine in PEA surgery, is used.' Indeed, pressurc
control of the wacheal tube cuff is not discussed in
current DHCA protocols.'>'®

We therefore hypothesised that active management
of the cuff of the tracheal tube during DHCA would
reduce silent subglottic aspiration. We also determined to
study its cffect on postoperative mechanical ventilation
and positive tracheal microbiology cultures.

Materials and methods

We undertook a single-centre, randomised, controlled
study of the effect of active management of tracheal
tube cuff pressure, after approval from our local ethics
committee (Ethics Commictee of the General University
Iospital, Praguc chaired by Joscf Sedivy, MDD, PhDD, Na
Bojisti 1, 12808 Prague 2, protocol number 1253/08 S-1V,
approved on 21 August 2008) and with informed consent
from the paticnts. From Scptember 2008 to November
2009, consceutive patients undergoing PEA with CPB
and DHCA who gave written informed consent were
recruited and randomised to active cuff management

(study group) or cuft pressure monitoring without adjust-
ing cuff volume or pressure (control group). Patients with
a history of oesophageal disease or requiring combined
PEA and other surgery were excluded (Fig. 1).

On the day of surgery, patients were premedicated with
oral alprazolam 0.25 mg (Neurol, Zentiva, Slovakia) and
transferred to the operating theatre. ‘'otal intravenous
anaesthesia was administered, consisting of sufentanil
(Sufentanil Torrex; Chiesi CZ, Prague, The Czech
Republic), midazolam (Dormicum; Roche, Praguc,
I'he Czech Republic), the muscle relaxant rocuronium
(Esmeron; Organon L.td., Swords, Ireland) and propofol
(Propofol; Fresenius Kabi, Bad [Tomburg, Deutschland).
We did not use nitrous oxide or volatile anacsthetic
agents. In all patients, the trachea was intubated with
asize 7.5 mm tube in women and 8.5 mm in men (Kendall
Curity, Tyco Iealtheare, Mansficld, USA). This tube
has a low-pressure, high-volume cylindrical cuff and a
Murphy’s eye. No lubricant was applicd to the tracheal
tube, ‘I'he cuff was inflated with room air and pressure
adjusted to 25cmH,0 using a Portex Cuff Inflator/
Pressure Gauge (Smiths Medical International Ltd,
Hythe, Kent, UK). Mechanical ventilation of the lungs
was carried out using the anaesthetic machine (Datex
Ohmeda Aespire; GE Company, Madison, Wisconsin,
U.S.A) In pressure control mode with positive end-
expiratory pressurce (PEETP) of 8 cmH,0 and tidal volume
up to 6mlkg™" to achieve normocapnia (end-tidal CO,
partial pressure 4 to 4.7 kPa). Immediately after tracheal
intubation, 1 ml of methylene blue dye (Patentblau V;
Guerbert, Roisse, France) diluted in 2 ml of physiological
saline was injected into the hypopharynx from a syringe
under laryngoscopic control. During surgery, body temp-
erature was measured in the hypopharynx, the rectum and
the bladder. Routine antibiotic prophylaxis was adminis-
tered 1h before skin incision and continued for 48 h.

After stemotomy and institution of CPB, mechanical
ventilation of the lungs was discontinued and the patient
was actively cooled to 16°C to 18°C. DIICA was uscd
twice, for the cendarterectomy of cach pulmonary
artery, with reperfusion in between. Our DHCA
management included bispectral analysis monitoring
(BIS View Monitoring System; Aspeet Medical Systems,
Inc, Norwood, Massachusctts, U.S.A)), packing of the
head in ice, thiopental 20mgkg™ (Ihiopental, VUAB,
Roztoky, 'I'he Czech Republic), intravenous methyl-
prednisolone SOmgkg_] (Solu-Medrol, Pfizer, Puurs,
Belgium) given before arrest and active maintenance
of normoglycacmia using a sliding insulin scale.

The pressure of the tracheal tube cuff was checked when
the temperature measured in the hypopharynx was 36°C,
32°C, 28°C, 24°C, 20°C and finally at minimum tempera-
ture, just before DHCA. Patients were randomised using
an envelope technique to active cuff management (study
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group) or cuff pressure monitoring alone (control group).
In the study group, the cuff was reinflated whenever
pressure dropped below 20emlIO, up to its starting
value of 25¢mlIl,O. During rewarming, cuff pressurc
was also checked at the same temperature points, and
the cuff was deflated if pressure exceeded 30cmH,0.
In the control group, cuff pressure was checked but not
altered and no air was added to or removed from the
cuff. Immediately before weaning from CPB, fibreoptic
bronchoscopy was performed by an anaesthetist who
was blinded to the allocation group. [f blue dye was seen
in the trachea below the tracheal cuff, silent aspiration
was deemed to have occurred.

Table 1

We expected 50% of patients to have leakage of blue
dve (mean 50%, SD 33%) past the cuff of the tube,
therefore we hoped for a reduction o 25% with active
cuff pressure management, in other words a reduction of
50%. Assuming « 0.05 and B 0.80, we needed 12 patients
per group. Data were analysed using the Mann—Whitney
-test or Fisher’s exact test as  appropriate, and
S and SPSS 13.0 (SPSS, Chicago, Illlinois, USA). The
data were tested for normal distribution using the
Shapiro—Wilk and the Kolmogorov—Smirnov tests.
All values are expressed as mean+S[D and median
(25th to 75th pereentiles) for normal and nonnormal
variables, respectively.

Baseline characteristics of 24 patients undergoing deep hypothermic circulatory arrest randomised to active cuff pressure

management (study group) or cuff pressure monitoring alone (control group)

Study group (n =12)

Age (years) 51.3+11.6
Men 8 (67%)
BMI (kgm 2) 255+4.7
CPB time (min) 313+50
Lowest temperature{*C} 15.4 +0.7
DHCA time (min} 36+8

Control group (n=12) P
63.2+89 0.028
7 (58%) 1.0
25.7+3.4 0.931
337+35 0.14
15.24+0.7 0.354
40+ 11 0.563

Values are mean | SD or number (proportion). CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.

Eur J Anaesthesiol 2014; 31:452-456

Copyright © European Society of Anaesthesioclogy. Unauthorized reproduction of this article is prohibited.

46



EJA

Tracheal tube cuff pressure control during deep hypothermia 455

Fig. 2

35 4
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3% 32 28 2

— T T T T T 1
20 DHCA 20 24 28 32 36
Temperature (°C)

Intracuff pressure in relation to the temperature. Data points are median
values as temperature decreased before deep hypothermic circulatory
arrest (DHCA) and during rewarming. For clarity, IQR is not shown but
the values are contained in Table 2. *P < 0.05 between groups.

Results

‘I'he study and control groups were similar except that
the former were younger (51.2+11.6 vs. 63.2+9 years,
P=0.028). CPB, DIICA and lowest temperature
achieved were also similar (1'able 1). Patients in the
control group were mechanically ventilated for longer
postoperatively [50, interquartile range (IQR) 28.5 to
93.5 vs. 32, IQR 19.5 to 39.8h] (P =0.038). Paticnts in
the control group had significantly lower intracuff
pressure during cooling and during rewarming at all
timepoints (Fig. 2 and "'able 2). In 10 of the 12 control
group paticnts, the intracuff pressure decrcased below
20 ¢cmII;O during cooling, and in seven of the 12 study
group patients, the intracuff pressure exceeded
30ecmH,0 during rewarming. "I'he primary endpoint
of the study was reached, because we showed that
that silent aspiration (blue dye in the trachea) was less
common in the study group (0/12 vs. 8/12 patients,
P=0.001). 'I'wo patients in the study group required

Table 2 Intracuff pressure in relation to the temperature

Temperature (°C) Study group 1 =12 (cmH,0)

36 24 (24.0 to 25.0)
32 21 (19.2 to 21.7)
28 19 (18.0 to 22.5)
24 23 (19.2 to 23)

20 19 (19.0 10 22.7)
DHCA 235 (22.2 to 25.0)
20 26 (24.5 10 27.0)
24 28.5 (26.5 to 30.0)
28 29 (27.0 lo 32.0)
32 27 (26.0 to 28.0)
36 28 (27.0 t0 28.7)

Values are median (IQR). DHCA, deep hypothermic circulatory arrest.

mechanical ventilation for more than 48 h, and there were
no positive microbiology cultures from tracheal aspirate
in these two patients. In the control group, six patients
required mechanical ventilation for more than 48h,
and, of these, four had positive microbiology cultures
(Escherichia coli in two patients, Staphylococcus haemo-
Iyticus and Peprosptreprococcus anaerobius) from tracheal
aspirates (£2=0.01) (T'able 3). "I'here were no deaths or
gross neurological dysfunction in either group.

Discussion

We have shown that regular adjustment of tracheal tube
cuff pressure during cardiovascular surgery and DHCA is
associated with a deercased incidence of silent aspiration.
DIICA may be an important cause of morphological
change in tracheal cuff integrity, as body temperature falls
during the cooling phase, thereby reducing cuff pressure,
which may result in leak of oropharyngeal secretions into
the trachea. The opposite is likely during rewarming, and
increased cuff pressure during this phasc of the operation
may predispose to cuff pressure injury to the trachea.
"I'racheal cufl pressure during cardiac surgery can be
affected by multiple factors. These include sternotomy
and pericardiotomy itself, which may reduce pleural
pressure on the tracheal wall. Alterations in muscle tone
in the neck muscles surrounding the trachea can also
partially explain cuff pressure changes.' It has also been
shown that trachcal cuff pressure changes may follow mean
arterial pressure and that the nadir may occur during
hypothermia and CPB, which may actually protect
the trachea from hypotensive ischaemic injury.'® The
mechanism by which hypothermia during CPB decreases
tracheal tube cuff pressure is poorly understood, but may
be related to vasoconstriction during hypothermia and
shrinkage of the microvasculature of the tracheal mucosa,
which results in widening of the tracheal diameter.
I'emperature change may also have a physical effect on
the polyvinylchloride plastic used for tube manufacture.’
Finally, Charles’ law explaining the relationship between
gas volume and temperature is also important. It staces that
the volume of a given amount of gas is directly proportional
to the temperature provided that the amount of gas and
the pressure remain fixed; that is, the volume of the gas

Control group n =12 (cmH,0) P
24 (23.2 to 24.7) 0.571
20 (19.2 to 21) 0.389
16 (15.0 to 19.2) 0.008
14 (130 to 18.2) 0.001

12.5 (105 to 17.2) 0.002
11.5 (3.2 to 17.2) 0.001
13 (10.2 to 18.0) 0.001
14.5 {13.0 to 19.7) 0.001
16 (15.0 o 20.2) 0.001
19.5 {18.0 10 21.7) 0.001
21 {20.2 to 22.0) 0.001

Eur J Anaesthesiol 2014; 31:452-456

Copyright © European Society of Anaesthesioclogy. Unauthorized reproduction of this article is prohibited.

47



456 Rubes et al.

EJA

Table 3 Outcome data in 24 patients undergoing deep hypothermic circulatory arrest randomised to active cuff pressure management

(study group) or cuff pressure monitoring alone (control group)

Study group n=12
32.0 (19.5 o 39.8)
0

Posloperalive mechanical venlilation time {h)
Dye detected in trachea

Control group n =12 P
50.0 (28.5 lo 93.5) 0.038
8 (67%) 0.001

Values are median (IQR) or number (proportion).

increases or decreases by the same factor as its tempera-
ture. All of these effects are more likely as a result of the
profound changes during DHCA, and we have shown
that their cffects are relevant with regard to aspiration
of pharyngeal contents during anaesthesia and surgery.

Limitations of our study include the small group sizes and
the fact that patients in the study group were younger
in age. 'T'his may have had an impact on the reduced
postoperative duration of mechanical ventilation and
incidence of positive tracheal cultures seen in this group,
but does not explain the greatly reduced incidence
of passive aspiration demonstrated by tracheal staining
with dye in the study group. The study was not powered
for postoperative pneumonia, because its causc is
multifactorial and diagnosis is challenging. According
to published criteria,' VAP is defined as the presence
of new infiltrate on chest radiograph along with two of the
three following conditions: core temperature more than
38.3°C, leukocytes more than 10 x 10”1 * and purulent
tracheal secretions. However, many if not all patients
following PEA demonstrate both leucocytosis and new
infiltrates on postoperative chest radiograph, and fever is
also not uncommon. Therefore, we usually make a final
diagnosis of pneumonia by examining trends in daily
procalcitonin levels, microbiological culture of tracheal
scerctions and by asking the opinion of both a micro-
biologist and infectious discase specialist. Daily procal-
citonin monitoring has been shown to be a good
diagnostic tool to identify patients at an increased risk
of infection and a complicated postoperative course
following PEA.*® Using these criteria, we diagnosed
one patient in the control group with VAP, and hce
received antibiotic treatment. Other limitations include
the limits of high and low cuff pressure that we used
for this study, which we agree were safe by virtue of
protecting the trachea from pressure injury. > Finally,
the volume and viscosity of diluted methylene blue that
we injected into the hypopharynx cannot be identical to
thosc of sceretions in the mouth in real life.

We conclude that regular monitoring and adjustment of
tracheal tube cuff pressure during cooling and warming
on CPB and cspecially before and after DIICA may
prevent  silent aspiration  of pharyngeal scerctions.
We believe that this simple and effective process should
become standard in DHCA. Future work is needed
to test the cffectiveness of different designs of, and
materials uscd in, trachcal tubcs, and also whether tubes
that contain a closed system for suctioning material from
the pharynx or the trachea have a role to play in cardiac

Eur J Anaesthesiol 2014; 31:452-456

surgery. Moreover, a separate study of other outcomes is
required to answer important questions concerning the
impact of tracheal tube cuff pressure control on both
postoperative mechanical ventilation and frequency of
postoperative pneumonia.

Acknowledgements relating to this article

Assistance with the article: none.
Tinancial support and sponsorship: nonc.
Conflicts of interest: none.

Presentation: none.

References

1 Mayer E, Jenkins D, Lindner J, et a/. Surgical management and outcome of
palients with chronic thromboembolic pulmonary hypertension: resulls
from an international prospective registry. J Thorac Cardiovasc Surg 2011;
141:702-710.

2 Nseir S, Duguet A, Copin MC, et al. Continuous control of endotracheal
cuff pressure and tracheal wall damage: a randomized controlled animal
study. Crit Care 2007; 11:R109.

3 Seegobin RD, van Hasselt GL. Endotracheal cuff pressure and tracheal
mucosal blood flow: endoscopic study of effects of four large volume cuffs.
Br Med J 1984; 288:965-968.

4 Cook DJ, Walter SD, Cook RJ, et al. Incidence of and risk factors for
ventilator-associated pneumonia in critically ill patients. Ann intern Med
1998; 129:433-440.

5 Ricart M. Management of airways in intubated patients. Cfin Pufm Med
1997; 4:148-151.

6 Rello J, Sonora R, Jubert P, et al. Pneumonia in intubated patients: role of
respiratory airway care. Am J Respir Crit Care Med 1996; 154:111-115.

7 Li Bassi G, Ranzani OT, Marti JD, et al. An in vitro study to assess
determinant features associated with fluid sealing in the design of
endotracheal tube cuffs and exerted tracheal pressures. Crit Care Med
2013; 41:518-526.

8 Dullenkopf A, Schmitz A, Frei M, et al. Air leakage around endotracheal tube
cuffs. Eur J Anaesthesiol 2004; 21:448-453.

9 Souza Neto EP, Piriou V, Durand PG, et al. Influence of temperature on
tracheal tube cuff pressure during cardiac surgery. Acta Anaesthesiol
Scand 1999; 43:333-337.

10 Inada T, Kawachi S, Kuroda M. Tracheal lube cull pressure during cardiac
surgery using cardiopulmonary bypass. Br J Anaesth 1995; 74:283-286.

11 Diaz E, Rodriguez AH, Rello J. Ventilator-associated pneumonia: issues
related to the artificial airway. Respir Care 2005; 50:900-906.

12 Sole ML, Su X, Talbert 8, et al. Evaluation of an intervention to maintain
endotracheal tube cuff pressure within therapeutic range. Am J Crit Care
2011;20:109-117.

13 Valencia M, Ferrer M, Farre R, et al. Automatic control of tracheal tube cuff
pressure in venlilated patients in semirecumbent posilion: a randomized
trial. Crit Care Med 2007; 35:1543-1549.

14 Vuylsicke A, Sharples L, Charman G, el al. Circulalory arrest versus
cerebral perfusion during pulmonary endarterectomy surgery (PEACOG):
a randomised controlled trial. Lancet 2011; 378:1379-1387.

15 Svyatets M, Tolani K, Zhang M, et al. Perioperative management of deep
hypothermic circulatory arrest. J Cardiothorac Vasc Anesth 2010;
24:644-655.

16 Dorolla |, Kimball-Jones P, Applegale R. Deep hypothermia and circulatory
arrest in adults. Semin Cardiothorac Vasc Anesth 2007; 11:66-76.

17  Gamer JS, Jarvis WR, Emori TG, et al. CDC definilions for nosocomial
infections, 1988. Am J Infect Controf 1988; 16:128-140.

18 Maruna P, Kunstyr J, Plocova KM, et al. Predictors of infection after
pulmonary endarterectomy for chronic thrombo-embolic pulmonary
hypertension. £ur J Cardiothorac Surg 2011; 39:195-200.

Copyright © European Society of Anaesthesioclogy. Unauthorized reproduction of this article is prohibited.

48



3.7 NasSe zkuSenosti s hlubokou hypotermii pri endarterektomii
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NASE ZKUSENOSTI'S HLUBOKOU HYPOTERMI|
PRI ENDARTEREKTOMII PLICNICH TEPEN

MLEJNSKY F', LINDNER J.', VYKYDAL ||, GRUS T.", KUNSTYR J.2, JANSA P?,
TOSOVSKY J.!

II. chirurgicka klinika kardiovaskuldrni chirurgie 1. LF UK a VFN v Praze'
Klinika anesteziologie, resuscitace a intenzivni mediciny 1. LF UK a VFN v Praze’
II. interni klinika kardiologie a angiologie 1. LF UK a VFN v Praze’

Chronickd tromboembolickd plicni hypertenze (CTEPH) je v indikovanych pfipadech dspésné
|écitelna endarterektomiii plicnich tepen (PEA). Progndza pacientd, ktefi nejsou IéCeni je velmi
nepfizniva. Nemocni se stfednim tlakem v plicnici nad 50 mmHg maji 90% pétiletou mortalitu.
PEA je efektivni lé¢ebnou metodou pro tyto pacienty, ktefi jsou mnohdy v produktivnim véku.
Nabizi jim kromé deliho preziti také lepsi kvalitu Zivota.

Operace je provadéna na mimotélnim obéhu (MO). Zékladni podminkou pro Uspésné provedeni
PEA je dokonald prehlednost operacniho pole. Vzhledem k vyznamnému kolaterdinimu prétoku
u téchto pacientl je nutné pouzit metodu hluboké hypotermie s cirkulacni zastavou. Pacienty
chladime na cilovou teplotu 18°C v mocovém meéchyii. Pfi vedeni MO pouzivame strategii alpha-
stat”. Vzhledem k obvyklé celkové délce cirkulacni zastavy (DHCA) tuto dobu rozdélujeme na Useky
nepfekracujici 20 minut s opakovanou reperfuzi.

0d zafi 2004 do cervna 2008 bylo odoperovano 86 pacientt. Operacni mortalita Cinila 4,7 %.
Priimérny vék operovanych pacientt byl 58 let. Primérna délka MO byla 318 minut a doba nalozeni
svorky na aortu 125 minut. Primérnd doba celkové cirkulacni zdstavy dosahovala 38 minut.
Primérna doba mechanické plicni ventilace 53 hodin. Minimalni teplota operovanych v moc¢ovém
méchyii byla 16,7 °C. Cas potiebny k ochlazeni pacientd byl 81 minut a k ohfati 131 minut. Dle
nasich zkudenosti je doba potiebnd k bezpe¢nému ohféti pacienta pfiblizné 1,7 ndsobkem doby
chlazeni.

Program chirurgické 1écby CTEPH probihd na nasem pracovisti od roku 2004. Béhem tohoto obdobi
se nam podarilo zvlddnout metodu hluboké hypotermie s opakovanou reperfuzi tak, aby byla pro
pacienty co nejbezpecnéjsi.

Na tomto programu se podili celd fada odbornikd z diagnostickych, internich, intenzivistickych

a kardiochirurgickych obori VFN v Praze, bez kterych by tento program nebyl Uspésny. Lécbu
poskytujeme pacienttim z celé CR a pfipadné SR.
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3.8 Kontinualni monitorace krevnich plyni pfi mimotélnim

obéhu — zvySeni bezpecnosti a kvality perfuze
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Materidl a metody: lliolumbéini Zly potkand kmene Lewis jsme implantovali do bfisni aorty
izogennich zvifat. 2viratim ve Zkoumanyich skupinch jsme denné aplikovall intramuskuldmé tacro-
limus v dévee 0,2 ma/kg (skupina B) nebo 0,1 ma/kg (skupina C). Kontrolnim zvifattim ve skupiné
A jsme nepodavali Zadny Iék. Po tiiceti dnech jsme odebrali arterializované 7ilni tépy k histologic-
kému aimunohistochemickému vySetieni. Hodnotilijsme pritomnost endoteliainich bunék, toustku
intimalni & medidlni vrstvy a stuped infiftrace adventicidini vrstvy MHCIl-+, (D44 a (D8+ bufikami.
Vysledky: Sife intimlni vistvy v skupiné B (5,0 + 1,0 um) byla statisticky niz3f (p < 0,05)
ve srovnani se skupinou C (7,0 + 3,0 um). Intimaini vrstva ve skupiné A bez lécby (12,7 + 7,0
Jim) byla ve srovnani s obéma intervenovanymi skupinami naopak statisticky vyssi (p < 0,01).
Sife medidlni vrstvy a stupef infiltrace adventicialni vrstvy MHCI+, (D44 a (D&+ budkami
byly mezi skupinami bez statistické vyznamnosti. Lumindlni povrch Zilnich $tépd ve viech
skupindch tvorila vrstva endotelovych bunék.

Zavér: Podavanitacrolimu (FKS06) vedlo k inhibici neointimaini proliferace u arterializovanych
Hilnich $tépll potkani. Tacrolimus neovlivnil reparaci endotelové vrstvy takto létenych Stépd.

CHIRURGIA SAFENO-FEMORALNEJ JUNKCIE (SF)) A JEJ
ANOMALII v LIECBE CHRONICKE) VENOZNE)
INSUFICIENCIE DOLNYCH KONCATIN

MAZUCH J, MISTUNA D, HULO £, CERVENA Z

Chirurgickd Klinika, UNM Martin a JLF UK, Slovensko

Safeno-femordina junkcia 2 jej reflux hrd vyznamnu Glohu v patogenéze a lie¢be chronickej
vendznej insuficiencie pri varikoznej chorobe dolnych koncatin. Oblast SFJ je aj najcastejsim
miestom vendznych anomalil, ktoré tieZ participuji v klinickom obraze CHVI a varikoznej
choroby. Medzi najcastejsie anomalie SFI pocitame aneuryzmatické rozsirenia termindlnej
Casti VSM, anomaine vistenia viistujucich vén a dvoch akcesdrych safén (VSA) medialis et
lateralis. Daléie anomalie tvoria zdvojenia VSM, separtne vustenia, ako aj separdtne viistenia
Jej pritokovych vén (tributeries). Prave tieto okolnosti st jednoznacnou indikaciou pre radi-
kalne angiochirurgické rie3enie a zrusenie ich refluxu. Ostava mylnou predstavou, e modemé
ablaéné metody povrchového vendzneho systému ako rédiofrekvencnd ablacia, laserova ablacia
ako 3 sklerotizacné metady by vyriesili tieto angiochirurgické problémy. Preto crossecto mia
a vysokd ligatdra ostva stéle zakladngm chirurgickjm vykonom, Stcastou dalSej radika-
lity ostava stripping VSM raznymi technikami, ligatura v3etkych insuficientnych perforatorov
a odstranenie vietkych anomalii vendzneho systému a vendznej hypertenzie

MINIINVAZIVNI CHIRURGICKA KRYOABLACE SINI. REALNA
ALTERNATIVA KATETRIZACNI ABLACE PERZISTENTNI

A PERMANENTNI FIBRILACE SINI?

MICHEL M, CERNY §', PETRUS J%, PETRO 2, NEUZIL P?, TABORSKY M

' Kardiochirurgické oddéleni, * Kardiologické oddéleni, Nemocnice Na Homolce,
Praha, 1. interni kardiologickd Klinika, FN Olomouc a LF UP

Uvod: Katetrizacni ablace dosahuje v 14¢bé paroxysmalni fibrilace sini (FS) vybornych vysledkil.
U perzistentni a permanentni FS jsou vysledky katetrizacnich ablaci jiz méné uspokojivé.
Vzhledem k vyznamné progresi miniinvazivnich technik v kardiochirurgii je dal3/ lé¢ebnou
moznosti chirurgicka miniinvazivni endokardiaini kryoablace (cryoMAZE), ktera nabizi vytvo-
feni lézi napodobujici klasickou chirurgickou MAZE miniinvazivni cestou.

Metody: Retrospektivni zhodnoceni vlastnihio souboru 28 nemocnych, u kterych byla prove-
dena izolovana cryoMAZE, Viykany byly provedeny za pouZiti mimotélniho obéhu a kardio-
plegické zastavy cestou limitované pravostranné minithorakotomie (n = 26) nebo za pouZiti
robotického systému da Vindi (n = 2).

Vysledky: V obdobi od 7/2008 do 8/2010 jsme provedii 28 chirurgickych ablaci FS. Slo
026 mui a 2 Zeny s primémym vékem 58,1 + 7,7 roku (rozpéti 4676 let). U 25 pacientd
(89 %) byla FS Klasifikovana jako permanentni a u 3 pacientl (11 %) jako perzistentni.
Priiméma doba trvani arytmie pred zakrokem byla 86,3 + 87,2 mésice (rozpéti 9-432 mésicd).
U 15 nemocnych (54 %) jsme provedli ablaci v abou sinich. Dalsim pridruzenym vykonem byla
plastika trikuspidaini chlopné (2}, uzavér perzistujiciho foramen ovale (4x). Nikdo z nemoc-
nych nezemiel a nepozoravali jsme Zadnou zavaznéjsi pooperacni komplikaci. Byla jedna vynu-
cend konverze na sternotomii. 93 % pacientd opustilo nemocnici se sinusovym rytmem (SR)
nebo pravidelnym stimulovanym rytmem. Primérmd doba sledovani byla 11,6 + 7,3 mésice
(0-25 mésicl). Po & mésicich mélo pri klinicke kontrole 86 % pacientd (18/21) stale SR,
po 12 mésicich mélo SR 93 % nemocnych (13/14), Piiméma doba mimotéintho obéhu
byla v nasem souboru 142,57 + 46,93 min a primérna doba svorky 89,82 + 25,14 min.
Zaveér: Chirurgicka kryoablace FS cestou minithorakotomie nebo s pomodi robotického
systému da Vina je reprodukovatelny, bezpecny a efektivni vykon. Umozfiuje kromé ablace
provést i dalsi zakroky jako okluzi ouska levé sin, volumredukci LS nebo plastiku trikuspidaini
chlopné bez stfedni stemotomie. Kratkodobe vysledky jsou slibné a tato technika ma poten-
aial stdt se alternativou katetrizatni ablace. K indikaci k zakroku viak musi dojit na zakladé

komplexniho arytmologického vySetfeni. Podminkou volby spravné ablacni strategie je vytva-
feni center pro 1écbu FS, kterd budou schopna posoudit a posléze odetfit pacienta komplexné.

KONTINUALNI MONITORACE KREVNICH PLYNU PRI
MIMOTELNIM OBEHU — ZVYSENT BEZPECNOSTI A KVALITY
PERFUZE

MLEINSKY F', KUNSTYR J7, VYKYDAL I', LINDNER J!

"Il chirurgickd Klinika — kardiovaskuldrni chirurgie, * Kiinika anesteziologie,
resuscitace a intenzivni mediciny, VFN a 1. LF UK, Praha

Uvod: V' soucasné dobé jsou k monitoraci zmén vnitiniho prostiedi a jejich nasledné korekci
pii mimotéinim obéhu (MO) béhem kardiochirurgické intervence pouivany dva pristupy.
Jednim je kontinudini sledovani krevnich plyn pomoci pistroje pridaného k MO s priibéznou
tipravou parametrd. Druhym pristupem je kombinace kontinuainiho méfeni saturace v Zilni
krvi (pfipadne parcilniho tlaku kysliku — p0. v arteridini lince) s opakovanou analyzou krev-
nich vzorkii v biochemickém analyzatoru (zpravidia po 30 minutach).
Metoda: Na nasem pracovisti pouzivame od roku 2005 pristokovy f systém CDI 500
TERUMO, ktery umozniuje kontinuaini sledovani parametrd krve (p0,, pCO,, pH, K*, SO,, hemato-
krit — HTC, hemoglobin — Hgb, teplotu) a delsich vypocitangch hodnot (BE, HCO, , 50,, spotiebu
kysliku). Uvedené parametry |ze zobrazovat pfi aktudlni teploté nebo piepocitané na 37 °C
Nejvetsi prinos systému vidime pedeviim v situacich, kdy se v priibghu MO nékteré ze zming-
nych parametrd vyznamné méni, A to bud' zamérng, jako soucast operacniho postupu, nebo
v pripadé neocekdvanych komplikaci. Jde zejména o operace v hypotermii, kdy zdsadnim
2plisobem v pribéhu MO klesa (stoupa) teplota, hematokrit a spotfeba 0,. Dalsim prikladem
jsou operace na otevieném srdci v ochranné atmosféfe 0., kdy je pfi intenzivnim odsa-
véni z operatniho pole nutné eliminovat C0,, jehoZ vzestup byva obvykle nahly. Perfuziolog
miiZe v takovém pfipadé na kolisani koncentrace O, reagovat okamzité. Dale je moané dfive
aoptimaIné zasahnout (hemaofiltrace, medikace) pii hyperkalemii zapficinéné vétsim mnoz-
stvim poddvané kardioplegie. V uvedenych pfipadech okamzita reakce zamezi tomu, aby se
hodnoty krevnich plynii po delsi dobu pohybovaly mimo fyziologické meze. Také méné castou
a nepiedvidatelnou technickou komplikaci (oxygenator, sméSovac plynd) lze ihned odhalit
a adekvatné na ni reagovat.

Uvedena metoda kontinualni monitorace se nam také velmi osvédcila u kriticky nemocnych
pacientd napojenych na mimotéini membranovou oxygenadi (ECMO). Byla s tspéchem
pouita pfi V-A i V-V zapojeni. On-line zobrazované hodnoty umoziiovaly optimaini nasta-
veni parametrli podpory i ventilatoru,

Zavér: Domnivame se, Ze metoda kontinualni monitorace krevnich plynd je prinosem pro
kvalitu a bezpecnost MO. Vzhledem k tomu, Ze pristroj umoZiiuje export dat v tiSténé i elek-
tronické formé, je mozné vyhotovit zaznam o prabéhu MO,

POSTTRAUMATICKA DISEKCE KAROTID — SKUTECNE
VZACNE PORANENI?

MOLACEK J', TRESKA V', BAXA J2, HOUDEK K', CERTIK B, SULC
R',FREMUTH J*, KOBR J*

' Chirurgickd klinika, * Klinika zobrazovacich metod, * Détskd Klinika, FN Plzei a
LFUK

Uvod: Posttraumaticks disekce na karotickém fecisti je vady velmi zévazné poranéni, nastav
nejéastéji nasledkem tupého traumatu hlavy a krku nebo pfi hyperextenzi, flexi ¢i rotaci krku.
Podle literatury jde spide o raritni udlost. Symptomatologie tohoto poranéni je éasto opoz-
dénd, a to miize vést k pozdni diagnaze se zavaznymi komplikacemi.

Metody: Autofi prezentuji svoje zkusenosti s Iéthou 4 nemocnych (véetné jednoho détského
pacienta) s posttraumatickou disekdi karotid na Chirurgické klinice FN v Plzni za poslednich
12 mésicl. Diskutuji Uskali casné diagnostiky a moznosti terapie, je-Ii indikovana.

Zévér: Cllem sdéleni je upozomit na mozné zavazné poranéni karotického feciSté, které
se mizZe vyskytovat v kazdém véku a mozna Castéji, neli je obecné pfijimano. Upozorfiuje
na mozné komplikace spojene s pozdni diagndzou, a tedy nutnost pomyslet na toto zranéni.
Podpoiena V7 LF UK v Plani 0021620819

VYUZITI PEKTORALNIHO MUSKULOKUTANN{HO
AXIALNTHO V-Y LALOKU KE KRYTI STERNALNICH DEFEKTO
MOLITOR M', SIMEK M2, ZALESAK B', VESELY J!, LONSKY V/

' Oddelent plastické a estetické chirurgie, * Oddéleni kardiovaskuldrni chirurgie,
FN Olomouc, * Klinika plastické a estetické chirurgie, FN u sv. Anny v Bmé a LF MU
Uvod: Infekéni ranné komplikace po kardiovaskulamich operacich jsou vzacnym, ale vaznym
problémem s uvadénou mortalitou 0,4-5,1 %. Po zvlddnuti infekce zistavd nejvétsim
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patients survived at day 28, and 3 at month
6.

Discussion: These results suggest that Impel-
la® may contribute to a reduced risk of left
ventricle overload under ECLS. Reduction of
inotrope doses or complete weaning may al-
so facilitate myocardial recovery.

References:

1. Reynolds HR, Hochman JS. Cardiogenic shock:
current concepts and improving outcomes. Cir-
culation 2008; 117 (5): 686-97

2. Vlasselaers D, Desmet D, Desmet L, Meyns B,
Dens J. Ventricular unloading with a miniature
axial flow pump in combination with extracor-
poreal membrane oxygenation. Intensive Care
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The comparison of centrifugal
and rotation pumps in

patients undergoing pulmonary
endarterectomy

Jan Kunstyr', Mlejnsky Frantisek’,

Pavel Maruna', Jan Kvasnicka', Igor Vykydal',
Ondrej Pecha’, Jaroslav Lindner!

'General University Hospital and 1st Medical
Faculty of Charles University in Prague, “Insti-
tute of Biophysics and Informatics 1+ Faculty
of Medicine Charles University in Prague,
Prague, Czech Republic

Introduction: We hypothesize that use of a
centrifugal pump for long lasting extracorpo-
real circulation (ECC) may have a positive in-
fluence on markers of haemolysis, inflamma-
tory response and renal function as well as
on blood loss and postoperative course.

Method: After having signed an informed
consent, 39 patients elected for pulmonary
endarterectomy from September 2010 to
December 2011 were recruited into the
study in our University Hospital and random-
ly divided into two groups. In 20 patients, a
rotation pump was used during ECC (Group
A). A centrifugal pump was used in another
19 patients for the same purpose (Group B).
Demographic, laboratory and clinical data

were collected and compared between the
groups. Normal data were analysed using
two-way analysis of variance (ANOVA) with
repeated measures and subsequent Fisher
LSD posthoc comparisons. Groups were
compared by the Mann-Whitney U test in the
case of non-normal variables. Multiple-com-
parison (Bonferroni) correction was used to
analyse laboratory measurement at different
time points. All values are expressed as mean
+ SEM and median (min - max) for normal
and non-normal distributions, respectively.
Results: There were no statistically significant
differences in demographic data [age (63 £ 9
vs. 60 £ 11 years), sex (8 females/12 males
vs. 6 females/13 males)], length of ECC (280
+ 35 vs. 262 = 29 min), maximum free
haemoglobin (0.11£0.01 vs. 0.11 = 0.006
mg-dl), postoperative C reactive protein [39
(19 - 58) vs. 38 (15 - 51) mg '] and procal-
citonin [1.9 (1.5 - 2.4) vs. 2.0 (1.4 - 2.4) pg
[']. Similarly creatinine (130 £ 17 vs. 127 £
10 pumol-I"), blood loses (1124 £ 109 vs.
1000 £ 97 ml) and length of stay at ICU (7.3
+ 3.7 vs. 7.8 £ 3.2 days) did not differ be-
tween the groups. There were significantly
lower levels of Interleukin-6 (IL-6) in Group B
[436 (364 - 489) vs. 510 (449 - 544) ng ",
P=0.044|, measured 24 h after the end of sur-
gery.

Conclusion: Our results show that use of a
centrifugal pump in long lasting ECC may de-
crease the intensity of a systemic inflammato-
ry response expressed by dynamics of IL-6.
However, these laboratory changes are with-
out impact on major clinical indicators.
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3.10 Centrifugalni vs. rota¢ni valeCkové Cerpadlo pouzité pri
mimotélnim obéhu béhem chirurgické 1é¢by
tromboembolické plicni hypertenze — randomizovana

studie

1 4 10. mezinarodni kongres Ceské spoleénosti pro mimotéini obéh a podpurné systémy
22 24 kvétna 2014 | hotel Lur Kouty u Ledc 1ad Sazavou

CENTRIFUGALNI VS. ROTACNI VALECKOVE CERPADLO POUZITE PRI MIMOTELNIM
OBEHU BEHEM CHIRURGICKE LECBY TROMBOEMBOLICKE PLICNi HYPERTENZE -
RANDOMIZOVANA STUDIE

Mlejnsky F.', Vykydal I.!, Kunstyr J.2, Pecha 0.5, Maruna P.2, Kvasnicka J.*,

Lindner J."

'Il.chirurgicka klinika kardiovaskularni chirurgie VFN a 1.LF UK Praha

?Klinika anesteziologie, resuscitace a intenzivni mediciny VFN a 1.LF UK Praha
3//Linterni klinika VFN a 1.LF UK a Ustav patologické fyziologie 1. LF UK Praha

Ustav lékai'ské biochemie a laboratorni diagnostiky, Centréini hematologické laboratore
a Trombotické centrum VFN a 1.LF UK Praha

5Technologické centrum AVCR, Praha

Uvod: Podle nékterych autorti by mélo byt centrifugalni &erpadlio pro své méné traumatizujici
Gcinky na krevni elementy, nizsi frekvenci poruch CNS, mensi aktivaci zanétu, koagulaéni
kaskady a veétsi biokompatibilitu, nez rotac¢ni valeckova pumpa, castéji pouzivané jako
pohon u dlouhodobych mimotélnich obéht (MO). Zminéné vyhody vSak byly prokézany
jen u revaskularizace myokardu a nevedly k masivnimu roz8ifeni pouzivani centrifug
v kardiochirurgii. Dosud v8ak nebyla publikovana data o pouZiti rozdilnych typu cerpadel
u operaci s velmi dlouhym trvanim MO, navic v kombinaci s hlubokou hypotermickou
zastavou cirkulace (DHCA), kde by se benefit nékterého typu Eerpadla mohl spise projevit.
Mezi takovéto vykony patii endarterektomie arteria pulmonalis (PEA), rutinné provadéna
v Kardiocentru VFN v Praze.

Metodika: Porovnani u¢inkd dvou typu cerpadel MO (centrifugalni vs.rotaéni valeckové)
u pacientd podstupujicich PEAna MO s DHCA. Ur€eni jejich vlivu na pocet a funkci krevnich
desticek, rozpad erytrocytl, velikost krevnich ztrat, celkovou zanétlivou reakci organizmu,
Cetnost pooperacni neurokognitivni dysfunkce a akutniho renalniho selhani s dopadem
na ¢asnou morbiditu, mortalitu a délku pobytu na jednotce intenzivni péce.

Vysledky: V obdobi od zafi 2010 do ¢ervence 2013 bylo do studie zafazeno 58 pacientt,
z toho 36 muzl a 22 Zen. Primérny vék pacient( byl 61 let. U 30 pacientu bylo pouzito rotaéni
valeckové cerpadlo (skupina A) a u 28 pacientl centrifugalni ¢erpadlo (skupina B). Zafrazeni
do skupin bylo provedeno nahodnym vybérem. Obé skupiny se statisticky vyznamné nelisi
v hladinach volného hemoglobinu, kreatininu, funkci krevnich desti¢ek, krevnich ztratach
i pooperaénich komplikacich. Maximalni pooperac¢ni koncentrace interleukinu-6 (IL-6)
zaznamenané 24 h od konce operace a hodnoty prokalcitoninu v ¢ase 48 h od operace byly
u skupiny B statisticky vyznamné nizsi.

Zaveér: Vysledky ukazuji pozitivni vliv centrifugalni pumpy na mensi intenzitu pooperacéni
zanétlivé reakce. U ostatnich sledovanych laboratornich a klinickych parametrd jsme
nezaznamenali statisticky vyznamné rozdily mezi obéma skupinami.

Podporeno grantem IGA MZ CR & NT 11210-4/2010
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Abstract

Objectives: There is some controversy as to whether there is a benefit from the use of a centrifugal pump compared
with a roller pump during cardiopulmonary bypass to facilitate cardiac surgery. We compared the two pumps, with the
primary aim of determining any difference in the effects on inflammation after pulmonary endarterectomy surgery which
required prolonged cardiopulmonary bypass and deep hypothermic circulatory arrest.

Methods: Between September 2010 and July 2013, 58 elective patients undergoing pulmonary endarterectomy were
included in this prospective, randomised, controlled study; 30 patients were randomly allocated to the control group,
which used a roller pump, and 28 patients to the treatment group, which used a centrifugal pump. Interleukin-6,
procalcitonin, C-reactive protein, thromboelastographic parameters, P-selectin, international normalised ratio, activated
prothrombin time, free haemoglobin, haematocrit, red blood cell count, white blood cell count, platelet count and
protein SI00B were recorded during and after the procedure. We also recorded the length of intensive care unit stay,
blood loss and transfusion, neurological outcomes and respiratory and renal failure.

Results: There was a significant difference in the primary outcome measure: Interleukin-6 was significantly higher in
the roller pump group (587+38 ngl"' vs. 327437 ng'l"'; p<0.001) 24 hours after surgery, which we interpreted as an
increased inflammatory response. This was confirmed by a significant rise in the procalcitonin level in the roller pump
group 48 hours following surgery (0.79 (0.08-25.25) ng'ml' vs. 0.36 (0.02-5.83) ng'ml-'; p<0.05). There were, however,
no significant differences in clinical outcome data.

Conclusions: We have shown that the use of a centrifugal pump during prolonged cardiopulmonary bypass and deep
hypothermic circulatory arrest is associated with a reduced inflammatory response compared to the standard roller
pump. Larger multi-centre trials in this area of practice are required.

Keywords
pulmonary endarterectomy; cardiopulmonary bypass; roller pump; centrifugal pump; cardiac surgical procedure;
inflammatory mediators
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Introduction

Cardiopulmonary bypass (CPB) requires a pump to
propel the blood and the two most common types are
the roller pump and the centrifugal pump. Most cardiac
surgical procedures are carried out with CPB and a
roller pump, despite its propensity to generate shear
forces, which can cause haemolysis, lipid membrane
ghosts and spallation from the tubing that may contrib-
ute to impaired microcirculation.!? The centrifugal
pump, on the other hand, is thought to be associated
with less blood trauma and inflammation; however, it is
more expensive and is, therefore, only used sparingly,
especially in Europe.®* Evidence favouring one pump
over the other is somewhat controversial; some studies
have suggested that the centrifugal pump is superior in
routine elective adult cardiac surgery.>” However, two
recently published papers concluded that there was no
evidence favouring either type of pump. A best-evidence
topic analysed 15 studies® and a meta-analysis, includ-
ing almost 2000 patients from randomised clinical tri-
als, showed no differences in terms of haematological
data, postoperative blood loss, blood transfusion, neu-
rological outcomes or mortality.”

The majority of studies comparing different types of
CPB pumps have studied patients undergoing relatively
short surgical procedures, such as coronary artery revas-
cularisation or valve surgeries, using normothermia or
mild to moderate hypothermia.®! Therefore, we
decided to study patients undergoing pulmonary endar-
terectomy (PEA), for which CPB must be long (often up
to 5 or 6 hours) and deep hypothermic circulatory arrest
is required. Our aim was to investigate whether a cen-
trifugal CPB pump would have of any benefit over a
roller pump when prolonged CPB is employed. We
hypothesised that the use of a centrifugal CPB pump
would reduce both the inflammatory response and hae-
molysis and, therefore, improve clinical outcomes.

Methods

After local ethics committee approval, the patients were
asked to provide written informed consent if they were
undergoing pulmonary endarterectomy between 30
September 2010 and 10" July 2013. Patients were ran-
domly assigned to the control group (standard CPB
using roller pump) or the treatment group (CPB using
centrifugal pump), using a sealed envelope technique.
On the day of surgery, the patients were premedicated
with 0.25 mg of alprazolam (Neurol, Zentiva, Slovakia)
orally and transferred to the operating theatre. Total
intravenous anaesthesia with invasive monitoring of
arterial, central venous and pulmonary artery pressures
was administered. It consisted of sufentanil (Sufentanil
Torrex, Chiesi CZ, Prague, Czech Republic) in a total

intravenous dose of 2-3 pg-kg'!, muscle relaxant rocuro-
nium (Esmeron, Organon Ltd., Swords, Ireland) in a
total intravenous dose of 1-2 mgkg' and propofol
(Propofol, Fresenius Kabi, Bad Homburg, Germany)
given intravenously as a bolus dose of 1.5 mg-kg' fol-
lowed by a continuous infusion of 3-4 mgkg'. The
patients’ lungs were mechanically ventilated using a
pressure control mode with positive end-expiratory
pressure of 8 cmH,0 and a tidal volume up to 6 ml-kg'!
to achieve normocapnia (end-tidal CO, pressure 30-35
mmHg). Neither N,O nor volatile anaesthetics were
used. During surgery, the body temperature was meas-
ured in the hypopharynx, the rectum and the bladder.
Routine antibiotic prophylaxis was administered one
hour before the skin incision and continued for forty-
eight hours.

After sternotomy, a 3 mgkg! dose of heparin was
administered. After reaching an activated clotting time
of 480 seconds, CPB was initiated, using either a roller
or a centrifugal blood pump. The patients were actively
cooled to a bladder temperature of 16-18 degrees
Celsius. The patients received 1000 ml of cold antegrade
crystalloid cardioplegia solution for myocardial protec-
tion (Custodiol, HTK Solution, Kéhler Chemie GmbH,
Bensheim, Germany). Circulatory arrest was used with
two short periods of reperfusion to allow endarterec-
tomy of each pulmonary artery. The patients’ heads
were covered in a “cool cap” (ArcticFlow, DonJoy, Vista,
CA, USA) and near infrared spectroscopy (Invos
Oxymeter, Somanetics, Troy, MI, USA) was used for
cerebral monitoring. We also actively maintained the
blood glucose level between 6 and 10 mmol-1'}, using a
sliding scale of insulin. After finishing the endarterec-
tomy, the patients were rewarmed and weaned from
CPB before being given an equipotent dose of prota-
mine (Protamin, Meda Pharma GmbH, Vienna, Austria)
for heparin reversal (in a ratio of 1 mg of protamine to 1
mg of the total dose of heparin). After sternal closure, all
patients were transferred to the intensive care unit
sedated and their lungs mechanically ventilated.

The CPB setup consisted of the heart-lung machine
(Stockert S5, Sorin Group Deutschland GmbH, Munich,
Germany) with a blood parameter monitoring system
(CDI™ System 500, Terumo Cardiovascular Systems,
Ann Arbor, USA), a hollow-fibre oxygenator (HILITE
7000 LT System, Medos Medizintechnik AG, Stolberg,
Germany) and a heparin-coated tubing set (Medos
Medizintechnik AG). When patients were randomly
assigned to the centrifugal pump, we used the Sorin
Centrifugal Pump System (Sorin Group Deutschland
GmbH) with the centrifugal pump Revolution (Sorin
Group Italia, Mirandola, Italy). Flow rate was main-
tained at 2.4 I'm in both groups during both cooling
and rewarming and alpha-stat acid-base management
was used in all patients.

Downloaded from prf.sagepub.com by guest on May 22, 2015
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Table |. Demographic and perioperative data. Values are
mean+SEM or frequency (proportion).

RP CcpP p-value
Age [ years 62.9+2.05 59.1+2.26 0218
Male gender 14 (47%) 8 (29%) 0.156
BMI / kg'm? 28.3+0.65 26.3+0.61 0.029*
ECC / min 276.5+5.96 258.2+4.96 0.022*
CCT / min 99.6+2.51 98.8+3.51 0.862
DHCA / min 28.6+1.29 28.6+1.40 0.996
MinT/°C 17.0+0.04 17.1+0.04 0.060

Note. P-values are based on the independent samples t-tests;

p-value is derived from the Chi-square test; *p<0.05; RP - roller pump,
CP - centrifugal pump, BMI - body mass index, ECC - extracorporeal
circulation, CCT — cross-clamp time, DHCA - deep hypothermic
cardiac arrest, Min T - minimal body temperature.

Data were collected continuously during surgery and
blood samples were taken for laboratory analysis after
the induction of anaesthesia, after the administration of
protamine and 24 and 48 hours after surgery.
Thromboelastography (TEG 5000 Thrombelastograph®
Hemostasis Analyzer System, Haemonetics, Braintree,
MA, USA) was performed after the induction of anaes-
thesia and after the administration of protamine.

Plasma levels of procalcitonin (PCT) were analysed
using the Kryptor test (BRAHMS AG, Hennigsdorf,
Germany); the sensitivity of the analytic method was
0.02 ng-ml . Plasma concentrations of C-reactive pro-
tein (CRP) and interleukin 6 (IL-6) (ELISA,
Immunotech, Paris, France) were also determined. The
intra- and inter-assay coefficients of variation were
below 5%. Protein S100p as a marker of cerebral injury
was measured using the ECLIA method on a Elecsys
2010 Roche analyser (Roche Diagnostics Limited,
Rotkreuz, Switzerland). The examination of P-selectin
as a marker of platelet and endothelium activation was
performed using a Human sP-selectin™ Elisa kit (R&D
Systems Europe, Abingdon, UK; error of measurement:
5.1% - 5.6%, laboratory standard for healthy people:
serum sP-sel level 57.16 -148.83 ng:ml, plasma sP-sel
level 21.96 -78.29 ng-ml).

Our primary outcome variable was IL-6; a previous
study has shown that IL-6 increases from a mean (IQR)
of 25 (21-39) ng:I'! to 522 (416-645) ng-1'! 24 hours after
pulmonary endarterectomy.” We proposed that a 30%
reduction in IL-6 would be clinically important and our
power study (alpha 0.05, 80% power) showed that 27
patients would be required in each group; we decided to
recruit 30 in each group to account for data loss or drop-
outs. Distribution of data was tested using the
Kolmogorov-Smirnov test. Normally distributed varia-
bles were reported as mean + standard error of the mean
(SEM). Differences between the groups were tested
using the independent samples t-test, the two-way anal-

ysis of variance (ANOVA) Mann-Whitney U-test or the
Chi-square test. P-values below 0.05 were considered to
be statistically significant. Statistical analyses were per-
formed using SPSS 17 (SPSS Inc., Chicago, IL, USA) and
Statistica 12 (StatSoft, Inc., Tulsa, OK, USA).

Results

A total of 60 patients were recruited and 30 were ran-
domly assigned to each group. Two patients from the
centrifugal group were removed due to massive periop-
erative surgical bleeding, necessitating several transfu-
sions and the institution of veno-arterial extracorporeal
membrane oxygenation support in one case. This
patient later died from septic complications in the inten-
sive care unit (ICU). The two groups were similar except
that patients in the control group (roller pump) had a
higher body mass index (BMI) and duration of CPB,
although the differences were numerically relatively
small (Table 1). We, therefore, included body mass index
(BMI) and duration of CPB as continuous covariate
variables for further analysis of data.

Postoperative inflammation was greater in the control
group (roller pump), as shown by a higher peak IL-6 lev-
els 24 h after surgery compared to patients in the centrifu-
gal pump group (587+38 ng-I"! vs. 327+37 ngl'!, p<0.001;
actual power=0.99, respectively; Figure 1). The PCT lev-
els were also increased 48 h after surgery in the control
group compared with the centrifugal pump group (0.79
(0.08-25.25) ng:ml! vs. 0.36 (0.02-5.83) ng-ml’!, unad-
justed p=0.0283, respectively; Figure 1). Controlling for
confounders did not alter the result.

There was no difference between the two groups in
free haemoglobin, white blood cell count, platelet count,
P-selectin or haematocrit; the red cell count was also
similar when adjusted for covariates, p=0.055 (Figure
2). Results of thromboelastography (TEG) and other
coagulation data were also similar (Figure 3A), as was
protein S1008 (Figure 4).

No differences were shown in any of the clinical out-
come data and three patients from the centrifugal pump
group with postoperative neurological complications
suffered a Type II injury with transient confusion only
(Table 2).

Discussion

Our prospective randomized controlled study has
shown that, in patients undergoing pulmonary endar-
terectomy using prolonged CPB with deep hypothermic
circulatory arrest, the use of the centrifugal pump causes
less inflammatory activation compared with the stan-
dard roller pump. Compared to other authors who also
studied the activation of inflammation using different
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Figure |. The course of markers of inflammation.

A. IL-6 = Interleukin 6 (ng:I''): normal variables are depicted as mean+SEM

B. CRP = C reactive protein (mg'"')
C. PCT = Procalcitonin (ng'ml*')

Non-normal variables are represented by box-plots, whiskers constitute a non-outlier range;
TO = pre pump; T = post pump; T2 = 24h post surgery; T3 = 48h post surgery; RP = roller pump; CP = centrifugal pump; * p< 0.05, *** p< 0.001.

types of pump, we have demonstrated quite different
results. Lindholm et al. who focused on CPB biocom-
patibility, showed significantly higher elevation of IL-8
during the rewarming phase of CPB, but neither IL-6
nor tumour necrosis factor-a exhibited significant dif-
ferences between the groups throughout the CPB or
during the following 24 hours.!! Although they included
patients who underwent coronary artery bypass grafting
(CABG) and CABG + aortic valve replacement surgery,
their CPB times (14549 and 149+7 minutes) were much
shorter than in our patients. Also, Baufreton et al,, in
their small study, showed peak levels of IL-6 six hours
following the start of CPB, with no significant differ-
ences between the two groups.!? Tumour necrosis
factor-a and IL-8 levels peaked even earlier, without any

differences. Also, in this study, the CPB times (124+38
and 140+42 minutes) were shorter than in our patients.
Even though the inflammatory response to CPB might
have been attenuated by the aprotinin given to patients
in the second study, we speculate that the type of pump
may become an important factor with respect to cyto-
kine release and profound pro-inflammatory reaction,
depending on the duration of CPB, which is not yet pre-
cisely defined. This may be supported by a study done
by Ashraf et al.'* who also failed to show a significant
IL-6 level difference between the roller pump and the
centrifugal pump in their paediatric patients.

IL-6 is one of the major pro-inflammatory cytokines
involved in the acute phase response, as well as in the
pathogenesis and outcome of systemic inflammatory
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Figure 2. The course of haematological data.

A. Free HGB = free haemoglobin (g-dl"'): B. HCT = haematocrit: C. RBC = red blood cell count (10'%I"'), D. WBC = white blood cell count (10%I"'),
E. PLT = platelet count (10%I''): non-normal variables are represented by box-plots, whiskers constitute a non-outlier range; F = P-selectin (ng'ml-'):
normal variables are depicted as mean+SEM.

TO = pre pump; T| = post pump; T2 = 24h post surgery; T = 48h post surgery; RP = roller pump; CP = centrifugal pump.

*p<0.05.
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Figure 3. The course of thromboelastographic data (r, k, o, MA), aPTT and INR.

A.r = TEG parameter r (min); B. k = TEG parameter k (min); C. e = TEG parameter «; D. MA = TEG parameter MA (mm); E. aPTT = activated
prothrombin time (s); F. INR = international normalized ratio.

Variables are depicted as mean+SEM.

TO = pre pump; T = post pump; T2 = 24h post surgery; T3 = 48h post surgery; RP = roller pump; CP = centrifugal pump.

response syndrome, sepsis and septic shock. Increased ~ with those without CPB.!"* In our study, we have con-
levels of IL-6 have been reported in patients undergoing  firmed that CPB leads to the activation of the inflamma-
coronary artery bypass surgery with CPB compared  tory cascade, causing an elevation of cytokines and
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S100 B (p°I'): Non-normal variables are represented by box-plots,
whiskers constitute a non-outlier range;

TO = pre pump; T1 = post pump; T2 = 24h post surgery; RP = roller
pump; CP = centrifugal pump.

other protein markers. Procalcitonin has been shown to
be a marker of bacterial sepsis as well as an inflamma-
tory marker and this was also lower when the centrifu-
gal pump was used. The postoperative rise in PCT in
our study was similar to other published work,'®!s
showing peak values 24 - 48 hours after surgery, with
gradual normalization in uncomplicated procedures.
This was a demonstration that infection did not partici-
pate in this post-surgical response. We hypothesize that
the slower decline of PCT to normal values in patients
in whom the roller pump was used may be due to a more
profound aseptic inflammatory response to the pump
rather than a reflection of bacterial infection in this
group.

The different inflammatory activation caused by a
centrifugal pump and a standard roller pump has diag-
nostic and potential pathogenetic consequences. PCT
and IL-6 measurement may enable patients at increased
risk of bacterial infection after PEA to be identified and
daily monitoring may be indicated. An unexpected rise
could prompt antibiotic treatment before the clinical
signs of infection can be detected. The highest plasma
levels of PCT are found in acute systemic bacterial
infections and sepsis and is a valuable prognostic
marker in cardiac surgery.'¢ However, PCT is not highly
specific for infection. In accordance with our previous
study and those of other authors,'*!” we showed that
non-infectious factors may contribute to the evolution
of serum PCT levels after cardiac surgery in the absence
of postoperative complications. Due to the combina-
tion of local trauma, CPB and pulmonary and myocar-

dial reperfusion, cardiac surgery leads to substantial
changes in the immune system, with activation of
cytokine and the PCT response. The increase in PCT
and IL-6 seems to be dependent on the surgical proce-
dure, with more invasive procedures associated with
higher PCT and cytokine levels.!> Patients with an
uncomplicated course following PEA, thus, presented a
continuous reference interval for plasma PCT and
cytokine concentrations. A post-surgery increase of
inflammatory markers limits their diagnostic value for
the early diagnosis of inflammatory complications and
it must be taken into consideration in this period.

Elevated cytokine concentrations also have a poten-
tial pathogenetic role in haemodynamic instability
after PEA. This was demonstrated by Langer et al.'® in
a relatively small group of 14 patients. The authors
revealed a positive correlation between maximum
vasopressor support and peak levels of IL-6. In our
previous study, the duration of catecholamine support
was demonstrated as a better parameter reflecting
haemodynamic instability than maximum doses of
norepinephrine.”” We documented that the time of
post-surgery catecholamine support was related to
IL-6 and IL-8 levels.

A major limitation of our study was the relatively
small group sizes. The reason for this was the difficulty
in recruiting patients undergoing such extensive surgery
with prolonged CPB, which we decided was important
for this study. Additionally, the study was organised in a
single centre. Even though the study was carried out
over three years, we did not feel it was possible to con-
tinue the study for longer than this to recruit enough
patients to allow the study to be powered for clinical
outcomes, as we had initially planned. Another limita-
tion of our study is that patients randomly assigned to
the roller pump had significantly shorter CPB duration
and lower BMI. However, the actual differences were
relatively small and we have controlled for these in our
analysis of the data.

Despite these limitations, ours is the first study to
compare the two devices in major cardiac surgery with
prolonged CPB, in contrast to other studies which have
examined patients undergoing relatively straightfor-
ward cardiac surgery with shorter CPB times.?4-6:8:920-22,
We propose that a larger multi-centre study comparing
the two devices is now indicated, powered for clinical
outcomes, which would be too big to carry out in a sin-
gle centre.

In summary, we have shown that, in patients under-
going PEA using prolonged CPB and deep hypothermic
circulatory arrest, the non-occlusive centrifugal pump is
associated with reduced inflammation. We propose that
future work is needed to define all possible effects of dif-
ferent pumps on outcomes of cardiac surgical proce-
dures with prolonged CPB.
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Table 2. Postoperative clinical data. Values are mean +SEM or median (min; max) or frequency (proportion).

RP CP P-value
AV / hrs 27 (18; 944) 26 (15; 539) 0.963
ICU stay / days 7(3:29) 6.5 (3; 37) 0.664
Blood loss / ml 112870 101175 0.259
pRBC /U 0(0; 12) 0(0; 3) 0.584
CRRT 2 (6.7%) 1 (3.6%) nt.
pre-Creatinine / pmol/l 96.2+3.46 95.4+3.41 0.869
post-Creatinine / pmol/l 132.6+13.49 112.3+6.82 0.187
Respiratory complication 2 (6.7%) 3 (10%) n.t
Neurological complication 0 (0%) 3(10.7%) nt

Note. P-values are based on the independent samples t-tests for normal and Mann-Whitney tests for non-normal variables; n.t. - significance not
tested due to the low particular frequencies within the 2x2 tables.
RP: roller pump, CP: centrifugal pump, AV: artificial ventilation, pRBC: packed red blood cells, CRRT: continuous renal replacement therapy, pre-
Creatinine: creatinine before surgery, post-Creatinine: creatinine after surgery.
The study was not powered for clinical outcomes.
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postup pri zhrouceni obéhu v disledku masivni plicni

embolie

3.12 Urgentni zavedeni veno-arterialniho ECMO jako rescue

3. SYMPOSIUM PRACOVN{ SKUPINY PLICNI CIRKULACE
CESKE KARDIOLOGICKE SPOLECNOSTI

9.-10. ledna 2009, Spindleriiv Mlyn

Abstrakta

{73 obsahovou stranku abstraxt odpovidajf autefi )

NASE PRYNI ZKUSENOSTI S UZITIM SILDENAFILU

U AKUTNIHO PRAVOSTRANNEHO SRDECNIHO SELHAVANI
PO TRANSPLANTAC! SRDCE

BLDARNOVA H, PETRIKOVITS F, STUDFNIK P, NECAS J, NEMEC P

Centrum kardiovaskuldeni a transplantacni chirurgie, Bmo

0 (cinnosti a bezpecnosti uziti sildenafilu k léccé pacientls s chronickym srdecnim selhdnim
a tézkou plicni hypertenzi (PH) existuje jiZ fada literérich Gdajl. Sildenafil u 18chto pacientii
snizuje plicni vaskularni rezistenci {PVR) a transpulmondrni gradiert (TPG} na hodnoty plija-
telné k transplantadi srdce (TS) a dovoluje tak cperovat i ty pacenty, ktefi by jinak nebyli
do transplantadniho programu viibec zafazeni. O poudit! sildenafilu v lécbé PH u pretrvavajici
dysfunkce PK a té2ké trixuspiddlni regurgitace paTS jsme nadli pouze ojedinéé zprévy. Na nasem
pracovisti jsme timto zpdsobem IECili zatim jen jednoho z dosud transplantovanyich 306 dospé-
Iych pacientdl. Jednalo se o 50letého muze, kiery podstoupil IS pro diagnéz. ischemické kardio-
myopatie v listopadu 2007. Mél tézkou P s PVR 5 Wj. Po operaci byl Iécea zpotdtku NO,
pozdéji alprostadilern, i pres tuto [écbu vSak pietrvévaly zndmky 1é2kého pravostrznného srdeé-
niho selhni. Jeho daf$i osud po nasazeni sildenafilu je predmétem nasf kasuistiky.

ECMO (EXTRAKORPORALNT MEMBRANOVA OXYGENACE) -
OPTIMALNI ME(HANI(KA PODPORA PRO TEZKE AKUTNl'
ERAVOSTRANNE SRDECNI SELHANI S KARDIOGENNIM
SOKEM

BELOHLAVEK 1, ROHN'Y, SEMRAD i, KUNSTYR J, HORAK J, MLEINSKY F,
VYKYDAL I, JANSA P POLACEX P STRITESKY M, LINDNER J, LINHART 4,
TOSOVSKY )

Kardiocentrum, Vseabecnd fakultni nemocnice a 1. iékaiskd fakulta Univerzity
Karlovy, Praha

Uvod: Mimotélni membranov oxygenace (exuacorporeal membranz oxygenation — EC0)
je rutinné uZivand metoda v piipadé téZkého respiracniho a/nebo sidecnina selhéni. ECMD
mize byt zshdjeno urgeniné perkutdnnim zplsobem u kriticky nemocného pacienta
na jednotce intenzivni pée a pacientt na této podpoie mohou byt dokonce transportovéni.
Autofi prezentuyi své prvni zkuSenosti s pouzitim ECMO u nemocnych s té2kym akutnim pravo-
strannym srdecnim selhdnim s kardiogennim Sokem.

Metody: Podpora ECMO byla za abdobi od fijna 2007 do fijna 2008 pouZita v nadem kardio-
centry u 10 konsekutvnich nemocnjich, 2 toho 17 nemocni méli tézké akutni pravosteanné
selhni nereagujici na konvencni lécebné postupy. Jsou popsany jednotlivé pipady, diskuto-
vany vyhody systému ECMO oproti ostatnim mechanickym sidecn/'m pedpordm u pravostran-
ného srdecniho selhani, a zhodnoceny technické a krvdcivé komplikace,

Vysledky: Podpora ECMO byla zavedeno celkem v deviti piipadech urgentng, a to ve vSech
tiech piipadech pravostranného srdecniho selhdni, vidy veno-arteridinim zpdsobem. Samotné

zavedeni vedio k promptni stabilizaci organovych funkei u viech pacientd. Indikaci k implan-
tact byla u dvou nemacnych téZké dekompenzace plicnf arteridlni hypertenze, u jednoho
nemecného masivai plicni embolie s hemodynamickym kolapsem a podpora mu byla zave-
dena béhern systémové trombolyzy. U dvou pacientl byl pribéh odetieni tspésny s néslednym
odpejenim od ECMO 3 dimisi; u jedné nemocné sice tato podpora obéh stabilizovala, nicméné
oietfeni bylo komplikovénc trombocytopenii. Nedoslo ke zlepSeni zakladniho onemocnéni
a podpora byla po konsensudlni dohodé ,ECMO tymu” ukoncena a nemocnd nastedné zemfela,
viz tabutka 1.

Zavér: Mechanickou podporu obéhu & plicnich funkei formou ECMO povazujere u nemoc-
nych s korvenné nefesitelnym akutnim pravostrannym srdecnim selhdnim za vysoce Gtinnou
invazivni melodu, kterd vyZaduge dzkou multidiscipliadrni spoluprdci. Umoiuje orgdnovou
stabilizaci nemocného a preklenuti k roznodnuti o dalsim postupu.

JE BEZPECNE TROMBOLYZOVAT PACIENTY S PLICNI
EMBOLIi A MOBILNIMI TROMBY V PRAVOSTRANNYCH
ODDILECH? ‘

BELOHLAVEK J, DYTRYCH, KRAL A, SMID O, JANSA P POLACEK P, LINHART A
2. interni Kliniko kardiologie @ angiologie, VSeobecnd fakultni nemocnice

a 1. lékarskd fakulta Univerzity Karlovy, Praha

Uvod: Moobilni tromby nebo vice mabilnich trombi v pravostrannych sidecnicn oddilech
nejsol u pacienza s plicei embolii (PE) Castym ndlezem, ale predstavuyf riziko recidivy PE,
kterd miize byt fatélni. Pacienti s mobilnimi tromby jsou Castéji hemodynamicky nestabitni,
mivaji nizdi systémovy krevai tlak, jsou tachykardicti, majf detekovatelnou hypokinezi volné
stny pravé kamory a zndmiy pravostranaého sidecniho sethani. Neni zcela jasné, zda tromby
ynikaji na podklada tremb6zy n sita’, nebo zda se jednd o zachycené ,putujici” tromby.
Soucasnd ¢eska doporuceni pro léchu plicni embolie preferuji trombolytickou Iécou (TL),
eviopskd 2draziiuji nutnost neodkdadné 1échy (trombolytické nebo chirurgické), ale vybér
této 16¢by povazuji za kontroverzni.

Metody: Autci prezentuji soubor 212 209 (10 %) konsekutivn nemacnych s plicni embolif
2a obdobf leden 2003—ijen 2008 s echokardiograficky prokdzanymi tromby v pravostran-
nych sidednich oddilech, viz tabulka 7 na ndsledujici strané nahofe.

Vysledky: Ze scuboru 21 pacient s tromby v pravostrannych oddilech se 8 (38 %) prezen-
tovalo s obrazem masivai PE, 12 (57 %) submasivni a jeden pacient s malou PE; u 202 21
pacientd {95 %) byly pritomny echokardiografické zndmky akutniho pravostranného preti-
Zeni; 15 (71 %) bylo 1é¢eno systémovou TL (s vyjimkou jednoho pacienta técenéhe strepto-
kindzou viichni poddnim rt-PA), tii (14 %) chirurgicky. U 13 z 15 (87 %) nemocnych méla
1L piiznivy iinek, u dvou pacientl vedla TL k uvolnéni trombu a embolizaci do plic, jednou
s fatdlnim pribéhem, jednou s nutnosti napojeni ECMO a ndsledné chirurgické embolektomie
s piiznivym vysledkem. Tricetidenni mortalita cinila 10 % (dva pacienti) oproti 6 % {11z¢ 188)
u nemocnych bez tromb:

Zavér: Plicn: embolie komplikevand pritsmnosti mebilaich trombi v pravostrannych srdec-
nich addilech piedstavuje vysoce rizikovou pedskupinu remocnyich s plicni embolif a vyda-

Tabulka k abstraktu }. Bélohldvka a spol. ECMO (extrakorpordini bra ) — optimalni mechanickd podpora pro tézké akutni pravostranné
srdedni selhani s kardiogennim Sokem

Pacient  Vék/pohlavi Indikace  Zavedeni  Typ Gl Padpora, pocet dnii  Priibéh, komplikace LOutcome”
1 R.P 40/m KS/PAH urg V-A JBridge e transpl. frecovery” 16 Sepse, razpojeni okrubu, krvdceni kolem <anyly  Dimise
2 HP 51 KS/PAH um V-A ,Bridge to decsion/ recovery” 15 Tromby v exygendtory, lrombocytopenie +
3 Mf Si/m PE urg V-A LBndge 1o sugery” 5 Ischemie kondetiny, antegradni perfuze Dimise

kS ~ kardiogenni 30, V-A — veno-artesidini, m - muz, 7 - Zena

552 |
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Inidikace PEA je limitovéna dusnosti stupné NYHA IV, plicni vaskutdmi rezistendi, chinur-
Qicky piéstuprym trombem a polymoroiditou postizeného.™ Hadnota PASP nenf selektivnim
kntériem — v neddvno probahlych studiich byla hodnocen: i pacienti s velmi vysokym PASP
(vy$Sim ne2 100 mm Hgy, jejichi sav se po provedeni PEA znatné 2lepdil. Versi redukce PASP
viak v téchlo pripacech kohiduje s 6% mortalizou.
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PROTRAHOVANA NEINVAZIVNI UMELA PLICNI VENTILACE
JAKO ,BRIDGE” K URGENTN/ BILATERALNI
TRANSPLANTACI PLIC

KRAL A, BELOHLAVEK J, JANSA B, POLACEK P, DYTRYCH V, SMID O, LINHART A
2. interni Kfinika kardiologie a angiologie, Vseobecnd fakultni nemocnice

a 1. lékaiskd fakulta Univerzity Karlovy, Praha

Plicni arteridini hyoertenze {PAH) je zévazné onemocnéni s vysokou morbiditoy a merta-
litou. Pres soucasné pokroky ve farmaxoterapii PAH vede progrese onemocnéni k seltiéni
pravé komory, rozvojl respiracri insuficience a fatdinimu konci u vét3iny nemocaych. Trans-
plantace plic, pfipadné komaincvand transplantace srdce 1 plic, je jedinou terapeutickou
moznosti u mladych pacientd v pokeodilé fdzi onemocnéni s uspokojivymi dlouhodobymi
vysledky. Dostupnost této metody je v3ak velmi limitovéna omezenym pottem vhodnyich
darcl, a to 2ejména v Ceskych podminkdch. Autofi prezentui pfipad protrahované pétity-
denni neinvazivai um&lé plicni ventilace u pacientky s téZkou phenf arteridIni hypertenzi,
kterd byla zpiisobena recirkulacf po pozdni korekei persistujici Botalovy duteje, jako, bridge”
k urgentni bilaterdlni transplantadi plic. Tato metoda venzilacni pocpory umoznila prekle-
nuti kritické faze onemocnéni vez nutnosti intubace, a tim sniz 13 nzike plicai infekce. Pro
nedostupnost dérce v (R byl vykon proveden ve videdské Yseohecné nemocnici partici-
pujici v mez.ndrodnim transplantanim registru Eurotransplant. Jedad se o prvni piipad
(spésné provedene transplantace plic u pacienta s pheni artendlni hypertenzi 7 Ceské
republiky.

PORTO-PULMONALNA ARTERIOVA HYPERTENZIA USPESNE
LIECENA BOSENTANOM

LUKNAR M, STEFANKOVA 1, GONCALVESOVA £

Oddelenie zyhdvania a transplantdcie stdca, Ndrodny Ustav srdcovych

o dievnych chorob, Bratislava, Slovenskd republia

Pllicna arténiova hypertenziz ascciovand s portlnou hypertenziou {porto-pulmondlna hyper-
tenzia, PPAH) je zriedkavé achorente, ktoré md pre pacienta zévainé dosledky. Este v neddvnom
obdobi pre toto ochozenie liecba prakticky neexistovala. V sicasnosti sa vyvijajd a do Klinickej
praxe dostévaji nové liecebné postupy, kieré by mohli znamenat zlepSenie funkéndho stavu
i progndzy pacieniov.

Opisujeme diagnosticky a terapeuticky postup u ojedinelého pacienta s PPAH pri portdlnej
hypertenzit prehepatdineho typu na podklade chronickej posttraumatickej trombdzy portdine]
ily.

Pacient bol odoslany na nase oddelenie pre suspekeiu na plicnu hypertenziu. Pri vstugnom
vySetreni bol tazko funkéne imitovany. Na zaklade anarnézy tupého poranenia brucha s tiom-
bézou portélnej ly, ultrasonografického nalezu chrorickej kavemdznej prestavby portilngj
7ily, endoskopickeho ndlezu ezofdgovych varixov a dalSieho diagnostickéno a dife-
rencidlno-dragnostického vySetrovaaeho postupu, bola stanovena konecnd diagndza tazkej
PPAH, nereverzibilnej v aktitnom vazedilatacnom teste vo funkéney trede WHO Ill.
\fzhladom na absencw poskodenia pecene a na zéklade literdmych poznatkov sme sa rozhodli
pre poddvanie bosentanu, perordlneho neselektivneho antagonistu receptorov pre
endotelin.

Hodi po dvoch rakech liecby bosentanom sa h amické 3 echokardiografické ukazova-
tele zavaznosti PPAH vyznamne nezmenili, subjektivny stav $3 zlepsil o jednu tnedu klasifi-
kdcie WHO. Objektivne paramelre vykonnost pacienta sa vyznamne z1zpSili. NeZiaduce Ginky
bosentanu sme nezaznamenall.

A
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URGENTNI ZAVEDENI VENO-ARTERIALNIHO ECMO JAKO
RESCUE POSTUP PRI ZHROUCEN! OBEHU V DUSLEDKU
MASIVNI PLICNT EMBOLIE

MLEINSKY T, LINDNER J, BELOHLAVEK J**, KUNSTYR J*, VYKYDAL I,
PRSKAVEC T, HORAK J**, LINHART A**, TOSQVSKY )

2. chirurgickd Klinika kardiovaskuldmi chirurgie, *Klinika anesteziologie,
resuscitace @ intenzivai mediciny, **2. interni klinika kardiologie a angiologie,
VSeobecnd fakultni nemocnice a 1. Iékarskd fakulta Univerzity Karlovy, Praha

Uvod: Akutnf plicni embalie je stav s vysokou ¢asnou mertalitou | morbiditou, a to zvI&ité
pokud se vyskytne u nemocného s jiz preexistujici chronickou tromboembolickou plicni hyper-
tenzi. Je-li situace komplikovana pfitomnosti velkého mobilntho trombu v pravostiannjch
oddilech, je jedinym doporucenym feSenim urgentni trombolyza nebo chirurgicks embolek-
tomie. Trombolytickd écba je ale zatiZena rizikem yvelnéni mobilntho trombu do plicnice
3 2hroucenim obéhu pfi jejf parcidini i Gpiné abstrukei. Autofi referuji o pfipadu hemodyna-
mického kolapsu u nemocného, u kterého dosle k uvolnéni mobilniho trombu do plicnice
bénem infuze trombolytika. Stav byl vyieen urgentni perkutdnni implantaci mechanické
sidedni a ventiiatni podpory formou V-A ECMO (veno-arteridini extrakorpordlni membrdnové
oxygenace) a nasiednou chirurgickou embolekomii.

Popis pfipadu: 51lety nemocny po endarterektomii plicnice pro téZkou chronickou trombo-
embolickou plicni hypertenzi v roce 2007, nedostatedng antikoagulovdn, byl pfijat s akutni
plicni embalii s velkym hypermabilnim trombem v pravostrannych sedecnich oddilech. Pro
zvysené riziko chirurgického Teseni {reoperace) bylo rozhodnuto o provedeni systémové
trambolyzy. S ohledem na predpoklddané rizike uvalnéni trombu do plicniho fetisté metodou
Jstend-by” pripraveno ECMO (MAQUET PLS} a zajistény céwni pristupy. Po 20 minutéch
trombelyzy dosio k embolizaci zminéného trombu a k hemodynamickému kelapsu s @ Zkou
Klidovou dusnosti a hypotenz, s nutnosti bolusovych dévek noradrenalinu. Emergentné byly
zavedeny kanyly a spustén veno-arteridini, femoro-femordini ob2h. Pii pritoku systémem
2,5 l/min se stav nemocného stabilizoval. Nésledng byl pacient indikovan k chirurgické
emiboleklomii a béhem operace preveden na standardni MO (mimotélni obéh). Po opako-
vaném nedspésném pokusu o odpojeni od MO se pristoupilo k opétnému napojeni a spus-
téni ECMO. Pacient byl dspéSné odpojen 4. pooperadni den bez projevll pravostranného
selhani, Nasledujici den byl extubovdn, v dalSim priibéhu zstal kardiopulmonalné stabilni
a5 odstupem par dni propustén dom.

Zavér: Masivni plicni embolie s hemodynamickym olapsem je vhodnou diagnézou pro
urgentni poufiti ECMO. Tato invazivai mimotéini mechanicks podpora obéhu i ventilace
73)isti hemodynamickou stabilizaci, zachovani orgdnovych funkei, umozni pieklenout nejkri-
tictéj3i fazi onemecndni a dokonce umodni i peroperatni a pooperalni podporu pi nemoz-
nosti ¢asnéhe odpojent od MO. Nami pouzivany systém ECMO neni primdrné kenstruovdn
jako mobilni, presto je moiné pacienta za dodrieni uitityjch podminek dsp#Sné
transportovat

CHIRURGICKA LECBA KOMBINOVANE PLICNI
A PARADOXN( EMBOLIZACE

NEMEC P, UCHYTIL B

Centrum kardiovaskuldrni a transplantacni chirurgie, Brao

Pazadaxni embolizace cestou oteviensho foramen ovale Je vzacny klinicky pfipad. V litera-
tufe jsou popsany pripady plicni embolie spolu se zaklinénym trombem ve foramen ovale
zasahujicim do levostrannyich dutin. Soucasnd plicni a systémovd embolizace je viak
raritni.

Popis pFipadu: 55lety pacient prod2lal pravostrannou nefrektomi, adrenalektomii a lymfa-
denekiomii pro Grawitzlv tumor. Soucasné byla pii operadi provedena cholecystektomie
a apendektomie. Druhy pooperacni den se objevila dusnost ndsledovand prechodnym
ooghovym kolapsem. Pii ndsledném CT vySetieni byla prokdzana embolizace do plic a embolus
zaklinény v levé podklickové tepné a vlajici do descendentni aorty. Klinickym korelatem byla
chladnéjsi levé horni kondetina s nehmatnymi pulsacemi na periferii. Obdobny nélez byl
potvrzen na TEE vySetfeni. T ndsledné operaci byla provedena embolektomie v mimotélnim
obéhu — nejprve 7 obou vétvi plicnice, pak v zdstavé 02éhu se selektivni perfuzf hlavy embo-
lektornie, iz pevné loiciho trombu z dsti levé a. subdavia. Soucasné byl proveden uzdvér
mzlého FOA. Pooperacni pribéh nemocného byl bez komplikadi. Histologicky se jednalo
o trombus bez piitornnosti adderovych hmot,

Uvedend kasuistika popisuje velmi vzacny piipad soucasné plicni a systémové embolizace
u nemocného po rozsahlém nitrobfisnim vykonu. Indikaci k chirurgické 16¢b# u hemody-
namicky jiZ stabilniho nemocaého byla oboustrannd plicai embolie, ischemie levé horni
koncetiy mirneho stupné 3 obava 7 dalii embolizace viajiciho trombu v desdendentni
eneé

CorVasa 2009;51(7-8)
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failure with pulmonary obstructive hemodynamic pattern

3.13 Veno-arterial ECMO in severe acute right ventricular

_}|_Original Contribution

Veno-Arterial ECMO in Severe Acute Right Ventricular Failure
with Pulmonary Obstructive Hemodynamic Pattern

Jan Belohlavek, MD, PhDY, Vilem Rohn, MD, PhD*, Pavel Jansa, MD¥, Jan Tosovsky, MD, PhD",
Jan Kunstyr, MD, PhDY, Michal Semrad, MD, PhD*, Jan Horak, MD, PhDS, Michal Lips, MD",
Frantisek Mlejnsky, Mgr®, Martin Balik, MD, PhD?, Andrew Klein, MD=, Ales Linhart, MD, PhD¥,

Jaroslav Lindner, MD, PhD"

ABSTRACT: Extracorporcal membrane oxygenation (ECMO) is an
effective rescue method for severe respiratory and cardiac failure. Right
ventricular (RV) failure with cardiogenic shock is a critical condition
with generally poor prognosis unless aggressive therapeutical measures
are undertaken. Authors report on their initial experience with ECMO
support in severe RV failure with cardiogenic shock caused by an ob-
structive hemodynamic pattern. Four patients with cardiogenic shock
duc to severe RV failure related to pulmonary arterial hypertension (2
patients), congenital heart disease with Fisenmenger physiology (1 sub-
ject) and massive pulmonary embolism (1 patient) were supported with
emergency veno-arterial ECMO. ECMO circuit was instituted using
peripheral cannulation in all subjects. Tmmediate hemodynamic and ven-
tilatory improvement was observed in all patients. The mean support
duration was 11 days (range 5-16 days), 2 (50%) patients were success-
fully weaned off ECMQ and survived to hospital discharge. The other
2 patients were considered by mutual consensus to have irreversible organ
damage, the ECMO support was withdrawn and the patients died.
Bleeding complications were the main complications obscrved.

As per initial experience, veno-arterial ECMO allows bypassing of the
pulmonary bed, therefore, relieves the RV pressure overload and does not
cause further elevation of the pulmonary pressures in contrary to RV assist
devices. This aggressive management approach requires further clinical
evaluation in order to establish its definite role in critical RV failure.

J INVASIVE CARDIOL 2010;22:365-369

Key words: extracorporeal membrane oxygenarion;
right ventricle failure; cardiogenic shock

Extracorporcal membrane oxygenation (ECMQO) has been
successfully used in patients with severe respiratory and/or car-
diac failure'-> and can be initiated in an urgent setting including
imminent or actual cardiac arrest.*3 In addition, paticnts on
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ECMO can be transported for further diagnostic or therapeutic
procedures.® In ventilatory and/or severe right ventricular (RV)
failure, the use of ECMO has been previously described in the
following conditions: during the intra- and postoperative period
in bilateral lung transplantation,” pulmonary endarterectomy,?
in massive pulmonary embolism®'! as a bridge to embolectomy
or resolution with thrombolysis and in severely decompensated
pulmonary arterial hypertension as a bridge to urgent lung
transplantation.'? The authors report on their initial experience

with ECMO support in RV failure and cardiogenic shock.

Methods

From January 2008 until the end of December 2009, 4 out
of 23 consccutive patients treated at our institution since the
ECMO team establishment were indicated to ECMO support
for severe RV failure, Their hospitalization courses were assessed
in a retrospective analysis by chart review.

Device used. The ECMO circuit consisted of a Maquet
console (Maguet Cardiopulmonary AG, Hirrlingen, Germany) or
Mecdtronic 550 Bio-Console (Medtronic Perfusion Systems,
Brooklyn Park, Minnesota) with adapter, and Rotaflow RF 32
centrifugal pump with Quadrox PLS hollow fibre BIOLINE®
coated membrane oxygenator (Maguet Cardiopulmonary AG,
Hirrlingm, Germany), Maquet PLS rubing set and a mechanical
gas blender (Sechrist, Anaheim, California). Edwards cannulae
(Fem-Flex Cannulae, Edwards Lifesciences Research Medical Inc.,
Midvale, Utah) were introduced percutancously using a stan-
dard Seldinger technique after repeated dilatations of the
femoral artery and vein. The venous inflow cannula was inserted
via the femoral vein into the inferior vena cava (IVC) just below
the right atrium (the tip position checked by echocardiography)
and the arterial outflow cannula was placed into the femoral ar-
tery. Constant circuit/patient temperature was regulated by the
oxygenator heater unit HU 35 (Maguer Cardiopulmonary AG,
Hirrlingen, Germany). All patients were anticoagulated with he-
parin to reach an aPTT of 2-3 times normal unless contraindi-
cated duc to bleeding. The circuit and the console function were
regularly checked by perfusionists.

Patients. Out of 23 patients treated in our center since the
ECMO tcam cstablishment, 4 patients were diagnosed with car-
diogenic shock due to severe RV failure. This was related to pul-
monary arterial hypertension (PAH) in 2 patients, to massive
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Table 1. A timeline of selected hemodynamic and metabolic parameters
in patient #1. Note severely depressed cardiac index and SvO, before ex-
tracorporeal membrane oxygenation (ECMO) was implanted (19:30) and
improvement in SvO,, lactate and diuresis on running ECMO.

highly-urgent waiting list for hing transplantation, however,
a donor organ was not available during the following 3 weeks.
While on ECMO, the patient’s clinical condition gradually
improved, and afier 16 days, ECMO was successfully weaned

Before ECMO On ECMO off and he was discharged in New Yr)rk‘HL’/zrr Association
(NYHA) class I1 status on continued specific pharmacotherapy
Time 12:54 15:14 17:20 20:00 Jor PAH. Unfortunately, he suffered sudden cardiac death 3
S}‘?é (%) 94 93 91 9§ months following bis discharge while still on the waiting list
]C_[;{P( 91)1111Hg) 11047 _113 . 11230 110“ . Jor lung transplantation as a non-urgent candidate.

M. ASP Lol 57 ;7 59 59 LPatient 2. A 57-year-old female with known familiar
PAW h 20 20 - PAH (mean pulmonary pressure 75 mmHg), NYHA class
Lactate (mmol/l) 3.3 15 111 and coronary artery disease (CAD) with 50% proximal
SvO, (%) 48.2 23.9 67.5 left anterior descending artery stenosis was admitted because
paQ); (mmHg) 98 71.3 1 _59 of general deterioration of her clinical condition with low
pCO; (mumHg) 2.6 14 217 cardiac output resulting from RV failure and respiratory in-
%I; 7;{ i;‘g Z)lfl sufficiency. She was treated using noninvasive mechanical
MAP (mmHg) 7 75 74 90 ventilation, levosimendan, intravenous epoprostenol and
CO (Ifmin) - 26 23 25 25 oral sildenafil. However, her clinical status progressed fuurther
CI (I/fmin/m?) it 1,1 12 1.2 to cardiogenic shock with severe RV pressure overload (tri-
PVRI (dyn.sec/em’/m?) | 2,458 2,778 3,039 968 cuspid gradient of 97 mmHg, thus an estimated RV systolic
SVRI (dyn.scc/fem’fm?) | 3,853 4,656 3,748 5,318 pressure of 110—120 mmHg with concurrent systemic blood
) B ) pressure of 70/40 mmtHg on high-dose vasopressors), and she

Time 12-13:00 | 15-16:00 | 17-18:00| 20-21:00 : : ’
Dot (asl/Koi) 15 25 3 1,000 was wrgently started on VA ECMO. Despite temporary im-
: provement, multiple organ dysfunction with predominant

pulmonary embolism with imminent cardiovascular collapse in
another, and congenital heart discase with Eisenmenger physi-
ology in the final patient. They were supported with emergency
percutancous veno-arterial (VA) ECMO. Immediate hemody-
namic and ventilatory improvement was observed in all of the
patients. The mean duration of the support was 11 days (range
5-16 days); 2 (50%) patients were successfully weaned off
ECMO and survived to hospital discharge. By mutual consen-
sus, the other 2 patients were considered to have irreversible
multiple organ damage and the ECMO support was terminated
after mulddisciplinary team discussion.

Patient 1. A 42-year-old male with a 2-month history of pro-
gressive dyspnea on exertion was admitted after having suffered 2
syncopal episodes with respiratory insufficiency and hemodynamic
instabilizy. Severe pulmonary arterial hypertension (PAH) (mean
pressure 73 mmiHyg) was confirmed and pulmonary embolism ex-
cluded. The patient was started on inhaled iloprost and noninva-
sive mechanical ventilation, however, his clinical status progressed
further to cardiogenic shock with CI of 1.2 Limin/M? and severe
hypotension despite inotropic support and vasopressor therapy, and
he became anuric and drowsy. Urgent VA ECMO was started, re-
sulting in prompt restoration of full consciousness and renal recov-
ery. Table 1 shows the selected hemodynamic and metabolic
parameters before and after ECMO initiation. Specific pharma-
cotherapy with intravenous epoprostenol and oral sildenafil was
initiated. The patient developed a self-resolving episode of pulmonary
edema (evidenced by chest X-ray and asymptomatic on ECMO),
sepsis of unknown origin and an episode of ECMO circuit-related
bleeding. Pericardiocentesis for pericardial effusion related to PAH
was performed on ECMO day 12. The patient was put on the
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respiratory insufficiency progressed and intubation with me-
chanical ventilation was required. The patient developed a coag-
ulation disorder with profound thrombocytopenia and generalized
bleeding. Afier 13 days of support, we decided by mutual consensus
to withdraw ECMO and the patient died. In this patient we 0b-
served dynamic left ventricular (LV) finction changes, most likely
related to the ECMO flow-dependent LV afterload changes (see
Figure 1 and corresponding videos: Video #1 — Before ECMO
[hesp:liblip. wlfile/3856099]; Video #2: ECMO 5.3 Limin
[http:/blip.tv/file/3856229]; Video #3: ECMO 2.5 Limin
[heep:1/blip. tvlfile/856726]; Video #4: afier terminal weaning
from ECMO) [http://blip. twlfile/3856879], with CAD and silent
myocardial ischemia possibly contributing to this phenomenon.
Patient 3. A 51-year-old male with a history of pulmonary
endarterectomy performed for chronic thromboembolic pul-
monary hypertension was readmitted 1 year later for a new
episode of major pulmonary embolism with an extensive mobile
right-heart thrombus (Figure 2), RV dilatation (55 mm in an
apical view) and severe systolic dysfunction with tricuspid anular
plane systolic excursions (TAPSE) of 6 mm. Surgery was not in-
dicated and systemic thrombolysis with bed-side ECMO was
started. Thirty five minutes afier initiation of a regular dose of
100 mg r-tPA, the thrombus dislodged and ventilatory and he-
modynamic collapse ensued. While receiving bag-mask ventilation
and bolus doses of norepinephrine, femoral VA ECMO was ur-
gently initiated with immediate hemodynamic and ventilarory
improvement on the ECMO flow of about 2.5-3 L/min. Throm-
bolysis was completed, however, pulmonary angiography per-
formed on the next day revealed occlusion of the right pulmonary
artery branch and surgical pulmonary embolectomy was per-
formed. Despite maximal inotropic therapy, the attempts to
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Veno-Arterial ECMQ in Severe Acute Right Ventricular Failure

Before ECMO

ECMO 5.3 L/min, day 4 |

Figure 1. Subxiphoidal 4-chamber view demonstrating right ventricular (RV) and left ventricular (LV) diameters before extracorporeal membrane
oxygenation (ECMQ) initiation (43 ws. 33 mm, respectively), during ECMO flow of 5.3 Limin on day 4 (38 ws. 46 mm, respectively) , on lower
ECMO flow of 2.5 Limin on day 12 (47 vs. 33 mm, respectively) and finally, after ECMO terminal weaning just before the patient died (45 vs.
32 mm). Note marked LV dilatation on high ECMO flow in contrast to almost normalized “baseline” pattern on lower ECMO flow of 2.5 Limin
and after ECMO weaning. Changes of LV diameter and function are also demonstrated on corresponding video sequences [—4.

Figure 2. Dilated right ventricle (RV) and right atrium (RA) with ex-
tensive mobile thrombus prolapsing from RA to RV.

Vol. 22, No. 8, August 2010

wean the patient off the cardiopulmonary bypass were unsuccessful
due to continued RV failure, and the ECMO was restarted again
and continued postoperatively for 4 more days. The patient was given
a reduced protamine dose for heparin reversal at the end of surgery
to allow for chest closing. Afier being weaned from ECMO, the pa-
tient was successfully extubated and discharged home 2 weeks later.

Patient 4. A 42-year-old female with congenital heart disease,
an uncorrected atrial septal defect with Eisenmenger physiology,
with severe pulmonary hypertension, a mean PA pressure of 65
mmHg, chronic polyglobulia and respiratory insufficiency suffered
two episodes of cardiac arvest with successful cardiopulmonary resus-
citation. Several days later, she developed bronchial bleeding with firr-
ther progression of respiratory insufficiency. The ECMO support was
urgently started for another episode of massive bronchial hemorrhage
while the patient was intermittently resuscitated. Despite temporary
stabilization, further bleeding episodes into her hungs and also around
the ECMO cannulas occurred. After 12 days and by mutual consen-
sus, the ECMO support was terminated and the patient died.
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Before ECMO

451 R
P 97.33 mmHg|

421 mjs

g 7104 mmH

ECMO flow 3.5 L/min

ECMO flow 2 L/min

Figure 3. Tricuspid regurgitation gradients in a patient with severe pulmonary arterial hypertension supported with extracorporeal membrane oxy-
genation (ECMOQ) (Patient #1). Note a dynamic pattern of right sided pressures dependent on ECMO flow and unloading of the right ventricle.

Discussion

Severe pulmonary hypertension as well as massive pulmonary
embolism complicated by RV failure and cardiogenic shock have
poor prognoses' 14 unless aggressive therapeutic measures are in-
stituted. Both conditions, characterized by pulmonary flow “ob-
structive” pattern, requirce cither restoration of adequarte blood
flow by vasodilatation (z.e., specific pharmacotherapy in PAH) or
urgent thrombolysis or embolectomy in pulmonary embolism.
However, in hemodynamically unstable patients, these therapeutic
interventions cannot be initiated due to logistic reasons, or are not
immediately sufficiently effective. Thercfore, mechanical support
in patients with life-threatening RV failure is essential. In such
cases, use of the right ventricular assist device (RVAD) has been
described.12'* However, in both of these reports, use of the RVAD
support in severe pulmonary hypertension resulted in even further
clevation of the PA pressure to suprasystemic values, to severe lung
bleeding in one of the cases, and in death in the other case despite
temporary hemodynamic improvement. Replacing the RVAD by
ECMQO in a recent report stabilized hemodynamics, and lung
bleeding stopped.’? Berman and colleagues'® have commented
that VA ECMO may be the optimal strategy in RV failure cases
resulting from pressurc overload caused by pulmonary obstruc-
ton. RVAD will not allow increased blood flow through an ob-

structed  pulmonary bed and may increase the risk of

pressure-related lung injury, while lefi-sided cardiac filling remains
low. On the contrary, usc of the VA ECMO will decompress the
RV, decrease the PA pressure (Figure 3), increase left-sided pressures
and facilitate preservation and recovery of end-organ function. 216

Itis worth mentioning that retrograde ECMO flow may increase
the IV afterload and thus possibly result in LV overload.'” ¥ Con-
sidering that the LV is chronically underloaded in patients with
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long-term PAH and acutcly underloaded in pulmonary ¢m-
bolism, the sudden overload associated with VA ECMQ initiation
might causc LV failure, especially in clinical scenarios with “full”
ECMO flow. Possible solutions for these concerns include either
surgical central cannulation for ECMO (via the right atrium and
ascending aorta) or peripheral cannulation via the right subclavian
artery, however, these techniques are technically demanding with
an additional risk of bleeding, In one experimental study in sub-
jects with severe cardiopulmonary dysfunction requiring high-
flow bypass, subclavian artery perfusion was considered to be more
cffective than femoral artery perfusion in achicving diastolic aug-
mentarion, thus enhancing myocardial oxygen balance.?

As mentioned above, in one of our patients (Patient #2) we
documented dynamic LV dilatation and failure dependent on
ECMO flow that was very likely caused by retrograde flow-
related LV afterload changes.

Limitations. Our report encompasses only a small patient
group, the data were analyzed retrospectively, and due to the
emergent nature of these cases, complete hemodynamic data
are not available for all patients.

Conclusion

Based on our initial experience, VA ECMO may be consid-
cred a reasonable approach to provide mechanical support in
cases of severe RV failure and obstructive pulmonary hemody-
namics. This approach docs not causc further PA pressure cleva-
tion that may be observed with the use of a RVAD. Close
monitoring of LV function is required. If LV failure develops,
subclavian artery or cenual cannulation should be considered.
This aggressive management deserves further clinical evaluation,
in order to establish its definitive role in critical RV failure.
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membrane oxygenation in swine influenza-related acute

respiratory failure

Letters to the Editor

Regarding the concerns of ‘less flexibility [. . .] and confusion
within the institution” we absolutely agree with the comment
that beside improvements in enterprise-wide communication
systems, implementation of fasting guidelines must also con-
sider the health care workers” worry that preceding cases may
start earlier. With a whole bundle of own studies as cited in
their letter the authors demonstrate their convincing expertise
in the field of intelligent OR management. Their work from
2007 may be of special interest.” They introduce a simple
method for determining the earliest possible start time for a
case, with only a 5% probability of an earlier start on the basis
of historical values for the scheduled and actual start times
of cases performed.? This method may serve as a model for
one’s own institution to improve implementation of shorter
pre-operative fasting times or the whole OR management in
general.

. Breuer
G. Bosse
C. Spies
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Spontaneous delivery during veno-venous
extracorporeal membrane oxygenation in
swine influenza-related acute respiratory
failure

doi: 10.1111/§.1399-6576.2010.02300.x

Sir,

A 26-ycar-old woman, 22-wecks pregnant, was admitted to
the local hospital with bilateral pneumonia. On admission, she
was intubated, and HIN1 influenza A was diagnosed. Pulmon-
ary function deteriorated and she was referred to our ECMO
Centre on day 16. She presented with barotrauma and a
nonsignificant pleural effusion. The APACHE Il score was 37
with a predicted mortality of 87%. Veno-venous ECMO was
commenced shortly after admission using jugular-femoral
access with heparin dose targeted at ACT 160-180s, APTT
around 30-60s and blood flow 4.5-51/min. ECMO led to
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3.14 Spontaneous delivery during veno-venous extracorporeal

Table 1
Patient's data.
Mode PEEP PIP Vt PaO,/ ECMO
of IPPV  (cmH,0) (cmH,0) (ml) FiO, FiO,
On admission DuoPap 15 35 280 81 -
Start of DuoPap 13 24 350 107 1.0
ECMO
Before Spont 13 20 370 116 1.0
delivery
After delivery Spont 11 18 320 144 1.0
Ceasing of  Spont 8 12 480 277 021
ECMO

IPPV, intermittent positive pressure ventilation; PIP, peak inspira-
tory pressure; Vt, tidal volume; Spont, spontaneous ventilation.

immediate improvement of oxygenation, allowing reduced
ventilator settings. Repeated echocardiography showed normal
left ventricular function, right ventricular dilatation and mild
pulmonary hypertension as well as an intermittent right ven-
tral pneumothorax that disappeared after drainage and suc-
tioning pressure of — 3.0kPa. The gynaecologist confirmed the
presence of a viable foetus and did not recommend a cardiotoco-
graphy for monitoring due to early stage of pregnancy. Prema-
ture spontaneous labour started with restlessness, fever and
tachycardia 30h after connection to ECMO. She delivered an
extremely premature girl (630g) who was intubated and trans-
ferred to the Neonatology Department 20min post-delivery.
Heparin infusion was ceased and restarted 3 post-delivery to
prevent blood clotting in the oxygenator, after careful excluding
of uterine bleeding with ultrasound. When heparin was re-
started, ACT was 140s. Examination of veins revealed thrombo-
sis of the right cephalic vein. She had supra-infection with
Pseudomonas and Stenotrophomonas, which was successfully
treated. Multiple bronchoscopies were performed due to haemor-
rhagic bronchitis. She was gradually weaned off the VV-ECMO
and disconnected on day 14 (Table 1). Weaning from mechanical
ventilation was completed on day 18; tracheostomy was removed
on day 22. Currently, both the mother and her baby are at home,
doing remarkably well.

Pregnancy represents a risk factor of severe course of viral
pneumonitis caused acute respiratory distress syndrome
(ARDS).! Weighing all risks, the attending team decided to
continue the extremely premature (24-25th week), but physio-
logic pregnancy on VV-ECMO which profoundly improved
oxygenation and ventilation. Unfortunately, this approach of
bridging patient and her baby towards a more developed stage
of pregnancy ended in sudden delivery. An ICU team should
be aware of indication to ECMO as well as be prepared to
monitor foetal status and premature uterine activity. Daily
uterine and foetal ultrasonography and cervicometry could
be helpful for this purpose as well as examination of foetal
fibronectin from the vaginal secretions. In spite of the fact there
are many reports on ECMO therapy, and it is known that the
majority of ECMO-treated ARDS survivors have good physical
and social fun(‘tioning,2 this is a first report of natural childbirth
on ECMO with outstanding survival of both the mother and
her child.

The authors deem complex ultrasound monitoring very
useful in ICU patients® and particularly in patients indicated
to FECMO. Tt guides safe insertion and proper positioning of the
cannulas. Ultrasound assessment of lung aeration, consolida-
tion and patologies of pleural space together with ultrasound-
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guided drainage in an anticoagulated patient might favourably
impact patient’s course.

J. Kunstyr
M. Lips

J. Belohlavek
T. Prskavec
E. Mlejnsky
M. Koucky
V. Sebron
M. Balik
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Transversus abdominis plane block as a
diagnostic test

doi: 10.1111/j.1399-6576.2010.02284.x

Sir,

The transversus abdominis plane (I'AP) block is a peripheral
block involving nerves from T6 to L1 that supply the abdom-
inal wall. TAP block has been developed for post-operative
pain management after gynaecologic and abdominal surgery.'
We describe a case where TAP block is used as a diagnostic test.

A 34-year-old woman was admitted with lower abdominal
pain. She had undergone an acute Caesarean section with a
lower transverse abdominal incision 14 days before this admis-
sion. Since the Caesarean section, she had experienced severe
abdominal pain, especially in the right lower quadrant. The
pain worsened throughout the day and with movement. There

Letters to the Editor

were no signs of infection and opioids provided only moderate
pain relief. Because of persistent abdominal pain, the patient
was scheduled for a diagnostic laparoscopy.

At pre-anaesthetic assessment, an area of paraesthesia about
the size of a hand could be identified just above the incision on
the right side. This and the lack of relief by opioids raised the
suspicion that the pain could be a form of neuralgia due to nerve
entrapment after the lower transverse abdominal incision.

A TAP block was performed on the patient’s right side
(ultrasound guided; 15ml of Bupivacain 5mg/ml as a single
administration). After the TAP block, the pain subsided com-
pletely but then gradually returned 12-15h later (correspond-
ing with the effect of the local anaesthetic wearing off). As a
result of the TAP block, the patient avoided surgery and was
discharged with opioids for pain control. Although the opioids
did not provide complete pain relief, knowledge of the origin
of the pain helped the patient cope with the pain. The pain
subsided without further intervention 11 months after the
Caesarean section.

This is the first published case where a TAP block is used as
a diagnostic tool. Other nerve blocks have been used in the
diagnostic work for non-abdominal conditions.*™ As this case
illustrates, the TAP block may be helpful in the evaluation of
abdominal pain in selected patients.
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3.15 Profil pacienti 1é¢enych extrakorporalni membranovou

oxygenaci (ECMO)

Origindini prdce

Profil pacientii Iééenych extrakorpordlni
membrdnovou oxygenaci (ECMO)

Jan Bélohlavek’, Vilém Rohn?, Jan Kunsty, Jan ToSovsky? Martin Balik?, Michal Semrad?, Jan Horak',
Michal Lips®, Severyn Romaniv?, Frantisek Mlejnsky?, Igor Vykydal?, Jan Kristof?, Martin Stfitesky?,
Vratislav Mrazek’, Ales Linhart', Jaroslav Lindner?

Kardiocentrum VFN a 1. LF UK, Praha

"lI. interni klinika kardiologie a angiologie VFN a 1. LF UK, Praha

2I. chirurgicka klinika kardiovaskularni chirurgie VFN a 1. LF UK, Praha

3Klinika anesteziologie, resuscitace a intenzivni mediciny VFN a 1. LF UK, Praha

Uvod: Extrakorporalni membranova oxygenace (ECMO) je uznavanou zachrannou (,rescue”) metodou v 1éébé tézkého respira¢niho
anebo kardialniho selhani u déti a novorozenci a v poslednich letech je stale ¢astéji vyuzivana i u dospélych. Podpora systémem ECMO
muze byt zahajena velmi rychle v urgentnich situacich jak perkutannim, tak chirurgickym pfistupem a umozriuje preklenuti k rozhodnuti
o dalsim postupu, k jinym podptrnym systémam nebo k urgentni organové transplantaci.

Cil: Seznamit odbornou vefejnost se zkusenostmi ECMO programu v kardiocentru.

Metody, pacienti avysledky: Za indikaci a pribéh ECMO podpory u viech pacient je zodpovédny tzv. ECMO tym slozeny ze zdstupch
jednotlivych obor(, které se na ECMO programu podileji. Od zaloZzeni ECMO tymu v nasi instituci v fijnu 2007 bylo do konce tinora
roku 2010 indikovéno k mechanické srde¢ni podpoie celkem 30 konsekutivnich pacientii. ECMO podpora byla nakonec zahéjena
u 27 nemocnych, 1 pacientka zemfela béhem implantace, 1 nemocna méla systém napojen jako pravostrannou srdecni podporu
a jedna nemocna byla pfipojena na levostrannou srdecni podporu. U ECMO pacienti byl pouZit celkem 18x veno-arterialni pfistup,
9x veno-venoézni, 3x byl zvolen centrélni chirurgicky ptistup, u zbylych pacientt periferni. Dva pacienti byli osetfeni jako planovani
pied riskantni perkutanni koronarni intervenci, u viech ostatnich se jednalo o urgentni stavy. Nejéastéjsi indikaci k ECMO podpofe
byl postkardiotomicky kardiogenni Sok (14x) a nezvladatelné respiraéni selhdni charakteru ARDS (9%, z toho 5x v souvislosti s infekei
virem chfipky typu HIN1). U 4 pacientt se jednalo o tézké pravostranné srdecni selhdni a 3 pacienti méli akutni infarkt myokardu
s rupturou mezikomorové piepéazky. Primérna doba podpory byla 8 dni {1-28 dni). Ctrnact pacienti (52 %) bylo Gspésné od ECMO
odpojeno, z nich 2 zemfeli po dlouhotrvajici nasledné hospitalizaci, 10 (37 %) se dozilo propusténi a 2 nemocni jsou v dobé pfipravy
¢lanku stale hospitalizovani.

Zavér: ECMO umoznuje stabilizaci a lé¢bu nemocnych v tézkém kardiorespiraénim selhani, nejcastéjsimi davedy indikace ECMO podpory
v kardiocentru je postkardiotomicky kardiogenni $ok, tézké ARDS a kardiogenni Sok u infarktu s rupturou komorového septa. S ohledem
na kriticky stav nemocnych hodnotime cca 60% mortalitu za pfijatelny vysledek. Autofi povazuji ECMO program za opodstatnénou
soucast komplexu terapeutickych metod v modernim kardiocentru. Zékladnim predpokladem uspésného osetfovani nemocnych je
konstruktivni multidisciplindrni pfistup a spoluprace.

Klicova slova: extrakorporalni membréanova oxygenace, kardiogenni Sok, respiracni selhani, srdecni selhani, tym.

Profile of patients treated with extracorporeal membrane oxygenation (ECMO)

Introduction: Extracorporeal membrane oxygenation (ECMO) is a recognized rescue method in severe respiratory and/or cardiac fail-
ure in children and neonates and, in recent years, it has been increasingly used in adults as well. Support with the ECMO system can be
started very rapidly in urgent situations using both percutaneous and surgical approach and provides a bridge to decision, switch to
other supportive measures or urgent organ transplantation.

Objective: To introduce the expert public to the experience with the ECMO programme at the Heart Centre.

Methods, patients and results: The so-called ECMO team consisting of representatives of individual fields involved in the ECMO
programme is responsible for the indication and course of ECMO supportin all patients. Since establishing the ECMO team at our insti-
tution in October 2007, a total of 30 consecutive patients were indicated for mechanical cardiac support by the end of February 2010.
ECMO support was eventually started in 27 patients, one female patient died during implantation, one was connected to right ventricle
assist device and one to left ventricle assist device. In ECMO patients, venoarterial approach was used in 18 cases, venovenous in nine,
central surgical approach was chosen in three and, in the remaining patients, peripheral approach was used. Two patients were treated
as planned prior to high-risk percutaneous coronary intervention, in all the others it was an urgent setting. The most frequent indication
for ECMO support was postcardiotomy cardiogenic shock (14 cases) and unmanageable respiratory failure characteristic of ARDS (9 cases,
5 of which were related to HIN1 infection). Four patients had severe right-sided cardiac failure and three patients had acute myocardial
infarction with ventricular septal rupture. The mean time on support was 8 days (1-28 days). Fourteen patients (52 %) were successfully
weaned from ECMO, of whom two died after a subsequent long-term hospitalization, ten (37 %) survived to discharge and two patients
were still hospitalized when this paper was being prepared.
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Conclusion: ECMO allows stabilization and treatment of patients with severe cardiorespiratory failure and, in the Heart Centre, ECMO
support is most commonly indicated for postcardiotomy cardiogenic shock, severe ARDS and cardiogenic shock in postinfarction ven-

tricular septal rupture. With respect to the critical condition of the patients, the mortality of 60 percent is regarded as an acceptable

outcome. The authors consider the ECMO programme a justifiable part of a set of therapeutical methods in a modern heart centre. An
essential prerequisite of successful patient care is a constructive multidisciplinary approach and cooperation.

Key words: extracorporeal membrane oxygenation, cardiogenic shock, respiratory failure, cardiac failure, team.

Uvod

Extrakorporalni membrdnova oxygenace
(extracorporeal membrane oxygenation -
ECMO) je uznévanou zéchrannou {,rescue’}
metodou v 16¢hé té7kého respiraéniho anebo
kardialniho selhanf jak v pediatrické, tak do-
spelé intenzivni péci (1-3). ECMO mizZe byt
7ahdjeno urgentné u I07ka pacienta, dokonce
i béhem srdeni zastavy {4), umoZiuje pa-
cienta v takto kritickém stavu transportovat
(b, 8) a poskytuje ¢as k preklenuti {,bridging"}
k uzdraveni, zahdjeni jinych podplirnych metod
nebo k orgdnové transplantaci (7). V pfipadé
srdeniho selhdni je nejvhodnéjdi indikaci
k FCMO kardiogennf $ck riizné etiologie, ktery
je rezistentni ke standardni 18¢bé v&etné kate-
cholaminové podpaory, vazopresor( i intraaor-
talni balonkové kontrapulzace. Pricinou mlze
byt fada stavy, jako je té7ka kardiomyopatie,
myokarditida, komplikované akutnf korondrnf
syndromy, preddvkovani kardiodepresivnimi
leky, kardiochirurgim zndmy postkardiotomic-
ky syndrom vCetné kardiogenniho Soku po sr
decnf transplantaci (8-11). Byly publikovany
rovné7 pifpady pouZiti FCMO u akcidentalnf

Tabulka 1. Incikace k zahajen’ FCMO pocpory

hypotermie (12-14). V pfipadé respiratniho
selhdnf Ize vyuzit ECMO u pacientl s téZkym
akutnim poskozenim plic (ALl - acute lung
injury) nebo pifmo ARDS (acute respiratory
distress syndrome) 7 piicin primarnich nebo
sekundéarnich pfi pneumonii, traumatu, selhani
Stépu po transplantaci nebo pfi reperfuznim
edému po transplantaci nebo po plicnf en
darterektomii (15-18). Recentni randomizova-
né studie CFSAR potvrdila piiznivy viiv FCMO
podpory u pacientt s tézkym ARDS (19), FCRMO

je také Siroce pouZivano u novorozencll a v pe-

diarické intenzivni péci, predeviéim u novoro
zencl s nezralymi plicemi (20). Zahdjeni ECHMO
podpory miZe odetfujicimu tymu poskytnout
dostatek ¢asu k rozhodnuti o dalsim postupu,
ke konzultacim s dalsimi experty a s rodinngmi
prislusniky 21).

ECMO podporu Ize také vyuZit v kardiocen-
trech, kde jsou provédeny komplexni perkutdnni
korondri intervence (PC), radiofrekvendni abla-
ce hemodynamicky kompromitujicich komora-
vych arytmif a sloZité kardiochirurgické vykony,

jako je plicni endarterektomie nebo transplan-

tace srdce a plic (27-23).
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O ECMO jako mechanické srdecni podpo-
fe u komplikované PCl bylo poprvé v Ceské
republice recentné referovano Kruegerem
a kol. (24).

7 vyse uvedenych divodl jsme se v na-
sem kardiocentru rozhodli v roce 2007 zalozit
ECMO program a zahajit ¢innost ECMO tymu.
Smyslern nasledujictho prehledu je sezndmit od
bornou verejnost s nasimi prynimi zkusenostmi
as profilem pacientd, kteff byli indikovénik této
mechanické srdeéni podpore.

Metody, pFistroj, pacienti

ECMO tym sloZeny ze spoluautord tohoto
scléleni spoledna vypracoval intemf indikacni
kritéria k zahdjeni mechanické srde¢ni podpory
(tabulka 1) a jeho ¢lenové se pravidelné schazf
jak ujednotlivych pacientl béhem osetfeni, tak
na semindich ECHO tymu, kde jsou jednotli-
vé pfipady podrobné analyzovany. Tento tym
se sklada ze z&stupcl Ctyi zGcastnénych specia-
lizact: kardiochirurgické, kardioanesteziologicke,
kardiologicke a perfuzionistické. Priindikaci ne
maocného k zahdjeni mechanické srdecni pod-
pory je vy7adovan pisemny souhlas alespof tFf

Kardiclogické Elektivni: =

Pacienti plarovenik vy:o:e mkuve oerkulénn’ koronarm

Pacienti plaroveni k -adiofrec

rvenci (2 divodu povahy interven

reoo s ohledem

i ablaci ootancidlné hemaodynamicky komprorytuj’cl komerove arytmie

Akutni: = Hemodynamicky kolaps nebo srdeéni zastava biheom percutidnni <orenasni ntervence,

,potcnma om reverzioil't
sroednito selhdni, rezistentrich hemeocynar
Nahla srdecni zdstava pred svédky, které je rezistentri ke konvenéni rasuscitaci, ale jen u pacientd s acekvatng
iou KPR s minimélnim rzikem revratného mozcového oodkozeni. Tito nemocni acestoupl

wven pretoksl mirné ypotermic.
€74 hemaos
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myokarditio, kardiomyopati jakékeli ot
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enti s tézkou systolickou dysfunkel levé komory pied plén

m kardiochirurgickym eykonem.
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Akutni: = Postkardi:

u vybranych pacient( (s otile
selhéni), ktery se vyvine bu
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ek Ii diwod ol tol

{tj. ;akékoli potencialng reverzibiln®

Zkratky: IABK —
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intrzaortalni balonkovd kontrapulzace; KPR — <ard’opu mondln resuscitace; ALl - acute lung injury; ARDS — acute respiratory distress syndrome



pulmonary AG, Hicrlingan, Cermany;

Obrdzek 3. Schéma ngj
raln’ plistup. Panel A;
a vadena pres exyganator z

j\ obcobny jako na pamclu aI" krcvjr‘ u'zcc-

ceoxygenované keve do tepen ods Cuumch 7u5ce“dent i ?orty. Nev

sp. subclavia. Panel C: venc-vendzn
oxygenace a cleminaci CO,. Krev je 008t od

ovného nasdvani jiz oxycenov
chirurgicky 2 Je pfi ném krev odviéc

Jaguldrnim pristupem s pouzitim systéru MAQUET-PLS (hA(

\; fermoro-femoralni piistuo
arteridni <anylou do descar
dv ascen

€ krve de mimol&lnihe okruhu 2 prav
siné a vracena do ascendentni aorty

Obrdzek 2. <i'tic

systému Medt-anic 550

dentni zorly cestou famordlni ar
cnlr' aorty cesteu "cjéastéﬂ [}

stupu je
u nemaoc

noro-juguldrni SURECH

y nemocny v kardicgennim 3ok po kardic
resuscitaci napojery ra veno-arleridlni EC

ie (a. fam.). Panel B: vano arteri
vé 2. axilaris, Tento pi'stup ma oprot
MO s vlastni deoxygenovancu krvl tak nehrozi rizke doddvky
v&zdinou nutn
h s respiradnim selhdn’m pro ¢
»ana zrlm k3n”1nu zavede mu do dclm aute zily fcn“ora\n COSIGU POC Praveu s

{7 centralnim veng-arleridlnim pris

Origindlr

MO (Cervend Sioka) s pouzitim

Bio-Conscle (Medtronic Perfusicn Systems, Brooklyn

Pak, MN, USA}, naumélép anem aci, [é¢eny mirncL hyootermii s pemoci
ému THERMOGARD XP

odré dipka;

~ych zapojeni mimetélnihe ckruhu ECMC. Na pane ech A az T jsou zobrazeny periferni a%istupy, na panaiu D cent-
0 7namena zaveceni zilni karyly do doln” duté Zily (de?)

i je krev pumoou n
famoro axilérni pfistup
‘emoro-ferorélnimu

< chirurgického 7avedeni kanyly do a. axi-
porg nebo ndhradu
57 a oxygenovand krev je

pra minimalizaci recirkulace, 1j.
Lwou jsou kanyly zavadény

anyl je ¢lle:

V-A
Femoro-femoralni

D

—]

fl ’Ao
pumpa M/ PS
-
oxygenitor
V-A V-V V-A
Femoro-axilarni Femoro-jugularni Centralni PS-aorta

ze Ctyf zUcastnénych specializaci, obdobné i pfi
ukonéent,

ECMO piistroj, okruh a kanylace
ECMO okruh se skladd z centraini jednotky
(MAQUET PLS Permanent Life Support) (MAQUFT
Cardiopulmonary AG, Hirrlingen, Germany)
(obrézek 1) pripadné alternativng z jednotky
fedtronic 550 Rio-Console (Medtronic Perfusion
Systems, Brooklyn Park, MN, USA) s adaptérem
(obrazek 2), z Rotaflow RF 32 centrifugalni
pumpy s oxyganatorem Quadrox PLS hollow
fibre BIOLINE® (MAQUET Cardiopulmanary
AG, Hirflingen, Germany), hadicového setu

MAQUET PLS tubing set a smeSovace plyn
{Sechrist, Anaheim, CA, USA). PouZivany jsou
kanyly Edwards (Fem-Flex Cannulae, Edwards
lifesciences Research Medical Inc., Midvale,
UT, USA), které jsou zavadény nejcastéji perku

ténné standardni seldingerovskou technikou
po opakovanych dilatacich podko?i a femo

r3Inf tepny a Zily. Kanylaci pfedchézi vySetient
cév ultrazvukem nebo angiograficky, pokud to
situace umozni. V piipadé veno aiteridiniho (V

AJ piistupu, pouzivaného z indikace plevazné
kardidlniho selhdni, je venézni kanyla zave

dena cestou femoréini Zly do dolnf duté Zily
pod pravou s (konec kanyly je kontrolovan
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s pomoc transtorakdlni nebo transezofagedini
echokardiografie) a arteri3Inf kanyla je zavedena
do femoralni tepny. V piipadé veno-vendzniho
pfistupu, pouZivaného v piipadé respiratniho
selhdni (kardidini selhdnf, levo i pravostranné je
kontraindikaci tohoto pfistupu}, je Zilnf pifvodna
kanyla opét stejnym zplisobem zavedena cestou
fernoralni Zily do dolni duté 2ily pod pravou sif
a3 druhd Ziln kanyla do horni duté 7ily nad pravou
sif cestou nejCastdji pravé vnitini juguldmi Zily
{obrazek 3). V piipadé rozvoje kritické kondeti-
nové ischemie koncetiny, kde je zavedena arte

ridInf kanyla, nebo pro prevenci jejiho vznikuy, Ize
provést progradni ipsilateraini kanylaci povrchni

| 2010; 9(3) | Intervenini a akutni kardiologie




Obrdzek 4. Releni «ritické

kongetinové Ty

terverd §pkal. Z kanyly je ocbockou vedena oxycenovana krev id ouhd tenké
Cervend dipkal do caldi kany y zavedené do a. femorelis superficial's progracna

silng

chemi
parcigini & aplné ooluraci femorzin’ Leony arles

esp. Jeji prevence ofl
kanylou ivelkd siird
procesu

Obrdzek 5A. Skiagram nemaocné
jem &zkého ARDS. Je patrny difuzn’ nélez €zkého intersticid rito plicniho

s infexcl virem

hiincy HINT & rozvo-

stehenni tepny a plipojent spojkou k arteridlni

kanyle k poskytnuti perfuze postizené kondetiny
oxygenovanou krvi (obrézek 4). Konstatni tep-
lota okruhu a pacienta je udr7ovéna ohiffvacl
jednotkou HU 35 (MAQUET Cardiopulmonary
AG, Hirflingen, Germany}. U nékterych pacientd
byly kontinudlng monitorovény krevni plyny
(CDI™ Blood Parameter Menitoring System 500,
Terumo Cardiovascular Systems Corporation,
Ann Arbor M, USA). Pokud nebyla kontraindi

kace, pacienti byli antikoagulovani heparinem
s cilowym aPTT 2-3x vy$8im ne? kontrola, Okruh
a kenzole byly pravidelné kontrolovény perfu

zionistou,

Pacienti, vysledky, komplikace

Od zalozeni ECMO tymu v Ffjnu 200/ bylo
do konce Unora roku 2010 indikovéno k mecha-
nické srdecni podpore v nasem kardiocentru

celkemn 30 konsekutivnich pacientd primeérného
véku 55 let, 7 toho 11 Zen (tabulka 7). FCMO
podpora byla nakonec zahdjena u 27 nemoc-
nych, protoZe 1 pacientka zemfela jesté béhem
implantace a napajena nebyla, 1 nemocna me-
la systém napojen jako pravostrannou srdecni
padporu bez oxygenatoru (RVAD- right ventricle
assisst device) a jedna nemocnd byla pfipojena
na levostrannou srde¢ni podporu (| VAD — left
ventricle assist device) systémem Levitronix®
Centritag® (L evitronix [ LC, USA). U 27 FCMO
pacientl byl pouZit celkern 18X veno-arteridlni
plistup, 9% veno-vendzni, 3x byl ECMO okruh
implantovén centrainim chirurgickym pifstupem,
u zbylych pacient byl pouzit periferni pfistup,
Dva pacienti byli o$etfeni jako planovani pred ris-
kantni perkutdnni korendrni intervendi, u viech
ostatnich se jednalo o urgentni stavy. Nej¢astajsi
indikacf k FCMO podporte byl postkardiotomicky
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kardiogenni Sok nebo tézké iespiracni selhani
(14x} (vCetné pacientky, u které FCMO nebylo
zahdjena} a nezvladatelné respiracni selhdni
charakteru ARDS (8%, 7 toha 5X v souvislosti
s infekci virem chfipky typu HINT). U 4 pacientt
se jednalo o téZké pravostranné srdecnf selhani
a3 pacienti méli akutni infarkt myokardu s rup

turou mezikomarové piepazky. Primérnd doba
podpory byla 8 dni (1-78 dni). Kardiopulmonalni
resuscitaci bezprostfedné pred implantaci ECHO
nebo pii napojovéni systému prodalalo 7 (26.9)
nemocnych, intraaortdinf balonkovou kontra

pulzaci (IABK) mélo zavedenou / (26%) paci-
antl a kontinualni hemaeliminacni metodou
(CRRT - continuous renal replacement thera

py} zdroven s ECMO bylo odetfovino 8 (30%)
nemocnych. Pacientka na RVAD mé&la zéroven
i CRRT a nemocnd na [YAD prodélala resuscitaci

a byla odetfovana IABK i CRRT, Nejcast&jsi byly
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krvacivé komplikace. Celkové se vyskytly u 16
(53 %) pacient(i. Vétsinou se jednalo o krvéceni
kolem invazivnich vstupu. Jednou jsme zazna-
menali faténi intrakranidlni krvdceni. Ve ctyfech
piipadech se vyskytla kritickd koncetinova ische

mie, kterd si vyZadala fesenf alternativni perfuzi
koncetiny nebo chirurgickou revizi a vyménu
pifstupu. U jedncho nemocného doslo k zavaz

né dislokaci arteriaIni kanyly s fatélnim dasled-
kem. Vyskyt krvacivyich komplikaci v souvislosti
s invazivnimivstupy klesal s pactem odetfenyich
pacientd.

Preziti

Ctrndct pacient(l (52 %) bylo Uspéiné od
ECHO odpojeno. Dva z nich zemreli po dlouho-
trygjici nasledné hospitalizaci, 10 (37 %} se doilo
propusténi a 2 nemocni jsou v dobé piipravy
¢lanku jesté hospitalizovéani.

Diskuze

Prezentované zkudenosti se zahdjenim
ECMO programu v naem kardiocentru dobfe
demonstruji ndro¢nost metodiky a nezbytnost
lizké spolupréce specialisti - kardiolog, kardio-
chirurgy, kardioanesteziologli i perfuzionistl.
Predpokladem dsp&sného ECMO programu
je prakticky trvalad dostupnost a ochota clenl
FCMO tymu Fedit viechny medicinské, organizac
nii technické problémy spojené s touto vysoce
invazivni mechanickou podporou. Dostatecné
jasné deklarovand podpora managementu in
stituce je dalsim klicovym faktorem Uspésného
rozvoje FCMO programu (25).

Pacienti vhodni k zahdjeni ECMO musi byt
dobfe selektovéni a jak jiz bylo zminéno, kindi-
kaci vyZadujeme pisemny souhlas zastupcu tif
ze Ctyt zO¢astnénych specializacl, Rozvinutou
multiorganovou dysfunkci nebo selhani (MODS/
MOF — multiple organ dystunction syndrome/
failure) povazujemne 7a kontraindikaci 7ahdje-
ni této podpory, naopak, smyslem jejiho zahajeni
je prévé prevence rozvoje MODS/MOF, stabili-
7ace organcvych funkcl a umo?néni sponténni
Upravy funkce poskozenych orgdn, ziskani casu
krozhodnuti o dalim postupu, pfipadné 7vézeni
pouZiti dlouhodobéjéiho podpuirnéha systému
nebo indikace k arganové transplantaci. FCMO
je krtkodobd mechanicka srde¢ni podpora
s certifikdtem pouZitl jedneho originalniho mi
motélniho okruhu na 14 dni, pfesto jsme nékolik
pacientl csetfovali delf dobu a pro preven
ci trombdzy na oxygendtoru okruh ménili.

Ocekdvané nejcastéjsimi indikacemi k zahd
jeni ECMO byly kardiochirurgické peroperacni
komplikace, a to postkardiotomicky kardiogenni

www.iakardiologie.cz

Origindini prdce

ok a téZké respiracni selhani, déle akutni téZké
pravostranné srde¢ni selhani u pacientd s akutng
dekompenzovanou plicni arteridIni hypertenzi,
masivni plicni embolii a vrozenou vyvaojovou
vadou a nakonec akutniinfarkt myokardu s kar
diogennim Sokem pfi ruptufe mezikomorové
preparky. 7ajimava je potfeba pouZiti FCMO
ub pacientll s tézkym respiratnim selhdnim pii
infekci virem chiipky typu HIN1. Jednalo se vét-
$inou o mladé, dosud jinak zdravé nemocné,
2 abézni muZe a 3 Zeny, z toha jednu 2 tydny
po poredu a druhou aktualné gravidni. Z téchto
nemocnych prezili dva, jedna pacientka s ire-
verzibilnim poskozenim plic byla dokonce indi-
kovana k urgentni plicnf tranplantaci za ECMO
podpory, bohuZel po operaci v transplantacnim
centru zemiela. U viech nemocnych bylo pff
tomno velmi t8Zké difuzni intersticidlni plicni
poskozeni {obrazek 5). Nade zkusenosti s touto
sezénni epidemil jsou v souladu s publikovanymi
daty (29). Oba elektivni pacienti, kterym byla
na FCMO provedena komplikovand korendiniin
tervence, vykon snesli dobfe a byli propusténi.
Pfes snahu o prevenci komplikaci byl jejich
vyskyt vysoky a presahoval 50%, coz je ale pocet
u kohorty ECMO pacienti v literatufe zmifiovany
i jinymi centry (2, 26). Nade zkusenosti ukazujf,
Ze nejtastéji jsou komplikace spojeny s inva-
Zivnimi vstupy. Jsou pouZivany kanyly kalibru
18-24T, kde hrozi poskozeni cévy pii zavadéni
s naslednym krvacenim a naopak obturace cévy
po zavedeni's rozvojem kritické koncetinové is
chemie. Proto povazujeme za vhodné, pokud to
samozfejmé situace 7 Casového hladiska umaozni,
vysetiit ultrazvukem nebo angiograficky pfi
slusné tepny, zméfit jejich primér a podle to-
ho vybrat vhodnou kanylu a pfipadné rovnou
pfistoupit k preventivnim opatfenim ve smyslu
prevence rozvoje ischemie distding od 7avedené
ECHMO kanyly, jak je jiz uvedeno wyise. Kazdy dalsi
inzult zhorduje pacientovu prognozu. Pacienti
na ECMO krvaci nejen z divodu provedenych
naro¢nych invazivnich procedur (zavedeni 20F
arterialni kanyly do femordini tepny a 24 F kanyly
do femoralni Zily nemusf byt jednoduché vyko-
ny ani pro zkuseného invazivniho kardiologa), ale
idiky nutné antikoagulaci, poklesu absolutniho
poctu trombocytl a jejich aktivaci na mimo-
t&lnim akruhu a oxygendtoru a v neposledni
fade i v souvislosti s kritickym onemocnénim
jako takovym (27, 28). Nase jedno fatalni mozko-
vé krvdceni se vyskytlo u nemocného s hranicni
hodnotou trombocytt po tiansplantaci kostni
dren&, tedy u nemocného v tomto sméru rizi
kového. V australské praci o ECMO u HINT pa-
cientl byl popsan vyskyt krvacivych komplikact
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u 54% nemocnych, a to nejtastsji z invazivnich
vstupl (22 %). Nitrolebni krvdceni se vyskytlo
dokonce u 9% pacienty (29).

Celkové hodnaceno, pres polovinu (52 %)
Uspéiné odpojenych pacientli povazujeme
za dobry wysledek a do chvile pfipravy tohoto
¢clénku celkove 60% mortalitu, jak viech paci-
entl indikovanych k akutni mechanické srdecni
podpore, tak ECMO pacienty, hodnotime jako
piijatelnou a vzhledem k zavaznosti onemocnhéni
pacient( jako ocekévanou. Relativné Casty vyskyt
nutnosti resuscitace a pouzitl hemoeliminacnich
metod pro akutni selhdnf ledvin toto doklada.

Zavér

ExtrakorpordIni membranovd oxygenace
(FCMQ) je vysoce invazivni [éCebnd metoda,
kterd umoziiuje stabilizaci a 1é¢bu nemocnych
v t&7kém kardiorespiracnim selhdni. NejcastajSimi
indikacemi FCMO podpory v nasem kardiocentru
byl postkardiotamicky kardiogenni 5ok, t&7ké
ARDS, té7ké pravostranné srdecni selhani a kar
diogenni $ok u infarktu s rupturou komorového
septa. S ohledem na kriticky stav nemaocnych
hodnotime 60% mortalitu jako pfijatelny vysle-
dek. Autofi povazuji ECKO program za opodstat-
nénou soucast komplexu terapeutickych metod
vmodernim kardiocentru. Zakladnim predpokla-
dem Uspésného osetfovani nemocnych je ale
konstruktivni multidisciplindmi pfistup a spolu-
prace z0¢astnénych specialisty. Presto je vyskyt
zavaznych komplikaci ¢asty, co? je zpUsobeano
jak invazivitou metody, tak sloZitostf kritickych
stavl, které podporu FCMO vyZaduji.
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A review of a newly established ECMQO program
in a university affiliated cardiac center

J. BELOHLAVEK 1, V. ROHN 2, J. TOSOVSKY 2, J. KUNSTYR 3, M. SEMRAD 2, J. HORAK 1, M. LIPS 3,
F. MLEJNSKY 2, I. VYKYDAL 2, M. BALIK3, M. STRITESKY 3, V. MRAZEK 1, A. KLEIN4, A. LINHART 1, J. LINDNER?

Extracorporeal membrane oxygenation (ECMO) is an
established rescue treatment option for severe
respiratory and cardiac failure in infants and neonates
and has recently become widely utilised in adults. ECMO
support can be initiated rapidly in an emergency setting
both by percutanous implantation and surgically; it
allows transportation of patients in cardio-pulmonary
collapse and bridging of critically ill patients to be
recovered, other support es or transpl
The aim of this study was to report authors’ initial
experience after starting an ECMO program in a
university-based cardiac center. The institutionally
approved ECMO team bears responsibility for
adjudication regarding indication and implementation
of ECMO in all patients. Since the establishment of the
ECMO team in October 2007, one elective and nine urgent
patients in deep cardiogenic and/or ventilatory collapse
were treated by ECMO support up to December 2008.
Three patients suffered severe acute right heart
dysfunction, two patients suffered postcardiotomy
refractory cardiogenic shock, two patients had a
cardiogenic shock due to postinfarction interventricular
septal rupture, two patients experienced severe
respiratory failure and one had elective ECMO
implantation as a back-up support during high-risk
percutaneous coronary intervention. Veno-arterial ECMO
was used in eight cases and veno-venous in two cases of
isolated respiratory failure. In nine patients, ECMO
circuit was instituted by peripheral cannulation, in eight
out of nine cases by percutaneous puncture. On one
occasion central surgical cannulation was used. In urgent
patients, immediate hemodynamic and oxygenation
improvement was observed. Average support duration

:
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was 6.8 days (range 1-16 days). Five (50 %) patients were
successfully weaned from ECMO and survived to hospital
discharge. The illness severity in urgent patients defined
by SOFA score ranged from 10 to 17, patients dying
while on ECMO had higher SOFA scores (14.8+1.6 vs.
10.8+1.5; P=0.0065). Complications included mainly
bleeding. ECMO support allows treatment of severely
ili patients in imminent cardiovascular and/or
ventilatory collapse. Therefore, establishment of an
ECMO program in university affiliated cardiac center is
fully justiﬁed A multidisciplinary approach is essential.
D training and education of ECMO team
members, this highly invasive therapeutic modality
bears an inherent risk of complications.

Key worDs: Extracorporeal membrane oxygenation - Shock,
cardiogenic - Respiratory insufficiency - Heart failure.

Extmcorporeal membrane oxygenation (ECMO) is
an established rescue treatment option for severe
respiratory and/or cardiac failure both in pediatric
and adult critical care.l3 ECMO can be initiated very
rapidly at the bedside, even during cardiac arrest,*
allows the transportation of patients in cardio-
pulmonary collapse 5 and the bridging of critically ill
patients to recovery, other support measures or
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TABLE L—Indications for ECMO support as agreed by the team at our institution.

Cardiac

Elective:
dities)

Patients scheduled for high-risk percutaneous coronary intervention (due to nature of the intervention or due to comorbi-

Patients scheduled for radiofrequency ablation of ventricular arthythmia potentially hemodynamically compromised by

this arrhytmia

Acute:
Cardiogenic shock

Severe
thy of any cause, decompensated heart

10 acute coronary syi

Hemodynamic collzgase or cardiac arrest during percutanous coronary intervention
ue me refractory to usual pharmacological and/or IABP support

lynamic compmmise/c«mlio%enic shock with potential of reversibility, mainly acute myocarditis, cardiomyo-

ailure, resistant hemodynamically unsf i

vittnessed sudden cardiac arrest resistant to conventional CPR, however, only in patients with a

le arrhytmias
uately performed cas-

diac massage to minimize risk of severe brain injury. These patiens will also undergo immediate mild hypothermia

treatment.

Severe hemodynamic compromise in patients with cardiotoxic drug overdose

Cardiosurgical
Elective:

Acute: Posteardiotomy cardio;
absence of multiorgan

harmacological and IABP support), or v

Patients with severe left ventricular systolic dystunction (i.e., post Ml or cardiomyopathy) scheduled for surgery

ic shock in selected patients (in terms of age, nature of the surgical procedure, CPB length,
ilure) developing either during the surgical procedure (patients unweanable from CPB despite
y soon after surgery

lemodynamically critical conditions of any cause resistant to conventional measures (ie., severe pulmonary embolism,

accidental hypothermia etc.)

Other
ble cause

Severe respiratory insufficiency resistant to conventional mechanical ventilation (i.e., ALIVARDS of any potentially reversi-

IABP: intra-aortic baloon countepulsation; MI: myocardial infarction; CPB: cardio-pulmonary bypass; ALL: acute Iung injury; ARDS: acute respitatory distress

syndrome.

transplantation.% 7 In case of heart failure, the most
suitable indication for ECMO is cardiogenic shock of
various etiologies resistant to standard care including
inotropes, vasopressors and intra-aortic balloon
counterpulsation. This may arise as a result of a
number of conditions, including cardiomyopathy,
myocarditis, acute coronary syndrome, cardiode-
pressive drug overdose, postcardiotomy syndrome
following cardiac surgery or post heait transplant.s11
Anecdotally, the use of ECMO in accidental
hypothermia has also been reported.12 In respiratory
failure, ECMO may be used to support patients with
severe acute lung injury or adult respiratory distress
syndrome either primary, or due to pneumonia,

trauma, graft failure or reperfusion edema following’

lung transplantation or pulmonary endarterectomy.!>-
18 ECMO is also widely used in neonatal and pediatric
respiratory support, mainly in neonates with immature
lungs.1? ECMO support may buy time to allow the
team to reach a decision about further management
in consultation with other specialists and the patients’
relatives.20

Moreover, ECMO provides a valuable rescue option
in institutions performing complex coronary inter-
ventions, radiofrequency ablation of hemodynamically

440
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unstable ventricular arrhytmias and complex surgery
such as pulmonary endarterectomy. -2

Therefore, we decided to implement an ECMO
program and establish an ECMO team at our institution
and provide our initial experience.

Methods, device, patients

Establishment of an ECMO team

Before the beginning of the program, extensive
discussion and planning was undertaken. Several
team members visited the Department of
Cardiothoracic Surgery at the University Hospital in
Regensburg, Germany, where a variety of cardiac
assist devices including ECMO are routinely used and
gained initial practical experience there. Thereafter, a
workshop on ECMO was organized, where all decision
makers of our institution participated. Indication
criteria for ECMO use were established (Table I) and
a pilot project was approved by the institutional
authorities. ECMO team members meet regularly at the
bedside of supported patients and every case is
discussed afterwards in depth during the ECMO team
seminary.

June 2011
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TaBLE IL.—Clinical characteristics: ten consecutive patients supported in our centre since October 2007 to December 2008.

P”;fm A(‘%f Gender Main diagnosis Indication for ECMO support Urgency  ECMOtype  Implantation technique
1 62 M AMI Cardiogenic shock, acute VSD Urgent V-A Surgical-pesipheral
2 75 M CAD, 3VD, LV EF 15% High-rosk PCI Elective V-A Percutaneous
3 33 M Lymphoma/post. BMTx ARDS/pneumonia trgent V-A Percutaneous
4 71 F Cardiac surgery, CAD, MVR  Postcardiotomy TRAL/ARDS Urgent V-A Percutaneous
5 40 M PAH Cardiogenic shock, RV failure Urgent V-A Percutaneous
6 65 M AMI Cardiogenic shock, acute VSD Urgent V-A Percutaneous
7 57 F PAH Cardiogenic shock, RV failure Urgent V-A Percutanecus
8 62 M Infectious endocarditis Postcardiotomy cardiogenic shock Urgent V-A Percutaneous
9 69 M CAD, 3VD, AoS Postcardiotomy cardiogenic shock Urgent V-A Percutaneous

10 51 M CTEPH, mobile RHT Massive PR, RV failure/cardiovascular Urgent V-A Surgical-central

collapse Urgent V-A. Percutaneous

Patient Tentative aim SOFA Days on Hourson  Days on Outcome, survival C licati
N. of support score ECMO MV icu POStECMO weaning IPUCAUOnS!

1 Bridge to surgery/ 10 11 360 45 Dismissed, alive 16 Bleeding at cammula
recivery months insertion site with
surgical revision
2 Periproc. support NA ik NA 2 Dismissed deat 9 No complications
later
3 Bridge to recovery 17 2 120 5 Death on ECMO ICH
4 Bridge to recovery 13 6 175 26 ECMO weaned, long term Bellding, revision
weaning from MV, death 4
months later
5 Bridge ro transplant/ 10 16 NA 20 ECMO weaned, dismissed,  Sepsis, bleeding at canula insertion
recovery sudden death 3 months site
later
6 Bridge to surgery 14 5 65 3 Death on ECMOQ Cannula dislodgement
7 Bridge to decision/ 13 5 288 18 Death on ECMO, terminal Thrombocytopenia, subcutaneous
recovery ECMO weaning and pulmonary bleeding, LV failure
8 Perioperative support 16 4 174 6 Death on ECMO Limb ischemia
9 Perioperative support 14 5 140 6 Death on ECMO Intracardiac thrombosis
10 bridge to surgery 10 > 120 19 ECMO weaned, dismissed,  limb ischemia
alive 4 months later

MVR: mitral valve replacement; CAD: coronary artery disease; KV gn ventricle; 3VD: triple vessel disease; AMI: acute myocardial inmmuon LVEF left ventricle ejec-

tion fraction; VSD: ventricular sepial defect; ARDS: adult ress syndrome; BMTx: bone masrow ion; PAH: y astery | ion; AoS:
aortic stenosis; CTEPH: chronic thromboembolic pulmonary hycggﬂemlon RHT: right heart thrombus; ICH: intracranial hemon'hage, SOFA sepsts-re!n[ed Organ fai-
lure assessment; V-A: veno-arterial; V-V; veno-venous; MV: nical ventilation; ICU: intensive care unit; NA: not applicable; TRALL uansfusion related acute lung

injury; PCI: perc

corcnary i ion; PE: pulmrmary embolism.

ECMO console, circuit and cannulation

The ECMO circuit consisted of a MAQUET PLS
console (MAQUET Cardiopulmonary AG, Hirrlingen,
Germany) or alternatively Medtronic 550 Bio-Console
(Medtronic Perfusion Systems, Brooklyn Park, MN,
USA) with adapter, and Rotaflow RF 32 centrifugal
pump with Quadrox PLS hollow fibre BIOLINE®
coated membrane oxygenator (MAQUET Cardiopul-
monary AG), MAQUET PLS tubing set and a
mechanical gas blender (Sechrist, Anaheim, CA, USA).

Vol. 52 - No. 3

Edwards cannulae (Fem-Flex Cannulae, Edwards
Lifesciences Research Medical Inc., Midvale, UT, USA)
were introduced percutaneously by standard Seldinger
technique after repeated dilatations of femoral artery
and vein. In veno-arterial setup, venous inflow cannula
was inserted via the femoral vein into the inferior
vena cava just below the right atrium (tip position
checked by echocardiography) and arterial outflow
cannula in the femoral artery. In veno-venous ECMO,
one venous inflow cannula was implanted in the

THE JOURNAL OF CARDIOVASCULAR SURGERY 447

84



BELOHLAVEK

femoral vein and the second venous outflow cannula
in the superior vena cava via the right internal jugular
vein, just above the right atrium. In one patient, who
developed leg ischemia immediately following
insertion of the arterial cannula, antegrade ipsilateral
cannulation was undertaken, connecting the ECMO
circuit to the distal superficial femoral artery viaa Y-
adapter. Constant circuit/patient temperature was
regulated by the oxygenator heater unit HU 35
(MAQUET Cardiopulmonary AG). In selected patients,
blood gases were monitored continuously (CDI™
Blood Parameter Monitoring System 500, Terumo
Cardiovascular Systems Corporation, Ann Arbor, ML,
USA). All patients were anticoagulated with heparin
to reach aPTT of 2-3 x normal unless contraindicated
due to bleeding. The circuit and console function was
regularly observed by designated perfusionists.

Patients and results

Since the establishment of the ECMO team in
October 2007 upto December 2008, ten consecutive
patients (8 males), with a mean age of 58.5 years
(range 40-71 years), were treated using ECMO support.
In one patient this was undertaken in an elective,
planned manner but in all the other cases ECMO was
set up as a matter of urgency (Table I for demographic
data). SOFA score was calculated on the day of ECMO
implantation by a standard method 24 and group:
compared by Student’s t test. :

Indications

Three patients suffered severe acute right heart
dysfunction (two severely decompensated pulmonary
artery hypertension, one massive pulmonary
embolism; pts # 5, 7,.-10), two . patients
postcardiotomy refractory cardiogenic shock (# 8,
9), two patients cardiogenic shock due to a
postinfarction interventricular septal rupture (both of
them “inferior® type of defect; # 1, 6), two patients
severe respiratory failure due to an acute lung injury
(one hematology patient post bone marrow
transplant and one postcardiotomy lung failure; # 3,
4) and one had an elective ECMO implantation as a
back-up support during a high-risk percutaneous
coronary intervention.

Veno-arterial ECMO was used in eight cases when
cardiac failure dominated, veno-venous in two cases
of isolated respiratory failure. In nine patients, ECMO
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Figure 1.—Trends in platelet counts in urgent patients. In all, but one
hemarological patient with profound thrombocytopenia already befo-
re ECMO implantation, sapid decreasing trend for total platelet counts
was detected.

circuit 'was instituted by peripheral cannulation, in
eight out of nine cases by percutaneous puncture, in
one patient central surgical cannulation was used. In
urgent patients, immediate hemodynamic and
oxygenation improvement was observed. All three
patients with severe right ventricular failure (% 5, 7, 10)
were implanted while not being intubated. Average
support duration was 6.8 days (range 1-16 days),
median five days. Four (40 %) of patients were
successfully weaned from ECMO and discharged
home, one patient was weaned from ECMO, however
became dependent on mechanical ventilation and
was transferred to other institution for long-term
artificial ventilation. Four patients died while on
ECMO. In one of these (# 7) therapy was suspended
because of the inevitable poor outcome; the patient
died several hours later. Three other patients died
later after discharge in relation to their underlying
diseases. Mean survival following ECMO support was
seven (range 3-16) months with two long-term
survivors. The illness severity of our urgent patients
using the SOFA score ranges from 10 to 17, (mean
13+2.6). Patients dying on ECMO had higher SOFA
scores (14.8+1.6 vs. 10.8£1.5; P=0.0065).

All but one (elective) patient suffered ECMO
related complications. These were mainly the
bleeding from puncture sites (# 1, 5), limb ischemia
due to large bore cannula inserted into femoral artery
(# 8, 10), cannula displacement (# 6), intracardiac
thrombosis (# 9) and progressive thrombocytopenia
(Table II, Figure 1).
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Retrograde arterial fine

i\

Prograde leg perfusion cannula

Figure 2—Distal leg perfusion: left groin of the patient # 10 demon-
strating the arterial cannula inserted into the common femoral artery
and the branch line of the circuit used for distal lower limb perfusion.
The head of the patient is to the right side.

Discussion

The establishment of a highly dedicated cooperative
team of cardiologists, cardiac surgeons, cardic
anesthesiologists and perfusionists is not an easy task.
However, continuous availability of the team members
to participate in any ECMO related issues is a
prerequisite of a successful program, Institutional
supportt is also of paramount importance due to the
nature of this demanding care.?

Potential ECMO patients should be carefully selected
for support. In our center, we require that three of the
four specialities participating in the ECMO program
(i.e., cardiology, cardiac surgery, cardiac anesthesia,
perfusion) should aggree that ECMO support is
indicated and appropriate. Regular or more specialised
Intensive Care Unit (ICU) scoring systems may be
used for patient assessment.2 23 We evaluated our
patients according to SOFA score, which is easy to
count and identifies both overall and organ specific
risk.?4 In a prospective series of 1449 patients, a
maximum total SOFA score higher than 15 correlated
with a mortality rate of 90%.% Another study reported
100% mortality for patients over 60 years and with a
total maximal SOFA score over 13 on any of the first
five days after ICU admission.26 The nine urgent
patients had average SOFA score of 13+2.6 (range 10-
17), six of them =13 and as expected, the patients
dying on ECMO had significantly higher initial SOFA
scores. The overall early morality of 50% is favorable.
Long-term survival was related to the underlying

Vol. 52 - No. 3
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diseases; causes of late deaths included chronic heart
failure (+ 2), and sudden death in a patient with severe
pulmonary arterial hypertension while on a waiting list
for lung transplant (# 5). There was a high incidence
of complications related to ECMO, which is similar
to that reported by other centers.2 27 Because of the
potential to occlude the femoral artery and thus
precipitate limb ischemia, we measure the common
femoral artery diameter by ultrasound before arterial
cannula insertion, and occasionally, if feasible, perform
angiography of illiac and femoral arteries to depict
possible atherosclerotic disease. In addition,
appropriate cannula selection is essential. However,
if limb ischaemia does ensue, the institution of distat
prograde perfusion will reverse this complication
(Figure 2). We experienced two acute limb ischemia
episodes, once solved by distal leg prograde perfusion,
once by changing arterial line (o other limb.
Bleeding in patients on ECMO is mainly related to
cannulation site or surgical wound, occures frequently
and may be prolonged and severe. In a study of 405
patients on éxtracorporeal life support, significant
bleeding was present in more than 30% of cases.?
Patients are prone to bleeding due to heparinisation,
platelet depletion and activation on extracorporeal
circuit 28 2 and due to the nature of their disease.
One fatal intracerebral hemorrhage in our series was
considered to be a consequence of heparinisation
and suscepiibility of that particular patient to bleeding
due to borderline platelet count following bone
marrow transplant. However, we experienced one
fatal arterial line dislodgement with bleeding, that
caused both ECMO circuit and circulatory arrest. In yet
another patient we encountered arterial paracannular
bleeding caused by cannula displacement. Thus, very
careful and tight fixation of arterial line is of a crucial
importance. A complication related to the circuit
occurred only in one patient. The pump stopped due
to a low venous cannula inflow and the patient had
to be resuscitated. After repositioning of the cannula,
flow and adequate perfusion was restored. We have
not detected other purely technical errors or
complications. On the contrary, possibly due to a
retrograde flow, transient left ventricular (LV) systolic
dysfunction has been observed in a patient with severe
pulmonary artery hypertension and right ventricle
failure. The degree of LV dysfunction appeared to be
related to the magnitude of the veno-arterial ECMO
flow, thus we speculate that this phenomenon might
be caused by increased afterload and LV wall stress.
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Myocardial dysfunction during ECMO has been
described previously and suggested both experi-

NEWLY ESTABLISHED ECMO PROGRAM
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Souhrn

Extrakorporéini membréanova oxygenace (ECMO) patii mezi metody mimotélni podpory funkce srdce
a plic prostfednictvim mechanického zafizeni. ECMO patii do komplexu vysoce specializované péée vy-
hrazené nemocnym s ob&hovym a ventilaénim selhdnim, kde viechny konvenéni i nekonvenéni léebné
metody selhaly.

V préci je uvedena zdkladni problematika ECMO d je prezentovdn soubor novorozencu o défi lé&enych
touto invazivni zdchrannou metodou na nasem pracovisti.

Kli€ova slova: ECMO, respiraéni selhdni, obéhové selhdni, uméla plicni ventilace

Summary

ECMO (Extracorporeal Membrane Oxygenation) in the therapy of respiration
and circulation failure in newborns and children

Extracorporeal membrane oxygenation (ECMO) is used for extracorporeal support of heart and/or lung
function by means of a mechanical device. ECMO belongs to a complex of highly specialized care pro-
vided to patients with circulatory and/or ventilatory failures after all conventional therapeutic methods
had failed.

We present an overview of ECMO and demonstrate its usefulness in newborns and children treated with
this invasive rescue method at our center.

Key words: ECMO, respiratory failure, circulatory failure, mechanical ventilation
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UvoD

Akutni respira¢ni selhani v détském véku (acute
respiratory failure — ARF) je ¢astym divodem k pri-
jeti na jednotku intenzivni péce. I pri zafazeni rela-
tivné novych lé¢ebnych postupti, jako je napf.
uméla plieni ventilace (UPV) s pouzitim nizkych de-
chovych objemui [1], vysokofrekvenéni oscila¢ni
ventilace (HFOV) [2], 1é¢ba surfaktantem [3, 4], se-
lektivni plicni vazodilatace pomoci inhalovaného
oxidu dusnatého (iNO) [5] a zafazeni pronaéniho
protokolu [6, 7], zastava mortalita u pediatrickych
pacientli pomérné vysoka a pohybuje se v rozmezi
18-35 % [8-10]. Pfi selhani uvedenych léCebnych
moznosti pfichazi v ivahu pouZiti mimotélni mem-
branové oxygenace (ECMO - extrakorporalni mem-
branova oxygenace). Pii {élo melodé je krev derivo-
vana ze Zzilniho systému extrakorporalné do
oxygenatoru, kde je okyslitena a zaroven je Cas-
le¢né eliminovan oxid uhli€ily. Okysli¢ena krev se
vraci zpét bud do vendzni ¢asti rec¢isté (veno-ve-
nozni zpusob — V-V), nebo do arteridlni ¢asti feciste
(veno-arterialni zptisob — V-A).

Na ECMO jako na uispésnou podporu ventilace
a ob&hu bylo prvné upozornéno v praci Hilla a kol.
v roce 1972 [11]. ZkuSenosti s extrakorporalni
membranovou oxygenaci v 1é¢hé respira¢niho
a ob&hového selhdni u novorozencti publikovali
Barlett a kol. v roce 1976 [12]. V roce 1989 byla za-
loZena Extracorporeal Life Support Organization
(ELSO) jako dobrovolnéa studijni skupina sloZena ze
zastupcti center pouzivajicich mimotélni podpory,
kiera organizuje ceniralni databazi vSech center,
koordinuje prospektivni studie, vydava doporu¢ené
postupy a podili se na edukaé¢nich programech.
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Zatimco indikaéni kritéria k zahjeni ECMO pod-
pory jsou celkem presné stanovena v novorozenec-
kém véku (tab. 1) [13], u déti jsou omezena na do-
poruceni zahdjil uvedenou léc¢bu, pokud nemocny
vyzaduje agresivni ventila¢ni podporu nebo jde
o ob&hové selhani nereagujici na spravné vedenou
lé¢bu. Recentni studie jednoznacéné prokazaly horsi
vysledky pfeziti déti s prodluzujici se dobou pfed-
chozi UPV [14].

Nejcastéjsimi  novorozeneckymi diagnézami,
které vedou k ECMO podpore, jsou masivni aspi-
race mekonia (MAS), perzistujici plicni hypertenze
novorozence (PPHN), vrozena braniéni kyla (CDH -
congenilal diphragmatic hernia), respiratory di-
stress syndrom (RDS), pneumonie a sepse [15].
Z pediatrickych diagnéz to jsou virové a bakterialni
pneumonie, ARDS, sepse, myokardilidy a n€kleré
vrozené srde¢ni vady. Nezanedbatelny je pocet déti,
u kterych bylo zahdjeno ECMO z dtvodtr srde¢ni
zastavy (ECPR - extracorporeal cardiopulmonary
resuscitation). Vyznamnou mérou stoupa pocet
chronicky nemocnych déti lécenych pomoci ECMO
(renalni selhani, chronické plicni postizeni, vrozené
srde¢ni vady, jaterni selhani a onkohematologicka
problematika) [14].

Preziti pacientu lé¢enych mimotélni membréano-
vou oxygenaci je nejvy$si v novorozeneckém véku,
zatimco u déti a dospélych jsou vysledky horsi.
Niz8i preZziti je i u jedinct s pfitomnou komorbidi-
tou [14].

Lécha extrakorporalni membranovou oxygenaci
u novorozencu a déti nebyla v poslednich letech
v Ceské republice dostupna. ECMO bylo na nasem
pracovisti prvné provedeno v ffjnu 2010 a do srpna
2011 bylo timto zptisobem léeno 6 déti. PredloZzena
prace shrnuje zakladni problematiku ECMO tera-

Tab. 1. Neonatalni vstupni a vylucovaci kritéria k ECMO podpare [13].

Neonatalni vstupni kritéria

Gestacni vek

>34. tyden gestace

Porodni hmotnost

>2000 g

Neonatalni vstupni respiracni kritéria”

Oxygenacni index (Ol

>35-80 [po dobu 0,5-6 hod)

Alveolo-arterialni tlakova diference (A,DOp)

>80-82 kPa (po dobu 4-12 hod)

PaCIE

<4,6 do <8,0 kPa (po dobu 2-12 hod)

Acidéza a Sok

pH <7.,25 po dobu 2 hodin nebo hypotenze

Akutni zhorseni

Pa0, <7,0 do 5,3 kPa

Neonatalni vwylu€ovaci kritéria:

s Teézka koagulopatie nebo nekontrolované krvacent

o |ntrakranialni kevaceni (IKK)

* Nekorigovatelna vrozena srdeéni vada (VCC)

s ZavaZné vrozené vyvojové vady””

e |reverzibilni poskozeni mozku

Oxygenacni index (O] = (MAP x FiO> x 100}/Pa0»>

Alveolo-arteriaini tlakova diference = (Py,, - 47 - PaC0s - PaOs}/FiOo
*50 % ECMO center pouZivé vice neZ jedno respiracni vstupni kritérium

*“trisornie 21. chromozomu nebyva kontraindikaci
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pie u novorozenci a détli a prezentuje prehled pa-
cientt lé¢enych uvedenou metodou na JIRP KDDL
VFN a 1. LF UK v obdobi X/2010 - IIT/2011.

METODIKA A SOUBOR PACIENTU

Piistupy a zpusoby provedeni mimotélni
membranové oxygenace

V nasledujicim textu je uveden prehled nejbéz-
né&jsich zptisobt provadénych u novorozencu
a déti.

Ces-slov Pediat 2012; 67 (Suppl 1): 6-12

Veno-venézni zphasob (V-VECMO)

Krev je drénovana pumpou z pravé siné do oxyge-
natoru a okysliena se vraci zpét do pravé sin€. Pristup
a kanylace se lisi podle velikosti nemocného. U déti do
20 kg hmotnosti je davana prednost jednocestné ka-
nylaci. Prakticky vyhradné chirurgickym pristupem je
preparovana v. jugularis interna 1. dx. a touto cestou
je zaveden dvoucesiny katélr o sile 12-14 F (podle
hmotnosti nemocného) do pravé sin€. Derivacni otvory
katétru jsou umistény v distalnim a proximalnim
konci, navratové otvory by mély byt umistény proti tri-
kuspidalnimu tisti. U déti s hmotnosti vétsi nez 20 kg

je podobné jako u dospélych

mozné pouzit dvojcestny pristup
cestou v. femoralis a v. jugularis
interna 1. dx. Smér pratoku mutiZe
byt obousmérny, ale vétSinou je
krev nasavana cestou v. femoralis
a vracena do v. jugularis.

Veno-arteridlni zpusob
(V-A ECMO)

Krev je z pravé siné odvadéna
do oxygenatoru a okysli¢ena se
vraci do aorty. U déti s hmotnosti
do 10 kg je jako venézni pristup
nejéastéji volena v. jugularis in-

Obr. 1. Schéma nejéastéjsich zpisobi ECMO.

A. V-V ECMO. Jednocestny pfistup se pouZivd u novorozencl a déti s hmotnosti
do 20 kg. Double lumen katétrem je odvadéna krev z v. jugularis interna a oxy-
genovana se vraci zpét druhym ramenem katétru do pravé siné.

B. V-V ECMO. Dvojcestny piistup se pouZiva u déti s hmotnosti nad 20 kg a u do-
spélych. Krev je odvadéna z pravé siné cestou v. jugularis int. a okysliéena se vraci

zpét pies v. femaralis.

C. VVA ECMO. Krev je derivovana z pravé siné a okysli€ena se vraci zpét do aorty.

P - pumpa; O - oxygenator, SVC - horni duta Zila; IVC - doini duta Zila

Tab. 2. Srovnani V-A a V-V zpusobu ECMO.

terna, u vétsich déti je mozné zvo-
lit i v. femoralis. Okysli¢ena krev
se vraci u déti s hmotnosti do
10 kg cestou a. carotis communis
do aorty, u vétsich lze pouZit
i a. femoralis a vracet krev do
descendentni aorty. Za piihod-
nych okolnosti je mozné po ukon-
¢eni mimotélni podpory provést
rekonstrukci cévy a zachovat tak
jeji prichodnost. To je diilezité
zejména v piipadé kanylace a. ca-
rotis communis. Punk¢ni tech-
nika je mozna u vétsich déti [16].

V-A

V-V

T v. jugul. int. v. fem. > RA

a. carotis com. > aorta

v. jugul. int. v. fem. > RA

dosaZené pOp 60-150 torr

45-80 torr

¥ preload; A afterload

v pulse pressure

vliv na hemodynamiku Variabini CVP

zanedbatelny efekt

riziko omraceni myokardu

obéhova podpara tastecna az Uplna

sekundarné zvySenim DOo

DOy vysoka stiredni
vliv na plicnf cirkulaci stiedn& nebo vyznamng Vv beze zmén, nebo sekundarné
recirkulace zadna mUzZe byt vyznamna
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Volba zptisobu mimoté&lni podpory

Zpthisob mimotélni podpory je volen podle Klinic-
kého stavu nemocného. V-A ECMO je indikovano
predevsim pii ob&hovém selhani nebo v piipadé
kombinace ob&hového a ventilaéniho selhdni. V-A
zpusob zajistuje vysokou dodavku kysliku do orga-
nismu (DO,), sniZuje preload a zvySuje afterload.
SniZuje pulse pressure a vliv na hodnoty central-
niho Zilniho tlaku jsou proménlivé. Podle rychlosti
pratoku krve mutiZe byt obéhova podpora ¢astetna
az kompletni (kardiopulmonalni bypass). V-V
ECMO je indikovano u pacientt s dominujicimi p¥i-
znaky respira¢niho selhani. V-V ECMO minimalné
ovlivituje hemodynamiku, nema vliv na pulse pre-
ssure, DO, je stfedneé vysoka. Vyraznou komplikaci
muze byt faktor recirkulace oxygenované krve pii
malpozici ECMO kanyly, jejimz disledkem je sni-
zena DO,. Srovnani jednotlivych modalit ukazuje
tabulka 2.

Soucasti okruhu

Okruh pro ECMO je tvofen soustavou hadic,
pumpou, ohfivatem a oxygenatorem. V soucasné
dobé se vétSinou pouzivaji centrifugalni pumpy.
kde pohybujici se rotor v magnetickém poli vytvaii
prutok a generuje negativni tlak zajistujici dosta-
teénou Zilni drenaZ odpovidajici klidovému srdec-
nimu vydeji. Pozitivni tlak za pumpou vznika v dua-
sledku pritto¢ného odporu, ktery klade oxygenator,
hadicovy okruh a vlastni katétr. S rostoucim pra-
tokem krve stoupa i tlak v navratové vétvi. Pouzivaji
se membranové oxygenatory (polymetylpenten)
s vysoce hemokompatibilnim povrchem. Velikost
oxygenatoru je volena podle povrchu téla pacienta.
Fakultativni souc¢ésti okruhu je monitorovaci sys-
tém, ktery pfimo analyzuje hodnoty pH, pO,, pCO,,
SVO, a K+. Cely okruh urceny pro osetfovani novo-
rozencit a mensich déti ma pomérné velky objem
(cca 350 ml), proto je nutné ho pfed pfipojenim dét-
ského pacienta predplnit erytrocytarnim koncen-
tratem a mraZenou plazmou (tzv. priming).

Antikoagulace

Kontakt krve s cizim materidlem, i kdyz jde o vy-
soce biokompatibilni a heparinem potaZené (coated)
materidly, pusobi aktivaci koagulacni kaskady. Vy-
soky prutok krve sice ¢astetné zmensSuje riziko
vytvafeni krevnich koagul, presto je heparinizace
nezbytnosti. Nejcastéji se pouziva kontinualné poda-
vany nefrakcionovany heparin. Monitorovanym pa-
rametrem ti¢innosti antikoagulaéni 1é¢by je ACT (ac-
tivated clotting time, aktivovany koagulacni cas)
s cilovou hodnotou 180-200 s. Presnéjsi je monito-
rovani hodnoty aPTT (aktivovaného parcidlniho
tromboplastinového ¢asu), kde je Zadouci hodnota
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60-90 s. Hodnoty trombocytti by se mély pohybovat
nad 50 x 109/1. Pokles pod uvedenou hodnotu je in-
dikaci k transfuzi trombocytarniho koncentratu [17].

Nastavované parametry

Prutok krve se pohybuje mezi 80-120 ml/kg/min.
Frakce kysliku se nastavuje podle potfeby. Pritok
plynu je rozhodujici pro eliminaci oxidu uhli¢itého.
Vétsinou se pohybuje v rozmezi 0.6-1.2 1/min.

Nastaveni ventilaénich parametri pfi ECMO
podpoie

Nastlaveni se 1isi podle varianty ECMO. V-A pod-
pora umozni vyznamné sniZit ventila¢ni reZim
a prejit na tzv. .resting mode* (Pin = 20 cmH,0;
PEEP = 8-10 ¢cmH,O; DF = 10-15/min; FiO, <0,4)
[18]. U V-V podpory nemusi byt ve vSech pfipadech
oxygenacni a elimina¢ni [unkce zcela nahrazena
a je nezbytné ponechat konvenéni ventila¢ni reZzim.
Presto je snahou ho nastavit tak, aby ventilace byla
co nejméné lraumatizujici a pritom byla zajisténa
dostatecné oxygenace a ventilace.

Odvykani od ECMO podpory

Odvykani od ECMO podpory se lisi u V-V a V-A
pfistupu. V pripad€ V-V podpory z indikace respi-
racni insuficience jsou znamkou zlepSeni funkce
plic lepsi hodnoty krevnich plyna pfi neménném
nastaveni ECMO parametri1 a ventila¢niho rezimu.
Funkéni zlepSeni je vétSinou provazeno i zlepsuji-
cim se morfologickym nalezem na rtg nebo CT plic.
Podileji-li se plice z 70-80 % na vyméné plynti a pa-
cient je cirkula¢né stabilni, je sniZovana jak frakce
kysliku, tak prutok plynii oxygenatorem. Ve chvili,
kdy se koncentrace bliZzi 21 % a nemocny toleruje
konvenéni ventilaéni reZim a je nadale hemodyna-
micky stabilni, je mozné ECMO podporu ukoncit.
V pripadé V-A podpory se naopak snizuje priitok
krevni pumpou a trvaji-li znamky stabilizace cirku-
lace (je dosaZen pokles pratoku krve pumpou na
20-30 % vychozi hodnoty), lze uvazovat o ukonceni
ECMO podpory. Je zastavena pumpa a zaroven
jsou naloZeny svorky na obé ramena okruhu. Na-
sledné je nezbytné odstranit katétr, nebot riziko
tromboembolické piihody je vysoké. Pokud to stav
dovoli, je vvhodné provést rekonstrukci cév, zej-
ména a. carotis communis [19].

Odvykani od ECMO podpory je v obou pfipadech
naro¢né a predevsim finalni rozhodnuti o ukon¢eni
a odpojeni okruhu je obtiZné, protoZe v piipadé
zhor&eni stavu je znovunapojeni velmi kompliko-
vané, nebo zcela nemozné. Proto je zvlasté v pri-
padé V-A podpory vhodné podrobné sledovani he-
modynamickych parametrtt (pifedeviim reakce
pravostrannych oddilt ve smyslu kontraktilni
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Tab. 3. Soubor pacientu prijatych k ECMO.

Ces-slov Pediat 2012; 67 (Suppl 1): 6-12

Pac. €./ | Hmotnost | Diagnéza | OI/A-aDD; | Indikace Modalita 5,32; Preziti Dimise
pohlavi (g) (torr) ECMO ECMO ECMO (dry) ECMO
MAS ;
1. ¢ 4100 PPHN 38/610 ano V=V A2, ano ano
Pneumonia,
2.4 5800 RSV, CLD 25/585 ano V-V 10 ano anao
3.4 2860 PPHN 28/590 ano V-A B ano exitus
4. ¢ 3100 BPD 48/610 ne ano
H1N1 Y
5.¢ 8100 Ps. 64,/648 ano V_A 22 ano ano
aeruginosa ”
Pneumonia Y
B8 6100 (K. oxytoca | 54,/830 ano V:A 23 exitus
ESBL)
& Septicky
S 5100 Sok, ARDS 34/580 ne ano
8. ¢ gopp | Preumendl o4 eog ano VA 8 ano ano
{5t. aureus)

MAS — masivni aspirace mekonia: PPHN — perzistujici plicni hypertenze, RSV — respiratory sincitial virus, CLD — chronické
plicni postiZzeni, ARDS - adult respiratory distress syndrome, ESBL - extended-spectrum B-lactamases; Ol — oxygenacni

index, A-DO» - alveolo-arterialni tlakova diference

[unkce pravé komory, vyvoje plicni hypertenze, ale
i funkce levé komory, minutového vydeje a smigené
zilni saturace) v reakci na snizujici se hemodyna-
mickou podporu mimotélnim obéhem a v piipadé
intolerance (napf. nartst plicni hypertenze pfi sni-
zeni podpory) odvykani pozastavit nebo odlozit.

Od fijna 2010 do srpna 2011 doby bylo na nase
pracovisté odeslano 8 pacientti indikovanych ode-
silajicim pracovistém k ECMO podpore. Prehled pa-
cientt je uveden v tabulce 3. Ve dvou pfipadech $lo
o novorozence, pét zbyvajicich déti bylo v kojenec-
kém véku. U 6 pacientti bylo ECMO zahdjeno.
U 2 zbyvajicich déti ECMO indikovano nebylo.
V jednom pripadé $lo o bulézni formu bronchopul-
monalni dysplazie, kterd byla v kone¢né fazi zvlad-
nuta konzervativné. Ve druhém pfipadé se podafilo
zlepSit oxygenacni a obéhové parametry v kratkém
C¢asovém obdob{ tak, Ze uZ mimotélni podpora ne-
byla indikovana.

Ve 2 pripadech (pacienti ¢. 1 a 2) bylo provedeno
V-V ECMO, u jednoho pacienta (€. 3) s t&éZkou for-
mou perzistujici plicni hypertenze byla zahajena
V-A podpora. Chlapec zemfel jeden tyden po 1ispés-
ném ukonéeni ECMO za pfiznakt recidivy tézké
plicni hypertenze nezvladnutelné komplexni medi-
kamentézni terapii. Histologicka diagnostika pri¢in
plicni hypertenze dosud probiha. U pacientti ¢. 5
a 6 byla zprvu zvolena V-V modalita, pro znamky
progredujici obéhové nedostate¢nosti bylo nutné po
2 tydnech konvertovat na V-A zptisob. Pacient ¢. 6
zemiel pfi ECMO podpofe. Pri¢inou byla téZce pro-
bihajici nekrotizujici pneumonie (Klebsiella oxytoca
ESBL). Vsichni prezivsi byli propusténi domui a jsou

pfi prubézném sledovani po plicni strance v po-
tfadku. U pacienta &. 5 se jako komplikace objevila
polyneuropatie kriticky nemocnych a dalsi inten-
zivni rehabilitaéni péce je nezbytna.

Schvaleni indikace k ECMO podpoie probiha na
nasem pracovisti tymové. Po splnéni vstupnich kri-
térii musi se zahdjenim ECMO souhlasit vétsina
pediatrickych intenzivistt a nasledné zahajeni
schvaluje hlavni koordinator ECMO programu, kar-
diochirurg, perfuzionista a détsky intenzivista. Po pi-
semném souhlasu v8ech jmenovanych a souhlasu
zédkonnych zastupetit nemocného je pacient indiko-
van k zah4jeni mimotélni membranové oxygdenace.

Statistické hodnoceni souboru vzhledem k ¢et-
nosti nebylo provedeno.

DISKUSE

ECMO je Zivot zachranujici metoda pouZivana
v 1é¢bé téZkého respiraéniho a ob&hového selhani.
Preziti pacientti lé¢enych uvedenou metodou se po-
hybuje ve skupiné novorozencii s respira¢nim sel-
hanim kolem 85 %, s kardidlni pfi¢inou 61 %.
U ECMO indikovaného z dtivodu kardiopulmonalni
resuscitace je pireziti 63 %. U déti jsou vysledky
méné optimistické. Preziti u respira¢niho selhani je
65 %, u kardialniho 64 % a u ECPR 53 % [14]. Jsou
to v8ak pacienti, u kterych se predikovana morta-
lita blizi 100 %.

V nasem souboru byli dva novorozenci s nejéas-
t&j81 diagnézou, pro které je ECMO zahijeno.
V prvnim pripadé Slo o masivni aspiraci mekonia
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pri tézké asfyxii. Masivni aspirace mekonia 1écend
ECMO ma podle literarnich udaju velmi dobrou
prognozu preziti, az 97 % [20]. Prodélana asfyxie
neni sama o sobé kontraindikaci zahajeni ECMO
[21]. V ¢asném stadiu po porodu, resp. v dobé in-
dikace ECMO, nelze predikovat dalsi neurologicky
vyvoj. Podle nékterych praci je proto ECMO indiko-
vano. V naSem piipadé bylo u ditéte monitorovano
EEG pomoci integrované amplitudy (aEEG), které
vykdazalo normalizaci ve 36. hodiné Zivola, cozZ je
&irsi pozitivni prediktivni hodnota pro neurologicky
vyvoj. Proto bylo ECMO pfi splnéni respiracnich
kritérii 7. den u pacientky zahajeno. U druhého no-
vorozence diivodem pro pfipojeni k ECMO byla per-
zistujici plicni hypertenze, coZ je rovnéz casta indi-
kace. Stav byl V-A ECMO velmi rychle zvladnut
a znamky plicni hypertenze ustoupily. Po dekany-
laci vSak doslo opét k rozvoji PPHN, stav se jiz ne-
podafilo i pfes intenzivni medikamentézni a venti-
la¢ni podporu zvladnout a znovunapojeni ECMO
z divodu nevratné pri¢iny nebylo indikovéano. Pri-
¢ina zatim zustava nejasna a vySetreni pokracuje.
Ani u jednoho novorozence jsme nezaznamenali po-
pisovanou komplikaci ve formé intrakranialniho
krvaceni. U dvou kojencti jsme museli ptivodni
V-V zptisob konvertoval na V-A, coZ je podle nekte-
rych praci nepfiznivy prediktivni tidaj [10]. Dtivo-
dem pro zahajeni V-V podpory bylo téZké respira¢ni
selhani pii nevyznamné obéhové nestabilité. Ani
u jednoho z téchto pacientti jsme v$ak nemohli po
zahajeni ECMO zasadné snizit parametry ventilac-
niho rezimu a sniZit tak riziko rozvoje plicniho bio-
traumatu. U pacienta €. 6 se zdkladni dg. nekroti-
zujici pneumonie (Kiebsiella oxytoca ESBL) doslo
k rozvoji oboustranného tézkého barotraumatu,
které se nepodafilo ani chirurgickym oSetfenim
zvladnout a chlapec exitoval. Ztstava k diskusi, zda
u takto zavaznych plicnich postiZeni by nebylo
vhodné i pri ob&hové stabilité zah4jit pfimo V-A
ECMO. Jednotlivé kazuistiky jsou pfedmétem sa-
mostatného sdéleni v tomto &isle (Cerna O. et al,
s. 13-17).

V recentni literatufe je patrny stoupajici pocet
déti s komorbiditou lé¢enych pomoci ECMO, podle
materidlt ELSO jde aZ o 46 % pfipad(. Nejvyssi
pieZiti bylo zjisténo u déti s chronickym plicnim po-
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stiZenim a u myokarditid (59 %, resp. 43 %). Na-
opak nejhorsi vysledky preziti méli nemocni s ja-
ternim selhanim a déti po transplantaci kostni
drené (16 %, resp. 5 %) [14]. Zejména u fulmi-
nantné probihajicich myokarditid je nutné indikaci
ECMO terapie pe¢livé zvazit. Na jedné strané je to
zpusob, jak preklenout kriticky stav az do upravy
srdeé¢nich funkci (bridge to recovery). V opa¢ném
pripadé, kdy je myokard nezvratné poskozen, by
meéla nasledovat transplantace (bridge to transplan-
tation) [22]. V ¢eském odborném pisemnictvi nejsou
literarni udaje o uziti ECMO u déti s komorbiditou.

ZAVER

V préaci je podan stru¢ny piehled problematiky
ECMO v 1écbé respiracniho a obéhového selhani
u novorozenctt a déti. Je prezentovan vlastni sou-
bor pacientt za obdobi poslednich 7 mésicti. Nase
zkusenosti Ize shrnout do nasledujicich bodu.

1. Jde o vysoce specializovanou péci, kterou lze pro-
vadét na dobre vybaveném pracovisti, které do-
kéze zajistit ECMO jak u dospélych, tak i u déti.
(Ve VFN bylo do soucasné doby ECMO pouZito
u 51 pacientt, z toho u 6 déti.)

2. Péce o dité 1écené mimotélni oxygenaci je kom-
plexni a multioborova.

3. Velmi dualeZitd je péce nelékarského personalu,
pritomnost 1 sestry/1 ECMO pacienta, trvala
pritomnost perfuzionisty.

4. Vcasnost indikace prekladu pacienta k ECMO je
klicova. Véasné zahajeni ECMO muiZze zabranit
nevratnému poskozeni plic v disledku agresiv-
niho ventila¢niho reZimu.

5. Lécha je relativné nakladna. U vétSiny déti pre-
sahla cena 1é¢by 1 milion korun (zahrani¢ni lite-
rarni tdaje uvadeji finan¢ni ndklady na ECMO
terapii v rozmezi 50 000-100 000 S)[23].

6. Je pot&sujici, Ze v Ceské republice po nékolika le-
tech absence je opét mozné provadét ECMO
i u novorozencti a déti.

Prace vznikla ¢asteéné s podporou VZ 64165.
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Cil studiie: Zhodnoceni souboru 21 novorozencl a déti lécenych pomoci extrakorporaini membranoveé oxygenace (ECMO).
Typ studie: Observacni, retrospektivni s prospektivnim sbérem dat.

Typ pracovisté: Pediatricka a neonatologicka jednotka intenzivni a resuscitacni péce fakultni nemocnice.

Materidl a metoda: Od Fijna 2010 do soucasnosti byla na zékladé spinéniindikacnich kritérii zahdjena mimotéini membranova
oxygenace u 21 pacient(l (12 novorozenct a 9 déti). Podle charakteru a zavaznosti selhani bylo v 57 % indikovano veno-
-arteridlni ECMO (V-A ECMO) (novorozenci 83 %, déti 22 %), u zbyvajicich veno-vendzni ECMO (V-V ECMO).

VWisledky: Preziti ve skupiné novorozencl bylo 58%, ve skupiné déti 77%. Prace porovndva vysledky s nékterymi zahrani¢nimi
studiemi. Vzhledem k ¢etnosti souboru nebylo mozné statistické zhodnoceni.

Zavér; Na publikovaném souboru autofi dokazuji, Ze uvedena péce je v détské populaci nasi republiky potfebna. Prezentované
vysledky jsou v fadé parametrl i pres maly soubor srovnatelné s vysledky mezindrodniho registru.

KLiCOoVA sLovAa
ECMO - respiraéni selhdni - ob&hové selhani - - pediatrie

ABSTRACT

Vobruba V., B&lohlavek J., Rohn V., Grus T., Baskové M., Cerna 0., Fichtl J., Hfidelova L., HFidel J., Hodkova G.,
Klement P., Lorenéik D., Miejnsky F., Ne¢asova R., Nikitinsky D., Pokorna P., Srnsky P., §vorcové Z., Vykydal I.:
Results of ECMO therapy in cohorts of neonates and children

Objective: Retrospective evaluation of a sample of 21 neonates and children treated with ECMO.

Design: Observational, retrospective with prospective data collection.

Setting: Paediatric and neonatal intensive care unit of a teaching hospital.

Materials and methods: Between October 2010 and present, extracorporeal membrane oxygenation support was initiated
in 21 patients based on meeting the indication criteria (12 neonates, 9 children). According to the etiology and severity
of the cardiorespiratory failure, veno-arterial (V-A) ECMO was indicated in 57% of the patients (83% of the neonates,
22% of the children) - the remaining patients were treated with veno-venous (v-V) ECMO.

Results: The survival rate was 58% in the neonatal group and 77% among the children. This work contains a brief com-
parison with some results of other international studies. Due to sample size, no statistical evaluation was performed.
Conclusion: The authors demonstrate on the published sample that provision of the discussed care is needed
in the Czech Republic. Many parameters of the presented outcomes are - in spite of the small sample size - comparable
with the outcomes of the international registry.
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poreal y - respii y failure - circulatory failure - neonate - paediatrics
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Extrakorpordlni membranova oxygenace by-
la prvné pouzita v 1écbé respira¢niho selhani
v roce 1971 [1]. Bartlett et al. publikovali v roce
1976 zkuSenosti s 1écbou pomoci ECMO u déti
a novorozenct [2]. Technologické a terapeu-
tické inovace v oblasti mimotélni oxygenace
vedly v poslednich letech k nartistu poctu Kri-
ticky nemocnych 1é¢enych uvedenou metodou.
Extracorporeal Life Support Organization (ELSO)
zalozena v roce 1989 kromé jiného organizuje
velmi rozsahlou mezinarodni databazi pacienti
lé¢enych pomoci mimotélni oxygenace. Podle
ni je z divodi respira¢niho selhdni indikovano
k ECMO roc¢né vice nez 600 novorozencu a pres
300 déti. Vzestup poctu dospélych pacienti je
exponencialni [3].

ECMO je zptusob mimotélni podpory, pfi kte-
ré je krev nemocného pomoci pumpy odvadéna
extrakorporalné. Pfi prutoku oxygenatorem se
okysli¢uje a zaroven je ¢astecné eliminovan oxid
uhliéity. Vysoce oxygenovana krev se vraci zpét do
organismu. Pri respira¢nim selhani nezvladnu-
telném konvenéni nebo nekonvenéni ventila¢ni
technikou se zachovanou a farmakologicky ovliv-
nitelnou funkci srdec¢nich komor je indikovano
veno-venézni ECMO (V-V ECMO). Pti kombinova-
ném srde¢nim a respiracnim selhani se pouziva
veno-arteridlni ECMO (V-A ECMO), kdy je funkce
obou organt z velké ¢asti nahrazena.

Pfi V-V ECMO je u déti s hmotnosti do 20 kg
indikovan pfistup cestou v. jugularis interna
1.dx. za pouziti double lumen katétru velikosti
12-18 F. U novorozenci a kojencti je ddvana pied-
nost chirurgickému zavedeni. U déti s hmotnosti
vétsinez 20 kg je volen podobné jako u dospélych
jugulo-femoralni pristup se zavedenim katét-
ru seldingerovskou technikou. Oxygenace je
ovlivnéna pomeérem extrakorpordlniho pritoku
krve k srdecnimu vydeji pacienta a frakci kys-
liku ve smési plynt protékajici oxygenatorem.
Priitok plyni ovliviiuje eliminaci CO,. Vysoké
extrakorporalni priatoky krve double lumen ka-
tétrem mohou zpusobit recirkulaci okyslicené
krve v pravé sini a paradoxné snizZit dodavku
kysliku. Casteéné lze tomu zamezit spravnou
polohou vypustnich otvoru kanyly smérovanych
primo proti trikuspiddlnimu usti.

Pii V-A ECMO je u déti do hmotnosti 20 kg za-
vadéna nasavaci (inflow) kanyla pfes v. jugularis
interna do pravé siné a navratova (outflow) kanyla
cestou a. carotis communis do aortalniho oblouku.
Uc¢innost obéhové podpory je uréovana prutokem
krve a oxygenace frakci kysliku ve smési plynt
protékajicich oxygenatorem.

Ve VSeobecné fakultni nemocnici v Praze (VEN)
byl ECMO program zahdajen v r. 2007 u dospélych
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pacientl a o tfi roky pozdéji u déti a novorozencd.
VEN je tak jedinym pracovistém v Ceské republice,
které poskytuje mimotélni membranovou oxy-
genaci v celém vékovém rozmezi. V predlozené
praci jsou uvedeny vysledky 1écby pomoci ECMO
u novorozencu a déti za uvedené obdobi.

SOUBOR PACIENTU, METODIKA A VYSLEDKY

Soubor pacientii a vysledky

Od fijna 2010 do soucasné doby bylo léceno
na nasem pracovisti pomoci mimotélni mem-
branové oxygenace 21 pacienti (12 novorozenci
a 9 déti). Demografické udaje souboru jsou uve-
deny v tabulkach 1 a 2. ECMO bylo zahdjeno po
splnéni respira¢nich indikacnich kritérii (tab. 3)
nebo pfinezvladatelném obéhovém selhdni. Vta-
bulkach1a2jsou uvedeny hodnoty oxygenacniho
indexu vyjadiujici zavaznost respiracniho selhdni.
Pro posouzeni tize obéhového selhdni bylo pouzito
Wernovského inotropni skére a jeho modifikace
vazoaktivniinotropni skoére (IS/VIS) - tabulka 4.
Tyto parametry jsou v nékterych pracich zminova-
ny jako prediktory morbidity a mortality. Hodnoty
vétsi nez 20 dosahuji senzitivity 0,71 a specificity
0,8 [4, 5]. Zaroven je uvedena dynamika hodnot
IS/VIS po 24 hodinach (viz tab. 1a 2). V tabulkach
jsou rovnéz uvedeny hlavni diagnézy, doba trvani
ECMO podpory a pfeziti.

Metodika

ECMO okruh je tvofen heparinizovanym hadi-
covym okruhem (MAQUET PLS tubing set), fidici
jednotkou (MAQUET PLS Permanent Life Support,
MAQUET, Cardiopulmonary AG, Hirllingen,
Germany), centrifugdlni pumpou Rotaflow RF 32,
oxygenatorem Quadrox-iD Pediatric (MAQUET,
Cardiopulmonary AG, Hirllingen, Germany)
a smésovacem plynu Sechrist (Anaheim, CA,
USA). ECMO kanyly velikosti 8-16 F (OriGen
Biomedical, Austin, TX, USA, Edwards Life-
sciences Researche Medical Inc., Midvale, UT,
USA) byly kromé jednoho pfipadu zavedeny chi-
rurgickou cestou po pfedchozim sonografickém
zméfeni prusvitu pfislusné cévy. Pii dekanyla-
cich byla vzdy provedena rekonstrukce a. carotis
communis.

VSichni pacienti byli heparinizovani. Kratce
pred zavedenim kanyl byl podan heparin v davce
50-100 j/kg. Kontinualni infuzi heparinu bylo
udrzovano APTT v rozsahu 65-90 s.

Nastaveni parametriit ECMO

Pfi V-A ECMO byl nastaven priitok krve u novoro-
zenct na 100 ml/kg/min, v pediatrické indikaci na
80 ml/kg/min, s cilem dosdhnout saturace ve smi-
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$ené zilni krvi (SvO,) vice nez
70%. Rychlost pritoku byla
upravovana tak, aby pulzo-
vy tlak byl vétsi nez 10 tor-
. Pritok plyni oxygendato-
rem se pohyboval v rozmezi
220-650 ml/min. Pocatecni
FiO, bylo 1,0. Pii V-V ECMO
byl priitok krve u novoro-
zencu 120 ml/kg/min a u dé-
ti 100 ml/kg. Cilova hodnota
SvO, byla pro tuto modali-
tu vyssi nez 60 %. FiO, bylo
zpoCatku vzdy 1,0. Vychozi
pritok plyni oxygendtorem
800-1000 ml/min byl prubéz-
né Korigovan podle aktual-
nich hodnot kapnie.

Pfi odvykani u V-A zpiso-
bu byl snizovan priitok krve
pri disledném monitorova-
ni oxygenace a echokardio-
grafické kontrole srdce. Pri
prutocich 35-40 ml/kg/min
bylo ECMO ukonceno. Pfi
V-V ECMO bylo sniZzovano
FiO,, pratok plynii oxyge-
natorem a posléze i rychlost
prutoku krve. Fyziologické
hodnoty krevnich plynt
a nizké naroky na ventila¢ni
rezim byly indikaci k ukonce-
ni V-V ECMO. Bezprostfedné
po ukonceni cirkulacni pod-
pory byla provedena deka-
nylace. Arteria carotis com-
munis byla na rozdil od fady
jinych pracovist rekonstru-
ovana a sonograficky byl ve
vSech pfipadech prokazan
zachovany pratok krve.

Po zahdjeni ECMO dale
pokracovala umeéla plicni
ventilace protektivnim zpl-
sobem (Evita XL, Drdger,
SRN), ve 3 piipadech bylo
nutné kratkodobé pokraco-
vat v jiz zavedené vysoko-
frekvencni oscila¢ni venti-
laci (HFOV - SensorMedics
31004).

VSem pacientum, ktefi
vyzadovali ECMO podporu,
byla podavana analgosedace
v kombinaci. Nejcastéji byly
pouzity ultrakratce pusobici
hypnotika, barbituraty, opio-

no
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2 _ 0 idni analgetika a propofol. Pti zvySujici se
E 6B z .- z toleranci k analgetikim a pfi znamkach
a3 Begx g syndromu z odnéti byl podavan klonidin.
- mi i U dvou nemocnych vyzadujicich chirurgic-
8 kou intervenci byla kratkodobé indikovana
F ANp Hp | ook
: gle gle 2 % = g £ 3e Kromé bézného invazivniho monito-
£ 23 2|€ glalZ|2 558 rovani byla u nemocnych s V-V modali-
3 S22 HEIEE §El= tou sledovana hemodynamika systémem
2l ~ 2l s = 38|z LIDCO (LIDCO, Ltd., UK), u déti s V-A mo-
i dalitou echokardiograficky (Philips CX 50).
. e ol alyle : ; Cerebrdlni oxygenace byla monitorovana
= | pomoci INVOS (Covidien, Ireland). EEG
T bylo zaznamenavano pomoci integrované
o glg e 2lelele 2 |2 amplitudy (aEEG) (Olympic CFM, Olympic
a | [ Medical, Seattle, USA).
o & i [ V piipadech akutniho selhdni ledvin byla
2 2l |2 g | indikovana kontinudlni eliminaéni metoda
‘ ‘ | (CVVHD - kontinualni veno-venézni hemo-
L [ dialyza). Hemofiltr byl zapojen do venézni
g ol R o|l=|<|- o |~|O Casti ECMO okruhu, nebo byl zaveden dalsi
7 | | cévni vstup. K CVVHD byl pouZit pristroj
‘ [ Aqugrius (Edwards Lifesciences Researche
& gle 2 2lgleg|e E |2 ‘ Medical) o
Propusténi pacienti jsou sledovani am-
o < |« bulantné na nasem pracovisti détskym neu-
g 22 |z $z[z|T z |z rologem a pediatrem.
S = |3 | Pro uvedenou praci nebyl vyzadovan sou-
| hlas Etické komise.
N ®|o o 21|m|8 o |olm
- DISKUSE
25 2 FA - S Y P Extrakorpordlni membranova oxygenace
5 predstavuje vysoce specializovanou 1écbu
respiracniho a obéhového selhani v piipa-
Q|+ |o 38|38 5 (3|8 dech neuspéchu konvenc¢nich lécebnych
postupii. Mugford et al. pfi srovnani pre-
- sls |z cl2ls|s li? - zitd novor'oz‘encﬁ léégm’rgh porpoci ECMO
[ | a konvencni mechanické ventilace (CMV)
I prokazali analyzou ¢tyf randomizovanych
z e ! : © |m2 studii zafazenych do tfidy I v Cochranovské
! databazi vyznamné vyssi preziti ve skupiné
5 =& |w Sl s [he lécené ECMO (77% vs. 44%; p < 0,00001).
[ [ Na tfi prezivsi novorozence 1écené ECMO
§ o [ pripadl jeden zachranény oproti skupiné
> B olg |a o8|l g |gls z koqvenéni lééby'[(i].
s B [ = = P Sl i Vysledky v nasem souboru byly porov-
N [ | \ nany s nékterymi publikovanymi studiemi
il 1 avysledky uvedenymi v ELSO registru [7-9].
s E Rz | |ofT|2& S |N|= Izolované byly porovnavany vysledky ve
< 1 skupiné novorozencii a ve skupiné déti.
g v Ceské republice je indikovano k ECMO
2 ©o|lo | o|H 8|~ o |B|o podporte podstatné méné pacientli ve srov-
8 nani s nékterymi staty zapadni Evropy.
~ E % Napiiklad v Nizozemsku, které ma 16 milio-
3 Ll i i e i - E nl obyvatel, je ro¢né 1é¢eno pomoci mimo-
2 télni membranové oxygenace 40-50 déti.
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V Ceské republice je k ECMO podpote indikoviano
4-5 novorozenct a déti rocneé.

Vysledky mortality

Ve srovnani s udaji z ELSO registru je preziti
vnasem souboru novorozencu 58% (ELSO 85%) a ve
skupiné déti 77% (ELSO 65%). Horsi vysledky ve
skupiné novorozenct jsou pravdépodobné disled-
kem nékolika faktorii. Prvnim je zavaznost piede-
v§im obéhového selhani v dobé ptipojeni k ECMO
charakterizovand hodnotou IS/VIS a hodnotou
laktatu (medidn IS/VIS = 110 a median hodnot
laktatu pfi pfijeti = 10,5 mmol/l). Dal$im fakto-
rem je slozeni souboru novorozencii, respektive
jejich hlavni diagnézy. V 7 ptipadech byla hlav-
ni indikaci k zahajeni cirkula¢ni podpory tézka
sepse, respektive septicky Sok. Novorozenecka
sepse vyzadujici ECMO podporu je zatiZzena vyssi
mortalitou. Skinner et al. uvadi u novorozenci
se sepsi s nutnosti V-A podpory 70% preziti, za-
timco Zabrocki v pediatrické populaci 40% (7, 8].
V nasem souboru novorozencu byla jako hlavni
diagnoza tézka sepse, respektive septicky Sok
u sedmi pacientil, z nichz 3 zemfeli. V souboru
jsou dale 2 pacienti s vrozenou brani¢ni kylou.
V tomto pripadé je udavana 50% umrtnost [7].
Z nasich pacientt prezil jeden. Kone¢né v jednom
piipadé byla post mortem stanovena diagnéza al-
veolokapilarni dysplazie. Diskutabilni je véasnost
indikace cirkula¢ni podpory, kterou jiz zmirioval
Bartlett et al. [2].

Vliv zptisobii V-A vs. V-V ECMO

Indikace V-V nebo V-A modality ECMO je velmi
obtizna. O zplsobu provedeni rozhoduje stuper
hemodynamické nestability, vék a velikost pa-

Tab.3 Indikacni kritéria k zahajeni ECMO

INTENZIVNi MEDICINA

cienta a zvyklosti pracovisté. V-V ECMO je upied-
nostriovano predevsim ve stavech respira¢niho
selhani, zatimco V-A ECMO je indikovano pfi za-
vazném obéhovém nebo kombinovaném selhani.
V-A ECMO je zatiZeno vét§im poctem komplikaci,
predevsim ze strany CNS [10-12]. V poslednich le-
tech trvale stoupa pocet pacientd lé¢enych V-V zpt-
sobem. U novorozenci je to asi 1/3 a u pediatric-
kych pacientii az 1/2 vSech respira¢nich pficin.
Zabrocki et al. v multicentrické retrospektivni stu-
dii udavaji v obdobi 1993-2007 vzestup V-V ECMO
z 35 % na 46 % a uziti double lumen V-V katétru
z1 % na 19 %. Celkové vSak podil V-A pfevazuje
(58 %). Citovana studie udava preziti u pacient
1é¢enych V-V ECMO (double lumen katétr) v70 %,
V-V ECMO (2 katétry - jugulo-femordlni piistup)
v 66 %. Pacienti vyzadujici V-A ECMO meéli signifi-
kantné nizsi pieziti (51%; p = 0,488). Z nemocnych,
u kterych byla nutna konverze z V-V na V-A ECMO,
prezilo 49 % [7]. Skinner et al. srovndvali preziti
s ohledem na pouzitou modifikaci a vék u novoro-
zencl a déti s tézkou sepsi. Zdrojem pacientskych
Gdaju byl, stejné jako v pfedchozi praci, ELSO re-
gistr. Pri srovnani V-V a V-A metody bylo ve vSech
vékovych kategoriich pfeziti u pacientl lé¢enych
V-V metodou vyznamneé vyssi (novorozenci 83%
vs.70%, déti 54% vs. 37% a adolescenti 43% vs. 29 %
p=0,001) [8].

V naSem souboru 21 nemocnych bylo
V-A ECMO indikovano v 57 % (novorozenci 83 %,
déti 22 %). U dvou déti byla nutna konverze
z V-V na V-A ECMO (9,5 %). Piezilo 50 % novoro-
zencl lécenych V-A modalitou a 100 % lécenych
V-V zplisobem. Ve skupiné déti s V-A podporou
prezilo 50 % a 100 % s V-V podporou. Mortalita
u déti s nutnosti konverze byla 50%. Preziti pa-

Neonatalni indikacni respiracni kritéria

Oxygenacni index (O1)

>35 - 60 po dobu déle nez 0,5-6 h

Pa0,

< 8 kPa po dobu 2-12 h

Metabolicka acidoza a Sok

pH < 7,25 po dobu 2 h a hypotenze

Akutni zhorseni

Pa0, < 5.3 kPa

Pediatricka vstupni kritéria

Indikacni respiracni kritéria

Agresivni ventilaéni rezim

Indikacni obéhova kritéria

Obéhove selhani nereaguijici na spravné provadénou objemovou
a medikamentozni 1écbu

*01 = MAP X FIO, x 100/pa0,
MAP - stfedni tlak v dychacich cestach

Tab.4 Wernovského inotropni skore a jeho modifikace vazoaktivni-inotropni skére (IS/VIS)

‘ Wernovského inotropni skére | dopamin (mg/kg/min) + dobutamin (mg/kg/min) + adrenalin x 100 (mg/kg/min)

‘ Vazoaktivni inotropni skére 1S +10 x milrinon (mg/kg/min) + 10 000 x vazopresin (U/kg/min) + 100 x noradrenalin (mg/kg/min)
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cientl 1éCenych V-V zplsobem je v kontextu
s literarnimi udaji vyznamné vyssi. Vétsina ci-
tovanych praci v§ak neporovndva vstupni zavaz-
nost stavu k vysledku mortality. K V-A ECMO
jsou indikovani pfevazné nemocni s tézsim
obéhovym a oxygenacnim selhdnim, proto lze
predpokladat i vyssi imrtnost. Zavaznost oxy-
genacniho selhdani v naSem souboru ukazuji
vstupni hodnoty OI, stupen obéhového selhani
hodnoty laktdtu a intenzita obéhové podpory
IS/VIS skére. Median OI u novorozencu lé¢enych
V-V zplisobem byl 41,5 a u novorozenct s V-A mo-
difikaci 57,5. Vstupni median IS/VIS a laktatu
byl ve skupiné V-V 20,5, respektive 6,2 mmo-
1/1 ve srovnani s V-A, kde byl 124,5, respektive
11,3 mmol/l. Median vstupnich hodnot OI u déti
lécenych V-V zpiisobem byl 41 a u déti lécenych
V-A 56. Median IS/VIS a mediin hladiny laktatu
byly ve skupiné déti s V-V modalitou 33, respek-
tive 3 mmol/l a ve skupiné V-A 70, respektive
10,2 mmol/l. Z dlivodi velikosti souboru neby-
lo mozné podrobnéjsi statistické zhodnocenti,
presto je z vysledkd patrné, Ze k V-A ECMO jsou
indikovani nemocni s vyrazné zavaznéjsim oxy-
genacnim a obéhovym selhanim.

Vztah doby trvani ECMO Kk preziti

S probihajici dobou ECMO klesa procento pre-
zivajicich pacientii. Brogan et al. prokazali stou-
pajici mortalitu po 14 dnech trvani ECMO. U ne-
mocnych, u kterych byla ECMO podpora ukoncena
do 14 dni, bylo preziti 61%, naopak u pacientii
lécenych déle jak 21 dni to bylo 38 % (p < 0,001) [13].
Medidn doby trvani ECMO byl v nasem souboru
zemrelych novorozenct 15 dni ve srovnani s prezi-
v$imi, kde stejny parametr byl 8 dni. Ve skupiné
déti byl median doby trvani ECMO u zemfelych 12
a u prezivajicich 10 dni.

Komplikace

Obdvanou komplikaci ECMO, zejména pfi
V-A zpusobu, je cerebralni ischémie a krvaceni.
Incidence ischémie je v ELSO registru uvadéna
unovorozenct a déti 7%, respektive 4% a inciden-
ce krvaceni 7%, respektive 6%. Reed et al. popsali
v souboru détskych pacienti 1écenych ECMO
v autoptickém materialu incidenci trombézy
v 69 % a trombodzy a krvaceni v 31 % [14]. V nasem
souboru novorozencl doslo k rozvoji intrakrani-
alniho krvaceni u dvou novorozenci (16 %). Ani
v jednom pripadé nebylo pfi¢inou umrti. Ve sku-
piné déti jsme krvaceni nezaznamenali. Infekéni
komplikace jsou v ELSO registru uvadény u novo-
rozencliv 6 % a u déti v 18 %. V obou nasich sku-
pindch byla infekéni komplikace zaznamenana
po jednom pripadé (8 %, respektive 11 %).
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Transport pacientii pfi ECMO

Zavazny stav pacientl indikovanych k ECMO
Casto neumoziuje pievoz zajistény pouze umélou
plicni ventilaci a medikamentézni obéhovou
podporou. V téchto pfipadech je nezbytny vy-
jezd ECMO tymu na odesilajici pracovisté, kde
je nemocny kanylovan, pfipojen k mimotélni-
mu obéhu a transportovan na nase pracoviste.
Zkusenosti s mezinemocnicnim transportem
jsou publikovany nékterymi centry. Velikost
souborl se pohybuje mezi 23-100 pacienty [15 az
17]. V naSem souboru byl transport zajistovan
v 9 pripadech, a to u 6 novorozencu a 3 déti.
VSichni pacienti transport pfezili, nebyla zazna-
menana zadnd komplikace.

ZAVER

ECMO patfi k vysoce specializované péci o ne-
mocné s respira¢nim a obéhovym selhanim, kde
multioborova spoluprace je zikladem a nezbyt-
nosti (intenzivista, kardiovaskularni chirurg,
perfuzionista). Na publikovaném souboru autori
dokazuji, Ze uvedena péce je v détské populaci
nasirepubliky potfebnd. Prezentované vysledky
jsou v fadé parametri i pfes maly soubor srovna-
telné s vysledky mezinarodniho registru.
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3.19 Refractory cardiogenic shock due to extensive anterior
STEMI with covered left ventricular free wall rupture
treated with awake VA-ECMO and LVAD as a double
bridge to heart transplantation - collaboration of three

cardiac centres
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Refractory cardiogenic shock due to extensive anterior stemi with covered left
ventricular free wall rupture treated with awake VA-ECMO and LVAD as a double
bridge to heart transplantation — collaboration of three cardiac centres

Jan Kacer, Michaela Lindovska?, Roman Surovcik?, Ivan Netuka®, Frantisek Mlejnsky<, Tomas Grus, Jan Belohlavek®

Aim. To highlight an optimal collaborative strategy of three different levels of specialized care cardiac centres.
Background. Refractory cardiogenic shock is a life-threatening condition. A myocardial recovery is not achieved in
many cases despite all efforts and subsequently the heart transplantation remains an ultimate option. Thereby, the use
of extracorporeal membrane oxygenation (ECMO) followed by a ventricular assist device in staged bridging provides
an attractive approach.

Case report. We report on an optimal cooperation of PCl {(percutaneous coronary intervention) centre with ELSO (extra-
corporeal life support organization) centre and transplant centre in a patient suffering from refractory cardiogenic shock
due to acute myocardial infarction (RCSMI) complicated by left ventricle free wall rupture with pericardial tamponade.
Conclusion. The interhospital collaboration can be essential in the context of patients with RCSMI. The use of ECMO
enables safe interhospital transport and gains time for further diagnostic and therapeutic steps in such critically ill

patients.

Key words: refractory cardiogenic shock in acute myocardial infarction, percutaneous coronary intervention,
extracorporeal membrane oxygenation, left ventricle assist device
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INTRODUCTION

Cardiogenic shock as a complication of acute myo-
cardial infarction (CSMI) is a life-threatening condition
with high mortality. The last significant progress in the
treatment of CSMI positively influencing the clinical out-
come has been known for 15 years - early reperfusion of
the infarct related coronary artery'. The management ol
pharmacological therapy in order to improve the circula-
tion has its limitations. Therefore, mechanical circulatory
support (MCS}) is often initiated and is the last possible
solution to prevent an inevitable death?. In many cases,
the utilization of MCS in a treatment of refractory car-
diogenic shock as a complication of myocardial infarc-
tion (RCSMI) does not stop by mere improvement of the
circulation in the acute phase. In the context of RCSMI
we can divide MCS into two consecutive procedures: 1)
improving the circulation in the acute phase - a bridge to
decision (BTD) and 2) the use of a long-term ventricle
assist device (LVAD) as a bridge to transplant (BTT)
(ref.?). The implementation of the latter is in the major-
ity of cases required to reach the final solution in patients
with the inability to be weaned [rom short-term MCS,
since it is very rare to use ECMO as 4 bridge to urgent

heart transplantation (HTX) (ref.”. We report a case of
a patient suffering from this life-threatening condition re-
quiring both short and long term MCS in order to reach
a definitive solution.

CASE REPORT

A 62-year-old male with no significant previous medi-
cal history presented at the emergency department of
a community hospital with chest pain that began 10 h
earlier for the lirst time in his life. The pain was dull
and non-radiating. Apart from this, the patient had no
other complaints. After the diagnosis of acute coronary
syndrome {ACS) with ST segment elevation was estab-
lished, the patient was transferred to our PCT centre. He
had been smoking forty to sixty cigarcttes a day for more
than thirty years. Upon examination, the patient was over-
weight with the body mass index of 28.09 kg/m2 and ap-
peared well. His blood pressure was 130/85 mmHg and
his pulse was 95/min. An electrocardiogram showed a
sinus rhythm at 95 beats per min, normal axis, Q waves in
leads I, VL, VI-V6, raised ST segments in leads I, VL, V3-
V6, depressed ST segments in lead 111 (Fig. 1). Laboratory
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Fig. 1. 12-lead electrocardiogram in the patient with extensive anterior STEMI (11 h after onset

of symptoms).

examination demonstrated raised cardiac enzymes lev-
cls, remaining laboratory tests were unremarkable (sce
Table 1). The patient was given aspirin and clopidogrel
orally and heparin intravenously. Due to ST-elevation
myocardial infarction (STEMI) with ongoing ischemia,
the cardiac catheterization was carried out immediately
with the first-medical-contact-to-balloon time of 60 min
but with the total ischemic time (TIT) of 11 h. Coronary
angiography images showed total thrombotic occlusion of
the proximal segment of left anterior descending coronary
artery (LAD) (Fig. 2). Subsequently, percutaneous coro-
nary intervention (PCI) was performed. The thrombus
was removed by aspiration device and drug-cluting stent
was deployed at the site of 90% stenosis. After PCI, the
TIMI grade flow 2 was achieved in LAD. Considering the
low consumption of contrast media, left ventriculography
(LVG) was performed and it determined large dyskinesia
of the left ventricle apex and akinesia of anterior wall with
severely impaired left ventricle (LV) systolic function with
the ejection fraction (EF) of 25% (Fig. 3). Transthoracic
echocardiography (TTE) was consistent with LVG.
Subsequently, however, despite the proper intravascular
volume, the patient became hemodynamically unstable
and inotropic (dobutamine) and vasopressor (norepineph-
rine) drug therapy was necessary to maintain mean arteri-
al pressure {(MAP) of 60 to 70 mm Hg, On the second day
of hospitalization, despite the prior revascularization and
the treatment with high-dose catecholamines, a multiple
organ failure (MOF) began to develop due to low cardiac
output owing to persisting severely impaired contractil-
ity of LV as demonstrated by a TTE. TTE also revealed
pericardial effusion, which, however, did not show signs
of pericardial tamponade (Fig. 4). The patient suffered
from two episodes of short cardiac arrests caused by ven-
tricular fibrillation promptly solved by defibrillations. The
laboratory data revealed slightly elevated lactate, blood

Fig. 2. Total thrombotic occlusion of proximal segment of left
anterior descending coronary artery (see arrow).

LAD:; left anterior descending coronary artery, RCX; circumflex
artery

urea nitrogen and serum creatinine. Serum minerals were
within the normal limits. A blood gas analysis showed
mild metabolic acidosis. Cardiac enzymes were consist-
ent with major myocardial injury, liver enzymes showed
only mild elevation. Elevated levels of white blood cell
count and C-reactive protein were presumably attribut-
able to the systemic inflammatory response (see Table 1).
Based on a deteriorating status, we decided to contact the
Extracorporeal Life Support Organization (ELSO) centre
to discuss the initiation of short term MCS using extra-
corporeal membrane oxygenation (ECMO). The mobile
ECMO transport team composing of an interventional
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Fig. 3. Left ventriculography (A - diastolic, B - systolic): large dyskinesia of left ventricle apex and akinesia of anterior wall with
severely impaired left ventricle systolic function with the ejection fraction of 25%. Right anterior oblique 30° projection.

AOQ, aorta; LV, left ventricle.

Fig. 4. Transthoracic echocardiographic images; still frames from parasternal long axis views (A - diastolic, B - systolic): severely
impaired left ventricle systolic function with the estimated ejection fraction of 25%, pericardial effusion.
AO, aorta; LA, left atrium: LV, left ventricle; PE, pericardial effusion; RV, right ventricle.

cardiologist and perfusionist arrived at our hospital within
40 min and venoarterial ECMO was implanted emergent-
ly in the catheterization laboratory using femoro-femoral
access. The distal-perfusion cannula was utilized in order
to prevent limb ischemia. The patient remained awake
during the whole procedure (an awake ECMO approach),
the circulation improved with the possibility to reduce and
subsequently withdraw the inotropes. The anticoagulation
with unfractionated heparin (UFH) was initiated accord-
ing to the anticoagulation protocol of ELSO centre with
the target value of activated partial thromboplastin time
(APTT) of 45-60 s (heparin coated ECMO circuit). We
considered this consecution as a bridge to decision (BTD)
- a decision whether the myocardial function would re-
cover or not and the patient was transferred to the ELSO
centre.

On the third day of hospitalization, the patient became
suddenly severely hemodynamically unstable, necessitat-
ing mechanical ventilation and vasoactive drug therapy.
The echocardiography revealed cardiac tamponade and
emergent surgical intervention was indicated. The heart
was approached through a sternotomy and 600 mL of
pericardial clots and blood were evacuated from the peri-
cardium, The covered lelt ventricular free wall rupture
(LVFWR) was detected in the absence of source of ac-
tive bleeding. Subsequently, the patient’s hemodynamic
status improved rapidly with no further need for inotropic
support.

Anticoagulation treatment with UFH was continued
and tightly controlled by APTT values. Mechanical ven-
tilation was withdrawn on the fifth day of hospitalization
and patients remained awake on ECMO. Despite repeated
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Table 1. Summary of laboratory tests.

Patient’s available laboratory results

Reference iefie Retere On Outpatient
Test/Parameter On ECMO LVAD . !
range L. B . . . discharge medical check-up
admission  implantation implantation
(97" day after (111" day after
(2" day after (10™ day after ACS) ACS)
ACS) ACS)

Chemistry
Sodium 135-145 mmol/L 139 143 141 133.3 131.7
Potassium 3.5-5.0 mmol/L 3.8 4.6 4.7 4.41 3.93
Chloride 95-105 mmol/L 103 105 96 101 99.2
Creatinine 64-104 pmol/L 90 138 100 72.6 779
BUN 3-9.2 mmol/L 53 10 17.1 3.3 43
Troponin | <0.1 pg/L 48.135 205.657
hsTroponin T <35 ng/L 3070
AST 0.17-0.75 pkat/L 5.31 10.77 3.03 0.36 0.35
ALT 0.17-1.17 mmol/L 1.07 2.24 9.67 0.42 0.44
CRP <§ mg/L 37 113.4 125.9 133.7 315
Glucose 3.6-5.6 mmol/L 8.2 6.9 5.3 5.54 6.35
Lactate 0.5-2.0 mmol/L 2.3 0.8 1.2
BNP 10-80 ng/L 373 1584.3 124 167
Hematology
WBC count 4-10 x 10°/L 9.8 15.2 10.5 8.3 78
RBC count 4.3-5.4x 10"/L 4.5 4.4 3 3.87 4.38
Platelet count 150-400 x 10°/L 224 201 70 278 385
Hemoglobin 130-170 g/L 156 151 99 116 125
Hematocrit 40%-52% 47 44 29 34 37
MCV 80-100 fL. 100 100 93.4 87.6
Coagulation
INR 0.8-1.2 1129 1.38 2.56 3.04
APTT 20-40 sec 180 60.7
Antithrombin TIT 80-120% 73 61
D-dimer 250 ng/mL 386 6538 374
Arterial blood gas
pH 7.35-7.45 7.324 7.581
Base excess -2-+2mEq -5.6 +2.3
pO2 9.9-13.5 kPa 7.3 9.2
pCO2 4.7-6 kPa 4.86 519
Oxygen saturation 94-99% 86 97.5
Actual bicarbonate 22-26 mmol/L 19.1 26.2

ACS, acute coronary syndrome; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; BNP, B-type natriuretic peptide: BUN, blood urea nitrogen: CRP, C-reactive protein: [INR, international normal-
ized ratio; MCV, mean corpuscular volume; pH, potential of hydrogen: pCQ2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen:

RBC., red blood cell; WBC, white blood cell

attempts during the fifth to the eighth day, the patient
could not be weaned from ECMO. His blood tests during
this period of time showed transient impairment of renal
and liver function in relation to MOF. Other laboratory
data were indicative for incipient, non-symptomatic type
of disseminated intravascular coagulation (DIC) as a re-
sult of “ECMO coagulopathy” and systemic inflammatory
response. Arterial blood gas showed metabolic alkalosis
with hypernatremia. The treatment of aforementioned
abnormalities was focused on the proper management
of underlying disease. The results of the latest laboratory
tests carried out in ELSO centre are shown in Table 1 (see

section “before LVAD implantation™). Further echocar-
diographic evaluation of left ventricular systolic function
showed extremely low ejection fraction below 20% and
spontancous cardiac output (LCO) of approximately 1.4
L per minute. Since no chance for recovery of myocar-
dial function was anticipated, the implantation of a left
ventricular assist device (LVAD) was discussed with the
transplant centre, where the patient was subsequently
transferred. This step was also backed by worries of pos-
sible complications associated with ongoing ECMO sup-
port. However, the complications did not occur with the
exceplion ol alforementioned blood coagulation disorder.

106



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2015; 159:XX.

Heart Mate IT was implanted on the ninth day of hos-
pitalization as a bridge to transplant (BTT). The surgical
procedure included the removal of intracardiac thrombus
within the apex of the left ventricle and the fixation of
the inflow cannula with a pericardial patch and biologi-
cal glue, as it was placed in the site of necrotic myocar-
dium stemming from the previous infarction. A reason
for chronic LVAD instead of shorl-term LVAD cannu-
lated via left atrium have been two pronged: need for a
removal of semi malignant thrombus out of the left ven-
tricle and unstable contained rupture of left ventricular
free wall with a high potential of late bleeding without
reinforcement. After the Heart Mate II was implanted,
the temporary circulatory support with inotropes (mil-
rinon and dobutamin) was necessary. Anticoagulation
with warfarin was initiated and the treatment with hepa-
rin was withdrawn as the effective value of international
normalized ratio was achieved. The patient’s further re-
covery was complicated by Clostridium Difficile infection,
which was successfully treated with metronidazole and
vancomycin. Subsequently, he was placed on the heart
transplant waiting list. The patient was discharged two
months alter LVAD implantation. The laboratory results
at the discharge were satisfactory (see Table 1). He ap-
peared well on the first outpatient medical examination
14 days after his discharge from the hospital and his brain
natriuretic peptide levels were almost within the normal
range (see Table 1).

DISCUSSION

When cardiogenic shock, the most severe form of
acute heart failure, appears in the context of STEMI, the
only approach that reduces both short-term and long-term
mortality significantly, is the emergent coronary revascu-
larization™, The European Society of Cardiology (ESC)
and European Association for Cardio-Thoracic Surgery
(EACTS) recommends emergent reperfusion by means
of PCI or coronary artery bypass grafting (CABG) as a
class I/B in this setting®. In spite of the above mentioned
facts and other advances in the management of CSMI
mortality remains around 50%, which is less compared
to conservative treatment (70% to 80%), however, still
remains high™.

When circulatory blood volume is normal and blood
pressure remains unacceptably low due to LCO caused
by depressed contractility of myocardium, the vasoactive
drugs such as inotropes and vasopressors are used to im-
prove the circulation and the tissue perfusion. However,
these drugs can cause arrhythmia and deepen myocardial
ischemia. Morcover, impact on mortality in this group of
patients remains controversial. When pharmacological
treatment fails to maintain the adequate MAP and end-
organ perfusion or when inotropes-related complications
occur such as ventricular fibrillation in our case, the ini-
tiation of short-term MSP should be considered. Intra-
aortic balloon pump counterpulsation (1ABP) is widely
available in PCI centres, however, recent data challenged
the beneficial impact ol TABP on reducing mortality in

CSMI patients compared to a standard medical therapy.
Therefore, 2014 ESC/EATS guidelines on myocardial re-
vascularization state that “Routine use of IABP in patients
with cardiogenic shock is not recommended” (ref.®'"'%).
However, it is still being used despite current controversy.

The purpose of MCS initiation is the prevention of
MOF, stabilization of end organ function and allowing
spontaneous recovery of alfected organs, Thus, it can save
time in order to decide on further action or considering
the use of a long-term support system or indications for
organ transplantation’. Considering other devices for
circulatory support, ECMO appears to be most useful in
the setting of RCSMI since it provides the full circulatory
support, the percutaneous insertion of cannulas is quick
and relatively casy and it improves end-organ perfusion.
However, there is a lack of meta-analysis and random-
ized clinical trials proving the positive impact of ECMO
on clinical outcome in the patients with RCSMI (ref.*).
Furthermore, despite the adequate density of PCI capable
hospitals in the Czech Republic, ECMO is only available
in a few specialized centres. Nevertheless, the availabil-
ity o' a mobile ECMO transport team allows the use of
this method even in hospitals withoul on-site surgical fa-
cilities™. The collaboration with an elficiently organized
ELSO centre and a properly defined ECMO team role
is essential.

It is necessary to define the goal to achieve while using
short-term MCS in the setting of RCSMI: 1/BTD - ob-
taining the time for evaluating and considering further
strategy, 2/a bridge to recovery (BTR) - providing the
time for the recovery of reversible dysfunctional myocar-
dium, 3/a bridge to device - a bridge to long-term MCS if
the weaning from short-term MCS is not successful, 4/a
bridge to further intervention - such as PCI or cardiac
surgery and 5/a bridge to transplant (BTT) (ref.'*). The
latter is, however, very rare in the setting of short-term
MCS due to a shortage of donor organs’. Regarding our
patient, ECMO was implanted due (o a severe left ven-
tricle dysfunction resulting in MOF. This was primarily
taken as BTR, nevertheless, we anticipated the difficult
myocardial recovery due to TIT of 11 hours, since this pe-
riod is probably the most important factor in the context
of myocardial recovery®. Simultaneously, prolonged TIT
along with other present features such as the first trans-
mural infarction, no previous angina and the absence of
collateral vessels are the risk factors for the LVFWR as a
complication of acute myocardial infarction, which is the
second most common cause of death next to cardiogenic
shock in this setting”. In one out of three patients, this
mechanical cause of heart failure has a subacute course,
which gains time for emergency surgery as a treatment
of choice. In our case, ECMO support provided also the
bridge to surgery, although it had already been implanted
for another reason'®. During this decision making process,
awake ECMO approach is an optimal way to consult the
further course of treatment with the patient and to incor-
porate him into the multidisciplinary team dealing with
such a severe clinical condition.

The optimal duration of short-term MCS in RCSMI
is not well defined yet and the decision, whether to dis-
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continue the MCS, depends on meeting the conditions of
recovery'?. OQur patient was not able to be weaned after
six days of ECMO support, therefore, it was decided to
implant LVAD. Nonetheless, generally, the reason to with-
draw ECMO with the transition to LVAD is not only the
very low chance of myocardial recovery based on the TTE
and clinical findings. It is also the awareness of increasing
risk of occurrence of complications with the extension of
the length of this treatment. The most common complica-
tions of ECMO are bleeding, limb ischemia, thrombosis
of ECMO system, left ventricle overload and “Harlequin
syndrome” (hypoxia of the head and upper extremities)
(ref.'%). In our case, the heparin coated ECMO system
was used in order to prevent bleeding complications, since
the lower levels of APTT were required. The utilization
of distal-perfusion cannula reduces the probability of
the lower limb ischemia. The pathogenesis of coagula-
tion disorders associated with ECMO is multifactorial.
Foreign surface of ECMO circuit can play the key role
in the development of DIC, nevertheless, there are other
causative circumstances in patients in such critical condi-
tion, Careful coagulation monitoring is inseparable aspect
of ECMO management®., Generally, a thorough clinical
observation and repeated inspections of ECMO circuit
are absolutely essential.

The recommendations for LVAD therapy are based
on the ESC guidelines published in 2012 (ref."). In
our case, the patient was at the risk of immediate death
from non-reversible left ventricular failure without MCS.
The HeartMate II Left Ventricular Assist System was
implanted in the lowest INTERMACS level 1. The left
ventricle thrombus can cause serious dysfunction of
LVAD and therefore it should be solved simultaneously.
There is, however, little information on this topic in the
literature?!, Qur patient met the criteria for HTX, the in-
dication for the LVAD treatment was considered as BTT.
Nevertheless, the patient can become ineligible for HTX
over the course of time and then the intention should be
reconsidered to either bridge to candidacy or destination
therapy™. Also, the lack of donor organs and the growing
incidence of heart failure is another serious problem in
this context®.

CONCLUSION

The interhospital collaboration can play the key role
in the context of patients with RCSMI. The majority of
these patients with or without already expressed heart
failure initially present to the community hospital without
PCI facilities”. The primary PCI should be carried out
as soon as possible in one¢ of the PCI centres, of which
density is adequate concerning the conditions in the
Czech Republic*. Not every hospital performing PCI in
the Czech Republic is able to provide appropriate MCS
in RCSMI. Then, emergently available mobile ECMO
transport team is essential. It is necessary to emphasize
the importance of proper indication and timing of each
step, namely well-timed initiation of ECMO to prevent the
development of MOF and alter initial stabilization, the

patients with the inability to be weaned should be assessed
for transition to LVAD, avoiding inappropriate delay. An
awake ECMO approach in this setting represents a unique
way to keep the patient in being an active participant in
this decision making process.
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Surgery; ECMO, extracorporeal membrane oxygenation;
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4 Metodika

Vsechny naSe studie byly schvaleny Etickou komisi VFN a pacienti zatazeni do

nasich studii podepsali informovany souhlas se zatfazenim do téchto studii.

Do nasich studii byli zafazeni pacienti s CTEPH, indikovani k PEA. VSichni byli
pfed operaci hospitalizovani na II. interni klinice VFN, kde byla doplnéna veskera
potfebna predoperacni vysetieni, a den pied planovanym vykonem byli pieloZzeni na
lizkové oddéleni Kliniky kardiovaskularni chirurgie VFN. V den operace jim byla podana
standardni sedativni premedikace a nasledn¢ totalni intravenozni anestezie s vyuzitim
kombinace opioidl, hypnotik a svalovych relaxancii. Pfed napojenim na MO byl
nemocnym podan heparin k dosaZzeni aktivovaného srazeciho casu (ACT 480 s).
Chirurgicky vykon, monitorace a pooperacni péce probihaly podle zavedeného protokolu
pro PEA. Pritok krve jsme volili 2,4 L.m™. Pro udrZovani acidobazické rovnovahy béhem

hypotermie jsme volili strategii o- stat.

Pouzili jsme pfistroj pro MO Stockert S5 a CP SCP systém (Sorin Group
Deutschland GmbH, Munich, Germany) s ¢erpadlem Revolution pump (Sorin Group lItalia,
Mirandola, Italy), systém pro kontinualni monitoraci krevnich plynt CDI 500 (Terumo
Cardiovascular Systems, Ann Arbor, USA), oxygenator HILITE 7000 LT s hadicovym
heparin - coated setem (Medos Medizintechnik AG, Stolberg, Germany).

Do studie zabyvajici se prubéhem zanétlivych parametri (predikci infekcnich
komplikaci) bylo zafazeno 82 pacientl (tab. 1). Nacasovani odbéru krevnich vzorka bylo
po tvodu do celkové anestezie, po sternotomii, po CA, po MO a 12, 18, 24, 36, 48, 72
hodin od operace. Okamzit¢ po odbéru krve do heparinové zkumavky byla krev
centrifugovéna (5000 ot.min™ 15 min.) Plasma byla az do analyzy uchovévana pii -80 °C.

Sepse byla definovana jako systémova zanétliva odpovéd’ s ptitomnosti infekce ( str. 32 v

. textu).
Preoperative data (n = 82).

Number of males (%) 47 (57%) Statisticka
Age (year) 57.2 (8.4) ,

Mean pulmonary artery pressure (mm Hg) 55.8 (8.1) analyza byla
Cardiac index (Lmin 'm ?) 1.91(0.37)  provedena pomoci
Ejection fraction (%) 60 (9)

Pulmonary vascular resistance (dynesscm™) 1112 (311) softwaru SPSS
Variables are absolute number or mean (standard deviation). (12.0) pro

Windows  (SPSS
Tab. 1 Pfedopora¢ni data (Maruna et al., 2011)
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Inc., Chicago, IL, USA). Pro urceni normality jsme pouzili Kolmogorov-Smirnov test.
V piipad¢ parametrl, které nemély normalni rozlozeni, byl pouzit Mann-Whitney test.
Bonferroniho korekce byla pouzita pro analyzu soucasného méfeni v ruznych ¢asovych
bodech. Vicendsobny logisticky regresni model byl pouzit k testovani nezavislych
prediktorti infekce v pooperacnich dnech 1 - 3. Optimdalni koncentrace pro vypocet
pozitivni a negativni prediktivni pfesnosti byla ziskana analyzou ROC (Receiver Operating

Characteristic ).

Studie zabyvajici se ovlivnénim mediadtorti zanétu podanim aprotininu zahrnovala

Pre-operative and intra-operative data (n=60).

Parameter Group A Group B p value
(n=30) (n=30)
Number of males (%) 19 (63 %) 20 (67 %) 0.331
Age (vears) 59.2 (13.6) 62.1 (7.0) 0.291
NYHA classification 3.13(0.47) 3.09(0.51) 0.457
Pre-operative data
Mean pulmonary artery pressure (mm Hg) 54.1 (9.6) 54.5(9.9) 0.484
Cardiac index (Lmin '.m ?) 2.03 (0.33) 2.10 (0.39) 0.196
Ejection fraction (%) 61.3(9.2) 60.8 (6.9) 0.285
Pulmonary vascular resistance (dynes.s.cm °) 878.3 (284.5) 866.2 (292.8) 0.217
Intra-operative data
DHCA time (min) 36.8(12.1) 35.5(10.6) 0.284
Cross clamp time (min) 121.8 (20.1) 116.9 (18.6) 0.171
Minimum temperature (°C) 16.6 (0.7) 16.8 (0.6) 0.310

Variables are absolute number or mean (standard deviation). Abbreviations: DHCA — Deep hypothermic circulatory arrest; NYHA — New
York Heart Association

Tab. 2 Pfedoperacni a operacni data (Maruna et al., 2013)

60 pacientd (tab. 2). Ze studie byli vyfazeni pacienti s kombinovanym vykonem, s
pooperacnim krvacenim vyzadujicim chirurgickou revizi a poopera¢nimi infekénimi
komplikacemi. Aprotinin byl béZn¢ podavan vSem pacientim podstupujicim PEA do ledna
2008 (skupina A). Davkovani bylo 2000000 IU pted tvodem do anestézie, 2000000 IU v
naplni MO, a 50000 IU za hodinu kontinualn¢ intraven6zné v priabéhu vykonu. V souladu
s doporucenimi jsme prtestali aprotinin pouZzivat. Od ledna 2008 (skupina B) jsme podavali
kyselinu tranexamovou v davce 1 g do kozniho fezu, 1 g po podani heparinu a 2 g do
naplné MO. Nacasovani odbéru krevnich vzorkt bylo po tvodu do celkové anestezie, po
sternotomii, po CA, po MO a 12, 18, 24, 36, 48, 72 hodin od operace. Okamzité po odbéru
krve do heparinové zkumavky byla krev centrifugovana (5000 ot.min™ 15 min.) Plasma

byla az do analyzy uchovavana pti -80 °C (str. 38 v textu).
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Statisticka analyza byla provedena softwarem SPSS (18.0) pro Windows (SPSS
Inc., Chicago, IL, USA). Power analyza pomoci Sample Power 2.0. Pro uréeni normality
jsme pouzili Kolmogorov-Smirnov test. Pro analyzu dat byl pouzit Mann-Whitney test.

Bonferroniho korekce byla pouzita pro analyzu soucasného méfeni v ruznych ¢asovych
bodech.

Do tfeti studie, kterd se zaméfila na vyzkum vlivu zmén teploty na tésnici tlak
manzety endotrachealni kanyly, jsme zatadili skupinu po sob¢ jdoucich pacientl
podstupujicich PEA. Nemocni sanamnézou onemocnéni jicnu nebo indikovani ke

kombinovanému vykonu byli ze souboru vylouéeni (obr. 8). Zafazeni do porovnavanych

I Assessed for eligibility (n = 30) | Skupln (StuleIn’
kontrolni) bylo
Excluded (n = 6)
—>» ¢ Not meeting inclusion criteria (n = 4) I3 4
¢ Declined to participate (n = 2) pI‘OVedel’lO l’lahOdl'lym
vybérem. Operacni a

Randomised (n = 24)
i demograficka data jsou

Allocation uvedena v tab. 3.
Allocated to intervention (n = 12) Allocated to intervention (n = 12)
4 ET cuff monitored and reinflated if necessary 4 ET cuff monitored without intervention A >
(n=12) (n=12) Bezprostiedné po
Rr— intubaci  jsme  pod
Follow-up
’ Lost to follow-up (n = 0) l I Lost to follow-up (n =0) | I .
aryngoskopickou
Analysis

kontrolou aplikovali do

| Analysed (n=12) | I Analysed (n =12) I

Flow diagram of study. ET, endotracheal.

Obr. 8 Schéma studie (Rubes et al., 2014) hypofaryngu 1 ml
methylenové modfi

(Patentblau V; Guerbert, Roisse, France), zifedény do 2ml fyziologického roztoku. Béhem
ochlazovani a ohfivani pacienta (pfi teplotach v hypofaryngu 36 °C, 32 °C, 28°C, 24°C,
20°C, min. teplota) jsme méfili v randomizovanych skupinach tlak v manzeté

endotrachealni kanyly. Ve studijni skuping byl tlak v manzeté korigovan. Pfed ukoncenim

Baseline characteristics of 24 patients undergoing deep hypothermic circulatory arrest randomised to active cuff pressure
management (study group) or cuff pressure monitoring alone (control group)

Study group (n=12) Control group (n=12) P
Age (years) 51.3+11.6 63.2+8.9 0.028
Men 8 (67%) 7 (58%) 1.0
BMI (kgm 2) 25.5+4.7 25.7+3.4 0.931
CPB time (min) 313+50 337+35 0.14
Lowest temperature("C) 15.4+0.7 15.2+0.7 0.354
DHCA time (min) 36+8 40+ 11 0.563

Values are mean + SD or number (proportion). CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest.

Tab. 3 Operacni a demograficka data (Rubes et al., 2014)
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MO byla v obou skupinach provedena bronchoskopicky kontrola zate¢eni methylenové
modii, pouzité jako indikator, pod trachealni manzetu jako znamka tiché aspirace (str. 45

Vv textu).

Pro test normality byl pouzit Kolmogorov-Smirnov test a Shapiro-Wilk test. Pro
analyzu dat byl pouzit Mann-Whitney U-test nebo Fishertiv exaktni test. Proménné byly
uvadény jako primér + smérodatnd odchylka (SD) pro normalni rozdéleni a median (0,25

— 0,75 percentil) pro nenormalni rozdé€leni. Statistické analyzy byly provedeny pomoci

SPSS 13,0 (SPSS Inc., Chicago, IL, USA).

Do studie porovnavajici
Demographic and perioperative data. Values are

mean+SEM or frequency (proportion). CP a RP jsme zafadili 60
RF &r pyalue acientll (30 RP a 30 CP). Dva
P

Age / years 62.9+2.05 59.1£2.26 0.218 L . .

Male gender 14 (47%) 8 (29%) 0.156 pacienti ze skupiny CP byli

BMI / kg'm-2 28.3+0.65 26.3+0.61 0.029* nasledné Vyfazeni 7z divodu

ECC / min 276.5+5.96 258.2+4.96 0.022%*

CCT / min 99.6+2.51 98.8+3.51 0.862 masivniho perioperacniho

DHCA / min 28.6+1.29 28.6+1.40 0.996

Min T/ °C 17.0+0.04 17.1+0.04 0.060 krvaceni. Zatazeni do

Note. P-values are based on the independent samples t-tests; pOTOVnéVanyCh SkUPin pTObéhIO

p-value is derived from the Chi-square test; *p<0.05; RP - roller pump,

CP - centrifugal pump, BMI - body mass index, ECC - extracorporeal nahodnym vybérem. Operaéni a

circulation, CCT — cross-clamp time, DHCA - deep hypothermic

cardiac arrest, Min T - minimal body temperature. demograﬁcké data jSOLl uvedena
Tab. 4 Demograficka a operadni data (Mlejnsky et al., 2015) v tab. 4. Laboratorni parametry

jsme vyhodnocovali z krevnich
vzorkll odebranych po ivodu do celkové anestezie, po podani protaminu, 24 a 48 hodin od
konce operace. Krevni vzorky byly okamzité po odbéru zpracovany nebo byla krev
centrifugovéana (5000 ot.min™ 15 min.) a plasma byla az do analyzy uchovavéana pfti
- 80 °C. Analyzu tromboelastografu (TEG) jsme provadéli po uvodu do anestezie a po
podani protaminu. Laboratorni zpracovani krevnich vzorku bylo provedeno v centralnich

laboratofich VFN a spolupracujicimi odborniky (str. 57 v textu).

Rozdéleni dat bylo testovano s pouzitim Kolmogorov-Smirnov testu. Proménné
byly uvadény jako priimér + stfedni chyba priméru (SEM). Pro analyzu dat byl pouzit
dvouvybérovy t - test, dvouvybérova analyza rozptylu (ANOVA) Mann-Whitney U - test
nebo ¥ test. Statistické analyzy byly provedeny pomoci SPSS (17) (SPSS Inc., Chicago,
IL, USA) a Statistica 12 (StatSoft, Inc., Tulsa, OK, USA).
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Indikaci k ECMO podpofe posuzuji vSechny zucastnéné strany a pro pozitivni
vysledek je nutny souhlas alespon tii odbornosti (str. 75 v textu). O indikaci se souhlasy se
zavedenim podpory je sepsan pisemny protokol. Perfuziologové se vyjadiuji predevsim k
technickému feSeni podpory. Volbé vhodného technického feSeni, materidlu, velikosti
kanyl odpovidajici pozadovanému pritoku. V pribéhu podpory je ¢leny ECMO teamu

konzultovan pribéh, odvykani i ukonceni podpory.

V zacatcich ECMO programu jsme pouzivali konzoli 550 Bio-Console (Medtronic
Perfusion Systems, Brooklyn Park, MN, USA) s adaptérem, ktery umoznoval pouziti CP
Maquet Rotaflow (Maquet Cardiopulmonary AG, Hirrlingen, Germany) a set PLS
(Permanent Life Support) s touto konzoli, protoze CP Medtronic s vhodnym oxygenatorem
a dlouhodobgjsi certifikaci nebyla k dispozici. V soucasnosti pouzivame systém Rotaflow s
CP Rotaflow, setem PLS a certifikaci pouziti 14 dni. Pro transporty v soucasnosti
preferujeme integrovany systém Cardiohelp a set HLS (Maquet Cardiopulmonary,
Hirrlingen, AG, Germany) s certifikaci az 30 dni (Philipp et al., 2011). Nevyhodou je jeho
vyssi cena a nedostupnost détského setu, neni tedy vhodny pro malé déti a novorozence.
Pro ECMO lze pouzit CP Levitronix CentriMag (Levitronix LCC, Waltham, MA, USA) s
vhodnym oxygenatorem, jeji certifikace je také 30 dni. Nevyhodou je vSak vyrazné vyssi
cena oproti jinym systémtim. Pro détské pacienty od pocatku pouzivame CP Rotaflow s
détskym oxygenatorem Qadrox iD (Maquet Cardiopulmonary, Hirrlingen, AG, Germany).
U nékterych komplikovanych pacientll jsme pouZzily monitor pro kontinualni monitoraci
krevnich plynti CDI 500 (Terumo Cardiovascular Systems, Ann Arbor, USA). Soucasti
systému je také tepelna jednotka HU 35 (MAQUET Cardiopulmonary AG, Hirrlingen,
Germany), jejimz ukolem je udrZovani télesné teploty, prostiednictvim tepelného

vyméniku integrovaného v oxygenatoru.

Kanylace je predevSim zavisla na volbé typu podpory (VV, VA) a véku pacienta
(Belohlavek et al., 2010; Vobruba et al., 2012) (str. 76, 91 v textu).

Pacienti na ECMO by méli byt pro bezpeény provoz systému adekvatné
antikoagulovani kontinudlnim podavanim heparinu. Optimalni hodnoty antikoagulace se

pohybuji v rozmezi APTT 60 - 90 s.
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5 Vysledky

Nasledujici text je heslovitym shrnutim zakladnich vysledkt s odkazy do
jednotlivych publikaci autora, kde jsou tyto vysledky podrobné rozvedeny.

V letech 2005 — 2009 bylo sledovano 82 pacienti, operovanych pro CTEPH.
Nekomplikovany pooperaéni pribéh byl u 59 pacientti. U 14 pacientl se vyvinula infek¢ni
komplikace béhem prvnich tfi pooperacnich dnii a u 9 pacientli se projevily ve stejném
obdobi neinfekéni komplikace. Analyza ukazala, ze IL-6 (interleukin 6) a PCT byly
jedinymi nezdvislymi prediktory infekénich komplikaci v prvnich tfech dnech po PEA
(Maruna et al., 2011) (str. 33 v textu).

Od ledna 2007 do ¢ervna 2011 provedena studie u 60 pacientli po PEA, analyzujici
uc¢inek aprotininu na poopera¢ni hodnoty PCT a soubor cytokini. Podani aprotininu mélo

vliv na narast poopera¢nich hodnot PCT (Maruna et al., 2013) (str. 39 v textu).

Na skupiné 24 pacientll bylo béhem PEA prokéazana statisticky vyrazné nizsi ticha
aspirace u pacientd s opakovanou kontrolou tlaku v manzeté endotrachealni kanyly (Rubes
etal., 2014) (str. 47 v textu).

Zavedli jsme kontinudlni monitoraci krevnich plynt béhem MO, jejimz pfinosem je
vetSi bezpecnost a kvalita perfuze pfedevSim vykoni v hluboké hypotermii ale 1 jinych

kardiochirurgickych vykonid (Mlejnsky et al., 2010) (str. 52 v textu).

Zorganizovali jsme randomizovanou prospektivni studii srovnavajici vliv
rozdilnych typl cerpadel na klinické a laboratorni ukazatele u pacienti podstupujicich
PEA. Od zafi 2010 do cervence 2013 bylo do studie zatazeno 60 pacientl. Pooperacni
koncentrace IL-6 zaznamenané 24 hod. od konce operace a hodnoty PCT v ¢ase 48 hodin
od operace byly u skupiny CP statisticky vyznamné nizsi. V ostatnich laboratornich a
klinickych sledovanych parametrech nebyl rozdil mezi obéma skupinami (Mlejnsky et al.,
2015) (str. 58 v textu).

CP stala soucasti systému podpory zivotnich funkci ECMO, které bylo pouzito u
kriticky nemocnych pacienti v kardiochirurgii a intenzivni péci dospélych, déti i
novorozencti (Belohlavek et al., 2010; Vobruba et al., 2015) (str. 77, 97 v textu). Cast
pacientd byla ispésné po napojeni na ECMO transportovana na naSe pracovisté. Do konce

roku 2015 jsme metodu ECMO pouzili u 152 pacientti (126 dospélych a 26 déti), z nichz
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41 bylo transportovano. Primérny vék nemocnych napojenych na ECMO podporu byl 41
let (61 % muzil). 83 (55 %) pacientli bylo uspésné odpojeno a 68 (45 %) propusténo do
domaéciho oSetfovani. Vysledkem spoluprace s transplantacnim kardiocentrem v IKEM je
jeden uspesné transplantovany pacient a jeden pacient ¢ekajici na vhodného dérce na

dlouhodobé podpote, na kterou byl pieveden z ECMO (Kacer et al., 2015) (str. 103
Vv textu).
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6 Diskuze

Kardiocentrum VFN v Praze je prvnim a soucasné jedinym pracovis$tém v ramci
Ceské republiky a Slovenské republiky, které poskytuje chirurgickou 1é¢bu CTEPH.
Protokoly pro jednotlivé medicinské odbornosti, pouzivané v prubéhu PEA, byly pievzaty
z kliniky v Mainzu, kde je na Univerzité Johana Gutenberga jedno z nejvétSich center
v Evropé vedené prof. Mayerem. Clenové tymu z VFN Vv Praze, podilejici se na 1é¢bg,
absolvovali staz na zdejsi Klinice kardiochirurgie, hrudni a cévni chirurgie. Prvni PEA
byla pak ve VFN provedena v zati 2004 s pfimou ucasti prof. Mayera. Pfedevsim popsany
chirurgicky postup s opakovanymi DHCA byl jen minimaln¢ modifikovan. I kdyZ neni
jediny, ktery se ve svété pouziva, je Cetnymi autory povazovan za nejefektivnéjsi a

vewr

2008). A proto je standardem v centrech s nejvétsim poctem vykonti a nejmensi mortalitou.

Zavedené postupy pro perfuziology na jednotlivych pracovistich popisovaly
vétSinou jen zpusoby vedeni zchlazovani a ohiivani, volbu udrZzovani vnitiniho prostredsi,
ale nevénovaly se typu pohonu MO. Ani ve svétové literatufe neexistoval odkaz na prace,
které by z jakéhokoliv hlediska (vliv na krevni elementy, aktivaci zanétu, krevni ztraty,
pooperacni komplikace) srovnavaly vliv rozdilného druhu pouzitého Cerpadla na vysledky
u PEA. Domnivali jsme se, ze by vzhledem k vyrazn¢ delsimu MO u PEA, v porovnani
s béznymi kardiochirurgickymi operacemi, pouziti CP mohlo mit pfiznivy vliv na vysledky
u tohoto vykonu. Vychazeli jsme z ptedpokladu, ze CP by mohla mit pozitivni vliv na
aktivaci zanétlivé odpovédi a hemolyzu a 1 na klinicky pribéh u téchto zavazné
nemocnych pacientti. Ve srovnani s jinymi pracemi, které se také zabyvaly problematikou
zanétu u pacientli operovanych na MO (Baufreton et al., 1999; Lindholm et al., 2004),
jsme v nasi klinické randomizované studii dosahli odlisnych vysledkt, které ukazuji na
vyznamné niz$i aktivaci zanétu po operaci pii pouziti CP. Ty jsou S nejvetsi
pravdépodobnosti ddny pravé tim, ze zminéni autofi popisuji vliv odlisnych typli pohonu
MO na soubory pacientli podstupujicich nejcastéji koronarni revaskularizaci, nebo vykony
na chlopnich, u kterych byla doba trvani MO vyrazné niZsi oproti pacientim Zz naSeho
souboru. Domnivame se na zakladé naSich vysledku, ze typ pouzitého ¢erpadla mize byt
dalezitym faktorem z hlediska intenzity zanétlivé reakce v zavislosti na dob¢ trvani MO

(Ashraf et al., 1997).
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IL-6 je jednim z hlavnich prozanétlivych cytokintl, jez se podileji na odpovédi
akutni faze. Vyss§i hodnoty byly sledovany u pacientti v koronarni chirurgii v souvislosti
s pouzitim MO, oproti revaskularizaci bez MO (Nesher et al., 2006). V nasi klinické
randomizované studii jsme potvrdili, Ze pouziti MO vede k aktivaci zanétu majiciho za
nasledek nardst cytokinti a jinych proteinovych markerti zanétlivé odpovédi, napi. PCT.
Bylo prokazano, ze narist PCT muze byt ukazatelem bakterialni sepse ale také aseptické
zanétlivé odpovédi, ktera je nizsi pii pouziti CP. Poopera¢ni priabéh hodnot PCT byl
V naSem souboru podobny jako v jinych publikovanych studiich, s maximem 24 — 48 h po
operaci, s postupnou normalizaci hodnot (Maruna et al., 2011; Sponholz, Sakr, Reinhart, &
Brunkhorst, 2006). To dokazuje, ze ke stimulaci PCT dochazi také pti aseptickém zanétu,
jaky predstavuje nekomplikovany operacni zakrok. Pfedpokladame tedy, ze vyssi hodnoty
PCT u pacientd s pouzitym RP v ¢asném pooperacnim obdobi jsou nasledkem vétsi
zanétlivé odpoveédi na MO nez odrazem bakterialni sepse (Maruna et al., 2011). Prokazali
jsme, Ze u pacientll podstupujicich PEA, tedy s pomérné delsim MO a DHCA, je pouziti
CP spojeno se snizenou aktivaci zanétlivé odpovédi. Ruzna uroven této odpovédi
zpusobend odliSnymi typy cerpadel ma praktické dusledky, protoze vytvaii referencni
pozadi pro hodnoceni ptipadné pooperacni infekce. Hodnoty PCT a IL-6 mohou
predikovat riziko bakterialni infekce a mély by byt v pooperacnim obdobi monitorovany.
Nahly narGst by mohl znamenat pocatecni pfiznaky infekce, které se objevi jesté pied
klinickymi znamkami. V souladu s pifedchozimi studiemi bylo prokazano, Ze i neinfekéni
faktory (lokalni trauma, MO, kardiochirurgicky vykon, reperfuze) mohou vést k aktivaci
cytokind a reakci PCT. Zvyseni téchto hodnot se také jevi, jako zavislé na chirurgickém

vykonu.

Kromé otazky aktivace kaskady zanétlivych cytokinli jsme se intenzivné zabyvali
také problematikou potlaceni neinfekéniho zanétu zptisobeného MO. I v této oblasti nejsou
V literatufe prace, které by se vénovaly konkrétné pacientim podstupujicim operaci
s DHCA. Doposud publikované prace se tykaji piedevSsim pacientd podstupujicich
revaskularizaci (Alonso, Whitten, & Hill, 1999; Asimakopoulos & Gourlay, 2003; Kipfer,
Englberger, Gygax, Nydegger, & Carrel, 2003; Schmartz et al., 2003).

Aprotinin byl v kardiochirurgii pouZivan ptedevsim jako hemostaticky 1€k, pro své
antifybrinolytické ucinky u operaci se zvySenym rizikem krvaceni. V nasi klinické
randomizované studii jsme u pacientti podstupujicich PEA sledovali ti¢inek aprotininu na

vzestup pooperacnich hladin PCT a souboru cytokinii oproti podani kyseliny tranexamové.
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Prokézali jsme, ze aprotinin, nespecificky inhibitor sérovych protedz muize ovliviiovat
uvolnovani PCT v ¢asném poopera¢nim obdobi (Maruna et al., 2013; Wendel et al., 1999).
Pies nesporné pozitivni vliv aprotininu na zanét i koagula¢ni poruchy v kardiochirurgii
doslo na zakladé vysledku jedné klinické studie (Fergusson et al., 2008), s poukazem na
zvySeny vyskyt akutniho rendlniho selhdni a ¢asnych uzavéri zilnich bypasst, k zastaveni
jeho distribuce v USA a pozdégji i v EU. Jak design i dalsi aspekty zminéné prace, tak
piredevsim rozhodnuti odpovédnych ufadi jsou v odbornych kruzich stale diskutovany

(Beattie & Karkouti, 2011; Fergusson et al., 2008; Hebert et al., 2014).

Mimo nesporné vyhody, pro které je technika vedeni MO s hlubokou hypotermii
vyznamné prodlouZzeni MO nebo zvySeni krevnich ztrat. My jsme se v nasi dalsi klinické
randomizované praci zaméfili na vyzkum vlivu zmén teploty na tésnici tlak manzety
endotrachealni kanyly. Podle nasi hypotézy mize pfi chlazeni pacienta poklesnout tento
tlak natolik, Ze dojde k zatékani nesterilniho obsahu hypofaryngu do dychacich cest
S naslednym rozvojem infekce v poopera¢nim obdobi. Srovnanim dvou skupin pacientil
jsme tuto nasi hypotézu potvrdili. Ve skupiné nemocnych, u kterych jsme tlak v manzeté
béhem zmén teplot pouze monitorovali, ale nedorovndvali na vychozi hodnotu, jsme
zaznamenali signifikantné cast&jSi zateCeni do dolnich dychacich cest 1 pozitivni
bakterialni nalez v aspiratu. PiestoZe je udrZzovani tlaku v manzeté jednim z doporuceni ke
snizeni vyskytu ventilatorové pneumonie v intenzivni pé€i, nebyla dosud tato problematika
studovdna u nemocnych podstupujicich operaci v hluboké hypotermii. Nasim doporuc¢enim
pro praxi je tedy pravidelny monitoring tlaku v manzeté endotrachealni kanyly a jeho
uprava na bezpecnou hodnotu 2,5 kPa u vSech operaci vedenych v hypotermii. (Rubes et
al., 2014).

ECMO je metoda, kterd je pouzivana v piipad¢ tézkého ob&hového a/nebo
respiracniho selhani u déti i dospélych nereagujiciho na konvencni 1€cbu. RozSitfuje tak
moznosti 1écby o kriticky nemocné. Jedna se vysoce specializovanou péci, kterd vyzaduje
odpovidajici technické a personalni zazemi. Ve VFN v Praze jsme v roce 2007 zah4jili za
spoluprace specialistll ze vSech zcastnénych odbornosti (kardiologové, kardiochirugové,
perfuziologové, anesteziologové) ECMO program u dospélych a po trech letech i u déti a
novorozencu (pediatii) (Belohlavek et al., 2011; Vobruba et al., 2012). V soucasnosti

poskytujeme tuto péci vSem vékovym skupinam.
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Dulezitym faktorem uspésnosti metody je vhodna a spravné nacasovand indikace k
zahajeni podpory. Ugelem ECMO podpory je nahrazeni funkce selhavajicich organt,
v n¢kterych piipadech prevence multiorganového selhani, stabilizace orgdnovych funkci,
ziskéani Casu k zotaveni postizenych organt, diagnostice a rozhodovani o dalSim postupu,
ptipadné se muze stat "mostem" k organové transplantaci nebo jinému druhu dlouhodobé

podpory (Kacer et al., 2015).

ECMO patii mezi kratkodobé podpory pouzitelné v fadu dnu az tydnid, kdy
limitujicim faktorem je zpravidla funkce oxygenatoru. U nékolika pacienti Vv nasem
souboru byla léc¢ba jejich zakladniho onemocnéni komplikovana a protrahovana, takze

bylo nutné cely okruh, pfi znamkach jeho pocinajici nefunkénosti, vyménit (pfesetovat).

Stav nékterych pacienti, indikovanych k ECMO podpofe, mize byt natolik
kriticky, ze by velmi pravdépodobné neptezili pievoz do naSeho centra k zavedeni
podpory. Proto jsme, ve spolupraci se specializovanou zdravotnickou dopravni firmou,
rozsifili na$ program i o vyjezdy pro takto nestabilni pacienty, implantaci ECMO na mist¢
a nasledny transport na nase pracovisté. Vzhledem Kk rizikovosti takového transportu nejen
pro nemocného, ale i pro pouZitou techniku, je naprosto nezbytna také piitomnost
perfuziologa. Zkusenosti s transportem jsou referovany nékterymi centry s rizné velkym
souborem transportovanych pacienti (Alwardt et al., 2015; Broman, Holzgraefe, Palmer,
& Frenckner, 2015; Desebbe et al., 2013; Philipp et al., 2011). Pti nahlaSené a schvalené
indikaci k zavedeni podpory mimo VFN v Praze je telefonicky aktivovan ECMO tym,
ktery vyjizdi za pacientem. Po kanylaci a pfipojeni kK ECMO je nemocny transportovan
pozemni nebo leteckou cestou zpét do VFN. Perfuziolog musi byt na transport adekvatné
vybaven a pfipraven fesit piipadné technické komplikace 1 mimo domovské pracoviste.
Tato praxe se velmi osvédcila, protoze 1 drobné technické potize, které se béhem pievozl
vyskytly, a které mohly zivot pacienta akutné ohrozit, se diky pfitomnosti technického

specialisty podatilo odstranit a zddny z nemocnych po cesté nezemiel.

Zavedeni ECMO podpory nam zaroven umoznilo fesit komplikované stavy spojené

s chirurgickou l1écbou plicni hypertenze (Kolnikova et al., 2012).

Na poc¢atku naseho ECMO programu jsme vyty¢ili cil uvedeni CP do rutinniho
pouzivani v rdamci ECMO. CP byla pro nas od pocatku ¢erpadlem volby nejen u dospélych,
ale také u déti. Divodem byly mimo jiné piednosti CP, dostupnost modernich seth
(Cerpadlo, oxygenator) s certifikaci pouziti az 14 dntl, v soucasnosti az 30 dnti (Alwardt et
al., 2015). Zaroven konstrukce ovladacich jednotek a motoru je uzplsobena k delSimu
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provozu. Konecné, pouze vyrobky na principu CP nabizené¢ na naSem trhu umoziuji i

pfevoz nemocnych napojenych na podporu.

Predpokladem uspésnosti metody je uzka spoluprace specialistli, ktefi se na
programu podileji a ktefi musi feSit medicinské, technické a organizacni problémy,
komplikace spojené s touto metodou a zdvaznym stavem pacienttl.

Perfuziologové se také aktivné podileji na experimentech a projektech souvisejicich

s ECMO programem a slouzicim k objasnéni dosud nezodpovézenych otazek v této oblasti

(Bélohlavek et al., 2012).
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[ Zavér

Stanovili jsme postupy a metody prace perfuziologa pouzitelné pro optimalni
vedeni mimotélniho ob&hu a monitoring béhem chirurgické 1écby CTEPH. Prvni pacient
s diagnozou CTEPH byl v Kardiocentru VEN v Praze operovéan v zati 2004. V Cechach i
na Slovensku byla tato 1é¢ba do té doby nedostupna. Od té doby bylo na nasem pracovisti
odoperovano vice nez 270 pacientii. Pivodni protokol jsme pii zachovani zakladnich
pravidel a postupt zahrnujicich piedev§im mimotélni ob&h s hlubokou hypotermii,
opakovanou DHCA a reperfuzi, ¢asteéné¢ modifikovali a rozsifili. Divodem pro zmény
bylo pfedevsim zvySeni bezpecnosti pro pacienta a snaha eliminovat nepiiznivé vlivy
spojené s operaci. Zavedli jsme do rutinniho pouZzivani kontinualni monitoraci krevnich
plyni a saturaci mozku béhem mimotélniho obchu. Na zdékladé prospektivni
randomizované studie jsme dosli k zav€ru, Ze je prospé€$né monitorovat tlak manzety
endotrachealni kanyly, abychom zabranili komplikacim spojenym s jeho zménami béhem
hypotermie. Dal$i nase randomizovana klinicka studie prokazala pozitivni vliv aprotininu
na intenzitu zanétlivé reakce ve spojeni s MO a DHCA a moznost predikce casnych
infekénich komplikaci hodnotami PCT a IL6. U komplikovanych pacientt s dysfunkéni
pravou komorou nebo masivnim krvacenim z dychacich cest jsme ovéfili moznost feSeni

téchto komplikaci metodou ECMO.

Naplanovali a provedli jsme prospektivni randomizovanou studii, ve které jsme
porovnali rozdilny vliv dvou typt cerpadel (rotacni valeCkové a centrifugalni) pfi
kardiochirurgické operaci s déletrvajicim mimotélnim ob&hem. Do studie byli zatazeni
pacienti podstupujici v nasem centru PEA pro CTEPH. Vysledky této prace ukazaly
pozitivni vliv CP na intenzitu ¢asné pooperacni zanétlivé reakce. U ostatnich sledovanych
laboratornich a klinickych parametrli jsme nezaznamenali statisticky vyznamné rozdily
mezi pouzitim rotaéniho valeCkového Cerpadla a centrifugalniho ¢erpadla. Zaroven jsme
ziskali zkuSenosti se specifickym pouZivanim centrifugalniho cerpadla, které do té doby
nebylo v nasem centru pfi rutinni kardiochirurgii vyuzivano.

Podileli jsme se na vzniku a zajiSténi technické podpory v nové vzniklém ECMO
centru VFN v Praze. Zavedli jsme CP do rutinniho pouzivani pti ECMO podpoie. Od roku
2007 do konce roku 2015 jsme metodou ECMO osetiili 152 pacientt (126 dospélych a 26
déti) v rezimu V-A (veno — arterialni) nebo V-V (veno - venozni), podle primarni indikace.

Pro nemoznost standardniho transportu bylo 41 pacientt napojeno na ECMO mimo nasi
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nemocnici a uspésné prevezeno K dalsimu léceni do VFN. Implantace, transport i vlastni
provozovani probihaly za pfimé asistence perfuziologa. Technickou podporu zajistujeme
nejen pro Kardiocentrum VFN, ale také pro Kliniku anesteziologie, resuscitace a intenzivni
mediciny a Kliniku détského a dorostového Iékaistvi. Divodem je technické zazemi,
kterym kardiochirurgické pracovisté disponuje a predevSim vzdé€lani a specializace
perfuziologli. Zakladem uspésného rozvoje a fungovani nového programu, ktery je
personalné 1 technicky velmi naro¢ny, byla multidisciplinarni spoluprace odbornikt
Z mnoha medicinskych obort, véetné role perfuziologii pii zajistovani vlastni mimotélni
cirkulace. Rozvoj metody umoznil oSetfeni pacienti i s dfive krajné nepiiznivou
prognozou. Zaroven vedl ke zvySeni prestize pracovist’ podilejicich se na tomto programu

a prezentaci vysledki na konferencich a v odborném tisku.
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8 Seznam pouzitych zkratek

ACT

APTT

BIS

BP

CA

CNS

CP

CTEPH

DHCA

ECMO

EEG

IKEM

IL-6

MO

NIRS

PCT

PEA

PVC

RP

VA

VEN

\AY

aktivovany koagula¢ni ¢as (activated clotting time)

aktivovany parcialni tromboplastinovy ¢as (activated parcial tromboplastine

time)

bispektralni index (bispectral index)
krevni Cerpadlo (blood pump)

cirkulacni zastava (circulatory arrest)
centralni nervova soustava

centrifugdlni erpadlo (centrifugal pump)

chronicka tromboembolicka plicni hypertenze (chronic thromboembolic

pulmonary hypertension)

hluboka hypotermie se zastavou cirkulace (deep hypothermic circulatory

arrest)

mimotélni membranova oxygenace (extracorporeal membrane oxygenation)
elektroencefalogram

Institut klinické a experimentalni mediciny

interleukin 6

mimot€lni obeh

blizka infracervena spektroskopie (near-infrared spectroscopy)
prokalcitonin

endarterektomie plicnich tepen (pulmonary endarterektomy)
polyvinylchlorid

rotacni valeCkové Cerpadlo (roller pump)

veno-arterialni

VsSoobecna fakultni nemocnice v Praze

Veno-venozni
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