UNIVERZITA KARLOVA
3. lékarska fakulta

TERTy
\CP&' lap 7

“©
%’Sls

Dizertacni prace

Vliv pulzatility krevniho toku na vaskularni postiZeni
u pacientii s mechanickou srde¢ni podporou

PhD Thesis

Effect of pulsatility of blood flow on parametres of vascular damage
in patients with mechanical circulatory support

MUDr. Peter Ivak

Studijni program a obor: Experimentalni chirurgie
Skolitel: doc. MUDTr. Ivan Netuka, Ph.D.

Skolici pracovists: Institut klinické a experimentalni mediciny

© Praha 2017



Prohlaseni

Prohlasuji, ze jsem zavére¢nou praci zpracoval samostatné¢ a ze jsem fadné uvedl a
citoval vSechny pouzité prameny a literaturu. Soucasné prohlasuji, ze prace nebyla

vyuzita k ziskani jiného nebo stejného titulu.

Souhlasim s trvalym ulozenim elektronické verze mé prace v databazi systému
meziuniverzitniho projektu Theses.cz za ucelem soustavné kontroly podobnosti

kvalifika¢nich praci.

V Praze, 10. 4. 2017

Peter Ivak



Identifika¢ni zaznam

IVAK, Peter. Viiv pulzatility krevniho toku na vaskuldrni postizeni u pacientii s
mechanickou srdecni podporou. [Effect of pulsatility of blood flow on parametres of
vascular damage in patients with mechanical circulatory support]. Praha, 2017. Pocet
stran 90, pocet ptiloh 4. Dizerta¢ni prace. Univerzita Karlova, 3. Iékarska fakulta.
Institut klinické a experimentalni mediciny, Praha.

Vedouci zavéreéné prace/Skolitel: doc. MUDr. Ivan Netuka, Ph.D.

Kli¢ova slova: mechanicka srde¢ni podpora, pulzatilita, vaskularni zdravi,

mikrocastice, endotelidlni progenitorové buiiky, ziskanad von Willebrandova nemoc

Key words: mechanical circulatory support, pulsatility, vascular health, microparticles,

endothelial progenitor cells, acquired von Willebrad disease



Podékovani

Svou dizertaéni praci jsem vypracoval pod vedenim mého skolitele doc. MUDr. Ivana
Netuky, Ph.D. Jemu proto nalezi mé velké podékovani za vyborné odborné vedeni,
neustalou podporu, pratelsky pfistup, rady a cenné pfipominky v prubéhu mého
dosavadniho medicinského vzdélavani, doktorského studia a zrodu této prace. Jeho
vedeni programu mechanickych srde¢nich podpor v IKEM kontinualné zabezpecuje
intenzivni rozvoj této terapie na lokdlni i mezindrodni Grovni, vznik odbornych

védeckych praci a komplexni klinicko-védecké vzdélavani pro mladé i zkusené 1ékare.

Nemohu opominout motivujici a velkorysé podminky vytvorené ve spolupraci s doc.
MUDr. Janem Pithou, CSc., a tymem Laboratofe pro vyzkum aterosklerozy v IKEM.
Jejich trp€livost, vlidnost a ochota umoznily v naroénych podminkach klinického
pracovisté moje vzdélani v teoretickych a praktickych dovednostech a v laboratornich a

dalsich vysetfovacich metodach, které nejsou béznou soucasti klinického vycviku.

Réd bych zminil a pod€koval za vstticny ptistup prof. MUDr. Jana Pirka, DrSc., ktery
byl po vétS§inu doby mého doktorského studia ptfednostou Kliniky kardiovaskularni
chirurgie v IKEM, a dodnes podporuje nejen klinické, ale i védecké vzdélavani na

naSem pracovisti.

Moje pod€kovani patii také pacientlim, ktefi souhlasili se zafazenim do studii, o které se

opiraji zavéry této prace.

Na zavér bych rad podékoval své piitelkyni Marting, své rodin¢ a pratelim za

dlouhodobé trpélivé, tolerantni a motivujici zazemi.



Seznam pouzitych zkratek

BTT

DT
ELISA
EPC

HM 3
HM II
HMWMs
ISHLT

LVAD
MP
MSP
NO

OTs
RiCO
RVAD
SC

V-A ECMO
vWD
VWF
vWF Ag

premosténi k transplantaci srdce (bridge to transplant)

destina¢ni terapie

enzyme-linked immunosorbent assay

endotelialni progenitorové buiiky (endothelial progenitor cells)
HeartMate 3

HeartMate 11

multimery von Willebrandova faktoru s vysokou molekularni hmotnosti
International Society for Heart and Lung Transplantation (Mezinarodni
spolecnost pro transplantaci srdce a plic)

levostranna mechanicka srde¢ni podpora (left ventricular assist device)
mikrocastice (microparticles)

mechanickd srde¢ni podpora

oxid dusnaty

ortotopicka transplantace srdce

ristocetin kofaktor

pravostrannd mechanicka srdecni podpora

kmenové buriky (stem cells)

veno-arteridlni extrakorporalni membranovy oxygenator
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Abstrakt

Mechanické srdecni podpory jsou dilezitou terapeutickou modalitou v oblasti
pokrocilé chirurgické terapie termindlniho srde¢niho selhani. Doposud pouzivana
zatizeni generuji pievazné nepulzatilni tok krve. Navzdory prokazatelnym klinickym
uspéchim této 1écby se setkdvame s komplikacemi specifickymi pro zafizeni
s kontinudlnim pritokem. Komplikace jsou pfipisovany zejména zvySenému
smykovému zatizeni a zménam cév, krevnich elementli a endotelu. Cilem prace bylo
zjistit vliv kontinudlniho pritoku na vaskulaturu a krevni elementy pomoci
longitudinalniho sledovani vybranych biomarkerii vaskularniho zdravi. Ve studii byly
sledovany cirkulujici mikrocastice, endotelidlni progenitorové buniky a kmenové bunky

a byla vysetiena dynamika degradace von Willebrandova faktoru a jeho funkce.

Vysledky dosazené v na$i studii potvrzuji stanovenou hypotézu o zménach
dynamiky sledovanych markera v zavislosti na zmén¢ charakteristiky krevniho toku. Ve
sledovaném obdobi byl pozorovan pravdépodobny negativni vliv kontinudlniho pritoku
na sledované parametry. Pfi sledovani degradace multimerd von Willebrandova faktoru
s vysokou molekuldrni hmotnosti byl pozorovan pravdépodobny pozitivni vliv
arteficialni pulzatility. Dalsi vyzkum mtize poskytnout vyznamné podklady pfi vyvoji
specifickych charakteristik novych generaci mechanickych srde¢nich podpor, zejména

v definovani miry pulzni amplitudy a jeji synchronizace s nativnim srdecnim rytmem.



Abstract

Ventricular assist devices are an important therapeutic modality in advanced
surgical therapy of end-stage heart failure. Devices mainly used until recently generate
primarily non-pulsatile blood flow. Despite indisputable clinical success of this therapy,
we encounter complications specific to the devices with continuous flow. Complications
are mostly attributed to increased shear stress and changes in blood vessels, blood
elements and endothelium. The aim of this study was to determine the effect of
continuous blood flow on the vasculature and blood elements by longitudinal
monitoring of selected biomarkers of vascular health. During the study we monitored
circulating microparticles, endothelial progenitor cells and stem cells and examined

degradation dynamics of von Willebrand factor and its function.

Results obtained in our study confirm the hypothesis of changes in the dynamics
of studied markers dependent on the change of characteristics of blood flow. The
possible negative effect of continuous flow on monitored parameters was observed in
tracked period. In degradation of the high molecular weight von Willebrand factor
multimers the probable positive effect of arteficial pulsatility was observed. Further
research can provide important data for the development of specific characteristics of
new generations of mechanical circulatory support, especially in defining pulse

amplitude rate and its synchronisation with native heart rhythm.
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1 UVOD

Syndrom srde¢niho selhani je charakterizovan neschopnosti srdce pumpovat
krev s efektivitou dostacujici pro zabezpeceni adekvatniho zdsobovani ostatnich organi,
tedy poruchou srdce jako pumpy a duasledkd tohoto stavu. Pro pacienty, u kterych
onemocnéni navzdory extenzivni konzervativni terapii progredovalo do terminalni faze,
byla doneddvna krajni lé¢ebnou moznosti transplantace srdce. V poslednich letech se
modality pokrocilé chirurgické terapie terminalniho srde¢niho selhdni rozsifili o
moznost implantace mechanickych srde¢nich podpor.

Mechanické srdecni podpory (MSP) jsou cerpadla krve, kterd jsou schopna
u pacientll s pokro€ilym srde¢nim selhdnim ¢astecné nebo uplné ptevzit ulohu srdce
v krevnim obéhu s cilem obnoveni dostatecného srde¢niho vydeje. Tento typ terapie je
nyni jiz standardni a ucinnou metodou umoznujici zachranu Zzivota pacientl
s termindlnim srde¢nim selhanim. Dynamicky rozvoj terapie pomoci MSP je ovlivnén
zvySujicim se poctem pacientd se srde¢nim selhanim a celosvétovym neptiznivym
trendem v poctech vhodnych darcovskych srdei pro srde¢ni transplantaci.

Pouzivané systémy MSP generuji prevdzné kontinudlni pratok. Navzdory
absenci pulzni viny jsou vSak klinické vysledky terapie vice nez uspokojivé.
Nepulzatilnimu pritoku jsou vSak ptipisovany specifické komplikace, kterych pfi¢inou
je pravdépodobné omezené cyklické naméahani cévni stény, zvysené smykové zatizeni a
nasledné zmény cév, krevnich elementli a endotelu.

V dob¢ zahdjeni projektu bylo problematice pulzatility, vaskuldrnich parametrii
a endotelidlni funkce u mechanickych srdecnich podpor dedikovano jen omezené
mnozstvi publikaci. Sledovani dlouhodobéjsiho vlivu mechanické srde¢ni podpory na

parametry cévniho poSkozeni a analyza pulzatility pritoku pravdépodobné ovlivni



moznosti optimalizace dlouhodobého nastaveni pouzivanych piistroji, piipadné
poskytne informace potfebné pro vyvoj dalsi generace systémi MSP.

Predkladana prace slouzi k alespon ¢asteCcnému objasnéni otdzek tykajicich se
omezené pulzatility a jejiho vlivu na wvaskulaturu. Pro tento ucel bylo nutné
longitudinalni sledovani vaskularnich parametri u pacienti se srde¢nim selhdnim a

implantovanou mechanickou srdecni podporou.
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2 PREHLED PROBLEMATIKY

2.1 Srdec¢ni selhani

Srdec¢ni selhani je rostouci globalni epidemii s odhadovanou prevalenci vice nez
37,7 milidonu pacientil celosvétove, kterd neustle nartistd (Ziaeian a Fonarow, 2016). Je
definovdno jako abnormalita srde¢ni struktury nebo funkce vedouci k selhani hlavni
funkce srdce, tedy adekvatni dodavky kysliku k pokryti narokd metabolizujicich
organti. Klinickd definice syndromu srde¢niho selhani zahrnuje typické symptomy
(napf. dusnost, snizenou vykonnost) a fyzikalni znameni (napt. zvySenou naplii krénich
zil, poslechové chriipky na plicich, otoky, nebo posun tuderu srdecniho hrotu), jako
vysledek poruchy funkce nebo struktury srdce, rezultujici ve sniZzeny srdecni vydej

a/nebo zvysené intrakardidlni tlaky v klidu nebo pti zatézi (Ponikowski et al., 2016).

Setrvaly nartst poctu nemocnych se srdeCnim selhdnim je nejen odrazem
starnouci populace ve vyspélych zemich, kde prevalence ve véku nad 70 let je > 10 %,
ale také odrazem pokroku v terapii kardiovaskularnich onemocnéni (Ziaeian a Fonarow,
2016; Guha a McDonagh, 2016). Navzdory témto pokrokim v prevenci, lécbe,
diagnostice a péci o pacienty se srdecnim selhdnim, je tento syndrom provazeny

vysokou, 45 — 60%, pétiletou mortalitou (Bui et al., 2011).

Nejcastéjsimi pri¢inami srde¢niho selhani jsou ischemickd choroba srdecni,
hypertenze, nemoci srdecnich chlopni, kardiomyopatie zriznych pfi¢in (toxicka,
dilatacni, hypertrofickd, arytmogenni, nonkompaktni, restriktivni, atd), myokarditidy,
vrozené srdecni vady a také celkova onemocnéni, naptiklad diabetes mellitus, HIV,

poruchy stitné zlazy, hemochromatdza, amyloidoza a dalsi.

11



Rizikové faktory vzniku srdecniho selhani zahrnuji zvySeny body mass index,
akumulaci abdomindlniho tuku, elevovanou lacnou hladinu glukézy, zvySeny systolicky
krevni tlak, nebo zvySeny pomér apolipoproteinu B k apolipoproteinu A. Koufeni,
ischemicka choroba srde¢ni, hypertenze a chlopenni vady predchazeji diagnozu

srdec¢niho selhani nej¢astéji (Braunwald, 2013).

Terapie srdecniho selhdni zahrnuje nejen rezimovd a dietni opatieni a
farmakologickou 1écbu, ale také 1écbu chirurgickou, zahrnujici zakladni techniky
(revaskularizace, vykony na chlopnich, chirurgickou remodelaci levé komory,
resynchronizaéni terapii) a techniky pokrocilé (zavedeni mechanické srde¢ni podpory,

srde¢ni transplantace, Gplna nahrada srdce - total arteficial heart).

2.2 Pokrodila chirurgicka terapie terminalniho srde¢niho
selhani, pouziti mechanickych srde¢nich podpor

Ortotopickd transplantace srdce (OTs) je povazovana za metodu volby
chirurgické 1écby u pacientd s termindlnim srdecnim selhanim, ktefi zGstavaji
symptomati¢ti navzdory optimalni medikamentdzni terapii (Alraies a Eckman, 2014).
Prvni srdec¢ni transplantace u clovéka provedena dr. Barnardem vroce 1967 byla
nasledovana dalSimi 99 transplantacemi v nasledujicim roce, nicméné, vétSina tymu
opustila tento zplisob 1écby z diivodu vysoké mortality zpiisobené zejména rejekci
transplantatu. Objev cyklosporinu v sedmdesatych letech 20. stoleti zpusobil renesanci
transplantace srdce a od roku 1982 bylo téchto transplantaci provedeno pies 121 000,
dle mezinarodniho registru mezinarodni spole¢nosti pro transplantace srdce a plic
(ISHLT). Celosvétovy pocet srdeCnich transplantaci stoupl az na 5 000 za rok

v devadesatych letech, byl vSak nédsledovan vyraznym poklesem, zpisobenym zejména
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ubytkem poctu vhodnych darct srdecniho §tépu. Po roce 2010 se pocet transplantaci
srdce nasledné ustélil na 4 500 za rok (Lund et al., 2015). Nartistajici prevalence
srdecniho selhani v populaci a nepfiznivy trend v poctu vhodnych darcovskych srdci
postupné vedl k prodluzovani ¢ekaci doby na ¢ekaci listiné k transplantaci srdce a s ni
spojenou signifikantni morbiditou 1 mortalitou. Zejména tyto faktory vedly zdsadnim

pokrokim ve vyvoji mechanickych srde¢nich podpor.

Koncept pouziti pfistroje umoziujiciho dostatecného zasobeni organti kyslikem
a zivinami a udrZzeni hemodynamickych parametrii byl uveden do kardiochirurgické
praxe nejprve v podobé mimotélniho obéhu vroce 1953 (Gibbon, 1954). Prvni
mechanické srde¢ni podpora byla nésledné pouzita a implantovana v roce 1963 a prvni
uplnd mechanicka nahrada srdce (total arteficial heart) v roce 1969 (DeBakey, 1971,
2005). Dalsi vyvoj technologie umoznil pouziti mechanickych srde¢nich podpor jako

pfemosténi k transplantaci srdce (Oz et al., 1997).

Historicky rozeznavame nékolik generaci dlouhodobych mechanickych
srdecnich podpor. Prvni generace MSP byla vyvinuta na pulzatilnim principu. Tyto
pumpy vsSak obsahuji mnozstvi pohyblivych soucasti a jejich dlouhodobé pouziti je
limitovano zejména vysokym rizikem dysfunkce cerpadla a také rizikem infekci
(Pasque a Rogers, 2002). Druhd generace MSP je charakterizovand ptitomnosti
axialniho cerpadla, generujiciho kontinudlni priitok. Tento technologicky pralom
umoznil miniaturizaci ¢erpadla, zmenSeni velikosti povrchu, ktery ptichdzi do kontaktu
s krvi a zejména sniZeni poctu pohyblivych soucasti pumpy. Tyto vlastnosti umoznily
zlepSeni implantability MSP druhé generace a vedly k redukci nezadoucich u¢inkd,
zejména ve smyslu dysfunkce Cerpadla (John et al., 2008). Nejnovéjsim zdokonalenim
je pouziti elektromagnetického nebo hydrodynamického zavésu rotoru, a tedy eliminace

pfitomnosti lozisek, u tfeti generace MSP. Tim se zredukovalo mechanické opotiebeni,
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traumatizace krevnich elementii prochazejicich Cerpadlem a opét se prodlouzila
zivotnost pump. Tyto MSP pracuji na principu centrifugalniho ¢erpadla a jsou umistény
piimo v perikardu, na rozdil od pfedchozich generaci, kdy pumpa samotna se umistuje
do preperitonedlni kapsy. Posledni mechanickd podpora této generace, zafizeni
HeartMate 3, dokonce vytvaii arteficidlni pulzatilitu cyklickym zvySovanim a

snizovanim otacek Cerpadla s frekvenci 30 cyklli za minutu.

Specifickym ptipadem je Gplnéd nahrada srdce, kdy srdce, kromé sini, pacienta je
excidovano a nahrazeno mechanickou srde¢ni podporou, nasitou na srde¢ni siné¢ (Cook

et al., 2015).

2.3 Strategie terapie pomoci MSP

Mechanické srdecni podpory lze z hlediska délky planovaného pouziti rozdélit
na kratkodobé, stfednédobé a dlouhodobé. Podle konfigurace se MSP déli na
univentrikularni, nejcastéji levostranné, a biventrikularni. Mechanismus, kterym MSP
cerpa krev, mize byt bud’ pulzatilni, nebo rota¢ni (s kontinudlnim priitokem). Naprosta
vétSina typl pump je zavadéna chirurgicky, 1 kdyz nelze nezminit novéa Cerpadla ke
kratkodobému pouziti (Impella, TandemHeart, HeartMate PHP), kterd jsou
implantovdna perkutanng. Specidlnim typem mechanické podpory je extrakorporalni
membranovy oxygenator (ECMO), pouZivany zejména v emergentnich ptipadech pii

kardiogennim Soku ve veno-arterialnim zapojeni (V-A ECMO) (Truby et al., 2015).

Pfi tivaze o implantaci mechanické srde¢ni podpory je kromé peclivého vybéru
vhodného kandidata nutné myslet i na pldnovany vysledek a strategii pouziti zafizeni.

Mezi pét zékladnich cilti terapie pomoci mechanickych srde¢nich podpor patii: ,,bridge
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to transplantation® (most k transplantaci srdce, BTT), destina¢ni terapie (DT), ,,bridge
to recovery” (most k zotaveni), ,,bridge to decision*“(most k rozhodnuti) a ,,bridge to

bridge* (ptfemosténi k dlouhodobé podpote pomoci podpory kratkodobé).

V soudasné dobé je v Ceské republice hlavni indikaci k implantaci MSP
pfemosténi k transplantaci srdce. VySe zminéné technologické prilomy jako zavedeni
rotacnich Cerpadel, minimalizace pohyblivych soucasti a miniaturizace celych systémi
umoznily nejen zlepSeni implantability, ale také snizeni miry mechanického selhani
systém MSP. Diky tomu dal§im, v zahrani¢i dnes jiz béZné pouZivanym postupem, je
pouziti MSP jako tzv. destinaéni terapie, kdy je uméla podpora implantovéana jako trvalé
feSeni u pacientl, u kterych vék, nebo ptidruZzend onemocnéni vylucuji jejich zatazeni
do transplantacniho programu (Ryan et al., 2015; Hollander et al., 2016). Terapie
pomoci mechanické srdecni podpory je v téchto piipadech nadfazend medikamentdzni
terapii srde¢niho selhani, signifikantné zvysuje kvalitu Zivota 1 délku pfezivani pacientil
(Rose et al., 2001; Trivedi et al., 2014; Long et al., 2014). Trend k pouziti MSP v této
indikaci zaznamenavame jiZ i v Ceské republice, v USA je v indikaci DT implantovano
vic nez 40 % MSP (Kirklin et al., 2014). Destina¢ni terapie je nejvice se rozrustajici

indikaci na poli MSP.

Dal8i moznosti je zavedeni MSP u stavil, kdy je mozné predpokladat zotaveni
srdecni funkce, diky tzv. reverzni remodelaci, charakterizované komplexnimi
molekularnimi a bunéénymi zménami v srdeénim svalu (Birks et al., 2013; Wever-
Pinzon et al., 2016). Tyto zmény jsou nastartovany po zavedeni MSP, ktera umozni
sniZeni zatizeni (unloading) levé srde¢ni komory (Braunwald, 2015). Stavy, u kterych je
mozno o této eventualité¢ uvaZovat, jsou nejCastéji myokarditidy, postpartalni nebo
toxické kardiomyopatie (Topkara et al., 2016). Bohuzel pacientd, u kterych je tato

strategie uspesna, je zatim pomérné malo, a proto je tato oblast predmétem intenzivniho
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vyzkumu, zejména v oblasti remodelacni a anti-remodelacni terapie. Na druhou stranu
se moznosti zotaveni UspéSné vyuziva pii implantacich pravostrannych mechanickych
podpor pro akutni selhani pravostrannych srde¢nich oddilti po implantaci levostranné

mechanické podpory nebo transplantaci srdce (Bhama et al., 2009).

U pacientll v kritickém hemodynamickém stavu je mozné pouzit kratkodobé
mechanické srdecni podpory a po stabilizaci a oziejméni celkového stavu pacienta se

rozhodnout (,,bridge to decision®) o implantaci dlouhodobé MSP (,,bridge to bridge*).

Pro vybér pacientii k implantaci mechanickych srde¢nich podpor plati obecné
zavedena indikacni kritéria (Netuka et al., 2008). Dulezity vyznam pro vysledek
implantace MSP ma vSak také spravné nacasovani vykonu, zejména zachyceni
pocatecnich stadii multiorgadnového selhani (Yoshioka et al., 2012). Dal$imi dtlezitymi
faktory ovlivilujicimi vysledek terapie MSP je socialni zézemi, psychologicka
zpisobilost a schopnost pacienta vykondvat tkony spojeny s péci o MSP. Z toho
ditvodu je u ¢asti pacientli se specidlnimi potfebami preferenéné volena transplantace

srdce (napf. u neurodegenerativnich onemocnéni) (Segovia et al., 2001).

2.4 Operacni technika

Vzhledem kS§ifi problematiky budou stru¢né popsany operaéni techniky

nejcastéji pouzivané na pracovisti autora.

Po standardni sterilni pfipravé operacniho pole v oblasti hrudniku je provedena
sternotomie. U MSP druhé generace (HeartMate II) je vytvotfena preperitonealni kapsa
pro pozd¢j$i umisténi pfistroje, pristroj tfeti generace (HeartMate 3) se umistuje

intraperikardidlné. Po zavedeni kanyl mimotélniho obéhu a jeho zahdjeni se vykon
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provadi na bijicim srdci. Do hrotu levé komory je vytnut otvor, do kterého se po nasiti
objimky umisti vtokova kanyla, vytokova kanyla je nésledné naSita na ascendentni
aortu. Béhem umistovani pumpy je vytvofen podkozni tunel pro transkutdnni napajeci
kabel. Ten je pfipojen k fidici jednotce a Cerpadlo je za postupného snizovani priitoku

mimotélnim ob&hem uvedeno do plného provozu.

V naléhavych situacich je mozno implantovat kratkodobou mechanickou srde¢ni
podporu bez pouziti mimotélniho ob&hu (CentriMag Levitronix). Tento systém
umoziiuje biventrikuldrni nebo univentrikuldrni zapojeni. V piipadé levostranného
zapojeni je vtokové kanyla umisténa do levé sin¢ a vytokova kanyla do cévni protézy
nasité na ascendentni aortu. U pravostranné mechanické srde¢ni podpory je vtokova
kanyla umisténa do pravé sin€ a vytokovd do plicnice. Jednd se o parakorporalni

systémy, kanyly jsou externalizovany preperitonedln¢ a pres biisni sténu.

U pacientti v kritickém kariogennim Soku je zavadéno V-A ECMO k uplné
nahrad¢ funkce srdce (a plic). NejCastéji pfistupem je vena femoralis, odkud je
odcerpavand krev, kterd je vhanéna Cerpadlem do oxygendtoru a nasledné do arteria

femoralis.

Hlavnim soucasnym trendem v chirurgickych implantac¢nich a explantacnich
technikdch mechanickych srdecnich podpor je snizeni invazivity vykonti a zkraceni
doby na mimotélnim obéhu (Haberl et al., 2014; Cheung et al., 2014; Anyanwu et al.,

2014; Makdisi a Wang, 2015).
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2.5 Pulzatilni a nepulzatilni pritok

Obecné¢ je pfijimdn ndazor, ze arteridlni pulz je dalezitou soucasti
kardiovaskularniho systému. Pulzni vina je fyziologicky jev, pozorovany a také
méfitelny v arteridlnim systému krevniho obéhu. Vznika prostfednictvim objemu krve
vypuzené¢ho v systole. Tato krev se jako vlna S§ifi tepnami v disledku vzajemné
pfemény kinetické energie vylouceného objemu krve a potencialni energie napnutého
segmentu pruzné¢ cévni stény. Bunky lidského téla, zejména endotelidlni, jsou
adaptovany na cyklické zmény tlaku a pritoku. Pro definici pulzatility jsou uzivany dvé
zakladni veli¢iny a to pulzni tlak a pulzni index. Rozdil nejvyssiho systolického a
pulzatilitu pomoci pritoku a je rozdilem mezi nejvySsi a nejnizsi rychlosti proudéni
krve v systole resp. v diastole d€lenou stfedni rychlosti béhem srde¢niho cyklu (Soucy
et al., 2013; Cheng et al., 2014). U zdravych jedincti je pulzni vina méfitelnd napiiklad
pomoci ultrazvuku na velkych arteriich. Pfipadem, kdy pulzni vlna neni méfitelna
vibec, je pouziti mimotélniho obéhu pii kardiochirurgickych operacich se srde¢ni
zastavou a pii Uplné nadhradé srdce pomoci podpor s kontinualnim pritokem. U pacientli
s levostrannou mechanickou podporou je v nékterych piipadech mozné detekovat
pritomnost pulzni vilny. Jednozna¢nym diivodem pfitomnosti tohoto fenoménu mize byt
zachovalé otevirani aortalni chlopné béhem terapie MSP. Dal§imi pfi¢inami mtzou byt
pohyby pravého srdce, reziduélni kontraktilita levé komory, ktera vytvari pulzni vinu i
pii zaviené aortalni chlopni a to na zakladé zmény tlakového gradientu pies cerpadlo,
které je preload senzitivni, tedy pii zvySeni tlaku pfed Cerpadlem se zvétsi tlakovy

gradient mezi levou komorou a aortou.
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Endotelialni buiiky, hladké svalové bunky i fibroblasty v cévach jsou ovlivnény
mechanickymi silami, které vytvaii pulzatilni pratok. Pulzatilita ovliviiuje signalni cesty
a bunécné procesy, jako naptiklad bunécnou proliferaci a diferenciaci, kontrakci
svalovych bunck, vasodilataci a vasokonstrikci, produkci oxidu dusnatého (NO) a
bradykininu, oxidativni stres a vaskuldrni remodelaci vcetné apoptéozy nebo,
v kone¢ném dusledku, i aterosklerdézy (Templeton et al., 2012; Segura et al., 2013;
pravé endotelem je NO. Pulzatilni pritok napoméha k bazdlnimu uvoliiovani NO
endotelem a tim kudrzeni adekvatniho vaskularniho tonu a rezistence (Lerman a
Brunett, 1992). V ptfipadé¢ pritomnosti kontinudlniho pratoku mitize byt jednim
z mechanismit vzniku endotelialni dysfunkce a zvySeni vaskularni rezistence pravé
porucha syntézy NO. Chybé¢jici pulzatilita tedy vyusti ve snizeni bazalni produkce NO,
a je nasledovana zvysenou periferni rezistenci a poruchou endotelialni funkce (Nakano
et al., 2000; Hasin et al., 2015). Negativni ovlivnéni funkce cévni stény se v doposud
publikovanych pracich pfiklani spiSe na stranu nepulzatilniho pritoku v porovnani
s prutokem pulzatilnim (Hutcheson et al., 1991; Nishinaka et al., 2001; Gambillara et
al., 2008; Thacher et al., 2010). Vzhledem k tomu, ze obecné je pfijimany nézor o
kontinualnim toku v kapildrach, zistava ovlivnéni toku v kapilarach mechanickou
srde¢ni podporu predmétem intenzivniho vyzkumu. V nékterych studiich byl prokazan
rozdil pfi porovnani priutokovych vzora v kapilarach u kontinualnich a pulzatilnich MSP

(Lee et al. 1994; Baba et al., 2004).

Dnes nejcastéji pouzivané systémy MSP generuji pievazné kontinudlni pritok a
pocet implantovanych kontinudlnich cerpadel daleko pfevySuje pocet pulzatilnich
zafizeni. Navzdory c¢astecné nebo Uplné absenci pulzni viny je tato pfevazné non-

pulzatilni cirkulace z kratkodobého a stfednédobého hlediska az piekvapivé dobie
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tolerovana a organové funkce zastavaji zachovany (Radovancevic et al., 2007; Sandner

et al., 2009; Slaughter, 2010).

Pti pouziti mechanickych podpor s kontinudlnim pratokem se vSak setkavame se
specifickymi stavy a komplikacemi, u kterych je vznik pficitdn z velké casti praveé
nepulzatilnimu krevnimu toku. VSechny tyto komplikace maji signifikantni negativni
vliv na morbiditu i mortalitu pacientii. Kontinuélni priitok ma jisté vliv na velké arterie,
naruseni a remodelaci cévnich stén v makrocirkulaci (Westaby et al., 2007; Segura et
al., 2013). Postupn¢ dochdzi i k remodelaci arterii mensiho kalibru (Healy et al., 2016) a
pfenosu této poruchy na kapilarni feci$té, co mize mit za nasledek sniZzeni poctu
kapilar. Dal§imi komplikacemi, které jsou pfi¢itdny nepulzatilnimu toku, jsou zmény
aortalni chlopné. U &asti pacientli dochdzi ke vzniku komisuralni fize az uplnému
uzavieni aortalni chlopné, nebo naopak, ke vzniku pozdni aortalni insuficience (Cowger
et al.,, 2010; Toda et al., 2011; Saito et al., 2016). Mira pulzatility krevniho toku ma
u pacientii s implantovanou MSP také vliv na vznik pozdniho, tzv. ne-chirurgického
krvaceni (Stern et al., 2010; Wever-Pinzon et al., 2013, Mutiah et al., 2016). Jedna se
nejcastéji o krvaceni do gastrointestindlniho traktu, krvaceni do gastrointestinalniho
traktu spojené s oteviranim arterio-venoznich malformaci, epistaxi, krvaceni do
mocopohlavniho traktu a intrakranidlni krvaceni. Vys$si pulzatilita je spojend s nizSim
vyskytem téchto komplikaci (Wever-Pinzon et al., 2013). Ke krvacivym komplikacim
prispiva také vznik ziskané von Willebrandovy nemoci (Uriel et al., 2010; Crow et al.,

2010; Meyer et al., 2010, 2014).
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2.6 Biomarkery k posouzeni stavu vaskulatury

Omezena pulzatilita a snizené cyklické namahani cév mize negativné ovlivnit
parametry cévni stény, zejména ve smyslu endotelialni (dys)funkce. Proto se v posledni
dob¢ obratila pozornost na nové potencionalni biomarkery vaskularniho zdravi —

cirkulujici mikrocastice a endotelialni progenitorové bunky.

Cirkulujici mikroc¢astice jsou uvoliiovany za patologickych i fyziologickych
podminek, jejich zvySeny vznik byl pozorovan u mnoha, zejména kardiovaskularnich,
onemocnéni. Cirkulujici kmenové a endotelidlni progenitorové bunky jsou markerem
bunétné obnovy a regeneracni aktivity organismu. Jsou uvoliovany z kostni dfen¢ pfi

akutnim vaskuldrnim postizeni a nutnosti obnoveni endotelu.

Nezéadouci procesy také mizou byt také reflektovany zménami v koagulacnim
systému. Zmény jsou velmi dobte reprezentované degradaci funkce von Willebrandova

faktoru a vznikem ziskané von Willebrandovy nemoci.

2.6.1 Cirkulujici mikrocastice

Cirkulujici mikroc¢astice (microparticles, MP) jsou anukledrni fragmenty
celularni membrany uvolilované pfi zvySeném zatizeni nebo poskozeni bunék velikosti
0,1 — 1,0 pm. Mikroc¢astice jsou uvolnovany ze vSech bunék v cirkulaci, nejvyssi
procento vSak z bun€k endotelidlnich a z trombocyti. Uvnitf mikro¢éastic se nachazi
cytoplasmaticky material materndlnich bunék. Povrchovd membrdna MP na svém
vnéj$im povrchu obsahuje fosfatidylserin a fosfatidyletanolamin, které se jinak obvykle
nachazi na vnitinim povrchu této membrany (Burger a Touyz, 2012). Externalizovany

fosfatidylserin se podili na endotelidlnim poskozeni pifi zénétu (Burger et al., 2012;
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Amabile et al.,, 2013) a také na koagulacnich pochodech pii vaskularnim poranéni
(Nomura et al., 2001; Sinauridze et al., 2007; Zhou et al., 2010). Mikroc¢astice jsou
uvoliiovany také jako produkty apoptdzy, vaskularniho poskozeni nebo aktivace.
Uvolnéni mikrocastic je stimulovano fyziologickymi i1 patofyziologickymi podnéty. Za
patologickych podminek jsou mikrocastice nejcastéji uvoliiovany u kardiovaskuldrnich
onemocnéni, metabolickych onemocnéni, preeklampsie a Sokovych stavii (VanWijk et
al., 2002; Burnier et al., 2009; Schiro et al., 2014; Franca et al., 2015; Zhang et al.,

2016).

Zvysené smykové napéti vytvarené kontinualnim pritokem MSP pravdépodobné
muze ovlivnit hladinu cirkulujicich mikrocastic (McGinn et al., 2016). Méteni hladin
mikrocastic, jako markeru stavu vaskulatury mize napomoci nejen k porozuméni
patofyziologie vlivu kontinudlniho pritoku na cévni systém, ale také k predikci
zavaznych komplikaci spojenych s touto terapii (Nascimbene et al., 2014, Sansone et

al., 2015).

2.6.2 Endotelidlni progenitorové bunky, kmenové burnky

Endotelidlni  progenitorové bunky (EPC) jsou subpopulaci CD34+
mononukledrnich kmenovych bunék. Pfipisuje se jim schopnost endotelialni reparace a
ucast v angiogenezi. Také mohou pusobit jako rezervoar bun€k schopnych nahradit
poskozeny nebo dysfunkcéni endotel. Zmény poctu cirkulujicich EPC byly reportované
v riznych klinickych situacich, vcetné vaskuldrnich traumat, fibrilace sini, infarktu
myokardu a pravdépodobné pii endotelidlnim poskozeni obecné. Snizeni mnozstvi
cirkulujicich EPC se vyskytuje u pokrocilého srde¢niho selhani a také predikuje vznik

ateroskleréozy u zdravé populace. Zmény pocti cirkulujicich EPC mohou
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pravdépodobné reflektovat komplexni, zejména reparativni, zmény ve vaskuldrnim
systému (Valgimigli et al., 2004; Werner et al., 2005; Fadini et al., 2006; Leone et al.,
reparacnich mechanismi, pusobicich proti endotelidlni dysfunkci (Recchioni et al.,
2016). Pouziti endotelidlnich kmenovych bun¢k a kmenovych bunék v terapii nékterych

onemocnéni, zejména kardiovaskularnich, ptinasi slibné vysledky (Sun et al., 2016).

Kmenové hematopoetick¢é  buiikky jsou definované pomoci pfitomnosti
povrchovych glykoproteini CD 34+, endotelidlni progenitorové buiiky pomoci dalSich
znaktl (napt. CD 31, CD 45, KDR) (Fadini et al., 2006; Blann a Pretorius, 2006; Pitha

etal., 2013).

Vzhledem ke svému reparatnimu potencidlu by hladiny endotelidlnich
progenitorovych bunék, kromé jiného, mohly napovédét o mife poSkozeni vaskulatury

vlivem mechanické srde¢ni podpory (Manginas et al., 2009).

2.6.3 Von Willebranduv faktor

Kontinualni pritok a z ného plynouci snizend pulzatilita, mize narusit normalni
cirkulaci zvySenim smykového zatizeni. V téchto podminkach jsou zaznamenany
unikatni reologické zmény, manifestujici se jako hemolyza z divodu deformace
cirkulujicich erytrocytii (Cowger et al., 2014; Hasin et al., 2014) a v plazmé jako rozvoj
ziskané von Willebrandovy nemoci. Patogeneze vzniku ziskané von Willebrandovy
nemoci je obdobna jako u pacienti s aortalni stendzou (Casonato et al., 2011; Tamura et
al., 2015) a souvisi s degradaci vysokomolekuldrnich multimerd von Willebrandova
faktoru a naslednou poruchou funkce vWF. Defekty funkce vWF jsou patrné ¢asné po
implantaci MSP. K rapidnimu zlepSeni vSech parametri funkce vWF dochézi po
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explantaci MSP nebo po transplantaci srdce, co indikuje zavislost mezi tokem
generovanym mechanickou srde¢ni podporou a sniZzenou funkci vWF (Nascimbene et
al., 2016). Degradace je tedy pfipisovana zejména mechanickému posSkozeni a
zvySenému smykovému zatizeni pifi nepulzatilnim pritoku. Proto by mira degradace
vWF mohla napovédét o dal§i zatézi ob&hového systému mechanickou srdecni

podporou.

24



3 HYPOTEZA

Vzhledem k pfitomnosti vyrazn€ snizené pulzatility u pacientll s implantovanou
mechanickou srdecni podporou, Ize predpoklddat zmény vaskulatury a cirkulujicich

krevnich elementu.

V préaci byla testovana hypotéza o zménach koncentraci vybranych recentné
zkoumanych cirkulujicich biomarkerti vlivem kontinudlniho pratoku. Zmény byly
sledovany pomoci koncentraci cirkulujicich mikroéastic, cirkulujicich kmenovych
bun¢k a endotelidlnich progenitorovych bun¢k. Nezadouci procesy také mohou byt také
reflektovany zménami v koagula¢nim systému. Zmény jsou velmi dobie reprezentované
degradaci funkce von Willebrandova faktoru, které mizi po obnoveni pulzatilniho
pratoku. Testovali jsme proto také hypotézu o pozitivnim vlivu pulzatility na vznik

ziskané von Willebrandovy nemoci.
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4 CILE PRACE

II.

I1I.

IV.

Definovat vyznam novych biomarkert vaskuldarniho zdravi (cirkulujicich

mikroc¢astic) u pacientl s implantovanou mechanickou srde¢ni podporou.

Longitudinaln¢ posoudit vliv mechanické srde¢ni podpory s kontinudlnim

pritokem na dynamiku plazmatické koncentrace cirkulujicich mikrocastic.

Longitudinaln¢ posoudit vliv mechanické srde¢ni podpory s kontinudlnim

pratokem na dynamiku zmén poctu cirkulujicich kmentovych a endotelidlnich

progenitorovych bunék.

Zhodnotit vliv pulzatility na vznik ziskané von Willebrandovy nemoci.
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S METODIKA

Detailni popis metodiky je uveden v jednotlivych publika¢nich vystupech.

Ke zhodnoceni koncentrace mikroc¢astic byla pouzita metoda ELISA (Hyphen
Biomed, Francie). Koncentrace byly vyjadfeny v nanomolech na litr vztazenych ke
koncentraci fosfatidylserinu (nMPS). Cirkulujici kmenové buiky a endotelialni
progenitorové bunky byly vySetfeny na expresi povrchovych antigenti a méfeny pomoci
pratokové cytometrie. Kmenové buiky byly definovany jako CD34+/CD45low+ a
endotelidlni progenitorové buiiky jako CD34+/CD45low+/KDR+ bunky. K analyze
multimertt von Willebrandova faktoru s vysokou molekuldrni hmotnosti byla pouZzita
gelova elektroforéza a chemiluminiscence pomoci Western blot. Dal§i metody analyz

vWF jsou podrobné popsané v ptilozené publikaci.

Statistické hodnoceni je podrobné popsano v pfipojenych publikacich. VSechna
data byla statisticky analyzovéana pomoci softwaru STATA (STATA Corp LLCC,
Texax, USA) a SPSS v. 21 (IBM SPSS Statistics, IBM Corporation, Armonk, New
York, USA). V popisnych/deskriptivnich statistikich byly pouzity priméry a
smérodatné odchylky svybérem, mediany, piipadné procenta. Rozdily mezi
jednotlivymi skupinami v pfipadé¢ kontinudlnich proménnych byly analyzovany
neparovym t-testem (Student) a v ptipadé kategorickych proménnych y2 testem. Zmény
sledovanych parametri (vyhradné kontinualni) v ¢ase v jednotlivych skupinach byly
analyzovany parovym t-testem. U parametrd s abnormalni distribuci bylo pouzito
logaritmickych hodnot. Hodnoty p niz$i nez 0,05 byly povazovany za statisticky

signifikantni.
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PRACE A piedstavuje souhrn dosavadnich obecnych poznatkd na poli recentnd
zkoumanych biomarkerti vaskularniho zdravi, cirkulujicich mikrocastic. V uvodni ¢asti
jsou diskutovany potencionalni fyziologické regulacni tilohy mikroc¢astic a jejich podil
na vzniku a patogeneze u onemocnéni, u nichz byly pozorovany zmény jejich
koncentrace. Cirkulujici mikro¢astice jsou asociovany nejen s patologickymi
podminkami, ale pfipisuji se jim také fyziologické funkce. Hraji dulezitou roli pii
regulaci zanétu, u trombozy a pii regulaci endotelidlni funkce. Zmény plazmatickych
koncentraci téchto markert jsou u kardiovaskuldrnich onemocnéni popsany
jednoznacné. Jejich koncentrace se meéni také u dalSich onemocnéni, nejcastéji
metabolickych, ale také u Soku, nebo preeklampsie. Proto se zmény koncentraci
cirkulujicich mikrocastic staly pfedmétem intenzivniho vyzkumu s piredpokladem jejich
vyuziti nejen jako markeru patologickych stavi, ale také jako zmény, predchazejici
kardiovaskularni nezadouci udalosti. NejCastéji pouzivanymi metodami k detekci

mikrocastic jsou ELISA a priatokova cytometrie.

Prace komplexné popisuje dosavadni studie zabyvajici se cirkulujicimi
mikroc¢asticemi u pacient s mechanickou srde¢ni podporou. Zmény jejich koncentrace
byly popsany prakticky ve vSech znich a to nejen v porovnani proti zdravym
kontrolam, ale také v longitudinalnim sledovani pacientti s MSP. V jedné ze studii byl
také popsan mozny predikéni potencidl u nezadoucich klinickych udélosti. Méteni
koncentraci mikroc¢astic se tedy miize stat dulezitym pifi urCovani stavu vaskulatury u
pacientti s MSP, ma slibny potencial pii predikci nezddoucich udalosti a pii spravné
klinické korelaci se mize stidt ndstrojem napomahajicim pfi vyvoji novych generaci

mechanickych srde¢nich podpor.

Kompletni znéni clanku je priloZeno v anglickém jazyce.
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Summary

Microparticles are small drculating wesicles originating from
circulatory system and vascular wall cells released during their
activation or damage. They possess different roles in regulation
of endothelial function, inflammation, thrombosis, angiogenesis,
and in general, cellular stress. Microparticles are the subject of
intensive research in pulmonary hypertension, atherosclerotic
disease, and heart failure. Another recently emerging role is the
evaluation of the status of vasculature in end-stage heart failure
patients treated with implantable ventricular assist devices. In
patients implanted as destination therapy, assessment of the
long-term effect of currently used continuous-flow left ventricular
assist devices (LVADs) on vasculature might be of critical
importance. However, unique continuous flow pattern generated
by LVADs makes it difficult to assess reliably the wvascular
function with most curmrently used methods, based mainly on
ultrasound detection of changes of arterial dilatation during
pulsatile flow. In this respect, the measurement of circulating
microparticles as a marker of vascular status may help to
elucidate both short- and long-term effects of LVADs on the
vascular system. Because data regarding this topic are wvery
limited, this review is focused on the advantages and caveats of
the circulating microparticles as markers of vascular function in
patients on continuous-flow LVADs.
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Introduction

Left veniricular assist devices (LVADs) and
heart transplantation are the leading
approaches to manage end-stage heart failure that 1s
unresponsive to medical therapy (Kirklin er al 2012).
New developments i design of LVADs have facilitated
their durability, effectiveness, and long-term reliability
(Holman et al 2013). The number of LVAD
implantations for long-term destmation therapy continues

therapeutic

to increase each vear as the acceptance of this therapy
increases (Kiurklin er al. 2014). Consequently. use of the
latest generation of LVADs has had positive influence on
overall patient survival rates (Rogers er al. 2010, Eirklin
et al. 2013, Kuklin ef al. 2014). Despite extensive
experience in the management of patients with implanted
LVADs, the occurrence of device-related complications
and their prediction have become a new challenge in
patients with long-term mechanical circulatory support
therapy. Likewise, the assessment of wvasculature and
endothelium status by conventionally utilized methods,
such as measurement of pulse wave wvelocity and
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endothelial
problematic because these devices generate non-pulsatile
flow, thus making these methods much less reliable.
Continuous blood flow is generally assumed to be non-

dysfunction 1 penpheral vessels, 1s

physiological and, therefore, may produce mcreased
on  endothelial and circulating
Pathophysiological mechanisms of this phenomenon and

stress cells.

mmpact of continuous-flow LVADs on blood and
endothelial cells remain unclear.

To delineate the effect of LVADs on the
vasculature, newly detectable biomarkers related to
cellular mjury, stress, and apoptosis — microparticles —
have become an important focus of research.

Microparticles are complex vesicular structures
that are anuclear fragpments of cellular membrane and
cytoplasmic material with a diameter of 0.1 to 1.0 pm.
The plasma membrane surface of the microparticle
contains phospholipids, and the microparticle itself
encompasses proteins and cytoplasmic material from the
cell of origin — both blood and endothelial cells (Burger
and Touyz 2012). Microparticle formation encompasses
loss of physiological phospholipid asymmetry of plasma
membrane. Phosphatidylserine (PS) and phosphatidyl-
ethanolamine are usually located on the mnside surface of
plasmatic membrane, while phosphatidylcholine and
sphingomyelin are present on outer surface of the
membrane Balance between these substances 1s sustamned
by enzymes flippase. floppase and scramblase (MceGinn
et al. 2016). Cell activation followed by increase of
cytoplasmic calcium leads to dysregulation of these
enzymes causing externalization of phosphatidylserine.
Externalized PS can not only induce endothelial damage
in inflammatory conditions (Amabile et al. 2013, Burger
et al. 2012), but 1s also essential mm imtiating and
propagating the coagulation at sites of vascular injury
(Nomura et al. 2001, Sinaundze ef al. 2007, Zhou et al.
2010).

Considered as the end-product of apoptosis and
imjury of different cell types, especially platelets,
leukocytes, erythrocytes, and endothelial cells, circulating
microparticles can act as a strong dysregulators of
endothelial function (Dignat-George and Boulanger
2010). Shedding of mucroparticles 1s process that can also
occur independently of apoptosis (Sapet er al. 2006).
Microparticle release is stimulated by both physiological
and pathological stimuli linked to cell activation, for
example in platelets and endothelial cells shear stress
such stimulus (Me Ginn ef al. 2106).
Therefore, on one hand, the production of nucroparticles

represents
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15 believed to be a part of physiologic cell function, but
on the other hand, sigmficant increase of microparticles
pathological conditions.
Regarding the latter, elevated levels of microparticles
comrelate  with
atherosclerotic disease (Van Wijk et al 2003, Burnier et
al. 2009), mcluding coronary artery disease (Bernal
Mizrachi et al 2003, Bernal Mizrachi ef al 2004, Singh
et al. 2012), carotid artery disease (Schiro et al. 2014), or
stroke (Williams er al. 2007). Raise of microparticle
concentrations 1s also associated with hypertension
(Preston et al 2003). atnial fibnillation (Ederhy et al
2007) or pulmonary hypertension (Diehl er al 2011).
Increased levels muicroparticles were further found in
metabolic diseases such as obesity, diabetes (Sabatier ef
al. 2002, Tramontano ef al. 2010, Franca et al. 2015), and
dyslipidenua (Boulanger er al. 2006). Furthermore,
elevated microparticles could be strong predictor for

was described in several

cardiovascular  diseases such as

complications in pregnancy, namely in the case of life
threatening preeclampsia (Van Wyk erf al. 2002, Bretelle
et al. 2003, Gonzales-Quinteiro ef al 2004), but also mn
septic shock in general population of patients (Zaframi et
al. 2013, Zhang et al. 2016). In addition, levels of
circulating microparticles are also affected by various
drug therapies, which may also play role in their use as
a diagnostic tool. Reduction of microparticle levels was
observed in patients treated by aspinn, calcium channel
blockers or statins (McGinn et al. 2016).

In general, plasma microparticles are increased
in most cardiovascular diseases, probably reflecting
activation or damage of circulating cells or cells of the
vasculature itself (Piccin ef al 2007) and this increase
might be associated with mcreased nisk of major
cardiovascular clinical complications (Bermnal Mizrachi et
al. 2004). Microparticles may also act as an independent
predictor of cardiovascular diseases (Amabile ef al
2014). Thereby. according to recent scientific literature,
microparticles have potential to become diagnostic tool
not ouly in cardiovascular diseases, but also in other
pathological states associated with coagulation,
endothelial dysfunction and metabolic or infectious
diseases, and also complications in pregnancy. However,
because of great complexity and variability regarding the
origin and structure of microparticles, particular methods
used for their determination could be of extreme
importance.

Currently there are several methods used to
detect microparticles; the two leading methods are flow
cytometry and enzyme-linked immunosorbent assay
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(ELISA). A key advantage of flow cyiometry 1is ifs
specificity  to  surface  antigens, which  allows
wdentification of the maternal cells and. therefore, by this
method 1t 15 possible to assess the ongin of the
microparticles. The analysis of plasma samples clearly
detects and differentiates microparticles of endothehal,
platelet, leukocyte, and erythrocyte ongins (Jy ef al.
2004, Lacromx et al. 2010). The greatest advantages of the
other techmique, ELISA. are its lugh sensitivity and low
cost. This methodology is based on measurement of
of phosphatidylserine, and ammo-
phospholipids typically found on the inner surface of the
plasmatic membrane. which 1s externalized by creation of

concentration

macrovesicles, by outward blebbing of the membrane
(Burger ef al. 2013, Shah and Kontos 2014). However,
the advantages are counterbalanced by the lower
specificity of the method (Piccin ef al 2007, Jy et al
2004).

Particular assay used for microparticle detection
also determines which types of microparticles are
detected and measured (Amiral and Seghatchian 2015).
Results could be influenced by capture ligand selected,
especially i flow cytometry. Previously published
studies suggest that capture-based assays such as ELISA
method correlate better with disease evolution and
severity than flow cytometry (Connor et al. 2009, Owen
et al. 2011, Aleman et al. 2011, Amiral and Seghatchian
2015). Design of capture-based assays has also great
influence on nature and size of measured microparticles.
Flow cytometry assays detect usually microparticles of
size over 04 pm (Amiral and Seghatchian 2015).
However, main advantage of flow cytometry could be its
ability to define the cell ongin of crcolating
microparticles more precisely. Such approach 15 very
important, because levels of microparticles of different
cell ongin are elevated in different pathological states.
Platelet microparticle levels increase in states related to
bleeding and thrombotic disorders, such as heparnn-
mnduced thrombocytopema (Warkentin er al 1994,
Hughes ef al. 2000). In contrast, the increase of
endothelial nucroparticles has been observed to correlate
with loss of flow — mediated dilatation and arterial
stiffness (Viera ef al 2012) and endothelial dysfunction
(Bruyndonckx ef al. 2014, McGinn ef al. 2016) as well as
with hyperlipideria (Boulanger ef al. 2006). Elevations
of both platelet and endothehal microparticles were
observed 1 thrombotic diseases, such as
thromboembolism,  antiphospholipid  syndrome  or
thrombotic thrombocytopenic purpura (Burmer et al

VENous
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2009). This pattern of changes 1s also frequently found n
hyperiension and atherosclerotic disease mncluding acute
coronary syndromes (Burmer et al. 2009), but also in
sepsis (Zhang ef al 2016). Nevertheless, 1t should be
mentioned that microparticles are also released from
other cell types. Leukocyte derived microparticles play
role m pathophysiology of cardiovascular diseases
(monocytes) and infectious diseases (HIV — lympho-
cytes). Erythrocyte derived microparticles are elevated in
chmical particularly in  those
characterized by hemolysis (Rubin et al 2012). In
general, proportions of types of circulating levels of

various situations.

mucroparticles may differ between various diseases and 1t
could be advantageous to assess not only total levels of
circulating microparticles, but also to determine their
cellular origin.

Taking all presented observations into account,
assessment and especially interpretation of microparticle
levels has become a complex issue, which could be
particularly interesting to study in unique population of
patients with end-stage heart failure, treated with LVADs.

Recent knowledge about microparticles and
ventricular assist devices

The role of left ventricular assist devices
(LVADs) 15 rapidly growing bevond the origimnal role of
bridging the patient to heart transplantation. The devices
have become an alternate permanent therapy known as
the destination therapy, which poses the question as to
how these devices impact long-term properties of blood
components and vessels.

Circulating cells are not only impacted by
amilieu of non-pulsatile blood flow but also by the
device itself Mechanical stress produced by the rotary
pump can cause possible ongomng disruption of cellular
mtegrity. Therefore, circulating muicroparticles, as
products of cellular damage. apoptosis. and stress, have
recently afttracted considerable research interest as an
important biomarker tool or even a harbinger of
Table 1

cardiovascular adverse events. summarizes

current knowledge on this subject.

Microparticles as predictor of adverse events
in LVAD patients

Aim of the first study of nucroparticles in
pattents with implanted LVADs was to establish

mucroparticles as surrogate markers for platelet,
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Table 1. Studies analyzing an effect of LVADs on presence and profile of microparticles.

Author, Number . . Sample
i} Microparticles .
Date, of Type of LVAD collection Kev results
assessment
Country patients period
Duehl ef al.. 12 HeariMate II (6) Flow Not Microparticles levels sigmficantly
2010, Thoratec VAD (2) cytometry specified higher in LVAD patients compared
Germany Ventrassist (2) to healthy controls.
Circulite (1)
ECMO (1)
Pitha et al , 8 HeartMate IT ELISA Baseline No significant changes in
2012, (axial) 3 months concentration of circulating
Czech microparticles before and 3 months
Republic after LVAD implant.
Nascimben 20 HeartMate IT Flow Baseline Higher levels of phosphatidylserine
eetal, (axial) cytometry Discharge posttive microparticles in patients
2014, USA 3 months before LVAD implant compared to
after healthy controls.
implant Significantly higher levels of
microparticles in patients who
developed an adverse event.
Ivak ef al.. 30 HeartMate II ELISA Baseline Sigmificant decrease 1n concentration
2014, (axial) 3 months of circulating microparticles before
Czech after and 3 months after LVAD implant.
Republic implant
Sansone ef 14 HeariWare LVAS Flow 3 months  Microparticles levels of both platelet
al., 2015, (centrifugal) cytometry after and endothelial origin were
Germany implant significantly mcreased in LVAD
patients when compared to healthy
controls and controls with stable
coronary artery disease.
leukocyte, and endothelial activation and wvascular  Importantly, the analysis used in this study implicates

inflammation (Diehl ef al 2010). Microparticles of these
origins were measured by flow cytometry in 12 patients
with LVADs and compared to healthy controls. Patients
with LVAD support had significant (p=0.002 for platelet

and p<0001 for leukocyte and endothelial
microparticles) increased concentration of all measured
microparticles, suggesting increased vascular

mflammation, platelet activation, cellular apoptosis and
endothelial dysfunction, which may accelerate pro-
atherothrombotic changes in blood vessels and increase
risk of thromboembolic and bleeding complications.

33

arole of platelet specific microparticles, which are
believed to give rise to most of released tissue factor as
a surrogate factor of pump thrombosis. In summary, this
study underscores a need for more onigin specific assays
to discern vascular and endothehal related properties
contrast to systemic, e.g. pump contact surfaces — blood
activation associated microparticle deviations. However,
a hmitation of this study was that it comprised different
LVAD systems (axial, centrifugal. short-term, etc).

In another study including
(Nascimbene et 2014),

20 patients

al. the concentration of
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microparticles was established by flow cytometry and the
concentration of aforementioned phosphatidylserine.
Results showed that the concentration of muicroparticles
was sigmficantly higher (p<0.001) m patients who
developed an adverse event as defined by the Interagency
Registry for Mechanically Assisted Circulatory Support
(INTERMACS) (Kirklin er al. 2014). In patients without
adverse events, no significant change in the concentration
of microparticles was observed after LVAD implantation
and at 3 months followmng implantation. These results
suggest that microparticle detection is a promising
predictor of LV AD-associated adverse events.

Microparticles as a marker of vascular status

In our pilot study, we did not observe significant
changes in concentration of circulating microparticles
3 months after implantation of an axial LVAD (Pitha ef
al. 2012). However., in our expanded study of 30 enrolled
patients (Ivak ef al 2014). plasma levels of circulating
decreased  after
(p=0.003). No
difference was observed between patients with 1schemic
and non-ischemic etiology of heart failure (p=0.53) or
(p=09). In both
aforementioned studies, concentrations of circulating
microparticles have been assessed by the ELISA method.
Results of tlus study suggest improvement of wvascular
function after VAD implantation. The decrease of
microparticles at 3 months after VAD implantation

microparticles were significantly

3 months following implantation

between men and women

reflects potential improvement in wvascular function.
However. the results are not able to address m detail
which specific biological mechanisms connected with the
vascular system are involved in these processes. The
ELISA assessment method 1s rather non-specific and
reliably of the
microparticles. In addition, prediction of adverse events
using microparticles was not analyzed in these studies.
Another limitation could be the fact, that microparticle
levels were not assessed at the time of possible adverse

cannot determine cell orngin

events, as in previously conducted study by Nascimbene
et al. Observed results could be explained by awide
range of changes, including improved circulatory status
and organ perfusion, improved endothelial function
and/or alteration of thrombogenic factors, or combination
of all these factors. This explanation 1s also supported by
arecently published study., which reported improved
microvascular circulatory parameters measured during

reactive hyperemma in forearm (Sansone ef al. 2015). In

34

this study. also microparticles of different origin were
assessed by flow cytometry in 14 patients with implanted
centrifugal LVADs 3 months after implantation. Results
showed higher concentration of blood cell- and
endothelium-derived microparticles when compared to
healthy controls and controls with stable coronary artery
Authors that higher
concentrations of blood cell-origin microparticles are

disease. propose explanation,

most probably the result of lower shear stress
accompanied by higher/umque mechanical forces exerted
on circulating blood cells. Significantly increased levels
of endothelium-derived microparticles (CD317/CD417,
CD62e”, CD1447) compared to healthy controls and
patients with stable coronary artery disease may suggest
possible negative impact of the generated continuous
flow on endothelial function Major limitation of this
study was the absence of baselme values for longitudinal
companson.  Assumingly, implantation of ventricular
assist device led to an activation of endothelium cells and
platelets, described as higher plasmatic levels of
microparticles of these origins.

When comparing above discussed studies, not
only type of used assay, but also the type of ventricular
assist device might have effect on concentrations of
microparticles.

To the best of our knowledge, there are no
published studies, which describe more exactly the
representation of specific microparticles by their ongin
Therefore. it 15 not clear. whether status of vasculature or
even prediction of clinical adverse events 1s associated
with
microparticles or rather with concentrations of cell-

more robustly overall concentrations of

specific microparticles.
Conclusions

Circulating microparticles play an important role
in the regulation of mflammation, thrombosis. or
endothelial function. Plasmatic levels of microparticles
are mncreased in most cardiovascular diseases, probably
reflecting activation or damage of cuculating cells or
of the wasculature itself Cellular omigin of
circulating microparticles may predict their role and

cells

potential regulatory function in endothelial regulation,
thrombus formation, and inflammatory response. Sparse
data exist regarding levels and the role of circulating
microparticles in patients with end-stage heart failure
and even less data are available in patients after
implantation of aventricular assist device. Recent
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developments in implantable LVADs offer possibilities
for long-term use of these devices as an alternative to the
heart transplant in the near future. Because most of these
devices utilize the principle of continuous flow, long-
term impact of this flow pattern on bloodstream and
vasculature remains unclear. Several studies describe
only small effect of continuous flow on end-organ
function (Rogers ef al. 2010, Bhimaray et al 2015);
however, the impact of LVADs on large arteries is,
according to histological findings. mainly unfavorable
mncluding decrease in the number of smooth muscle cells
in tunica media, higher medial degeneration,
fragmentation of elastin fibers, medial fibrosis, and even
atherosclerotic changes (Westaby er al. 2007, Segura et
al. 2013).

Measurement of the concentration of circulating
microparticles i peripheral blood mught be of significant
importance in assessment of vasculature status in patients
with continuous-flow LVADs. In spite of many questions
regarding the routine climical use of tlus methodology.
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PRACE B popisuje sledovani koncentraci cirkulujicich mikro¢astic u pacientt
s implantovanou mechanickou srde¢ni podporou v obdobi pied implantaci levostranné
mechanické srdecni podpory a 3 mésice po vykonu. V praci je testovand hypotéza o
longitudinalnich zménach v koncentraci mikroc¢éstic a vlivu implantace mechanické
srdec¢ni podpory na jejich vyvoj. Vzhledem k tomu, ze hladiny MP se méni u n¢kterych
chorobnych stavll, zejména u kardiovaskularnich onemocnéni, cirkulujici mikrocéstice
mohou byt potenciondlnim markerem vaskuldrniho poskozeni. Dosavadni studie byly
provadény zejména u pacientll s normalnim krevnim priatokem. V dobé vzniku této
publikace bylo problematice mikroc¢astic u pacientli s implantovanou MSP vénovano
jen malo praci. Proto cilem této studie bylo vyjadrit pfedpokladanou moznou poruchu
endotelialni funkce u pacientd simplantovanou mechanickou srdec¢ni podporou

s nepulzatilnim pritokem pomoci sledovani koncentrace mikrocastic.

V této studii bylo vySetfeno 30 pacientli (25 muzii a 5 Zen ve véku 54,16+10,03
let) v obdobi pied a 3 mésice po implantaci levostranné mechanické srde¢ni podpory.
Vsem pacientim byla implantovdna mechanickd podpora s kontinudlnim pritokem
HeartMate II v indikaci pfemosténi k transplantaci srdce. Pievazujici diagndzou
v souboru pacientli byla ischemicka etiologie srde¢niho selhani, diagnostikovana u 18
pacientli, u 12 pacientll byla zjiSténa kardiomyopatie neischemického ptivodu. Mezi
témito skupinami nebyl signifikantni rozdil ve véku, BNP pfed implantaci nebo pohlavi.
Koncentrace mikrocastic byly zméteny pomoci zavedené a komeréné dostupné metody
ELISA (Hyphen Biomed, Francie) a vyjadieny v nanomolech na litr vztazenych ke
koncentraci fosfatidylserinu (nMPS). V porovnani koncentraci pied implantaci
mechanické srdecni podpory a 3 mésice po vykonu byl pozorovan signifikantni pokles
koncentraci cirkulujicich mikrocastic (p=0,03) u vSech pacienti. Nebyl pozorovan

rozdil mezi pacienty s ischemickou a neischemickou etiologii srde¢niho selhani pred
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implantaci MSP (p=0,53) a ani 3 mésice po ni (p=0,75). Vliv vé€ku (p=0,72) ani pohlavi

(p=0,90) na koncentraci cirkulujicich mikrocastic nebyl statisticky signifikantni.

Vysledky provedené studie neprokdzaly jednoznaény negativni efekt
kontinudlniho pratoku na funkci vaskulatury, vyjadieného jako koncentrace
cirkulujicich mikrocastic. Navic také nebyl prokazan rozdil v poklesu mikrocastic pii
rozdéleni pacientll dle etiologie srde¢niho selhdni. Toto pozorovani naznaluje, Ze
v kratkodobém horizontu 3 mésici po implantaci mechanické srde¢ni podpory,
pravdépodobné nedochdzi k zasadnimu zhorSeni funkce vaskulatury vlivem
kontinualniho toku. Studie potvrdila hypotézu o zménach koncentraci cirkulujicich

mikrocastic pted a po implantaci mechanické srde¢ni podpory.

Kompletni znéni clanku je priloZeno v anglickém jazyce.
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Summary

Left ventricular assist devices (LVAD), currently used in treatment
of terminal heart failure, are working on principle of rotary pump,
which generates continuous blood flow. Non-pulsatile flow is
supposed to expose endothelial cells to high stress and potential
damage. Therefore, we investigated longitudinal changes in
concentration of draulating endothelial microparticles (EMP) as
apossible marker of endothelial damage before and after
implantation of LVAD. Study population comprised 30 patients
with end-stage heart failure indicated for implantation of the
Heart Mate II LWAD. Concentrations of microparticles were
measured as nanomoles per liter relative to phosphatidylserine
before and 3 months after implantation. At 3 months after
implantation we observed significant decrease in concentration of
EMP [5.89 (95 % CI 4.31-8.03) vs. 3.69 (95 % CI 2.70-5.03),
p=~0.03] in the whole group; there was no difference observed
between patients with ischemic etiology of heart failure (n=18)
and with heart failure of non-ischemic efiology (n=12). In
addition, heart failure etiology had no effect on the rate of EMP
concentration decrease with time. These results indicate
possibility that LVAD do not cause vascular damage 3 menths
after implantation. Whether these results suggest improvement
of vascular wall function and of endothelium is to be proved in
long-term studies.
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Introduction

Use of continuous lefi-ventricular assist devices
(LVAD) for partial or full support of failing heart have
become an immportant and, at this time, also leading
therapeutic option for patients with end-stage heart failure
of different etiologies along with heart transplantation
(Karklin et al. 2014).

Currently, LVAD are mostly used as a bndge
to heart transplant, but the lack of donor organs and also
design advancements and increasing reliability of
LVAD are widening possibilities of long-term use of
these pumps. In the past few years application of
mechanical circulatory support continues to rise as
permanent therapy/destination therapy. Of interest, m
the United States, in 2012 more than 40 % of implants
have been designated to destination therapy (Kirklin erf
al. 2014).

Elgibility of long-term use of LVAD was
mainly mfluenced by design advancements. First-
generation pulsatile LVAD had higher complication rate
than the latest generation of ventricular assist devices
working on the principle of rotary pump with continuous-
flow (Pagam et al. 2009, Slaughter et al. 2009).
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Generally it 1s assumed that the presence of non-
physiological continuous blood flow leads to higher
stress of endothelial cells, and nses a concern of
proatherogenic  and  prothrombotic  changes 1in
endothellum  Surpnisingly, this flow pattern of
significantly diminished pulsatlity is well tolerated
short- and md-term (Rogers et al. 2010).

Studying long-term use of LVAD offers genuine
opportunity of more complex understanding of vascular
changes in patients with LVAD and revelation of impact
of continuous blood flow on endothelial function
Vascular endothelium plays key role i arterial wall
imntegrity and blood flow regulation (Cines er al. 1998)
and recent studies showed that damage of endothelium
cells, their activation and/or apoptosis leads to release of
newly detectable biomarkers related to endothelial imnjury
— a complex submicron membrane-shed vesicles called
endothelial microparticles (EMP) (Schiro ef al. 2014).

Microparticles are anuclear fragments of cellular
membrane shed from stressed or damaged cells, with
adiameter of 0.1 to 1.0pm They contain surface
proteins and cytoplasmic matenial of their parental cells
(Burger ef al. 2012).

As possible end products of apoptosis of
endothelial cells, circulating mucroparticles can act as
astrong disregulators of endothelial function (Dignat-
George et al. 2011). The production of microparticles is
believed to be a part of normal cell function but elevation
of EMP 1 coronary artery disease (Bernal-Mizrach erf al.
2004, Singh et al. 2012), stroke (Williams et al. 2007) and
mn carotid artery disease (Schuro et al 2014), was well
described in several studies and therefore microparticles
may be associated with increased nsk of major
cardiovascular complications (Bemal-Mizrachh et al
2004).

All these studies were performed in patients with
physiological pulsatile flow, and only sparse data are
available regarding the role of new potential prognostic
cardiovascular nisk factor — circulating EMP in patients
with end-stage heart failure with continuous-flow TVAD.
Almost no data are available describing effect of these
devices on EMP in short and long-term perspective.
Therefore, the aim of our study was to assess the effect of
the mechanical circulatory support on the concentration
of circulating EMP after 3 months. In addition, we
analyzed whether this effect 1s different according to
etiology of heart failure leading to implantation of
LVAD.
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Methods

All the patients mncluded 1n the study underwent
LVAD implantation due to end-stage heart failure and
recetved axial contimuous-flow device — HeartMate IT
(Thoratec Corp., Pleasanton, Califormia). LVAD was
implanted vig sternotomy in standard fashion as a bridge
to heart transplant in all patients.

Heparin bridge has been implemented in all
procedures until target anticoagulation with warfarin has
been reached. After implantation, the amm of
anticoagulation therapy was to reach international
normalized ratio of 1.8-22; in patients with
trombophilias it was 2.5-3_

Blood samples were collected from peripheral
vein durning 24-48h before and 3 months after
implantation. Circulatng EMP were measured 1in an
audited lipid laboratory under continuous external quality
control of CDC Atlanta, USA. The concentration of EMP
was determuned by ELISA Zymutest MP  activity
test (Hyphen Biomed, France) according to the
methodology established previously (Slavik ef al. 2010)
and expressed as mnanomoles per liter relative to
phosphatidylserine (nM PS). The microparticles were
measured in duplicate and the mean of two measurements
was used for further analyses.

Prior to procedure, all patients with ischemic
heart disease as a cause of heart failure (IHD) were
treated with acetylsalicylic acid and statins 1n contrast to
patients with non-ischemmc etiology of heart failure
(non-IHD). Of note, acetylsalicylic acid has not been
admumistered as a part of antithrombotic regimen.

Institutional ethics committee approval has been
obtamed prior to the study 1mitiation and all participants
provided their signed informed consent.

Data are expressed as mean + SD, median
(mnterquartile range-IQR), estimated marginal mean
(93 % confidence interval) or mumber (percentage).
Differences between IHD and non-IHD group were
analyzed using unpaired t-test in the case of continuous
variables and Fischer exact test i the case of categonical
variables. In graph estimated marginal mean and standard
error of the mean (SEM) 1s plotied. Longitudinal changes
in EMP number were analyzed using generalized linear
mixed-effect regression model. In this model intercept
was treated as a random factor, while time, heart failure
eticlogy and the interaction term between time and
etiology, age and gender were treated as fixed factors.
Because EMP concentration was nghi-skewed, we used
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gamma regression (Fitzmaunce er al. 2008). Calculations
were done using SPSS 21 (IBM Corporation, NY, USA)
and STATA. A two-sided p-value <0.05 was considered
statistically significant.

Results

A total of 30 patients, 25 males and 5 females
were included into the 3 month prospeciive study. Mean
age of participants was 54.16+10.03 years. Eighteen
patients were diagnosed with ITHD and 12 with non-THD
as a cause of heart failure. Their baseline data are listed in
Table 1. We did not find any sigmficant difference
between both groups in age, representation of
men/women or bramn npatriuretic factor (BNP) before
mmplantation. The reason of non-significant difference
between men and women was caused by a small number
of patients 1n investigated group.

Table 1. Baseline values of selected characteristics of patients
treated by left ventricular assist device.

Ischemic Non-
etiology of ischemic
heart etiology of p-value
failure heart failure
N 18 12
Age (vears) 547+£799 5333£1320 036
Men/women (n) 17/1 8/4 0.128
Current 0 0 10
smokers (n)
BNP before 1411 £ 1422 1473 £ 867 0.99
implantation gf (n=13) (n=11)
LVAD (ng/l)

Results are expressed as mean * SD if not stated differenty.
LVAD — left ventricular assist device; BNP — Brain Matriuretic

Peptide.

In the whole group, we observed a significant
decrease of circulating EMP before the implantation of
LVAD and three months after the procedure [5.89 (95 %
CI 431-8.03) and 3.69 (95% CI 2.70-5.03), p=0.03]
(Fig 1).

Subsequenily we analyzed patients with IHD
and non-THD separately, using generalized linear nuxed-
effect regression model Prior to implantation
concentrations of circulating EMP in patients with [HD
were not sigmficantly different from patients with
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non-ischemic etiology of heart farlure [5.33 (95 % CI
360-789) and 651 (95% CI 402-1053), p=053]
In addition, using this model, heart failure etiology had
no robust effect on the rate of decrease of EMP
concentration after LVAD implantation (p=0.75).
Furthermore, we did not observe any effect of age

{p=0.72) or gender (p=0.90) on the rate of decrease of

EMP concentration.

¥

Ko of microparticles [AMPS)
IT

T
LVAD implantstion

Fig. 1. Concentration of circulating endothelial microparticles
before and after implantation of left ventricular assist device
(LVAD).

Discussion

In our study we demonstrated that implantation
of LVAD led to significant decrease of EMP during
3 months. Additional finding was that this decrease was
not different in patients with IHD and non-IHD as a cause
of heart failure. Recent study expands our previous pilot
study conducted in 8 male patients (Pitha ef al. 2012),
where no significant effect of LVAD on concentration of
circulating EMP was descnibed, probably due io low
number of participants.

To our knowledge only two other studies were
focused on EMP during LVAD therapy. In recent study
EMP were correlated with clinical complications in
20 patients with LVAD, and sigmficant association
between microparticles levels and subsequent clinical
events was observed, levels of microparticles were
significantly higher in patients who developed an adverse
event than in patients with no events (Nascimbene ef al.
2014). In another study. levels of mmcroparticles were
significantly increased in patients with LVAD compared
to healthy controls (Diehl ef al. 2010).

Mimaturized, both axal and -centrifugal,
mechamecal ventricular assist devices have demonstrated
in last decade undisputable benefit in treatment of
patients with end-stage heart failure Nevertheless, an
impact of generated continuous blood flow patiern on
vasculature and endothelial cells is not yet clear. It 1s
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generally assumed, that non-pulsatile flow could exert
negative mmpact on vascular wall and endothelium and
may damage endothelial cell membrane and as a result
leads to of endothelial microparticles.
Measurement of concentrations of circulating EMP may
therefore help to predict endothelial function and may
serve as an important biomarker.

Our longitudinal study demonstrates statistically
significant decrease in concentration of EMP in patients
with end-stage heart failure three months after
mmplantation of continuous LVAD. This finding may
suggest improvement of endothelial function of patients
on LVAD. Another potential explanation for sigmificant
drop of EMP concentration 1s an improvement of organ
perfusion and microcirculation by restoration of adequate
systemic output leading to improved status of vasculature
i general.

Intensive research of EMP and their function in
several cardiovascular pathophysiological processes and
also their potential role as biomarkers was conducted in
recent years. Despite this fact more analyses are required
to establish precise and standardized methods for clinical
use of parameters of these EMP and to determune whether
their function could be modified to improve prognosis of
our patients.

Certain limitation of our study i1s possible
heterogeneity of EMP and still discussed doubts
regarding their origin. Therefore, it 1s still not clear if

release
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EMP really reflect only endothehal damage; however,
their detrimental effect was already demonstrated n
several studies (Singh ef al. 2012, Schiro ef al. 2014).
Therefore, results of this study indicate that use of
continuous flow LVAD does not exhibit detrimental
effect to the endothelmum n a short term. Nevertheless,
additional long-term observations of the EMP dynammes
are needed to clanfy a chrome effect on microvasculature
and endothelial damage. Moreover, correlations with
clinical parameters and outcomes are desirable in order to
elucidate potential predictrve role of EMP as a biomarker
of device related adverse events.

In conclusion, mn a short term, LVAD exerted
rather favorable effect on the vasculature, defined as
decreasing mnumber of circulating  endothelial
microparticles. If this effect i1s sustained for longer
pertods must be confirmed mn longer longitudinal studies.
Nevertheless, based on our recent results this laboratory
method mught compensate for some techmeal problems
encountered in examination of the status of the
vasculature in patients with LVAD.
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PRACE C byla zaméfena na longitudinalni sledovani poétu cirkulujicich
kmenovych (SC) a zejména endotelidlnich progenitorovych bun¢k (EPC), kterym je
piipisovana schopnost endotelialni regenerace a participace v angiogenezi. V praci je
testovana hypotéza o zménach poctu téchto bunék v periferni krvi v zavislosti na zméné
typu krevniho pratoku ovlivnéného mechanickou srdecni podporou a to za predpokladu,
ze kontinudlni MSP vytvareji zvySené smykové zatizeni endotelidlnich a cirkulujicich
bun¢k. Z tohoto divodu lze u progenitorovych bun¢k piedpokladat zmény v jejich
cirkulujicim poctu. Tyto zmény by mohly odrazet miru poskozeni a komplexnost zmén
vytvorenych nepulzatilnim tokem. U pacientli zatazenych do studie byla také provedena
sub-analyza cirkulujicich mikrocastic. Hlavnim cilem studie byla evaluace paralelnich
zmén u cirkulujicich endotelidlnich progenitorovych bunck, kmenovych bunck a

cirkulujicich mikrocastic.

Analyza probéhla u 23 pacientl indikovanych k implantaci mechanické srde¢ni
podpory. Pét pacientii bylo zenského pohlavi, primérny veék pacientit 50,6+=14,1 roku.
Vsem pacientim byla implantovana MSP HeartMate II s kontinudlnim pritokem
v indikaci premosténi k transplantaci srdce. U 8 pacientd byla MSP implantovana
z mini invazivniho pfistupu. VSichni pacienti doséhli Sesti mési¢niho sledovani bez
zavaznych klinickych nezddoucich udélosti. Méteni bylo provedeno ve tfech casovych
bodech: pred, 3 mésice a 6 mésicti (=15 dni) po implantaci levostranné mechanické
srdecni podpory. Pacienti byli rozdéleni do skupin dle etiologie srde¢niho selhani a
veku. Cirkulujici SC a EPC byly méfeny pomoci zavedené metodiky pratokové
cytometrie, kmenové bunky byly definovany jako CD34+/CD45low+ a endotelidlni
progenitorové buiky jako CD34+/CD45low+/KDR+ buiiky. Koncentrace cirkulujicich

mikrocastic byly stanoveny metodou ELISA (Hyphen Biomed, Francie).
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Pocty cirkulujicich kmenovych bunék a endotelidlnich progenitorovych bunék
signifikantné¢ poklesly 3 mésice po implantaci mechanické srde¢ni podpory pii
porovnani se stavem pied implantaci (p=0,01 pro SC a p=0,001 pro EPC). V Sestém
mesici doslo k jejich opétovnému narGstu v porovnani s méfenim ve tifetim meésici
(p=0,006 pro SC a 0,003 pro EPC) témét na troven stavu pired implantaci MSP.
Proporce endotelidlnich progenitorovych bunék v populaci mononuklearnich bun¢k se
také vyznamné lisila, paralelné se zménami SC a EPC (p=0,001 pro zménu mezi
pfedimplantacnim vySetfenim a 3. mésicem a p=0,001 mezi 3. a 6. mésicem).
Koncentrace cirkulujicich mikrocéstic se statisticky signifikantné neliSily, i kdyz
trendové kopirovaly jejich koncentrace vyvoj SC a EPC (p=0,33 pro zménu mezi
pfedimplantacnim vysetfenim a 3. mésicem a p=0,38 mezi 3. a 6. mésicem). Pacienti
byli rozdéleni do skupin dle etiologie srde¢niho selhdni. U deseti pacientd byla
diagnostikovana ischemicka etiologie srde¢niho selhani, u 13 pacientd etiologie
neischemicka. Etiologie srde¢niho selhdni neméla statisticky signifikantni vliv na
cirkulujici biomarkery. Skupina pacient s ischemickou etiologii srde¢niho selhani se
od skupiny s neischemickou etiologii signifikantné liSila vékem, vy$Sim vyskytem

hypertenze, diabetes mellitus a uzivanim statint.

U pacientii starSich 55 let byl pozorovan efekt véku na cirkulujici kmenové
buniky, s vyznamnym rozdilem v pfedimplanta¢nim vySetieni. Pocet SC byl u této

skupiny sniZzeny (p=0,03) a nevykazal dynamiku sledovanou u EPC.

Implantace levostranné mechanické srde¢ni podpory tedy vedla k signifikantnim
zménam v poctu cirkulujicich SC a EPC a potvrzeni zkoumané hypotézy. Vzhledem
k vysoce omezenému poctu dostupnych dat z jinych studii o téchto zménach, lze jen
opatrné¢ spekulovat o davodech popsané dynamiky. NejpravdépodobnéjSim

mechanismem poklesu poctu sledovanych bunék ve 3. mésici po implantaci MSP se zda
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znovuobnoveni suficientniho krevniho toku do tkani. Timto zplsobem je
pravdépodobné eliminovana ischemie tkani, kterd se jevi jako jeden ze stimuld,
podporujicich uvolnéni EPC a SC do cirkulace. Nasledny nartst hladin sledovanych
bunék v 6. mésici by mohl ukazovat na reakci organismu na pokracujici endotelialni
dysfunkci a posSkozeni, vyvolané nepulzatilnim krevnim tokem. Koncentrace
cirkulujicich mikrocastic kopirovaly pribéh zmén u EPC, k vyznamné statistické
korelaci ale nedoslo. Tuto skute¢nost prisuzujeme nizkému poctu pacientli ve studii.
V této studii jsme tedy pravdépodobné svédky dvou zdkladnich mechanismui
ovliviiyjicich koncentrace sledovanych markerti. Na jedné strané stoji snizeny
vaskularni stres a snizeni ischemie diky zavedeni MSP, na druhé zvySeny vaskularni

stres zpuisobeny nepulzatilnim pratokem pii dlouhodobé terapii pomoci MSP.

Kompletni znéni clanku je priloZeno v anglickém jazyce.
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1. Introd uction list mortality and improved the guality of life and survival rates in
patients with end-stage heart failure | 3-6].

Cumrently, the most commonly used genemtion of long-term LVAD
generates continuous flow. On one hand itis asumed, that the presence
of non-physiological continuous blood flow leads to higher stress of
endothelial cells and vessel wall and rises a concern of worsening of

endothelial function |7 ]. On the other hand, despite changes that are

Use of continuous-flow left ventricular assist devices (LVAD)] has
become a mutine and well-establizhed treatment of advanced heart
failure [1.2]. LVAD significantly reduced heart transplantation waiting

Abbeviztions: VAL, left venirioular assist devies; @, siem odlls; EPC endothelial
progenior cdls; MF, micopatides.
# futhars take nespon sihility for all aspects of the e idhility and fresdom from bizs of
ﬂtd-ti.]]ﬂ‘rl)cﬂ and thesir disou=sed imeTpretation.

* Correspond ing, authar at: Instiiuies of Chmial and Expenmental Medicine, Videfiskd
195849, 140 21 Pague, Crech Republic

http e doio g 10101 & iand 2016 05 063
DET-5273/0 201 6 Hsevier belamd Lid Allrights reserved.

49

caused by continuous flow, it is well tolerated by IVAD redpients [B].
Howrever, the change in flow pattern may also contribute to specific
clinical adverse events, such as non-surgical bleeding, that ocour in
patients with LVAD | 9]. A deeper understanding of vascular changes in
patients with continuous flow IVAD is desirable, as the design of the
pumps is evolving towards artificdial pulsatility |10]. Furthermore,
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a comiparison of impact on vasoulature between non-pulzatile devices
and devices with artficial pulsatility would be convenient, due to po-
tential promise of enhanced hemocompatibility in the latest devices
|10.,11]. To delineate the effect of IVAD on vasculature, several detect-
ahble hiomarkers have become an important focus of research. Among
them stem cells (SC) and especially endothelial progenitor cells [EPC)
are under intensive imvestgation. EPC are a subpopulation of circulating
(D 34+ mononuclear stem cells. EPC ame thought to have ability of
endothelial repair and they participate in angiogenesis [12,13 ] Increase
of EPC has been demonstrated in several clinical conditions including
vascular trauma, persistent atrial fibrillaton, acute myocardial infarc-
tion and endothelial damage in general | 14]. In addition, reduced levels
of EPC have been found in advanced stages of heart failure and also
predict athemsclerosis in the general healthy population [1516]
However, increased levels of endothelial progenitor cells were in some
studies asociated with reduced risk of death from cardiovasoular
causes [17] signaling, that changes of their levels could reflect more
com plex changes in vasoular system.

Circulating microparticles (MP) originate from stressed and dam-
aged cells and contain oytoplasmic material and cellular membrane of
theirmatemnal cells. Microparticles, with size of 0.1 to 1.0 pm, are elevat-
ed in several pathological conditions inchiding coronary artery disease,
stroke or carotid artery disease and their increased levels may be a=o-
ciated with increased risk of major cardiovascular complications
|18-20]. Groulating microparticles mainly derive from platelets and
endothelial cells in response to activation, injury and/or apoptosis.

To our knowledge, there are only sparse data available about the
numbers of vascular biomarkers including stem cells, endothelial pro-
genitor cells and circulating microparticles in patients with continuous
flonw ventricular assist devices. Untl now, no study described parallel
changes of S, EPC and MP in mid- and long- term perspective after
LVAD implantation

The main aim of this study was to evaluate in parallel changes of
cdroulating SC EPC and MP in patients with end-stage heart failure
before, three and six months after IVAD implantation.

2 Materiak and methods

Study was designed as observational prospective study. The
study was conducted in compliance with the Dedlamtion of Helsinki,
International Conference on Harmonization Good Oinical Practoes,
and the International Organization for Standardization of medical
devices for human subjects, known as 14,155:201. Study was
approved by institutional regulatory boards and ethics committee.
All patients provided written informed consent with participation
in the study.

2.1. Smy patients

Twenty-three patients (5 females], aged 21-67 years (mean age
5006 + 14.1 years) participated in the study. All patients were diagnosed
with end-stage heart failure and implanted with continuous-flow adial
ventricular assist device HeartMate 1 (5t jude Medical, Pleazanton,
Califomia) as a bridge to heart transplant. HeartMate 11 [HM 11} was
implanted via sternotomy in 15 patients and via a subcostal approach
in & patients, according to standards of our institution. All patients
reached 6-month study follow up without serious clinical adverse
events including signs of pump thrombosis. Heparin bridge was imple-
mented in all procedures until target anticoagulation with warfarinwas
reached. After implantation the aim of antcoagulation therapy was to
reach international normalized ratio of 1.8-23; in patients with
trombophilias it was 2.5-3 0. Thrombop hilias were defined as follows:
mutation in factor V (Leiden), factor 11 [prothrombin), hom ozygosity
for methylen tetrahydrophdate reductase (MTHFR), heterozyposity for
MTHFR accompanied by hyperhomocysteinaemia or the presence of
lupus anticoagulant antibodies.
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22 Blood sample collecion and assessment of cdrowlating wasoular
biomarkers

Blond zamples for baseline assessments were collected from
peripheral vein during 24—4& h before implantation of LVAD. Follow
up collection of blood samples was conducted at the 3md and Gth
maonth [+ 15 days) afeer LVAD implantation Human endothelial
progenitor cells were analyzed for the expresson of surface antigens
as previously reported [16,21]. Briefly, before staining with specific
maonoclonal antbodies, cells were treated with 40 pl of fetal serum for
15 min. Then 200 pl of peripheral blood was stained with 40 pl of
phycoerytrin conjugated anti (D 34 [Beckman Coulter), 20 pl of
fluorescein isothiocyanate conjugated CD 45 (Beckman Coulter) and
10pl of Alexa Auor 647 conjugated ant-KDR [e-Biosdence ). Analysis
was performed with an automated fluorescence-activated cell counter
[CyAn, Beckman Coulter) and 500 thousand events for each analysis
were counted. Based on population human studies stem cells were
defined as mononuclkear (034 4+/D45low + cells and endothelial
progenitor cells as mononuclear CO34 + D45kbw 4+ KDOR + cells. The
detection of endothelial progenitor cells and stem cells in peripheral
blooed was performed using determination of surface antigen expresson
Prior to staining with a specific monoclonal antbody, 200 pl of
peripheral blood was incubated with 40 pl of fetal serum. Next,
monoclonal antibody was added, ie 40 pl of anti(D 34 conjugated
with phycoerythrin [Beckman Coulter], 30 pl antiCD 45 conjugated
with fluoresein isothinoyanate (Beckman Coulter] and 10 gl anti-KDR
conjugated with Alexa Auor 647 [e-Bioscience ). The amount of SC and
EPC wras expressed as number of cells per mil; addition proportion of EPC
from circulating mononuclear cells was analyzed [(ZEPC). [See Fig. 1)
Measurement of circulating microparticles was done acoording to assay
protocol Blood plasma was collected through a frank veni puncture, using
citrate anticoagulant and plasma supernatant was decanted in 2 h with
following 15 min centrifugation at 1500 g and then again at 13,000 g at
room temperaure for 2 min Then the plasma was obtained by collecting
the supernatant, avoiding contact with the platelet pellet Platelet free
plasmawas used for further analyses

Far measurements of micropartic les, blood samples were immedi-
ately centrifuged and frozen to — B0 degrees of Celsius and their con-
centrations were determined by ELEA method (Eliza Zymutest MP
activity test - Hyphen Biomed, France). Their concentrations were
expressed as nanomoles per liter related to phosphatidylserine [20]
All laboratory pammeters were measured in an aud ited lipid laboratony
under continuous external quality contmol of COC Atdanta, USA In addi-
tion, all laborabory measurements were done by the same methodology
and by the same kits throughout the study.

COther analyzed labomatory parameters were measured by standard
latoratory methods used for clinical purposes at our institution.

2.3 Sratistical anafysis

Data are expressed as mean + standard deviation, median
[interguartile mnge) or numbers (percents ). In graphs, estimated
marginal mean and standard error is shown Because data from the
same patent are correlated, longitudinal changes were assessed
using generalized mixed-effect models. In these models, intercept
was treated as a random effect, whereas time was treated as a fixed
effect. To assess the effect of age and gender, interaction between
change in time and these variables was tested Median of age was
used to separate the populaton For right-skewed data, we used
gamma regression. Results from mixed effect models are reported
as estimated marginal mean [95% confidence interval). A beo-sided
p vahe <005 was considered statistically significant To decrease
the risk of falsely positive results, p value was adjusted for multiple
comparisons. Calculations were performed using SPSS version
21 [IBM 5P55 Statistics, 1BM Corporation, Ammaonk, Mew York).
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Table 2

Changesof hiboatory and pump characteristios in patients with left ventmioular asist d evices. (Estimated marginal meansand 954 mnfid enoe interval are presented. Fval ue isadjusted for

mlt ple comparisons. §

Basdine 3rd manth fith month P P Iy

Micropartides [ nM FE") 75 ([58-115) a1 [43-AE) L7 (53-11.2) ik ] k-] [iL:¢]
Siem cells (cells/mi) 24H0) [1912-3063) 1770 [212-1384 ) 2950 [ H5-1974) i LS ors
Endothehal progenitor cells {cells/'mi) 1587 (1122-2273) 54330 2-T73) 1140 [BLT-181.1) i iiiE] iR k]
LEPCTT 0008 [LO0G-L011) QU2 (L2 - (LN 3 ) LN (LS CLONEE ) i oal wia
[Brain natriuretic peptide | ng/1) 1917 (15372389 ) ITT (301 =4T73) IR (2 X3=3TI) i iz Lo
lacate dehydrogenase (ukatd) 6.6 [ Sa5-559) 547 [441-6167) 598 (4847 58] wig 4 056
Hemaglohin | gd) 1210 (11391282 ) 1213 (1142 128.5) 1327 (125 6-1399) 095 iz wm
Creatinine (umal/1) 1008 (#8311 23) &G (741-97F) 918 (B0 3-1033) 00G il ili= 5
LUirea | mmalT) 110 {82-132) 57 [48-69) 62 (52-74) i s wiai
Tavtal bri Firubrin {umaal/T) 300 {24 5-368) 128 [10L4-155) 137 (11.2-147) i 0sy o
Almine aminotranskerass (ukayT) 189 { 1.16-3.08) 053 (L E2-085) LET (L41-1 1) LiLiE] [IFe] L0
Aspartate aminotransferase [ulkaT) 258 [ 1304 85) 053 [(L28=1.00) L66 (1351 26) ilie] &3 [ilie]
Total chalesteral {mmal ) 35 (30-40) 56 (S1=61) 52 (4 6=58) i ] o
Coreactive protein (mgl) 27T 82-42D) 142 [9.4-21.5) AT [G4-147) iz wis LITLH]
Lewkocytes [ x 10°9/1) 97 (R6-10.8) T3 [Gz-84) 7.4 [G4-A5) LIELT iE=] wiai
Pump Peramdters
Pump speed | RPM) NA SN (B E0-9150) BEES [ ia0-91 30) NA L6 MA
Pump flow [LPW) NA 51 [45-58) 51 [45-58) NA i ] HA
Pulseindex NA B3 [S6-7.0) 6 [R7-64) NA 034 HA
Pump power [ W) A 53 [48-58) 53 (5.0-56) A 0= HA

p' differnce between haseline and Srd month; p difference between Srd and Gt month; p? difference between haeline and Gith monsh.

NA not applichle
* nM F% - nanomeals per liter relabed to pheos phatidylserine.
** ZEPC - proportion of endothelial progenior odls from monanudearcdls.

affect changes of SC EPC, and MP throughout the study period [ all
interactions between tme and etiology of heart failure p = 0L05).

Reganding other parameters under study, we observed significant
decrease in levels of brain natriuretic peptide, plagma creatinine, urea,
total bilimabin, ALT, AST, and C-reactive protein, before and 3 months
after IVAD implantation, while total cholesterol in this period signifi-
cantlyincreased. In addition, between 3rd and 6th month no diferences
in other laboratory parameters of interest were observed with the
exception of increase in hemoglobin [Table 2). Regamding LVAD
parameters, mean pump flow and speed, pulse index and pump
power assessed in the third and sbeth month with no significantchanges
of these parameters (p 2 L05 for all parameters; Table 2).

4. Discussion

Implantation of IVAD led to significant changes of cimulating vasou-
lar biomarkers mepresented by stem cells and endothelial progenitor
cells. These changes had hip hasic character. In 3 months after implanta-
ton, mumbers of stem cells and endothelial progenitor cel ks significanthy
decreased and between 3rd and Gth month significantly increased to
lewels similar with their pre-implant values. Nevertheless, third vasoular
biomarker under study, droulating microparticles, did not change
significantly during the whole study period, despite similar trend of
changes was observed as in stem cells and endothelial progenitor cells
[Fig 2 ). Despite very sparse data are available regarding changes of
these pammeters in such unigue population, they could add valuable
information regarding short and long term effects of LVAD on vasoular
health. This could be very important espedially for patients selected
for destination thermpy with LVAD. In the most recent study Manginas
et al. |[14] described transient increase of stem cells ((D344)in 5
patients 15 days after placement of ventricular assist device and their
decrease at 60 days after implantation. Despite also biphasic response
in five patients studied by Manginas e al was detected, findings from
abovementioned study are not completely co mparable with our data,
because of different number of participants, and different follow-up
periods after LVAD implantation. Another reason for different findings
could be use of pulsatile LVAD in majority of patients in this study in
contrast to non-pulsatile device used in patients in our study. In addi-
ton, in shorter intenal after IVAD implantaton sudied by Manginas
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et al. the posibility of eary activation of bone marme with operative
trauma after the LWAD placement could not be excluded, as discussed
by the authors. In our study we intended to avoid this potential effect
by postponing first follow-up to 3 months after IVAD implantation. In
addition, sgnificant decrease of C-reactive protein and white blood
cells count at 3nd and especially at 6th month (Table 2} was observed,
and, therefore, it is unlikely that later increase of stem cells and endo-
thelial progenitor cells was influenced by inflammatony activation or
surgical trauma after the IVAD placement. Robust decrease of circulat-
ing stern cells and endothelia progenitor cells at the 3rd month might
be caused by restoration of sufficdent blood flow to most of organs
after INAD implantation and attenuation of ischemia as a simulant
for their mlease. The mechanism of the effect of ischemnia on the prolif-
ertion of progenitor endothelial cells was reoently described and offers
biokgically plausble explanation also of aur indings |22]. This explana-
ton is further supported by our own previous findings in patients after
renal transplantation undergoingexerise progam |23 . In this popula-
tion, stern cells and endothelial progenitor cells significantly decreased
after exercise compared to control group. One of peesible explanations
was the alleviation of chronic activation of reparative mechanisms of
vascular system in subjects exposed to multiple cardiovascular risk fac-
tors by lifestyle intervention Similar explanation may be plausible for
our recent results which could alko refled different mode of mobiliza-
tonof sterm cells and endothelial progenitor cells in patentswith differ-
ent stages of heart faillure as was previmsly described [13,16). On the
conrary, the increas of stemn cells and endothelial progenitor cellsin
the circulation between 3md and Gth month after IVAD implantation
may be explained as a response to non-pulsatile blood flow and inap-
propriate activation of endotheliuvm caused by the lack of gpclic
straining of the vessl wall. This presumption is further supported by
the evidence from recent studies that detected compromised function
of peripheral vessels in patients with non-pulsatile LVAD despite im-
provement of central hemodynamics |24.25]. These findings really rise
concerns of proatherogenic and prothrombaotic changes in the vessel
wall after IVAD implantation. In general we might witness two main
mechanisms operating ino pposite directions, First, decreased vasoular
stress and ischemic insults shorty after IVAD implantation caused by
improvement in circulation and, second, increased wascular stress
caused by non-pulzatile blood flow later after LVAD implantation
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Differences in numbers of stem cells were observed between older
and younger participants. Patients older than 55 years had significanthy
lower number of stemcells at baseline and over the study period and no
significant changes in stem cells were observed during Bllow-upinthis
Emupin contras to patients younger than 55 years (Fig. 3).This impact
of age iz in accordance with already published results |26,27]. In addi-
ton, no significant differences between patients with ischemic and
non-ischemic etfology were detected regarding changes of vasoular bio-
markers under study. Therefore, we do not sup pose that the etiology of
heart failure could have any robust modifying effect on our findings.
Additionally, pamameters of the wentricular assist devices did not change
significantly over time, therefore, obtained reaslts were not modified by
changes in pump flow, pump speed, pulse index or pump power.

Regarding circulating microparticles, their changes were moderate
and did not reach statistical significance. Their lower concentration s at
the 3rd month after IWAD implantation support the above mentioned
hypothesis that vasoular satus of patients firstly improves due to
improved end-organ perfusion. This is supported also by our eardy
study which revealed significant decrease of droulating microparticles
atthe 3rd month after IVAD implantation | 7). Nevertheless, in our yet
earlier study forused on drulating microparticles we did not ohserve
any significant effect of LVAD on concentrations of microparticles

A=

: i

:

- owor 55 yoars
-8 bolow B5 yeors

Baseline 3 moths & months
Fig- 1 Semcells changes by age groups. Estimaded manginal mean and standasd erar s
shown in graph In the group over 55 years, levels of stem olls did not significantly
change during fo low up, while there was asignificant decrease in stemicdls at the 3rd
manth in the group under 55 year | p for interaction betwesn goups = 03]
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during 3-month follow-up |28 | However, this negative finding was
potentially caused by low number of participants in the study. Finally,
higher concentrations of microparticles at the 6th month might reflect
already discussed higher shear stress and cell damage caused by
continuous flow and probably by the pump itself. Furthermore,
as was recently reported, microparticles may virtually play im portant
role in predicting LVAD-associated adverse events and may be of
assistance in assessing microvascular function in LVAD patients
| #9.30). However, based on low number of patients and, more
importantly, on low incdence of serious dinical events we are
not able to confirm these Aindings.

The limitation of the study is the absence of control group.
Therefore, longitudinal changes in the number of stem cells, endo-
thelial progenitor cells and microparticles could not be compared
with their longitudinal changes in the control group. However, the
main aim of the study was to study changes of vascular biomarkers
caused by implantation and subsequent functon of IVAD. Therefore,
we donot expect to gain valuable information from control popula-
tion represented either by patients with heart failure notindicated
to INAD implantation or even by healthy controls. Another limitation
ispos=ible heterogeneity of circul ating microp articles and s6ll discused
doubts about their real origin when analyzed by ELEA methods. How-
ever, despite some limitatons of our study, several previous studies
suggest important role of stem cells, endothelial progenitor cells and
ot her similar biom arkers as avalable predictors of regenerative capac-
ity of the organism and evaluation of their levels had shown close
relationship to cardiovascular risk factors and clinical adverse events
|17.31]. Therefore, measurement of stem cells, endothelial progenitor
cells, and concentrations of droulating microparticles might be of sgnif-
icant importance in asessment of vasoular status also in patients with
ventricular assist device. To the best of our knowledge, after initial
repart on the topic [14], this is the first study focused on the effect of
LVAD on several vascular hiomarkers in a higher number of patients
and with several months of o low up

In conclusion, vascular biomarkers used in our study mightbe im-
paortant tool for prediction of adverse events in LVAD patients and future
research in this field induding shudy of their assodation with clinical
data could be very rewarding. Addidonally, assessment of vascular
function by circulating and well established vascular biomarkers may
also be of great importance for studying potential effects of newer
devices with artficial pulse.
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PRACE D popisuje vznik ziskané von Willebrandovy nemoci (VWD) u pacientt
s implantovanou mechanickou podporou s kontinualnim pritokem a MSP s arteficidlni
pulzatilitou. Soucasné mechanické srdecni podpory s kontinuadlnim pratokem jsou
asociované s degradaci multimerdt von Willebrandova faktoru (vWF) s vysokou
molekularni hmotnosti (HMWMs). Tyto jsou dilezité pro spravnou funkci trombocytu.
Zvysené degradaci HMWMSs a vzniku ziskané¢ von Willebrandovy nemoci se pfipisuje
spoluti¢ast na vzniku krvacivych komplikaci pti 1€¢bé pomoci MSP. Po odstranéni
mechanické srde¢ni podpory pfi transplantaci srdce a znovuobnoveni pulzatilniho
pratoku se vsak vyse zminéné komplikace jiz nevyskytuji. Nejnovéjsi typ mechanické
srde¢ni podpory HeartMate 3 (HM 3) je Cerpadlem s arteficialni pulzatilitou. Lze
predpokladat, ze vytvofenim arteficidlni pulzni viny se snizi cirkula¢ni smykové
zatizeni a tim bude pozitivné ovlivnéna funkce studovanych hemostatickych parametrt.
Prace je prvni studii porovnavajici Cerpadlo s kontinualnim pritokem a s arteficidlni
pulzatilitou s ohledem na vznik ziskané von Willebrandovy nemoci. Hypotéza testovana
v této praci predpoklada rozdilnou degradaci HMWMs u MSP s kontinudlnim priitokem

a arteficialni pulzatilitou.

Primdrnim cilem této prospektivni studie bylo urcit efekt cerpadla HeartMate 3
na smykové zatizeni krevnich elementli, vyjadienych jako mira degradace multimera
von Willebrandova faktoru s vysokou molekularni hmotnosti. Sekundarnim cilem bylo
porovnat degradaci s kontrolni skupinou pacientti s implantovanou mechanickou srdecni

podporou HeartMate II (HM 1) s kontinudlnim pratokem.

Béhem studie bylo vySetfeno 15 pacientil (3 Zeny) s implantovanou MSP HM 3 s
arteficidlni pulzatilitou a 11 pacientd (1 Zena) simplantovanou MSP HM 1I s
kontinualnim pritokem. Ve skupiné HM 3 byl primérny v€k pacientli 67,3+1,4 let a ve
skupiné HM II 52,842,5 roku. Pacientim byly odebrany krevni vzorky pfed implantaci
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mechanické srde¢ni podpory a nésledné 2., 7., 30., a 45. poopera¢ni den. Hlavni analyza
byla zaméfena na zmény multimertt von Willebrandova faktoru s vysokou molekularni
hmotnosti, méfeni ristocetin kofaktoru, vWF antigenu a aktivitu metaloproteinazy
ADAMTS 13. Béhem studie byly vySetiené také dalsi parametry souvisejici se ziskanou
vWD - aktivita ristocetin-kofaktoru (RiCO), vySetfeni antigenu von Willebrandova
faktoru (VWF Ag) a jejich pomér (RiCO:vWF Ag ratio). Sub-analyzy zahrnovaly
analyzu vlivu programované rychlosti otaéek MSP, indikatori hemolyzy a otevirani
aortalni chlopné na sledované parametry. U hlavnich sledovanych parametrti byla také
provedena komparativni analyza ndhodnych vzorkti (n=10) pro ob¢ skupiny pacientti a
to porovnanim primarni analyzy se zaslepenou expertni vizualni analyzou a pocitatem

asistovanou metodologii.

U skupiny s implantovanym cerpadlem s arteficialni pulzatilitou (HM 3) byla
potvrzena signifikantné¢ niz§i degradace HMWMs v porovnani se skupinou
s implantovanou MSP bez arteficidlni pulzatility, s maximalnim rozdilem ve druhém
pooperacnim dni (vSechny p<0,001). Dalsi statisticky vyznamné rozdily nebyly
pozorované, navzdory pfitomnosti trendovych rozdili v aktivit¢ RiCO. U ostatnich
sledovanych parametri a sub-analyz nebyl mezi sledovanymi skupinami prokdzéan

statisticky signifikantni rozdil.

Komparativni analyza potvrdila rozdilny vzorec degradace HMWMs mezi

sledovanymi skupinami (p<0,05 pro vSechna vysetieni).

Ve studii byla potvrzena hypotéza, ze efekt Cerpadla s arteficidlni pulzatilitou
pravdépodobné redukuje poskozeni plasmatickych elementl, véetné HMWMs. Toto
pozorovani je podpoieno také nizSim vyskytem hemolyzy u tohoto zafizeni. Ve studii se

neprokazaly signifikantni rozdily ve funk¢nich analyzach aktivity von Willebrandova
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faktoru mezi sledovanymi skupinami. U obou zafizeni bylo pozorovano podobné

zachovani funkénich atributa vWF.

Studie byla limitovana nizkym poctem pacientil, pacienti nebyli randomizovani
a pacienti ve skupiné HM 3 navic uzivali antiagregacni terapii. Z téchto ditvodi je nutna
opatrnd interpretace prezentovanych vysledkl, které vSak potvrzuji vyssi prezervaci
HMWMs pii pouziti nového typu Cerpadla s arteficidlni pulzatilitou. Pulzatilita vSak
neni jedinou pokrokovou soucasti Cerpadla HeartMate3 a proto podil pulzatility na

zachovavani krevnich elementti bude predmétem dalsiho zkoumani.

Kompletni znéni clanku je priloZeno v anglickém jazyce.

56



ELSEVIER
FEATURED PAPERS

Evaluation of von Willebrand factor with a fully
magnetically levitated centrifugal continuous-flow
left ventricular assist device in advanced heart
failure

Ivan Netuka, MD, PhD,*" Tomas Kvasnicka, MD, PhD,® Jan Kvasnitka, MD, PhD,°
Ingrid Hrachovinovd, MD,” Peter Ivak, MD,** Frantisek Marecek, MD,

Jana Bilkova, Ivana Malikova,® Michaela Jancova,’ Jifi Maly, MD, PhD,”
Poornima Sood, MD,? Kartik S. Sundareswaran, PhD,? Jean M. Connors, MD," and
Mandeep R. Mehra, MD'

From the “Department of Cardiac Surgery, Istinge for Clinical and Experimenial Medicine, Prague, Czech Republic;
% erond Department of Surgery, First Faculty of Madicine, Charies University of Prague, Prague, Crech Republic;
“Thrombartic Centre and Cenrral Hematology Laboratory, Institute of Medical Ribchemizrry and Laboratory Diagrostics
af the General University Hogpital and First Faculty of Madicine of Charles University of Prague, Prague, Crech
Republic; “NRL for Hemostasis, Institge of Hemaiob gy and Blood Transfision, Prague, Crech Republic; “Third Faculty

The Journal of
Heart and Lung
Transplantation

I
hiypedfwowaw Jhibnbine org

@GNHHITI

af Medicine, Charles University of Prague Prague, Crech Republic; ’ri.a.hnrarm}- Metods, Tnstisre or Clinical and
Eperimenial Madicine, Prague. Crech Republics T80 Tade Medical Minreapolis, Minnesota, USA; "Depa.n‘m.m‘ af
Hematology, Brigham and Women's Hospirtal, Boston, Massachusers, USA; and rhe iHear and Vasadar Center,
Brigham and Women's Hospital and Harvard Medical School, Boston, Massachusers, [UFA.

KEYWORDS:
shear stress;
hemolysis;

won Willehrand

left wentricular assist
device;
magnetic levitution;

BACKGROUND: Contemporary continuous-flow left ventricular assia devices ((F-LVADs) ae associned
with degradation of wvon Willehrand factor (vWF) high-molecular-weight multimers (HMWMs), a critical
factor supporting platelet function. We hypothesized that the HeartMaie 3 fully magnetically levitmied
LVAD, designed to neduce cinculatory shear stress, favorably influences these hemostatic parameters.
METHODS: Fificen conscostive HeanMate 3 LVAD patients were compared with 11 consecutive
HeariM ate [T controls. Serial plasma samples wene collectad pre-imiplant and on Days 2, 7, 30 and 45 post-
operatively. Changes m vWF HMWMs were evaluated by 2 independent, shudy-blind hematologists and
confimmed using densitometry-based computerized softwane. Ristooetin cofactor (RiCO) and ¥WF antigen
(vWF Ag) were messured using standand prowocols with enzyme-linked immuncsorbent assay.

RESULTS: HeantMate 3 patients and HeartMate 11 controls had a mean age of 673 + 1.4 and 528 +
2.5 years, respectively {INTERMACS Profiles 2 to4 in 93.3% and 91%, respectively). HeartMate 3 group
demonstrated a significantly greater preservation of HM Whis companed with the HeartMate 11 group, with
the most prominent decrease occurning by Day 2 post-operatively and sustained through 45 days (71.9%4%
s 31.16%, p = (001 ). Laboraiory walues (normalized to haseling) for RO activity, vWF Ag and RiCO:
¥WF Ag matio remained in the functonal range with no statigtically significant differences observed
betwoen groups.
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CONCLUSION: The HeartMate 2 LV AD & associated with enhanced hemocompatibility compared with the
HeariMaie I LV AD, as demonsirated by the improved preservation of ¥WF HMWMs, In contrast, effects
on HMWM degradation appeaned to be dissociated from functional attributes. Further confimation of these
findings in mndomized clinical trials is warranted.

J Heart Lung Transplant 201635 860867

i) 2016 Intemational Society for Heant and Lung Transplantation. All rights reserved.

Contempomneous continuous-flow left ventricular assist
devices (CF-LVADs) are a mainstay in the therapeutic
armamentadum in selected patients with advanced heart
fuilure. Although favorable 1- and 2-year survival rates of
BO% and 70% have been reported’ ™ significant morbidity
related to magor blesding, neurologic complications and
device thrombosis limits broader clinical acceptance of this
therapy. "~

Continuous flow, and consequent low palsatility, can
disrupt the normal circulation by inceeasing circul atory
shear stmss, In such settings, unique rheologic changes are
noted, manifested as hemolysis due o deformation of
circulating red blood cells™ and, within plasma, as the
development of an acquinsd von Willebrand  syndmome
(avW5)"" Furthermore, these physiologic changes are
wssociated with thmombosis and bleeding  complications,
which are mversed once heart transplantation restomes a
mone normal pulsatile circulatory state.

The Hearthume 3 LYV AD (5t Jude Medical, Minneapolis,
MM} is engineersd to enhance hemocompatibility by
reducing shear stress on circulating blood elements. The
centrifugal device rotor 15 (olly magnetically levitated,
allowing for consistently wide blood flow paths, and also
featumss an minsic pulse intended o enhance wash-
out, '™ 1["..?:13' data from the Conformité Eumopéens (CE)
Mark Trial'® suggest that these design features are
associated with absence of clinically mlevant bemolysis
and lower levels of lactate dehyvdrogenase (LDH) and
plasma free hemoglobin (FHGE). However, the impact of
these device characteristics on von Willebmnd factor (vWF)
remain unknown,

The primary purpose of our prospective inveshgation
wis b0 assess the effect of the HeartMate 3 on clinical
measures of shear stress by serial evaluation of vWT high-
molecular-weight muoltimers (HMWMs), and functional
activity. Furthermore, we sought w compare and contrast
these effects of the HeartMate 3 by using the HeartMate T
(5t Jude Medical) axial-flow assist device ag a control.

Methods

Patients

The study was approved by the instimtional ethics commitiee and
informed consent was obtained from all patients before LVAD
imnplan taticn.

Patients werne enrolled at a single center within the HeartMate
3 CE Mark Trial and sequentially within te HeartMate 3 LIS (less
invazive stady) along with a consocutive control cohont of
HeartMae 11 patients (Figure 1). The procedure was performed
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cither via median semoiomy or as a less invasive implant via lefi
lateral mini-thomcoomy combined with wpper partial hemi-
stemotomy, both on candiopulmonary bypass, The inflow cannula
was placed inio the LV apex and the outflow graft anastomosed to
ascending aorta Unfractionated heparin was used in all procedures
until target anti-coagulation with warfarin was reached. Based on
our institutional standand-of-care  anti-thrombotic megimen, all
patients were maintained on warfann themapy with a f@rget
intermational nomalized ratio (INR) of 2.0 © 30, HearthMate
3 mecipients were also prescribed an anii-platelet agent (acetylsa-
licylic acid 100 mg) as required by the study protocol, whereas
HeartMate: 1T patients were not treated with anti-platelet therapy in
accondance with our instinntional practice standand. i INR dropped
below the therapewtic range, low-molecular-weight heparin was
used for bridging.

Sample collection and laboratory assessment

Patients” characieristics, medical history, labormatory assessments,
anti-coagulation, anti-plaielet medications, device programming,
echocardiographic aortic vave opening parameters and clinical
outcomes wene ssessed over the oourse of LV AD support. Serial
hematologic indices and blood plasma sample collection wene
conducied pre-implant and on Days 2, 7, 30 and 45 post
operatively in all patents (Figure 1), All enrolled patients
completed the folow-up.

HMWM analysis

Multimeric structure was deemined by separation of plasma vWF
multimers with 1.6% sodium dodecylsulfate (SDS) agamse gel
dcm'nphmtsis.,"" with minor modifications. Samples wene diluted
between 120 and 1:60, basad on vWF antigen concenration to
obtain commensurate samples for vWF multimer analysis {buffer
of 10 mmolliter Tris-HCL 1 mmolliter ethylene-diamine tetra-
acetic acid, 2% SDS [pH 80]) and subjecied to overnight
electrophoresiz, Separated multimers were then transferred onto
nitrocellulese by electroblotting wits 50 mmo VL. phosphate buffer
(pH 7.4), contmining 0.04% SDS, and incubated sequentially with a

T4 12014 BEE 112015
I I
Lol 1
Baié  POD.2 POD.7T POD. 30 FOD. 45
| | | | |
Figure 1 Siudy enrollment and sample collection timeline.
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rabbit  anti-vWF antibody-horseradizsh  perowidase  conjugate
(Dako, Copenhagen, Denmark). Deiection of vWF was performed
by chemiluminiscence {BCL chemiluminescence Western hlotting
detection reagent; GE Healthcare, UK) with a OOD camera
(Syngene G:Box Chemi-XT4; GeneSys-Synoptics, UK). Data were
convernted to jpeg format and analyzed.

All samples wene subject to visual quantitative analysis by an
expent hemailogist blinded o both patient and device. Triplets
1 to 5 from the dye front of the electrophometic strip were classified
as low, 6 to 10 as intermediate and == 10 as HMWM, zimilar to
prwimspub]i:aljms.”{Figurc I). To further validate the findings,
a zet of mndomly selecied zamples (= 10) underwent identical
protoco] evaluation by a second blinded hematologist at a different
institwtion { Brigham & Women's Hospital, Boston, MA). To avoid
subjective  bias, another analysiz was performed with the
densitometry-hased software IMAGE 1 (NIH, Bethesds, MID:
hittpfid x.doi org/hittp: frebweb. nihg ow/ij), widely used o quantify
hamds in Western blots. This method converted the bands o a
curve with multiple peaks representing each triplet of multimers,
and the emporal change in Gie number of peaks from baseline to

the specific time-points in the HMWM domain was m]yzl:d||mage of FigureE

(Figure 3).

Other vWF Assays

Key functional indices of vWF expressed as a melative percentage
of standardized reference controks were assayed and represenied by
the following:

» Risocetin cofacior activity (RiICO) — measunes the ability of a
patient’s plasma to agglutinate platelets in the presence of the
antibiotic ristocetin, The rate of ristocetin- indwced ag glwtination
iz nelated to the concentration and functional activity of the
plaama vWF (Berichrom von Willebrand Reagent, Siemens,
Germany).

* Plasma vWF antigen concentration {vWF Ag) — measures the
prokin level of vWF in plasma, which is analyzed by enzyme-
linked immunosorbent assay (ELISA; von Willehrand Factor
Antigen Test Kit; Corgenix, TTSA).

» vWF ristocetin activity/antigen mto (RiCOwWF Ag) — a
comparison of platelet binding activity to the protein concen-
tration, utilized for qualitative defects analysis of Types 2A, 2B
and IM which demonstrate a decrease of functional actvity
compared to antigen concentration.

Bascline metalloprotease ADAMTS 12 activity in the Heari-
Mate 3 and HeantMae II groups was measuned by fuorogenic
ELISA (Technoclone, Auwstria).

Statistical analysis

Analyzis was performed using GraphPad PRISM 5.0 (GraphPad
Prism version 5.00 for Windows, GraphPad Softwane, San Diego,
CA) and SAS (SAS Institwte, Inc., Cary, NC) software. Continwous
data are reported as mean = SEM, and caegorical data are
presented s propontions. Differences between the groups were
compared uzing the Mann-Whitney [~test for contineous variahles
and Fisher's exact test for categorical varables. For emporally
varying contineous data, & linear mixed effocts model was wtilized,
with time, pump type and interaction between time and pump type
as predictor variables. Post-hoo comparizons (if differences were
statistically zignificant) wene performed wsing the Scheffé test.
Differences were considered statistically significant at p< 005,
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Figure 2 Qlassification of the multimers on agar gel electophor-

esis. Triplets 1 to 5 from the dye front of the electophoretc strip wene
classified as low (LMWMs), 6 o 10 a8 intermediate (TVW M=) and all
those = 10 as high-madecular-weight multmers (HMWhs).

Results
Patients

The cohorts compnsed 15 HeartMate 3 patients and 11
Hearthate T controls, with mean ages of 673 = 1.4 vears
and 52.8 = 2.5 years, respectivel v, Interagency Registry for
Mechanically Assisted Circulatory Suppont (INTERMACS)
profiles were typical of sevem advanced heart failure
patienis meceiving LVAD therapy, with 933% and %1% of
patients, respectively, in Profiles 2 w0 4 Dewmiled basdine
chamcteristics, induding indication, mem INTERMACS
profile, blood tvpe, candiovascular history md risk factors,
are presentad in Table 1. Patient-device interface chamcter-
istics, including progmmming speed, hemolysis indicators nd
echocardiographic  aortic valve opening, me présented in
Table 2. Activity levels of metdloprotease ADAMTS 13,
expressed as percent of normal control, weme 76+ 22, 1% for
Hearthme 1T and 819 = 14.8% for HeanMate 3 (p = no
statistically significmt).

HMWM analysis

The primary analysis demonstrated that the HeartMate 3 15
wssociated with a significantly lower level of HMWM
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Figure 3 An example of computer-assisied development of curves with companative calculation of number of peaks at different time-
points in the HMWM domain.

Table 1 Baseline Charactenstics Including Indication, Mezan INTERMACS Profile, Blood Type, CGardiowascular History and Rek Fadors

Characteristics HeartMate 1T (n = 11) HeartMate 3 (m = 15) pvalue
Age (years) 528 + 2.8 673 + 1.3 0.0001
Male [n (%)] 10 (01) 12 (20) NS
Indication BTT [n (%)] 10 (01) 2 (13) 0.0002
INTERMACS profile [n (%)]

Profile 1 1(9) 0(0)

Profile 2 4 (36) 1(7)

Profile 3 4 (36) B (53) NS

Profile & 2 (18} 4 (27)

Profile & 0(0) 2 (13)
Diabetes meltitus [n (%)) 2 (18) 1 (20) NS
Hypertension [n (%)] 1(27) 10 (67) NS
Dilated cardiomyopathy [# (%)] 9 (82) & (40) 10,0506
Ischemic cardiomyopathy [n (%)) 2 (18) 9 (60) 10,0506
COPD [ (%)] 0(0) 2 (13) NS
Blood type [m (%)]

] 4 (36) 6 (40)

A 1 (27) 6 (40)

B 4 (36) 2 (13) NS

AR 0 (0] 1(7)

Major throm bophilias* 3(20) 1(9) NS

BT, bridge to transplant: COPD, chronic obstructive pulmonary disezse: INTERMACS, : NS, not statistically significant.
*Lelden Factor V and Prothrombin Factor I mutstions.
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Table 2 Patient-Device Interface Characteristics: Hemolysis,
Device Speed and Aortic Vabre Opening
HeartMate [1 HeartMate 3
{n= 11} {n =15)
Hemaolysis
LDH (Uytiter) at bassling® 2034 218.0
LDH [Ufliter) at follow-up® 3650 2455
ALDH (Uit +72.5 +6.5
Average device speed (rpm) £,800 5,200
Aortic valve opening®
1:1 2 (18) 5 (33.3%)
1:2 o (o) 1 (6.6)
None o (82) 0 (60%)

LDH, lacate dehydrogenase,

“Within 7 days befom implant.

“During stable phase betwesn Days 30 to 60 post-operatively,

“hortic valve opening was adjudicated by edhocardiography at Days
30 to 60 post-opembtively: 1:1 refers to opening with each beat,
wherezs 1:2 denotes every other beat aortic valve opening.

degradation compared with the HeatMate I subset, with the
most  prominent  decrease by Day 2 post-operatively
(Figure 4).

Figurs 5 demonstrates a comparative analysis of randoim
samples (m = 10 for both devies groups by primary
analysis, second blinded visual expert quantification and the
third, peak-to-peak amplitude computer-assisted method-
ology. Both addiional analyses suppont the divenzent
pattern of HMWM degmdation with substantial preservation
within the HeartMate 3 subset compared with Heart Mate T
(p= 0,05 for all 3 analyses for preservation of HMWMs in
the HeartMate 3 group vs the HeartMate 1T group).

Other vWF assays

The laboratory wvalues (nomalized o baseling) for RiCO
activity, vWF antigen and RICO:ovWTE Ag ratios are depicted
at Figure 6A-C. Despite the trend in slope for RiICO activity,
no statistically significant differences wen: observed for any
Day ¥ a7
EEE BHME
expressed as 4 percentage of large multimers nomalized to
haseline, separated by device type.
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Figure 4 Preservation of HMWM in the primary analysis

61

1 FO.OLE Fro.0aT Pe0a7
£ uo = =
i, = |
- = =m
; @
£ ., pEm
; T
n
E ) I

0

Fragu 25 Dagth olgham 45 Bas] Cosspames-asiined 45 Bays)
N lmding WHMI WA

Figure 5 Side-by-side cormelation of independent blinded

expert evaluations and computer-assisted interprettions of the
HMWMs in a random sample {r = 10).

Effects of aortic valve opening

In the HeanMate T group, 2 of 11 (18.1%) patients
demonstted any aoic valve opening at 45 £ 15 days of
follow-up, whersas 6 of 15 (40%) had opened aortic valves
during the cardiac cvele in the HeartMate 3 group. The
averge preservation of vWF HMWMs in those who had
any aortic valve opening in the HeartMate IT group was 41 %
compared with 215 in those who did not; in the Hearth ate
3 group, these values were 72.8% for those with any aontic
valve opening, compared with 69.22% in those without
sortic pulsatility (pvalues not calculated due o small
numbers and potential for Type T error).

Climical outcomes

All patients were followed w 180 days. During this period,
we observed no episodes of right heart failure (requiring
lomg-term  inotmopic support or a secondary right heart
support device) in either group. Any newrologic complica-
tion (transient ischemic attack [TTA] or seizures of disabling
strokes) was ohserved in (0% in the HeartMate TT group and
W% of patients in the HeartMate 3 gmoup (3 events,
including 1 TIA, 2 seizures and 0 stroke episodes). Any
instance of bleeding (hased on INTERMACS definitions)
was 63% (n = T) and 60% (n = 9) in the Hearthate IT and
HeartMate 3 groups, mspectively. Gastrointestinal blesding
occurred in 27.3% (n = 3) and 6.9% (n = 1) of those the
HeartMate T and HeartMate 3 groups, respectivelv. No
episodes of clinical hemolvsis or pump thrombosis were
nmoed in either group, One death occumred in this sedes of
X patients (momatic accidental death in 1 HeartMate
3 patient).

Discussion

In this comparmtive analysis we have demonstrated
significant  differences in the degree of vWF HMWM
degradation between the HeartMate 3 and HeatMate 1T
CFLVADs, Notably, the effects of the HeartMate 3 on
preserving vWEF HMWMs provide further corroboration that
this device reduces blood element disruption in plasma,
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similar 10 observations of reduced red blood cell-relaisd
hemolysis. Altemtions in HMWMs ocour as early as 48
howurs and these changes are sustained thmugh 6 weeks,
Senal studies by Crow and mllt:agu::ﬁ‘ 10 have also shown
this pattern of a significant degradation at the first post-
operative sample collection, which they performed at 7 days.
Although our findings suggest that the HearMate 3 better
preserves vIWF HMWMs compared with the HeartMate 11,
we were unable w demonstrate downsteam  functional
differences in VWEF activity between these devices,

A cross-sectional study by Meyer et al" of 102 devices
with either axial- or centrifugnl -flow characteristics showed
o similar degree of msdual HMWMs: 30 £ 14% for the
axial-flow HeanMate IT and 34 = 13% for the centrifugal-
flow HVAD. They used an HMWM assessment appmach
similar o that used in our study. Thos, it is likely that the
unigue design characteristics of the HeartMate 3 deviee
principally account for these observed differences in vWF
HMWM s rather than the directional flow characteristics of
the devices,

It has been hypothesized that a critical shear force of 500
pN is requined o unfold the HMWMs and expose the sites
for cl::avag:.1 “1f s0, then one explanation for the difference
in vWF HMWM degradation may he in the absolute o
average mvolutionper-minute (rpm) speeds at which a
particular device is programmed. We have found that this is
less likely to be the case as studies of the lower speed
HVAD demonstrated a similar  degradation  of vWF
HMWMs to that of the higher speed Hearthate '’
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The HeartMate 3 is typically chinically programmed at an
intermediate spead (range 4,900 w0 5400 pm). between
those climcal settings of an HVAD (range 2200 w0 3200
rpm) or the higher speed HeartMate T (8,600 to 9,800 rpm).
This suggests that the wider consistent flow paths in the
Hearthate 3 device and more stable operation at wide spead
mnges with full magnetc levitation may result in signifi-
cantly less damage 0 hemostatic components,

We were unable o show significant differences in
functional assays of vIWF activity between the HeartMate
3 and HeartMate IT LVAD groups: however, we did find
preservation of functional attributes of vWF with both
devices. This is in contrast 0 findings by Crow and
colleagues, ™' who identified a significant decrease in
functional assays of vWF with the HeartMate T device by
Day 30. Curiously, in that analysis, the HMWMs were
degraded early (Day 73 however, functiomal attibutes
RICOVWE Ag ratio) changed later, suggesting some
tempioral dissociation with this observed effect. Interme diate
weight mulimers of vWF could mediate sufficient preser-
vation in functional atributes o account for these findings
in owr study. Furthermore, the absence of anti-platelet
thempy in the HeartMate T cobort in our series could
explain  these discrepant findings, but both of these
conentions remain speculative.

An era effect, exemplified by differences in device
progmmming, may have also contributed o these differ-
ences, Previous studies included a strategy of higher pump
speed  management  with  the HeartMate 11 LVaAD.™
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Subsequently, the devices were programmed (0 maintain
some degres of aortic valve opening in an effont w0 reduce
complications of gastrointestinal blesding, aortic regurgita-
tion and valve leaflet fusion. ™ Thus, the average speed of
the HearMute T in the study by Meyer et al'’ was 9,741
rpm, whereas our series ussd a markedly lower average
spead for the device at 8800 mpam. Diferences in unloading,
maintained pulsatility and facilitated sortic valve opening
may also allow for the dissociaion in HMWMs and
subsequent functional activity, as highlighted in our study
where numerically less degradation in the HMWMs was
observed in both device groups in the presence of any aortic
valve opening. We consider these trends to be hypothesis-
penemting. However, differences betwesn the devices in
degms of VWF degradation persisted, irrespective of the
presence or absence of an aodic valve opening. We also
detected numerical trends of a lower rate of gastrointestinal
bleeding in the HeatMate 3 group and, although these
findings need o be confirmed in larger trials, there is some
doubt mgarding the wsefulness of functional assays as
cormelates for this complication,

Limitations

There are obvious mitations to this singlecenter, prospec-
tive, observational study with relatively small numbers of
patients, We urge caution in interpreting these findings as
the patients were nol randomized, which resulted in
unmatched subsets of patients who were significantly older,
with more destination therapy indications and instances of
tscherm ¢ candiomyopathy seen in the HeartMate 3 cohort. In
addition, the anti-platelst strategy was markedly different
between the groups. Tt is unclear whether these changes
influenced functional parameters in one or both arms.
Furthermore, it remains uncertain whether the artificial
intringic pulsatility in the HeartMate 3 device plaved a role
in our findings. There were important imbalances in the
INTERMACS profiles and age of patients between the
groups, with more patients in the HeartMate T arm
demonstrating  greater disease severily (45% in INTER-
MACS Profiles 1 or 2) compared with 7% in the HeartMate
3 group. Despite limited patient numbers, we did not
find any trend in HMWM degradation as a function of
initial disease severityv. It is also possible that the
ethnic homogeneity of the study population could lmit
broader interpretation of the findings, amd additional
unmeasured confounders may have influenced the observed
CUICOTES

We conclude that the HeariMate 3 LVAD design may
translate o0 enhanced hemocompatibility as demonstrated
by greater preservation of vWF HMWMs when companed
with the HeartMate IT LVAD. In contmst, effects on
vIWF HMWM degradation appearsd dissociated from the
functional attributes. Further evaluation of the impact
of the HeatMate 3 device on vWF properies, and their
chnical impact, mquires an adequately powersd, prospec-
tve, mndomized chnical trial, such as the ongoing
MOMENTUM 3 siudy.
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7 DISKUZE

Zavedeni a pouziti mechanickych srdecnich podpor (MSP) v posledni dekad¢
prokazalo nesporny piinos pro pacienty s terminalnim srde¢nim selhdnim. Jejich pouziti
se stalo rutinnim a dobfe zavedenym léCebnym postupem. Do nedavné doby byla
pouzivand zejména Cerpadla generujici nepulzatilni pratok. Vliv generovaného
kontinudlniho toku na vaskulaturu vSak navzdory vynikajicim klinickym vysledkiim
zistava nejasny. Predkladand prace byla proto zaméfena zejména na zmény
cirkulujicich biomarkerti vaskularnitho zdravi zpisobené mechanickou srde¢ni
podporou. Zjistovani vlivu nepulzatilniho toku na vaskulaturu se stalo dilezitou
soucasti vyzkumu a hraje i vyznamnou roli v piipravé designu novych generaci

mechanickych srde¢nich podpor.

Hlavnim cilem prace bylo potvrzeni hypotézy o vlivu kontinualniho toku na
vaskulaturu a cirkulujici elementy. K tomuto ucelu bylo pouzito sledovani zmén
koncentraci cirkulujicich vaskularnich biomarkerid a stanoveni degradace a funkce von
Willebrandova faktoru. Do studie byli zafazeni pacienti, kterym byla implantovana
mechanické srdecni podpora HeartMate II a HeartMate 3 (St. Jude Medical, Pleasanton,

Kalifornie) z davodu pokrocilého srde¢niho selhani.

Béhem studie byly detekovany zmény koncentraci cirkulujicich biomarkert —
mikrocastic, endotelidlnich progenitorovych bunék a kmenovych CD 34+ bunck.
Publikované vysledky prace referuji o snizeni koncentraci cirkulujicich mikrocastic ve
tfetim meésici po implantaci mechanické srde¢ni podpory. Pii pouziti metody detekce

mikrocastic, kterd byla pouzita v této studii, literatura uvadi u zdravych pacienta
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referen¢ni hodnoty pod 10 nM PS; tento predpoklad se potvrdil i v ndmi vySetiené

kontrolni skuping.

Za prii¢inu pozorované snizené koncentrace cirkulujicich mikrocastic ve 3.
mésici mize byt povazovano zlepSeni perfuze orgdnt po zvyseni srdecniho vydeje do
adekvatnich hodnot. S restauraci adekvatniho srde¢niho vydeje se pravdépodobné sniZi
stres vyvolavajici zvySeni poctu mikrocastic i zatiZzeni endotelidlni vrstvy v cévéch.
Déle se eliminuje relativni ischemie cilovych organti. Navzdory tomu, Ze naprosta
vétSina nami detekovanych mikrocastic méd ptivod v endotelidlni vrstvé cév a
trombocytech, bude v dalSim vyzkumu nutnd vice specifickd detekce mikrocastic dle
puvodu z jednotlivych bunék pomoci cytoflowmetrie. Dulezitym zjisténim ve studii
bylo, Ze koncentrace mikrocastic se nestaly prediktorem nezadoucich klinickych
udélosti nebo umrti pacienta. Porovnani vysledkli s doposud publikovanymi studiemi
neni jednoduché, vzhledem k pouziti ELISA metodiky v této praci oproti pouZiti
prutokové cytometrie v jinych pracich (Diehl et al.,, 2010; Nascimbene et al., 2014;
Sansone et al., 2015). DalSim rozdilem jsou odlisné typy MSP zkoumané v téchto
publikacich. Navzdory tomu, hlavnim zjisténim vSech autorti byl rozdil v hodnotach u
zdravych jedinct a pacientli s MSP, coz bylo potvrzeno 1 v nasi studii. V jedné z praci
(Nascimbene et al., 2015) byly pozorovany vyssi hladiny mikrocastic u pacientt
s klinickou komplikaci, ale vzhledem k tomu, Ze MP byly odebrany az po vzniku téchto
komplikaci, 1ze obtizn¢ posoudit, zda by se koncentrace MP mohly stat prediktorem
vzniku nezddoucich udalosti. Diivodem pro toto tvrzeni je fakt, Ze zvySené koncentrace
mikrocastic byly pozorovany u mnoha kardiovaskularnich a dalSich onemocnéni. V nasi
studii se koncentrace mikrocastic jako prediktoru nezadoucich klinickych udalosti

neprokazala, vzhledem k limitaci protokolarni pravidelnosti nabéra, které nekorelovaly
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s vyskytem téchto ptihod. U naSich pacientii také nebyla potvrzena souvztaznost mezi

trendy koncentraci cirkulujicich mikroc¢éstic jako prediktoru nezadoucich ptihod.

Hodnoty absolutniho poctu kmenovych bun€k (SC, CD 34+) a subpopulace
endotelidlnich progenitorovych bunék (EPC) v porovnani s obdobim pfed implantaci
MSP signifikantné poklesly ve tfetim mésici. V dal§sim sledovéani v 6. mésici hodnoty
stoupaly k plivodnim hodnotam. Zejména EPC jsou povaZovany za ukazatel regeneracni
schopnosti organizmu a jejich zvySeni poukazuje na zvySenou nutnost obnovy
endotelidlni vrstvy cévni stény. Proto je obnoveni adekvatniho srde¢niho vydeje ve
spojeni s adekvatni dodavkou kysliku a ostatnich zivin po implantact MSP
charakterizovano sniZzenim poctu EPC ve tfetim mésici. V kontrastu, pii dlouhodobém
nepulzatilnimu pratoku jsou stény cév vystaveny vétSimu stresu, nejsou cyklicky
namédhany a prohlubuje se endotelidlni dysfunkce. Proto se zvySuje nutnost obnovy
endotelidlnich bunck, ktera se odraZzi zvySenim hladin EPC i kmenovych buné&k
v Sestém mesici po implantaci MSP. V jediné doposud publikované studii (Manginas et
al., 2009) byla pozorovana bifazicka odpovéd’ u kmenovych bunék, ale v ¢asovém
rozmezi 15 a 60 dnli od implantace MSP. Navzdory podobné odpovédi v koncentracich
kmenovych bunék nejsou tato data porovnatelna s nasi studii a to z divodu odlisného
poctu zkoumanych subjektd, odlisSnych ¢asovych intervali odbéru a pouziti pulzatilnich
typi MSP ve studii Manginas et al. Dale jsou limitaci této studie casné pooperacni
odbéry a tedy mozny vliv doznivajiciho operacniho traumatu, aktivace zanétlivé
odpovédi, 1 ¢asnych pooperacnich komplikaci. Tyto faktory byly ve zde predkladané

préci eliminovany tfimési¢énim ¢asovym odstupem od implantace MSP.

Dle naseho dalsiho zjiSténi se hodnoty kmenovych bunék vSak u skupiny
pacientil nad 55 let signifikantné neménily. Nejpravdépodobnéj$im vysvétlenim se jevi

snizend kapacita produkce a ptfedpokladané vycerpani rezerv kmenovych bunék u
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star§ich pacientli, zejména v terénu chronického srdecniho selhani. Vliv véku na
hodnoty CD 34+ byl popsan i v dalSich studiich (Scheubel et al., 2003; Schaffer et al.,
2006). Sledovani koncentraci mikroc¢astic popsané v praci [C], bylo pravdépodobné
ovlivnéno velikosti sledované skupiny, pifi které vysledky nedosahly statistické

vyznamnosti.

V dal$i c¢asti prace byla provadéna komparativni analyza pacientd s MSP
s kontinudlnim pritokem a MSP s arteficialni pulzatilitou z hlediska funkce von
Willebrandova faktoru a degradace jeho multimerti s vysokou molekuldrni hmotnosti
(HMWMs). Zde byly demonstrovany signifikantni rozdily mezi degradaci fetézcii von
Willebrandova faktoru u odlisnych typt cerpadel. Niz§i poskozeni HMWMs a dalSich
krevnich elementi u MSP s arteficidlni pulzatilitou bylo dale potvrzeno 1 niZSim
vyskytem hemolyzy u tohoto typu MSP (Netuka et al., 2015). Navzdory tomu, Ze
vysledky naznacuji vyS$i prezervaci HMWMs u pfiistroje HeartMate 3 s arteficidlni
pulzatilitou, toto pozorovani nebylo asociovano s funk¢ni diferenci parametrii von
Willebrandova faktoru pii porovnani s kontinudlnim cerpadlem HeartMate II. V
doposud publikovanych studiich piedchozich typi MSP (axidlni, centrifugalni), nebyl
mezi nimi pozorovan rozdil v degradacti HMWMs. To naznaCuje, ze unikatni
charakteristiky MSP HeartMate 3 s arteficidlni pulzatilitou se odrazeji na vyssi
prezervaci HMWMs. Pfi porovnani s dosavadnimi studiemi nebyl potvrzen vliv
rychlosti otacek Cerpadla (revolutions-per-minute, rpm), coZ opét podporuje hypotézu o
vys$$im zachovani krevnich elementi diky konstrukénim a funkénim vlastnostem této
pumpy, mezi které patii i1 arteficialni pulzatilita. Vzhledem k tomu, ze otevirani aortalni
chlopné dale zvySuje pulzatilitu, miize se také podilet na nizsi degradaci HMWMs,
proto v dalsi sub-analyze obou skupin byl posouzen vliv otevirani aortalni chlopné na

zachovani HMWMSs. V obou skupinach byl pozorovan trend k nizs$i degradaci HMWMs

68



v ptipad¢ pfitomnosti otevirani aortalni chlopné, a tedy pozitivni vliv vyssi pulzatility

na sledované HMWMs.

Studie byla limitovana tim, Ze byla provadéna jako observacni, unicentricka a na
relativné malém poctu pacientll. Tyto faktory mohou mit vliv na vyslednou interpretaci
vysledkt, kterd musi byt nanejvys obezietna. Na druhou stranu pozorovani potvrzuji

vy$$i hemokompatibilitu pii pouziti Cerpadla s arteficialni pulzatilitou.

Celkové bylo v predkladané praci pozorovano pravdépodobné zhorSeni
endotelidlni funkce u pacientli simplantovanou mechanickou srde¢ni podporou.
Dokladovatelnda zména koncentraci cirkulujicich biomarkerd se jevi jako
pravdépodobné reakce na aberantni zatizeni cévni stény kontinudlnim tokem.
Koncentrace cirkulujicich mikroc¢astic, které jsou pravdépodobné uvoliiovany pii
poskozeni krevnich elementli a endotelu statisticky vyznamné poklesly. Pozorovani lze
vysvétlit bud’ obnovenim srdecniho vydeje a odstranénim povsechné ischemie, nebo
pusobenim mechanickych sil v ¢erpadle samotném a z toho rezultujicimu poskozeni
mikrocastic a jejich degradaci, kterd byla métena jako jejich signifikantni pokles. Toto
vysvétleni podporuje hypotézu o zvySeném smykovém zatizeni krevnich elementii
proudicich pies turbinu cerpadla. Zjisténi zvysSené degradace multimerit von
Willebrandova faktoru c¢ini tuto moznost pravdépodobnou, avSak u cCerpadel
s arteficidlni pulzatilitou k této degradaci dochdzi v mensim métitku. Hypotéza o
patologickém zatizeni cévni stény je také podpofena zménou koncentraci cirkulujicich
endotelidlnich progenitorovych bunék a kmenovych bunck. Zmény jejich koncentrace
svlivem kontinualniho toku naznacuji zvySenou potiebu obnovy endotelu
v dlouhodobém horizontu a tedy jeho zvysSené poskozeni a pravdépodobnou dysfunkci
vlivem nepulsatilniho pratoku. I kdyz analyza mikroc¢asticc, EPC a SC u MSP

s arteficialni pulzatilitou zatim neprob¢hla, 1ze usuzovat, ze vice fyziologicky pulzatilni
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tok, mize byt z dlouhodobého hlediska vyznamnym faktorem ovliviiujicim pozitivné
funkci vaskulatury. Rozsifeni vSech sledovanych skupin pacienti bude mit neocenitelny

vyznam v dal$i analyze vysledkd.

V roce 2016 byla primérna ¢ekaci doba na ¢ekaci listin€ transplantace srdce 275
dni. Vzhledem ktomu je vnaSich podminkach obtizné provadét dlouhodobégjsi
sledovani. Dalsi validni vysledky bude mozné pravdépodobné dosahnout pti sledovani

pacientl indikovanych k implantaci MSP v indikaci destina¢ni terapie.

Lze konstatovat, Ze se jedna o jedny zprvnich systematickych pozorovani
u jedinecné skupiny pacientii. Vysledky mohou osvétlit unikatni patofyziologii pratoku
krve vaskulaturou u tohoto typu terapie. Zarovein mohou poskytnout zpétnou vazbu pii
vyvoji dalSich generaci mechanickych srde¢nich podpor uréenych k dlouhodobému

pouziti s cilem maximalni hemokompatibility a eliminace nezadoucich udalosti.
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8 ZAVERY

II.

I1I.

IV.

V praci byly identifikovany a zhodnoceny moderni plasmatické biomarkery,
zejména cirkulujici mikrocastice, a dynamika jejich koncentraci v souhrnu
recentnich publikaci a vlastnich vysledkid. Souhrn podtrhuje jejich zmény
v pfitomnosti mechanické srdecni podpory a potencidl markeri ve vztahu

k nezddoucim klinickym piihodam.

Longitudinalni posouzeni plasmatické koncentrace mikro¢éstic provadéné metodou
ELISA vykazuje dlouhodoby pokles koncentraci mikrocastic, ktery lze vysvétlit
jako tupravu funkce vaskulatury ve 3. mésici po implantaci MSP. Nelze vSak

vyloucit podil mechanickych sil reprezentovanych zvySenym smykovym tfenim.

Pocty endotelialnich progenitorovych a kmenovych bunék vykazaly signifikantni
bifazickou dynamiku. Na poklesu ve 3. mésici po implantaci MSP se
pravdépodobné dominantné podili zlepSeni funkce vaskulatury a zejména tkanové
perfuze. Nasledny vzestup pfisuzujeme negativnimu U¢inku kontinudlniho toku
krve a prohloubeni endotelidlni dysfunkce, které aktivuji reparacni mechanismy

endotelu.

Degradace multimerti von Willebrandova faktoru s vysokou molekularni hmotnosti
byla signifikantn¢ redukovdna u mechanické srde¢ni podpory s arteficidlni
pulzatilitou v porovnani s MSP s kontinudlnim pritokem. Tento efekt naznacuje
ptinos arteficialni pulzatility pro zachovani krevnich elementl a pozitivni vliv na

hemokompatibilitu.
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Navzdory vyraznému zlepSeni organové perfuze diky znovuobnoveni
adekvatniho srde¢niho vydeje nase pozorovani naznacuji, Ze ve sledovaném obdobi
pretrvava prevazné negativni vliv kontinualniho pritoku na parametry vaskularniho
zdravi a cirkulujici krevni elementy. Toto tvrzeni je doloZeno zejména zménou
koncentrace mikrocastic, po¢ti endotelidlnich progenitorovych bunc¢k a vySetfenim
degradace multimertt von Willebrandova faktoru s vysokou molekuldrni hmotnosti. Pfi
sledovani degradace multimerd von Willebrandova faktoru s vysokou molekuldrni
hmotnosti se potvrdil statisticky signifikantni potencionalni pozitivni vliv arteficialni
pulzatility. Dalsi vyzkum mutze poskytnout vyznamné podklady pti vyvoji specifickych
charakteristik novych generaci mechanickych srde¢nich podpor, zejména v definovani

miry pulzni amplitudy a jeji synchronizace s nativnim srde¢nim rytmem.
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Hiow to Do It Anticle

Minimally Invasive Removal of a Temporary RVAD

Ivare Metuia, MO PR.DL "t Perer edi,* Osipgel Szagszon® Mariay Ursas,® TRl Novory,* Joser Beslk,® aso Jijn May®

We describe a minimally invasive technique for the removal
of a temporary right ventricular assist device (RVAD) that pro-
vided support concomitant with durable left ventricular assist
device support. The RVAD cannulas are mobilized through a
small subxiphoid incision at the cannula exit site. Both can-
nulas are fransected subcutaneously, then occluded with plugs
made of rolled bovine pericardium, and the skin is closed. The
cannula remnants are left in place until heart transplantation is
accomplished. To minimize risk of thrombus formation at the
cannula tips and subsequent embaolization into the right atrium
or pulmonary artery, anticoagulation is increased to achieve an
international normalized rmtio (INR) in the range of 2.5-3.0.
ASAID Journal 2015; 61:202-204.

Keywords: right heart failure, RVAD, LVAD, explantation.

The latest penerations of axial- and centrfugal-flow left ven-
tricular assist devices (IVADS) have been very effective in pro-
viding long-term support of patients with advanced stage heart
failure. Patients receiving this therapy have expenienced sub-
stantial improvements in morbidity, mortality, and quality of life.
Mevertheless, complications inherent with advanced heart fail-
ure: and major implant surgery persist. Right ventricular failure
remains an important peroperative management issue despite
optimized pharmacological management and a better under
standing of IMAD implant iming. Temporary night veniricular
assist device (RVAD) support is needed in approximately 3%
of cases following durable continuous-flow LVAD implantation
to stabilize hemodynamics and to avoid end-organ dysfunc-
tion.* Removal of the RVAL after sufficient recovery of nght
heart function is ideally associated with minimal morbidity,
allowing patients to continue recovery until transplantation.
We report a case using our novel minimally invasive technigque
for removal of EVAD support while leaving both inflow and

outflow cannulas “in situ” until transplantation.

Methods
A 59 year old man with ischemic cardiomyopathy presented

with severe bilateral ventricular dysfunction, including low
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cardiac output syndrome and incipient multorgan failure. The
patient was promptly taken to the operating room for implanta-
tion of HeartMate Il IVAD (Thoratec Corporation, Pleasanton,
Californial and temporary EVAD implant with a CentrifMag
(also Thoratec) extracorporeal system. After the expected 24
weeks of RVAD support, there were no signs of nght heart
recovery and serious infectious complications compromised
further attempts of testing for EVAD weaning. After 105 days of
biventricular support, signs of night ventricular recovery indi-
cated that an EVAD weaning attempt was prudent. Weaning
was gradual; after initiating milrinone therapy, the BEVAD flow
rate was decreased in increments of 0.5 Limin every 12 hours
with careful monitonng of the central venous pressure (CVF)
and artenial blood pressure. After 36 hours with the EVAD
set at 2.00L/min, the patient was taken to the operating room
for BVAD explant. Preoperatively, anticoagulation was main-
tained at an INE of 2.0 and was not reversed. Intraoperatively,
10,000 wnits of hepanin were given and the RVAD flow rate
was decreased to 0.5 Limin. Hemodynamic monitoning (CVP
and arterial blood pressurel, transesophageal echocardiog-
raphy (left atrial size), IVAD flow rate and the occurence of
suction events were used to assess the ability to remove the
FVAD. After marking the exact location of both cannulas with
the aid of portable X-ray, small subxiphoid incision was made
and the cannulas were mobilized. The cannulas were cross-
clamped and the pumps were stopped. After another period of
assessing cardiac function and the patient’s ability to maintain
adequate cardiac output with the INVAD alone, the cannulas
were transected suboutaneously as deep as possible. A plug
made of mlled bovine pericardium secured with 2-0 poly-

lene suture was inseried into the end of each cannula
{Figure 1). The ends of each cannula were then oversewn with
a 2-0 polypropylens suture, and the skin incisions were closed

(Figure 2. The cannula remnants will remain in place until

=N

Figure 1. Infracperative picture showing mﬁﬂ:\rﬁuhpﬂﬁaﬂy
obturated by preformed bovine pericardial cylindsr.
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Figure 2. Intracperative picture showing secured and oversewn
plug i sty oy,

heart transplantation. Hepann was reversed with protamine,
and the patient was taken from the operating room in good
condition. Thrombosis within the cannulas was confirmed by
computed tomography scan (Figure 31, and there have been no
signs of pulmonary embolism. Warfarin anticoagulation with

a target INR of 2.5-3.0 was resumed due to continuing LVAD
support. After 10 days of recovery, the patient was discharged
fram the hospital and he has undcrgclne successiul heart trans-
plant 50 days after EVAD removal. At transplant, no thrombi
were found on the cannula tips or within the right atrium and
pulmonary artery.

warsewn inflow canni

Discussion

The approach described here for the removal of temporary
FVAD support has the potential to minimize morbidity in
patients waiting for heart transplant while being supported by
an IVAD. Although we performed this explant in the cardiovas-
cular operating room for safety reasons, the amount of surgery
was minimal, reducing the risk of commen :urnplu:.all-:-ns such
s excessive bleeding. Resternotomy in chronically anticoagu-
lated patients is a high-nisk procedurs, and reversal of vitamin K
antagonist anticoagulation increases the nisk of IVAD thrombo-
=i5; both problems are minimized by our approach. Furthermore,
removal of BVAD after prolonged RVAD suppart is challenging
due to the presence of significant adhesions requiring extensive
surgical dissection when the stermotomy approach s used. By
avoiding an exiensive operation, this patient recovered from the
procedure, was effectively treated for infection, and underwent
safe heart transplant. Thromboembalic complications from the
remnant cannulas did not occur in this case.

Prolonged EVAD support (many days to a few months) with
subsequent explant following durable IVAD implantation has
resulted in favorable outcomes and may be more cost effective
than long-term biventnicular support with a fully implantable
device.* Use of the CentinMag for long-duration EVAD sup-
port appears to be safe and effective, owing to its durability
and lack of thrombogenicity® Percutaneous cannulation with
a flexible outflow cannula placed from the nght internal jugu-
lar vein to the pulmonary artery and an inflow cannula placed
from the fermoral vein to the nght atrium® or minimally imvasive
short-term VAL implant from nght sided lhuﬂc-:-lnrmr in high
risk cases for postoperative night heart failure are appropriate

hrombosed lumen of inf

Figure 3. CT scan showing sarly cannula thrombosis and the location of the cannula tips. CT, computed tomography.
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approaches for patients who are expected to have a short recov-
ery time. Exiracorporeal membrane oxygenation is not a good
option for patients who are at high nsk of needing extended sup-
port. EVAD implant with a subsequent need for restemotammy?
carries a risk of injury to cardiac structures due o adhesions.
Modified technique with a pulmonary chimney prosthetic graft
with subcutaneous ligation at a ime of EVAD termination still
requires right thoracotomy (o address explantation of the right
atrial cannula.® In addition, infection and thromboembolic
complications due to a need of full reversal of anticoagulation
at a time of procedure are potential lethal complications of
longer term RVAD support. These drawbacks can be effectively
ameliorated by the use of our sugpested approach.

In summary, limited subxiphoid explantation of a tempo-
rary KVALD after delayed right ventricular recovery can be
periormed safely o minimize perioperative nsk connected
to conventional explants, and it facilitates early rehabilitation
and dischange. Additional research is necessary to determine
patient populations that may benefit from this technique.
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Friedreich’'s ataxia and advanced heart
failure: An ethical conundrum in
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Frigdreich®s ataxia (FA) is a neumdegenerative disorder
with an autosomal recessive pattern of inheritance, resulting
from amplified intonic GAA repeats in FXN domain' on
chromesome Sg13-g21.1. The defect disrupts production of
frataxin, which megulaes iron transfer in the mitochondria
and results in excessive free mdical generation with
subsequent neuronal degeneration. FA is a  common
(1:50,000)) inherited ataxia and presents with progressive
neurologic symploms  (spinocersbellar ataxa,  armeflexia,
pyramidal signs, dysarthria and nystagmos). Nowbly,
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cardiae involvement is frequent in this disorder and most
patients succunb o heart filure.” There is contmversy in
choosing the appropriste thempeutic stralegy in such
patients and p{c\'.al::'nl puidelines do not specifically address
this dilemma,”

We performed a hean transplant in a 23-vear-old woman
with Fa, first diagnosed at age 16 vears (symploms of
verligo, womening upper extremities ataxia and saccadic
speech disorder), and conclusively confirmed by genetic
testing at 18 years of age. At age 21 years, she developed
progressive heart failure in the sening of dilated candiomyo-
pathy with frequent hospitalizations. This coincided with
neurologic deterioration and the conversation twrmed o
considemtion of advanced therapy for heart failure, because
optimal medical therapy was also failing. After much
delibemtion, a multidisciplinary team approved transplant
listing, as the pmgnosis for heart filure was considersd
worss than that from the neuralogic disease, particulardy in
the setting of strong family support for the patient’s care.

Alter tmnsplan, the post-opemtive course was uneventiol and
allogmft function renaned without rgedion with  preserved
function thmugh the follow-up o 100 months, Notably, her
neurologic swtes mproved. and ot 8 years it swhilized with
favomble  sooms  comparsd  with  predmnsplamt baseline
(Tahle 1) Enportmitly, she bemme pregnant nd subsequently
deliversd a healthy baby boy in June 2006 by planned cesaremn
section ol Week 38 of gestation. The course has been uneventful

Table 1  Seral Neurclogic Status Evaluation

FARS evalution Pre-transplant 6 mo 1y 2y Iy 4y 5y By Ty gy
Functional staging of ataxia [3 2 2 2 3 3 & 3 3 &
Activities of daily living 32 ] 9 12 16 18 19 18 18 20
Neurologic examination score BE 30 L 39 45 5B &0 (3 66 T4
Total score 126 &0 &9 53 Ti 9 B3 B9 B4 g

Dt ane based on & Friedreich’s Atz a Rating Scale (FARS), which is svailable online st hitp: /S 2t -study- group.nethim L about st s cales
fars (the lower score, the better neurclogic/clinical status), mo, months; y, pears,
AL time of evalustion, the patient was in Week 35 of pregnancy, with 3 weight gain of 16 kg and with moderate swelling of keer extwemities.
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Table 2 Baseline Characteristics and Dutcomes of Reported Cases in Patients Treated With Advanced End-stage Heart Therapies
{Heart Transplant or LWAD Implant)
FA diagnosed Documented
before transplant LVEF before  sunvival Last documented Neurologic status
Gender  (age) M transplant [months) graft functicn after transplant
Leonard etal®* Male No (NA) Dilated  NA (“poor 3 “Bxcellent function™ Stationary
function®)

Sedlak et al’ Male Yes (in teens) Dilated 10% to 15% 23 “Bxcellent function™  Improved
Silva 51':95 Male No (NA) Dilated < 10% 96 “Excellent function™  Symptoms progression

et al
Yoon et al* Male Yes (11) Dilated 23% 20 Normal funchion Symptoms progression
Yodaetal®  Male  Yes (13) Dilated  307% 12 MA Stationary
Segovia et al®*  Male NA Dilated NA 43 HA& NA

(Patient 1)
Segovia et al®  Male NA Dilated NA 8 A NA

{Patient 2)
Segoviaetal® Male  NA Dilated  NA 17 N NA

(Patient 3)
Present study  Female Yes (16) Dilated  20% 100 LVEF 60% Gradual, mild

progression
of symptoms,

successful childbirth

M, cardiompopathy: FA, Friedreich’s steda: LVAD, keft ventrialar assist devios; LVEF, left ventricular ejection fraction; NA, not available.

mnd her cantiac and newrologic fundion remains smble, withot
evidence of deteriomtion,

Ethical concerns aboul candiac transplantation in patients
with newrodegenerative disease stem from a need for
mtional allocation of scarce resource as it should be
mserved for those who most likely benefit from survival
and quality of life.* The choices center amund providing
palliative care for those with late-stage neurologic disease o
consideration of transplantation in those likely o have
longer survival foom allografl tmnsplantation with a shower
course of progression of the newrologic disease. Similarly, a
strategy of LVAD destination thempy” remains contentious
becanse management of device peripherals may be sali-
limiting for these patients with impaired manual dexterity
and thus may hinder optimal rehabilitation. Because both
neurologic and candiac svimploms present with FA in early
adulthood, it may be posited that life expectancy would
rather be limited by longevity of the allograft than by natural
neurologic dechine. In addition, post-transplant immunosup-
pression itself may modify the immunology of FA and
warmnts further study.

Table 2 summarizes published outcomes with cases
and survival up to 8 years, and we have presented our
case within this context. Curiously, our case is the first
report of cardiac transplantation in a woman with FA,
particularly one who was successfull v bridged through a
pregnancy.

This case anecdote exemplifies the need for a st fied
approach among varnous neumdepenerative disease ireat-
ments, with individusl adjudication.
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Abstract

OBJECTIVES: Antibodies targeting angiotensin || type 1 receptor (AT 1R) have been amodated with malignant hyperte nsion, autoimmune
diseases and acute rejection and graft loss in solid organ tansplantation. The aim of our study was to assess the impact of anti-AT1 R anti-
bodies on survival and incidence of acute cellular rejection (ACR) and pathology antibody-mediated rejection (pAMR) in a population of
heart tansplant recipients who were bridged to tmnsplantation with a dumble mechanicl azist device Heart Mate Il.

METHODS: Sem of 89 consecutive heart transplant recipients transplanted between October 2008 and August 2014 were tested for the
presence of angotensin Il type 1 receptor antibodies before Heart Mate 11 device implantation and at the time of transplantation. Cverll
survival and post-tmnsplant repctbn-free survival were compared between antibody-negative and antibody-positive recipients using
Kaplan-Meierand log-rank tests.

RESULTS: Anti-AT1R antibodies were present in & patients (11.5%) before Heart Mate 11 im plantation. During the left ventricularassist device
(LvAD) bridging, 44 patie nts (63.8%) who were initially anti-AT1R antibody-negative bemme positive, leaving 17 (24 65%) anti-AT1R antibody-
negative patients at the time of tmnsplantation for all comparisons. One- and 5-year survival was 88+ 8 and 756+ 10% for anti-AT1R anti-
body-negative and 87+ 5 and E1 £ 7% for anti-AT1R antibody-positive patie nts, respectively (F=0.582). Freedom from ACR at 1 year was
68+ 12% for anti-AT1R-negative and 75+ 6% for anti-AT1R-positive redpients (F=0218) Mone of the anti-AT1R-negative patients devel-
oped AMR 1 year post-tmnsplantation, whereas freedom from pAMR in anti-AT1R-positive redipients was 98 + 2% (P=0.198).

CONCLUSIONS: Our data showed no difference in the overll post-heart tmnsplant survival and freedom from acute cellular and antibody-
mediated rejection between anti-AT1R-negative and anti-ATIR-positive red pients. Further research is needed to assess the role of anti-ATIR
antibodies in the risk stratification of VAD-bridged red pients on the post-heart tansplantation outcomes

Keywords: Heart transplantation + Mechanicl drculatory support « Angiotensin Il type 1 receptor

INTRODUCTIONM

Left ventricular assist devices (LMADs) have reduced heart trans-
plantation waiting list mortality and improved the quality of life
and sunvival in patients with end-stage heart failure [1, Z]. One of
the proposed limitations of mechanical device support therapy is
a higher degree of semsitization among IVAD redpients. Apart
from antibodies directed against human leucocyte antigen (HLA),
several non-HLA antibodies like major histocompatibility clas
|-related chain, autoantibodies against angiotensin || type 1 recep-
tor (ATIR) and endothelin receptor A as well as antibodies to
cardiac self-antigens (myosin and vimentin) have been asodated
with an LVAD use [3-6] AT1R differs from all other non-HLA anti-
genic targets in the mechanism of action. Binding of antibodies to

ATIR induces unique physiological effects that mimic those of re-
ceptor ligand binding (angictensin Il in the renin-angiotensin
system [7]). Anti-AT1R antibodies exert their pathological effects
by binding to extmcellular loops of vascular receptors, and via
intracellular signalling lead to proinflammatory and procoagula-
tory responses Anti-AT 1R antibodies hawe also been associated
with systemic sclerosis, pre-edampsia and malignant hyperten-
sion [B-10]. There is growing body of evidence of a negative
impact of these antibodies on the graft survivalin renal transplant-
ation [11-13]. The objedtive of cur study was to compare the sur-
vival and freedom from acute celiular- and antibody-mediated
rejection in heart transplant recipients bridged with Heart Mate ||
asist device stratified according to the pretmansplant presence of
anti-AT1 R antibodies.

& The Authar 2015. Published by Oaford University Press an behalf of the Fusspean Adsodation for Candio-Thoracic Sungery. All righs resered.
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MATERIALS AND METHODS
Patients

Between October 2008 and August 2014, we prospectively evalu-
ated sera of 69 patients implanted with durable continuous-flow
axial mechanical support Heart Mate |l who subsequently under-
went heart trRnsplantation. A cut-off of 17 U/m| was wsed to de-
termine anti-AT1R positivity/negativity. Hospital database and
medical records were searched for clinical data on the survival
and inddence of acute cellular- and antibody-mediated rejection.
Identification and clasification of rejection episodes was based
on histopathology and immunchistochemistry evaluation of
endomyocardial biopsy specimens and followed the International
Society for Heart and lung Tmrsplantation guidelines [14, 15].
Fatients with acute cellular rejection (ACF) =2R and pathology
antibody-mediated rejection (pAMRE) of any gmde were included
in the time-to-event analyses As per our institutional protocol, all
heart tmmsplant redpients received induction thempy with antithny-
mooyte globulin (1.5 mgfkg body weight) Maintenance immuno-
suppression comprised a combination of caldneurin inhibitor with
either cydosporine (trough level 200 mg/dl) or tacrolimus {rough
level 3-8 ng/dl), antiprolferative agent (mycophenolate mofetil)
and sternids (mpering regimen). The median follow-up was 39
months (24-54 months), was 100% complete, totalled 2587 patient-
maonths and ended on 5 Apnl 2015,

Antibody analysis

The fist sample was collected before implanting the device.
The second sample was obtained at the time of trmansplantation.
Anti-ATIR antibodies were assayed by sandwich enzyme-linked
immunosorbent assay (EUSA) using a commercially available kit
(Thermo Rsher Sdentific—One lambda, Waltham, MA, USAL

Coagulated blood was drawn into sterile 10-ml s2erum sspamtor
tubes. Samples were centrifuged at 1000 g for 15 min; serum was
collected and stored at =20°C until the day of measurement. The
concentration of anti-ATIR |gG antibody in serum was measured
by ELSA according to the manufcturer's irstructions. The samples
were azayed on angotensin | type 1 -recepior-precoated microti-
ter plates Standards and diluted 1:100 samples were added into
the welk and incubated for 2h at 2-8°C. After washing steps,
anti-ATIR antibody was detected with POD-labelled anti-human
IgG antibody (1:100) followed by colour development with tetm-
methylbenzidineg (TMB) substrate solution and, measured at 450
nm, with the comection wavelength st at 5§30 nm. Optical densities
were then converted into concentration by the use of a sandard
curve. The detection mnge of the test was »2, 5 U/ml with positive
value setat 17 U/ml and negative value set at <17 U/ml

Statistical analysis

Continuous variables are presented as median with 25th and 75th
percentile interval Categorical variables are shown as the percent-
age of the sample. Fshers edact test was used to evaluate the
difference between categorical baseline demographic and dinical
charmctenstics. Continuous variable comparsons were performed
using Mann-Whitney U-test for two study groups and Kruskal-
Wallis one-way analysis of variance test for multiple group analysis.
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Post-transplant survival and freedom from rejection were assesed
by Kaplan-Meier method (with the date of transplant as the time
origin for the analysis) and the log-rank test was used for compari-
son. Univariable analsis was performed to identify risk factors aso-
dated with overall post-tmnsplant survival. Vanables with P < 02 on
univariable analysis were entered into multivariable logistic regres-
sion with a forward conditional selection model. A P-value of less
than 0,05 was considered significant. The statistical analyses were
performedwith IBM SPSS 18 (SPSS, Inc, Chicage, IL, USA)

RESULTS

Altogether, 59 patients were tansplanted with the Heart Mate 1|
device at ourinstitution during the study pericd. The mean time
of mechanical support before heart trmnsplantation was 11 months
(mnge 1-53 monthsl Anti-ATIR antibodies were present in
§(11.6%) and anti-HLA antibodies in 3 (4.3%) patients before Heart
Mate |l implantation. During the support, 44 patients (53.8%) who
were initialty anti-ATIR-negative became anti-AT1R-positive and
17 (24.6%) remained anti-AT 1R antibody-negative until tmnsplant-
ation. Of the &7 patients who were not semsitized against HLA
antigens before HM Il implantation, & (9%) developed anti-HLA
antibodies during the support. At the time of tmnsplantation,
there were 13 patients who were antibody-negative for both HLA
and ATIR antigens (ATIR-HLA-), 3 patients who were anti-ATIR
antibody-negative and anti-HLA antibody-positive (ATTR-HLA+),
47 patients who were anti-AT1R antibody-positive and anti-HLA
antibody-negative (AT1R+HLA-) and 4 patients who were sensitized
against both ATIR and HLA antigens (ATI R+HLA+). Basic demo-
graphic and dini@l chamderistics of patients stmtified acoomding to
the presence of anti-AT1R antibodies are presentedinTable 1.

Survival

Cf the &9 transplanted patients, & did not survive until discharge.
Primary graft dysfunction was the leading @use of death, followed
by sepsis and neurslogical complications (Table 2} Fouradditional
patients died after being discharged from the hospital during the
follow-up period.

Of the 42 dinical, demographic, haemodynamic and echoandio-
graphic recipient, donor and perioperative varables, only 11 with
F <02 (Table 3} on univariable analysis were entered into multivari-
able logistic regression model. Serum blood urea nitrogen level at
the time of tmrsplantation was identiied & a sole predictor for
post-transplantation death {odds ratic 1.459, 95% confidence inter-
vab 1.010-2.107, P=0.044). Survival anahsis of redpients stratified
according to the presence of anti-AT1R antibodies before trans-
plantation revealed 1- and 5-year survival of B8 £ & and 76 + 10% for
anti-AT1R antibody-negathe and 87 +5 and 81+ 7% for anti-ATIR

antibody-positive patients, respectively (P = 0.582) (Rg 1)

Acute cellular rejection

Of the &7 heart tmnsplant recipients who had biopsy results avail-
ahle, 14 (20.9%) were diagnosed with ACR with ISHLT grade =2R
{12 patients 2R and 2 patients 3R). Patient stratification according
to the pretransplant presence of antibodies against AT1R and HLA
antigerns with respedt to subseguent post-tmnsplant ACR is
depicted in Table 4. Both recipients with grade 2R rejection
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Table 1: Basic demogmphic and clinical chamceristics of patients stmtified according to the presence of anti-AT 1R antibodies

before Heart Mate || implantation and throughout the suppart

AT R pocitie: befos ATTR-procifve: dhring ATIR-negative fn=17) Povalii:
HM Il implantatian fn = 8) HMI suppesrt n = 44)
Age (years] &9(41, 58) 51 {39, 55 & (41,58 Q87
BEA ) 181 {166, 203) 1.7 (1.81, 210 201 {191, 213) ang
BMI 2120, 25) 25 (23, 27) 7 (24,29 s
Feerruate gender (%) 1125 7{15.5) 153 QSEOH
Diabeertens (%) 1{125) 2183 3{17.6) azet
COPD (%) 1{125) 71549 2{1.5) 05t
Prsious shrale (3) 2(25) 10227 2{1.5) 05st
IMTERMACS L11{%) 2(25) 7 {61 4) 10 {589) 158
schaeric actiobgy of HF (%) 2 (25) 16 (35.4) 5(29.4) asaz
HLA sensitizd (%) o 1426) a 354t
Paesicois sternaony (%) 1(125) 20123) a(m5 arez
Prsdous WA ECMO 4] 4491) a ozagt
After HM Il implan &tion
C eneamitant procsdus (%) 14 (31.8) 2(1H) ana
PREC funits) 10 (7, 14) 97,17 T
Platelen: {umits) a(38 35 159
FFP funits) 24 (18,35) 2 [16,31) a0
Major Heeding (%) & {13 5] a Q173
Magor infecBan (%) 11 {25) 5(20.4) a72st
Neumbogical dyshineion %) 123 a Q53T
Device maliuncion (%) 123 1(59) a7
ARBs during support (%] 2(18.3) 1{59) 08
HILA, sevs iiresd chiring support ) 13 (303) 70413) 18
Mean BPon support {mmig) BS (80, %0) l (51,949) g =
Duraion of tuppert frwonh) 215,16) 115, 16) a7

BEAC body s urfsce area; BME body mass index, COPD: dhroniic odstructive pulmonany disesse | MTERMACE: Interagency Regigny for Medhanially Assised
Circulatary Suppart, HF: heant Bilure; HLA human leucooyte antigem HMIE Heart Mate I W ECMWO: veno- aterial extocorporeal membrane aoygenation;
PRELC: pure red blood cel; FFP-fresh frozen plasma; ARB: angictensinogen recepior blocker, BP: blood pressuse.

*Kruskal-VWalls st
= ann-\Whitney LFest
“Fisher's et fest

Table2: Survivalin days and causes of death of individual
patients

Patient Sy wiwal AnS-AT1R antibody ~ Canme of death
iin days at transplan tition

Patient 1 1 Negaive PG

Patient 2 58 Prsitive Sepis

Patient 3 13 Positive bschme miic gnokes,
Sepsi, MOF

Patien1 4 5 Positive PG, ACR

Patien1 5 & Positive PG O, srriall beomes
Echasmis

Patisnt§ 1 Pasitive PG

Patient7 a7 Pasitive Somin

Patient 8 16 Magaive PG

Patient? 672 Magaive AV

Patient10 B30 Magaive LLin kencyvam

Patient11 1477 Prsitive bechame i droke

Patient12 176 Prsitive LLin kenicyam

ATIR: angiotensin 1l type 1 receptor; PGD: primarny grafl dysfundion
MOF: multi-ongan Bilure, ADR scute callular reje diom, CAV- cardiac
allograt vasoulopathy.

presented with an amodated graft dysfunction. The first patient
was successfully treated with 1g of intmvenous solumedrol
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administered daily for 3 days. The second patient required veno-
arterial extacomporeal membrane oxygenation (ECMO) implamted
centrally for severe bive ntricular gmft dysfunction on top of puke
steroid thempy. After 12 days of support, the graft function recov-
ered and ECMO was succesfully explanted. The median time to
ACR episode was 147 days (43 605) in anti-AT1R antibody-negtive
and 46 days (17 254) in anti-AT1R antibody-posifve redpients
(P=0308] Feedom from ACR at 1 year was 58 +£12% for
anti-ATIR-negative and 75+5% for anti-AT1R-positive recipients
{P=0218) (Fg 2).

Pathologicy antibody-mediated rejection

Four patients’ endomyocardial biopsy spedmensyielded histology
and,/or immunohistochemistry signs of antibody-mediated rejec-
tion (Table 5). Only the patient with Grade 3 pAMR was positive for
donor-specific antibodies againgt HLA and had concomitant graft
dysfunction. Aoute rejection was treated with a pulse of sterid
that consisted of 1 g of intmvenous solumedrol administered for
3 consecutive days, 10 oycles of therapeutic plasma exchange and
intravenous immunoglobuling at 100mgkg. After multtimodality
treatment, this patient is now symptom free, showing no signs of re-
jection in the latest endomyocardial biopsies and the graft function
amesed with tmnsthomcic echoardiogmphy & =tisfcory.
Mone of the anti-AT1R-negative patients presented with pAMR at
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Table 3: Univariable analysis foran overall post-heart tmnsplantation survival

i e Survivars (in=57) Man-survivwors n=13) Pvalue
Age (pears) 50 (41,58 5542 61) a1
Cresafinine {pmd) 73 (89,104 33193,139) 0.4
BUN {mimeci/T) S8 (43, 67) &1(6.1,9.8) 0,018
GFR il 1.72 ai) 17088,129) 10757, 113) 0.053
PASP befome MMl implaniation | mmig) 58 (45,67 6 (53, 69) 0002
TPG beskore MM Il implamtation (mmbg] 10 (3, 14) 14{11,13) 0023
VP beefare MM im pianieticn (mmbig)] 10 {5, 14) 15{10,13) 0026
HMI| concamitant procedure (%) 13 (228) {50 0077
HMIL AR (%) 3fE3) 54417) 0.0
HLA sensiized an M%) 2 (385) 1{8.3) 0048
ATIR antibady comersion during HMII (%) 39 (6H.4) 541.7) 0.143

BUK: blood urea nitrogen; GFR: glomenuar fibration ate; PASP: pulmanany arery sysiofic pres sune; TRG: tans-pulm anany gradient, OWP: central venous
jorems e AV oatic valve e plscame nt, LA human beudooyte antigen; ATITR: angi otensin | type 1 eceptor, HMIZ Heart Mae 1.

100 - !
b L BE L A% :
= —— LBl T
B+ CET 6% | - A
: TE & 10%
ant-AT 1R antizodis al |
transplanabion 3
B 60 -
'E % i ‘
Megat-censoed
= { Pasi-cansand
#® oA
20
Ll ‘Log-rank fest: o= 0.582
T T T T T 1
0 12 24 36 a8 a0
Months from transplantation
Palienis al fsk
Megative 17 15 15 13 12 ]

Fogitive 52 42 39 26 15 4
Figure 1: Oweral pext-heant transplant sunival srafified soarding 1o the pres-
ende of an-AT] R antibodies before tonsplantation. AT1R: angictensin 1 type
1 rescepior.

Table & Anute cellular rejetion rate stratified by grade
and the presence of anti-ATIR antibodies and anti-HLA
antibodies

ACRISHIT  ATIR-MLA- ATIR-HLA+ ATIR+HLA- AT R+HLA+
grade {n=13] (n=3) {n=4a7) (n=4
0= 31) T(EEEX]  3(00%)  19je0dx) (50
WMn=27 3{@m1% 0 18[@EATE]  1(25%)
Min=12  I@IX] 0 anaIx o

3R fn=2) Q i TRI%) 1(as)

ATIR: angiotensin |l type 1 meeptor, HLA human keudoyte antigen;
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E a0 5 mlimﬁ“mmal
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1 Posk
e L —t— Megal-censaned
#oapd : —+— Poai-censonad
0 ‘ Log-rank test: p = 0.218
1 T L T T T T
0 8 12 18 24 30 36
Months from transplantation
Patients at risk
Megalive 16 12 10 a B T T

Presitive &0 ar Az i 7R PR Pl

Figure 2: Freadom fom ACR 22R ATIR: angi otensin 11 type 1 recepiorn, ACR-
acute cellular mjecion.

1 year post transplantation, whereas freedom from pAMR in
anti-AT1R-positive recipients was 98 + 2% (P = 0.198) (Fig. 3).

DISCUSSION

The use of mechanical circulatory support to bridge patients to
transplant increased to 41% in 2012, predominantly in the form of
LA D= [ 16] These patients now constitute a substantial proportion
of the heart transplant recipients. They present unique challenges
for the healthcare profesionals in the perioperative as well as
postopemtive pericd. One of the shortcomings of the mechanicl
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Table 5: Pathological antibody-mediated rejection rate
stratified by grade and the presence of anti-AT1 R antibodies
and anti-HLA antibodies

pAMR ATIR-HLA-  ATIR-HLA+ ATIR+HLA-  ATIR+HLA+
IEHLT n=13) in=3 in=47) in=4)
grade

Ofn=63) 13(100%) 2{667H) 45 (957%) 3|75%)
lijn=1) 0 0 1{21%) Q

Thip=0 0 0 0 Q

2{n=2) 1] 0 1{21%) 1{25%)
3fn=1) a 1{333% 1] 1]

PAMR pathdogy antibody-mediated rejecon,; AT 1R angiotensin i
type 1 necepior, H LA hurman leucocyte antigen.

assist devices s the overproduction of antibodies. The main
finding of our study is that more than 60% of patients with the
end-stage heart failure who were bridged to tansplantation with
Heart Mate || device developed antibodies against ATIR. Thers
are multiple pattways by which these antibodies may appear
before transplantation in mechanically supported patients. Protein
antigenic determinants may become accessible after injury or sur-
gial stres associated with an IVAD implantation. Inflammatory
events might lead to de nove expression of these auto antigens
[17, 18]. Anti-ATIR antibodies may also develop through similar
pathways a those observed for HLAspedfic antibodies: tmnsfu-
sions, pregnandes and previous solid organ transplantations.
From our cohort, 12% of patients tested positive for the presence
of anti-AT1R antibodies before Heart Mate || implantation. During
the suppor, &4% of the initially negative ATIR patients became
positive. We observed no association between preoperative demo-
grphics, blood product use or duration of mechanical support and
conversion of ATIR-negative to AT1 R-positive status. Baren et al
[€] found in their study of 25 VAD recipients that 65.5% were posi-
tive for anti-AT1R antibodies Of note, most of the patients showed
extremely high antibody titres up to 1000 U. In contrast to our own
ohsenation, they noted higher amount of blood tmnsfusions in
ATIR positive compared with AT 1R-negative WD red pients.
Although anti-ATIR antibodies may belong to complement
fising |gG subclazes (IgG1 and 1gG3 sotypes), C4d-positive stain-
ing was found not to be wvery frequent in the biopsies of renal
trarmsplant recipients with anti-AT1R antibody-mediated rejections
[7,19] implicating complement independent mechanism of injury.
This would explain the lack of association between anti-AT1R anti-
body status and pAMR in our seres. We found that pAMR =
defined by ISHLT guidelines was an extremely rare event after
heart tmnsplantation in our cohort. During the follow-up, we
detected only one dinically significant antibody-mediated rejec-
tion which was accompanied with gmft dysfunction. Our results
ako showed no satistically significant difference in the freedom
from ACR =2R between anti-AT1 R antibody-negative and - positive
recipients Given the putative mechanism of action of these
antibodies that primarily act on vasoular endothelium @wsing
non-specific, non-complement-mediated microvascular damage,
these results are not surprising. When we stratified the patients by
the presence of anti-AT1 R antibodies combined with the anti-ALA
antibodies status, our results showed that none of the transplant
redpients who were both anti-AT 1R and anti-HLA antibody nega-
tive experienced pAMR or Grade 3R ACR Comversely, 25%

100

et J—"' 100%

D 68 e 2%
s anti-AT R anibodies al
B0 : fransplansation
o . — Mgt
— Pl
§ . —l—Nﬁﬁ_!l—ﬁ:fﬂnf&d
S o : —+ Pesil-can e
8 i
§ 40~ :
&2
20~ ;
0= ‘Log-rank test: p = 0,198
I ) 1 ) 1 I ]
0 B 12 18 24 3 3B
Months from transplantation
Patients al risk
Megative 16 14 14 14 14 12 12

Positive 50 43 42 8 kN # i4

Figure 3: Fresdom from pathokegy antibody-medisted rejaction of any grade
ATIR: angiatensin ] type 1 recepior.

of redpients who were semsitized against both AT1R and HLA
antigens presented post-transplantation with high grade ACR with
amodated graft dysfunction and another 25% with pAMR similarky
with grmft dysfundion. This leads us to believe that knowing
the anti-AT1R antibody status on top of gandard evaluation of
anti-HLA antibodies pretansplantation adds an incremental value
in a risk sratification of post-heart tmnsplantation immunological
related adverse events.

Although there i a substantial amount of literature on the dele-
tericus effects of anti-AT 1R antibodies on post-renal transplant-
ation outcomes, we were only able to find one manuscript in
reference to heart tmnsplantation. Whereas we studied the effect
of anti-ATIR antibodies as detected before tmrsplamtation,
Hiemann et al. [20] evaluated the impact of anti-AT 1R antibodies
detected immediately post-transplantation and during 1 year
of follow-up. The relevant clinical end-points induded ACR of
any grade, antibedy-mediated rejection and microvasculopathy.
Evaluating the results of 30 heart tmnsplant recipients, the authors
conduded that elevated post-transplantation levels of anti-ATIR
antibodies {cut-off =165 U/ml) are asociated with cellular- and
antibody-mediated rejection and eary onset of microvasoulopa-
thy and should be routinely monitored after heart tmmsplantation.
Apart from the difference in the time frame of anti-ATIR antibody
evaluation, all our patients were bridged to tmnsplantation with
an LVAD and 75% were antibody-positive before tmnsplantation.
Also, ISHLT standardization of nomenclature of pAMR [14] was
published only 1 year after the study. We believe there are funda-
mental differences about how the clinical end-points were
defined and the results of those two studies are therefore difficult
to compare. We nevertheless find the concept of inoeasing titres
of anti-AT 1R antibodies after tmnsplantation very intriguing and
plan to expand on the results of cur study by evaluating the post-
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transplantation sera of all our patientz. Another noteworthy aspect
of the study by Hiemann et al. [20] is the suggestion of a potential
asspdation between anti-ATIR antibodies and pos-tmnsplant
microvascul opathy. There i akso increasing evidence for the active
role of ATIR itself in the pathogeness of chronic allograft rejection
explaining the link between acute rejection and subsequent long-
term dinical cutcome [21] Yamani et al.[22] observed an increase
in mRMA of ATTR in 14 heart transplant recipients who had recur-
rent ACR in comparizon with controk. In our study cohort, we
only had the results of 41 coronary angiograms available and for
that reason we did not include @ardiac allogmft vasculopathy
(CAV) among the outcome measures in our study. We neverthe-
less acknowledge the compelling evidence for the immunoregula-
tory function of the renin-angiotensin system and its role in the
pathogenesis of chronic allograft rejection. Comparing the inci-
dence of CAV between groups of patients stratified by the pres-
ence of anti-AT1R antibodies and increased expression of AT
receptoris a challenge for future studies.

Strengths and limitations

This study is the first of its kind toimestigate the impact of anti-ATIR
antibodies on post-heart tansplantation outcome of IWAD-bridged
recipients. It includes a homogenous group of patients supported
with the same device. All recipients received identical immunosup-
presion as per our institutional protocol. The sudy has several
limitations inherent to the refrospective nature of a single-centre
observational study. Another limitation is a relatively small number
of patients with relatively low event rates increasing the probability
of Type Il error. The study is meantas a pilot and no power anahsis
was performed. Another drawback of our study is the fact that all
our patients received Heart Mate || device, thuslimiting the general-
ization of our results to other types of mechanial devices. Future
studies will need to address the question of whether newer gener-
ation of devices would show the same high degree of sensitization
against ATIR and amess the role of thes antibodies in post-
transplantation outcome of mechanically bridged red pients

In condusion, although cur data failed to demonstrate the asso-
ciation of pretransplant level of anti-AT1 R antibodies with overll
survival and acute cellular- and antibody-mediated rejection,
we believe our study to be a valuable contribution. We consider
it to be a firt step in further ressarch on the impact of these
non-HLA-spedfic antibodies on post-heart tmnsplantation outcome,
espedally in the em of mechanical cirulatory support devices,
improved diagnostic tooks and inreased awareness of antibody-
mediated rejection.

Conflict of interest none declared.
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The impact of Angiotensin |l Type 1 Receptor antibodies on morbidity and
mortality in Heart Mate Il supported recipients

Marian Urban®, Antonij Slavcevt, Tomas Gazdic', Peter Ivak®, Ivan Netuka®

Alms. One of the proposad limitations of left ventricular assist device (LVAD) therapy is high degree of sensitization.
Apart from human leukocyte antigen (HLA), antibodies against Angictensin || Tvpe 1 Receptor (AT1R) have baan as-
soCiated with adverse outcomes. The purposa of this study was to comipare complications and survival of anti - AT1R
positive versus negative Haart Mate Il (HMII recipients.

Metheds. Altogether 96 patients received HMII at our institution between 2008 and 2012, These were stratified into
three groups: antibody positive before implantation (AT1R+), antibody conversion during support (AT1R-/+) and pa-
tients who remained antibody negative (AT1R-). Survival, major on-device adverse events and post-transplant rejections
were assessed with Kaplan-Meier and log-rank tests.

Results. Two year on-davice and overall survival was 78 + 12% and 75 + 109 in AT1R-, 60 + 23% and 60 + 15% in AT1R+
and 92 = 6% and 87 = 5% in AT1R-'+ group (P = 0409, P = 0.185). Freedom from major adverse event at two yaars for
AT1R-, AT1R+ and AT1R-/+ was 49 £ 14%, 53 £ 16% and 41 £ 11% (P = 0.875). Freedom from rejection was 63 £ 17%in
patients who wera both anti-AT1R and HLA nagative and 65 = 13% in those who were antibody positive (P = 0.738).
Concluslon. Patients wino were anti-AT1R antibody positive had similar on-device survival and rate of complications
in comparison to those whio were antibody negative. In transplanted patients, there were no differemcas in the overall

survival and rejection betwean the groups.
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INTRODUCTION

Let ventricular assist devices (IVAD) educe heart
transplant waiting list mortality and improve the guality
of il and survival in slected group of patients with end
- stage heart failure!. One of the proposed limitations of
mechanical support therapy is 2 higher degees of sensi-
tization among LVAD recipients. Apart from antibodies
directed against human leukocyte antipen (HLA), sev-
erdl nos-HLA antibodies such as autoantibodies against
Angiotensin I type | receplor (ATIR) have been asso-
ciated with an LVAD use®. ATIR differs from all other
non-HLA antigenic targets in the mechanism of action.
The binding of antibodies to AT 1R induces physiological
effects that mimic those of natural ligand in the renin-
Angiotensin system®. Anti-AT 1R antibodies exert their
damaging effect by binding to the second extracellular
loop of ATIR receptors present in endothelial and vascu
lar smooth muscle cells, inducing endothelial activation
and dysfunction. Previous mports have identified heart
transplant recipients who developed anti-AT | R antibodies
io be at increased risk of post-transplant sejection and car
diac allograft vasculopathy**. Apart from an effect on the
vascular tone, these antibodies also lead to pro - inflam-
matory and pro - coagulatory responses. The objectives
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of our study were 10 evaluate the degree of sensitization
against ATIR among our LVA D recipients and also to
assess whether the presence of these antibodies could
cause a higher incidence of thromboembolic and infec-
tious complications.

MATERIALS ANID METHODS

Patients

We prospectively evaluaied the presence of anti AT 1R
antibodies in 96 consecutive Heari Mate [1 recipients at
our institwtion between 2008 and 2012, After excluding
13 patients who died within &0 days of implantation,
£3 patients with a mean duration of 373 £ 34 days of sup-
port were et for the analysis. Out of a total of 83 patients,
69 eventually underwent heart transplantation, 9 died on
support, three were explanted for recovery and two were
still alive on support at the last day of follow-ap, Follow-up
of all tramsplanted patients ended on 5§ April 2015, was
100% complete, and totalled 2587 patient-months.

Antibody Analysis
Serum samples were collecied before implanting the
device and at the pre-determined time points throughout
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the support. Anti-AT | K antibodies were assayed by sand
wich emzyme-linked immunosorbent assay ( ELISA) using
a commercially available kit {CellTrend, Luckenwalde,
Germany .

Peripheral blood was obtained into sterile 10-ml serum
separator ubes, Samples were centrifugated at 1000 g for
15 min; serum was collected and stored at - 20 “C until
the day of measuement The concentration of ant-ATIR
IglG antibody in serum was measured by ELISA accord
ing 1o the manufacturer's instmuctions. The samples wene
assayed on Angiotensin 11 type l-recepto-precoated mi-
crofiter plates. Standards and diluted 1: 100 samples were
added into the wells and incubated for two hours at 2 - 8
“C. Afer washing steps, antcA TR antibody was detected
with POD-labelled anti-human 1gG antibody (1 1007 ol
lowed by color development with TMB substrate solution
and, measured at 430 nm, with cormection wavelength set
al &30 mm. Optical densities were then converted into
concentration by standard corve. The detection range of
the testwas > 2, 5 UfmL with positive value set at 17 L
mL and negative < 17 UfmL.

Adverse Events Definitions

Yarious adverse clinical evenis during the support
were compared between antibody positive and antibody
negative recipients. Standard INTEEMACS definitions
were used to classify individual post Heart Mate 11 im-
plantation adverse evenis®.

Statistical Analysis

Conatinuous variables are peesented as median with
25th and 75th percentile interval Categorical variables
are shown as the percentages. The x2-test and Fisher's
exact test were used to evaluate categorical variables. The
data were analysed using the MannWhitney U test and
Kruskal Wallis one - way analysis of variance for multiple
group analysis. Survival and time-to-event analyses were
assessed by Kaplan Meier method and the logrank test
was used for comparisons. Heant Mate 11 ecipients were
censored for transplantation and LVAD explantation after
recovery o calculate estimated on-device survival For
overall survival analysis, all patients were censored on the
date of death or at conclusion of the study. Only patients
surviving the first 60 days post Heart Mate Il implanta-
tion were included in the ondevice survival analysis. Date
of Heart Mate 11 implantation was st as the time origin
fior survival and freedom from LVAD associated adverse
event analyses and the date of transplantation as the time
origin for freedom from rejection analysis. The linear
zed rate for each adverse event was calculated as total
number of observed events divided by total patient-years
of follow-up and expressed as episodes per ome patient -
vear (eppy ). A Pvalue < (.05 was considered significant.
The statistical analyses wee performed with IBM 5PSS
L& (SP35S Inc., Chicago, I USA)L

Tabde 1. Basic characteristics of ATIR antibody negative versus positive HeartMate 11 recipients before implantation.

ATIR positive (N= 13) ATIR ncgative (N = 70) P

Agc, yoars 50 (40, 59) 45 (33, 58) 0,607
BMI 5.4 (129, 71.8) 22,6 (0.3, 25.9) 0021
Male pender, % 11 (85) 60 (86) 0.91%
Ischemic etivlogy of heart failure, % 3(23) 24 (34) 0.766
HLA scnsitized, % 0 4(6) 0477
Provious mechanical support, % 2(14) 811} 0.822
Previous sternotomy, % 2(14) 15 (21) (L660

BMI, body mass inder; HLA, human euknoyte aatipen

Table I. Comparison of AT1R negative patients versus those who became AT IR positive during HeartMate 11 support.

ATIR negative (N = 20) ATIR positive (N = 50) P

Age, yoars 47 (41, 57) 51 (36, 59) 0,969
BMI 26.5 (23.3, 28.8) 25.0(22.0, 77.0) 0.326
HMII duration of support, days 324 (137, 470) 246 (129.416) 0907
PRBC during implantation, units 9 (6 18) 10 (%, 14) 0,608
FFP, units 26 (15, 32) 2622, 34) 0856
Platelets, units 34 4(3,6) 0.277
Ischemic cticlogy of heart failure, % 6 (30) 18 {36 0696
Previous mechanical support, % 1{5) 6(12) 0.730
Previous sternotomy, % 5(25) 10 {20) 0,800
HLA scnsitized, % 8 (40) 15 {30 0,545
Male gender, % 18 {90) 41 (34) 0713
Drriveline infection, % 4(20) 13 {26) 0.761

BMI, body mass inde; HMIIL, Hearl Mate [1; PREBC, pure rad ood cells; FFF, fesh fromea plasma; HLA, himan leukocyie antigen
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RESULTS

AntiATIR antibodies were observed in 13/83 (16%)
of the recipients before Heart Mate 1T implantation ( Table
1) Four of these patients (6%) were also sensitized
against HLA antigens. During the support, 50 patients
(71%ywhowere initially anti-AT | K negative became posi-
tive (ATIR-/+) and 20 (29%) remained negative ( AT1E-).
Total amount of Heart Mate 11 support for all 83 patients
was 6.7 patientyears. There were no differences in the
duration of support or the amount of the blood products
used between IVAD mecipients who mmained negative
and those who became positive. Basic demographic and
clinical characieristics of both patients groups an sum-
marized in Table 2. Out of 20 patients who remained
negative on the mechanical device, & became sensitized
o HLA antigens. In a cohort of 50 LVAD mecipients who
developed anti - ATIR antibodies during the support,
15 recipients also developed comcurrent anti - HLA an
tibodies.

Survival

Out of 33 LVAD recipients who survived 60 days
post-implantation, 9 additional patients died after a
mean duration of support of 462 (minimum 82, maxi
mum 1123) days. Two year estimated on - device survival
was 78 £ 12% m ATIR,, 600+ 23% in ATIR+ and 92 £ 6%
in ATIE{+ group (F= 0.409) (Fig 1). Overall survival
for ATIR., ATIR+ and ATIR{+was 75 + 10, 60 = 15%
and &7 £ 5% at two years and 70 £ 10%, 60 = 15% and 82
+ 6% at fouwr years from Heart Mate 11 implantation (P =
0.185) (Fig 2).

Major adverse cvenis

Freedom from device malfunction, major infection,
major bleeding and neuwrologic dysfunction at two years
for ATIR:, ATIE+ and AT1R.{+ was 49 = 4%, 53 + 16%
and 41 = 11% {P= 0.875) (Fig. 3}

Device malfunction

Altogether 5 patients (6%) experienced device mal-
function in our cohort (.06 eppy). All episodes were
related w pump failue (pump thrombosis in four patients
and kinked outflow graft in one patient) and resulted in
pump exchangs in two patients and death in two patients.
Omne patient with pump thrombosis was successfully treal-
ed conservatively and subsequently transplanted. Freedom
from device malfunction at 2 years in ATIR+, ATIE- and
ATIR-{+was 100%, 95 £ 5% and 86 + 8% (P= 0.487).

Major bleeding

O institutional protocol for patients supported with
HeartMate 11 device is anticoagulation with Warfarin
(target INR of LE - 2.2) without antiplatelet therapy.
Out of 83, three patients (4% ) experienced major bleed
ing episode after 7 days post implantation (0,03 eppy ).
The reasoms for readmissions for bleeding were epistaxis,
retroperitomeal bleeding and G bleeding All patients
were discharged home following their bleeding episode
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Fig. 2. Owerall survival of HeartMate 11 recipients stratified
according the presence of anti-AT 1R antibodies.

and all theee eventually underwent heart transplantation.
Freedom from major bleeding at 2 years in ATIE+, ATIE
and ATIR/+was 100%, 100% and 90 + 5% (P=0.232).

Major infection

More than one third {27 patients, 33% ) of owr patients
were readmitied due to infection during the course of
their mechanical suppoit (0.3). These patients fell into
WO major caegories infection of a drive - line site (21 pa
tients) and deep sternal wound infection {6 patients). Two
patients experienced both drive - line and deep sternal
wound infections. One patient with deep sternal wound
infection developed sepsis, multi - oigan failure and sub-
sequently died as a direct consequence of LVAD infec-
tion. Freedom from major infection at 2 years in AT1R+,
ATIR- and ATIR-{+ was 54 £ 16%, 62 £ 13% and 51 =
1% (P =0.594).
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Meurobogical dysfunction

Altogether six (7%) patients experienced newmnlog-
cal dysfunction. Four patients suffered fiom hemorrhag
ic CWA (005 eppry) and two from ischemic CVA (002
eppy ). Two of the patients recovered and were subsequent-
Iy transplanted, four died as a result of CVA. Freedom
from newrologic dysfunction at 2 years in ATIR+, AT1R-
and ATIR{+was 87 + 12%, 93 + 7% and 92 + 6% (P=
0.997).

Post transplantation mejection

Out of 69 transplanted patienis & did not survive o
discharge and had no biopsy results available. Of the 61
transplant survivors, 44 patients were anti - AT IR posi-
tive and 17 were anti - ATIR antibody negative at the
time of transplant There was no difference in freedom
fronm rejection (ACR > 2R and/or pAMR > 1) among
transplant survivors based on the pre-transplant presance
of antiFHLA and antiATIR antibodies (Fig 4).

MSCUSSION

Left ventricular assist devices are a mcognized risk
factor for sensitization of patients awaiting cardiac trans-
plantation™. The negative impact of anti - HLA antibod-
i85 on post - transplant allogran function and survival has
now been well docomented. Recently, there has been ac-
cumulating evidence of various non - HLA antibodies in-
volvement in decreased allograft and recipient survival®'™,
While anti - HLA antibodies exert their negative effect via
complement activation and antibody - mediated cytoto-
icity, antibodies against ATIE, act as a natusal allosteric
receplor agonist Angiotensin type | receplor is a G pro-
teincoupled rece ptor (GPCR ) that mediates physiologic
actions of Angioensin 11 Binding of agonistic antibodies
to ATIR causes activation of the phosphatidy linositol
calcium second messenger system, phosphorylation of ex-
tracellular signalregulated kinase 1/2 (Erk 1/2), activator
protein 1 (AP-1) activation, and increase DMA-binding
activity of nuclear factor-gB (NF-£B) pro-inflammatorny
target genes’”. AntiATIR antibodies also trigger tissue
factor induction, as evidenced by intense diffuse tissue
staining of epithelial, endothelial and mesangial cells in
the renal tramsplant biopsy specimens obtained at the
time of AT 1K antibody mediated rejection in the absence
of complement activation”. Anti AT 1R antibodies derived
from preeclamyptic patients enhanced promoter activity of
Lissue factor, an initiator of extrinsic coagulation pathway
and a target gene for AP-1 and NF«B in vitro™. Anti-
ATIR antibodies developed during pregnancy cause both
matermal and fetal pathology via pro-inflammatory, vaso-
constrictive, pro-coagulatory and pro-apoptotic actions
on the placenta”. There is also evidence that antiATIR
antibodies promote endothelial micro parick s formation
through activating p38 mitogen-activated protein kinase
pathway. The =injured” endothelial micro particles trigger
reactive oxygen species production and reduce sitric oxide
synthesis in vitro experiments®. Fhang et al ™ investigated
in an animal model the association between autoantibod
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ies against AT receptor and endothelial dysfunction in
vivo. The imestigators demonstraied an increased activity
of lactate dehydrogenase (LDH) in anti-AT1R positive
rats which was regarded as an indicator of cell necrotic
death. Functional assessment revealed a decling in the
endothelium - dependent relaxation and up - regula-
tion of endothelial intracellular adhesion molecule - |
(ICAM-1) suggesting that endothelial cells may have
inflammatory lesions in antiAT IR positive rats. Given
the known potential of these antibodies (o activate in
flammatory and coagulation cascade we hypothesized
that mechanically bridged patients with raised levels of
anti - ATIR antibodies may experience increased rate
of thromboembolic and inkctious complications while
on support.

Our results showed that 16% of our patiemts with end
- stage heart-failume wemr already anti - ATIR positive
before LVAD implantation. This finding is in agreement
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with Du et al*, who showed that anti-ATI1R antibodies
exist in the sera of congestive heart failure patients with
ischemic cardiomyopathy and hy pertension. The authors
suggested that these antibodies may play an important
role in the pathogenesis and myocardial emodelling of
heart failure. AntiATIR antibodies develop through simi-
lar pathways as those observed for HLA specific antibod-
ies transfusions, pregnancies and prior transplant We
did not Tind any association between basic demographic
and clinical characteristics | male gender] previous preg-
nancy, history of surgery) and sensitization against AT IR
before LVA D implantation.

There is accumulating evidence that IVAD suppoit
may be associated not only with an increased anti-HLA
but also various anti non-HLA antibodies. Hiemann et
al* reported in their pilot study that patients on assist
device support before heart transplantation were moe
likely to develop high anti - ATIR antibody levels (41%
of supported versus 18% of non - supported patieats, P=
0.021) within 24 h afler beart transplantation, implicat-
ing pre - transplant sensitization. Barten el al* found in
their study of 29 VA D recipients that 635, 5% were positive
for antbAT IR antibodies. Our results confirmed these
findings. During the support 71% of the initially nega-
tive ATIR patients became positive. There ame multiple
pathways by which the production of antibodies against
ATIR in patients supported with mechanical devices may
be initiated. Protein antigenic determinants from targets
may become accessible aner injury or surgical stress.
Inflammatory events might lead to de novo expression
of autoantipens”. These autoantibodies ae geneally of
the IgG class requiring T cell help®. T cell sel-tolerance
may be broken by an inflammatory event or hypoxia. We
observed no association between pre-operative demo-
graphics, blood product perioperative use or duration of
mechanical support and conversion of AT IR negative to
ATIR positive status,

Apant from longer waiting times with associated in-
creased morbidity and montality, there have been no re-
ports linking anti HLA or anti non-HLA antibodies in
mechanically bridged recipients to posi-LVA D adverse
outcomes. Our theory that anti-ATI1E antibodies with
their proinflamatory and procoagulation properties and
their ability to cause endothelial dysfunction may lead
to an increased rate of thromboembolic and infectious
complications in IVAD recipients was not borne out in
our results. There was no difference in the overall sur-
vival among patients who were anti-AT | R antibody nega-
tive before Heart Mate 11 implantation and patients who
either became positive or emained negative during the
support. The incidence of device malfunction, bleeding,
ingection and neurological dystunction was not influenced
by the presence of anti AT | R antibodies. There are several
possible explanations for the lack of negative impact of
ATIR activating antibodies on survival and adverse LVAD
related complications in our cohort Biological impetus
regulating Atl R antibody injury is faidy complex. Level of
ATIR and induction of specific conformations is depen-
dent om individual genetic polymorphisms and the state
of local tissue e pression influenced by various stressors.
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ATIR gene has 14 described polymorphisms, and some of
them act as gain or loss of function mutations implicated
in receptor activation™. The most extensively studied
AlLSEC polymorphism is associated with increased re-
sponsivengss 1o Angiotensin 11 and various cardiovascular
and menal pathologies™ It is plausible that mechanical
circulatory support with the continuous flow creates a
Unigue microenvimonment esulting in lower AT IR expres
sion, poientially less suscepiible (0 anti-ATIR antibody
mediated actions. There is compelling evidence that the
ATIR may also be activated by mechanical stress without
the imvolvement of Angiotensin 11 (ref.™). The ATIR is
the first recognized mechanosensitive GPCR (ref ™). It
is plausible that in the situation when the heart is fully
unloaded with mechanical assist device ATIE would be
down regulated. There may also be other factors that infhe
ence the features of anti AT | E antibodies, changing their
agomistic affinity. The tissue damage caused by certain
mechanisms prior (0 anti-AT1R binding may affect the
level of ATIR expression, resulting in different degree
of antiFATIR binding efficiency. Several modifiers have
been identified thus far ischemia, inflammatony events,
and microbiome= 2,

Limitations

Owr study has several limitations inherent to the single
centre observational study. Due to the small sample size
and high cormlation between variables, no multivariable
mindels were fited. Another implication of a small sample
size with is a potential for Type 11 error. To counterbal
ance melatively small number of adverse avenls we come
bined several events into one composite outcome for the
time to event analysis.

ATIE gene (located on chromosome 3) has 14 de-
seribed polymorphisms. We did not perform a genstic
analysis of our INAD recipients and it is conceivable
that the differences in expression and activation of ATIR
based on genetic mutations could account for variability
in ATIE - antibody mediated action.

COMNCLUSIONS

The primary finding of this study is that patieats who
received a long term LVAD developed a high degree on
sensitization against ATIR after implantation. The data
showed no impact of antiATIRE antibodies in Heart
Mate Il mecipients on the overall survival and incidence
of INAD melated complications. With the growing popu
lation of LVAD supporied patients, increasing periods
of support times and improved survival, attention is now
shifting to the complications of mechanical support. We
believe that determining the antiATIR antibody profile
may prove valuable in risk assessment of mechanically
assisted patients and serve as a novel biomarker for the
detection of LVAD recipients at risk of an adverse out-
come The impact of antiATIR antibodies on the post
heart transplantation outcome will have to be evaloated
in further studies.
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