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Abstract

Acute myocardial infarction (AMI) remains one of the most life-threatening diseases. In this thesis,
consisted of 21 articles, the applicant tried to discover not only the current and up-to-date technique of
primary coronary intervention (primary PCI) but also the unanswered questions and future

perspectives.

By using the best available combination of potent antiplatelet drugs and special interventional
instruments, we are able to decrease the risk of dying of the patients together with improving the

quality of surviving.

Special attention desire the patients with AMI at higher age, patients with multi-vessel coronary artery
disease or right ventricle involvement, with presence of new or presumably new right bundle-brunch
block, high-risk acute myocardial infarction without ST-segment elevation and after the out-of-

hospital cardiac arrest.

Though the current therapy especially of patients with ST-elevation AMI (STEMI) is relatively safe
and very effective, there is a profound need for further research requiring close multi-disciplinary

collaboration.

In near future, the concept of functional revascularization of the non-culprit coronary lesions and
precise morphologic assessment of the culprit ones, seems to be very promising and has been studied

intensively.

Primary coronary intervention (primary PCI) should be taken into consideration in all suspicious acute
coronary syndrome patients and requires a highly trained and experienced team working in non-stop

(24/7) high-volume catheterization laboratory.

The fast track to the catheterization laboratory should be simplified and probably based on the

presence or absence of ongoing myocardial ischemia.
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1. Uvod

Kardiovaskularni onemocnéni jsou nejcastéjsi pri¢inou umrti ve vyspélych zemich. Nejvice
ohroZeni jsou pacienti sakutnimi formami ischemické choroby srdce (ICHS), kam patii
akutni infarkt myokardu s/bez elevaci ST-Useku (STEMI/NSTEMI), nestabilni angina
pectoris a nahla srdecni smrt. Predevsim u pacientii se STEMI nabizi souc¢asna medicina
velmi rychlou a efektivni 1é€bu formou reperfuze, tzn. zprichodnéni infarktové tepny. Ta
muze byt farmakologicka podanim fibrinolytické 1é¢by, ktera, co se tyée poctu lé¢enych
mechanickd pomoci primarni perkutanni koronéarni intervence (pPCI). Ve vsech ptipadech je
reperfuzni 1é¢ba indikovana v prib&hu prvnich 12 hod od vzniku prvnich ptiznakt s vyjimkou

pacientl v kardiogennim Soku, kde tento ¢asovy interval je prodlouzen na 18 — 48 hod (1).

Patofyziologickym podkladem STEMI je ve vice nez 90 % ptipadu ruptura (2/3) nebo eroze
(1/3) aterosklerotického platu v koronarni tepné (2) s rychle nasedajicimi krevnimi destickami
a neptiznivou aktivaci koagula¢ni kaskady. Teprve neddvno bylo zjisténo, Ze ackoli se jednd o
velmi akutni a Zivot ohrozujici ptihodu vyZadujici 1é€bu v pribéhu nékolika hodin, stafi

piitomnych trombu v infarktové 1ézi mize dosahovat az 5 — 7 dnu (3) (obr. 1).

Obr. 1: Infarktova koronarni tepna s akutni trombodzou na pii¢ném fezu ziskaném z optické

koherentni tomografie

07/28/2011 19:37:18
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Vedle dulezitého, pfevazné 12-ti hodinového casového intervalu od vzniku obtizi je
s vyjimkou kardiogenniho Soku primarni PCI indikovana u vSech pacienti se STEMI
Vv ptipad¢, ze transport pacienta do katetrizacni laboratofe netrva déle nez 120 min. Cilem je
vSak dosazeni jesté kratSich Casti od prvniho medicinského kontaktu nebo stanoveni diagnézy
do zavedeni vodice do infarktové tepny. Za optimalnich podminek by tento ¢asovy interval
m¢él ¢init maximalné 90 min u vSech pacienti a 60 min u vysoce rizikovych pacientl s
rozsahlym infarktem ptedni stény a Casnou diagndézou v priabéhu prvnich 2 hod. V ptipadé
del§ich transportnich &ast, je indikovano podani trombolytika. Ceska republika se svym
systétmem péce o pacienty se STEMI fadi mezi nejlépe fungujici staty a je povazovédna za
jednu ze vzorovych zemi pro ostatni. Vice nez 90% pacienti se STEMI je léceno pomoci
pPCI a trombolytickd 1écba je aktudlné pouZita v méné nez 1% piipadl. Samoziejme i
V soucasnosti se setkavame s pacienty prichdzejicimi s velkym Casovym odstupem, u kterych
neni indikovan ani jeden z reperfuznich postupt. Thned po stanoveni diagnézy STEMI je
indikovano podani kombinace zéakladnich farmak s antikoagulacnim a protidestiCkovym
ucinkem (heparin nebo 1épe enoxaparine (4) respektive kyselina acetylosalicylova a néktery
Z blokatort receptorti desti¢ek pro adenosindifostat). Piedev§im v katetrizacni laboratofi je
mozné podani blokatori glykoproteinovych receptorii desticek IIb/Illa. Piimy inhibitor
trombinu je v Ceské republice v sou¢asnosti komeréné nedostupny.

V regionech ¢i zemich, ve kterych chybi nebo neni dostate¢né rozvinuta spoluprace
zdravotnické zachranné sluzby, non-stop katetriza¢nich center pro 1é¢bu akutniho infarktu
myokardu nebo tam, kde jsou nepfiznivé geografické podminky s dlouhymi transportnimi
Casy, je mozne uplatnit tzv. farmako-invazivni strategii. Ta kombinuje akutni podani
piednostné fibrin-specifického trombolytika s naslednym transportem do katetriza¢niho centra
a bezpe¢nym provedenim invazivniho koronarniho vySetteni (koronarografii) v prib¢hu 3 —
24 hod od jeho aplikace. Koncept tzv. facilitované PCI zaloZené na podani trombolytika nebo
kombinace trombolytika a blokatort desti¢ek IIb/Illa pfed priméarni PCI se klinicky

neosveédcil a neni soucasti doporucenych postupti.

V roce 2008 byla scilem zlepSeni péfe o pacienty sakutnim koronarnim syndromem a
predev§im STEMI zaloZzena zajimava a velmi uspéSnd iniciativa Stent for Life
(www.stentforlife.com). Ta byla iniciovana Evropskou asociaci perkutannich
kardiovaskularnich intervenci (EAPCI) jako soucasti Evropské kardiologické spolecnosti a

EuroPCR, organizujici vyro¢ni kongres EAPCI. V soucasné dobé¢ se k této iniciativé pridalo
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celkem 18 zemi nebo kardiologickych organizaci nejen z Evropy, ale z celého svéta. 1 pres
vyrazna zlepSeni v péci o pacienty se STEMI v pribéhu 4 — 5 let viak nadale existuji velke
rozdily v jejich 1é¢bé (5).

Tato prace je zaméfena predevS§im na vysledky 1écby pacientd se STEMI pomoci primarni
PCI a na nékteré dulezité podskupiny pacienti. Dalsi dilezité otazky, jako je optimalné
vedena sekundarni prevence, prevence a lé¢ba zavaznych arytmii a dal$i nejsou v této praci

rozebirany.

Vyhody primarni PCI oproti trombolytické 1é¢bé byly jasné prokazéany v mnoha studiich, ze
kterych je tfeba zdtraznit ¢tyti pielomové — studii PAMI v rdmci prosté primarni PCI (6),
STENT-PAMI s vyuzitim implantace koronarnich stenti (7) a poté pak studie PRAGUE
(8,9) a DANAMI-2 (10), které ukazaly vyssi efektivitu i bezpe¢nost primarni PCI oproti
trombolytické 16¢bé i pii delsim transportu do katetriza¢ni laboratoie. Oproti trombolytické
1é¢bé je primarni PCI spojena s vyznamné lepsimi vysledky ve vSech sledovanych
ukazatelich, kterymi jsou imrti (9,3% vs 7,0%), reinfarkt (6,8% vs 2,5%) 1 mozkové ptihody
(2,0% vs 1%) (11). Rizikem mozkoveho krvaceni, které se vyskytuje az v 1,1% jsou zatiZeni
pouze nemocni léCeni trombolytikem. Primarni PCI je tedy v souCasnosti nejefektivnéjsi a
nejrychlejsi reperfuzni 1é¢bou. U nemocnych v kardiogennim Soku je PCI indikovéna az do
48 hod od jeho vzniku a jedna se o jediny stav, pii kterém je v pribéhu STEMI doporuc¢eno
provést primarni PCI nejen na infarktové tepné, ale v ptipad¢ trvajici hemodynamické
nestability i na tepnach dalSich s kritickym nalezem. Ve vsech piipadech je ¢asovy faktor ten
V optimalnim ptipad€ vypadé organizace péce o nemocného nasledovné: 1. volani
nemocného na linku zdravotnické zachranné sluzby (telefonni ¢islo 155), 2. do 15-20 min
piijezd zkuseného tymu rychlé Iékaiské pomoci vybaveného 12-svodovym EKG,
defibrilatorem, plicnim ventilatorem, monitorem vitalnich funkci a zevni kardiostimulaci, 3.
stanoveni diagn6zy v terénu a podani prvni medikamentozni 1é¢by (prasugrel 60 mg,
ticagrelor 180 mg eventualn¢ clopidogrel 600 mg, aspirin 125 - 250 mg, nefrakcionovany
heparin 70 — 100 IU/kg eventualné 1épe enoxaparin), 4. kontaktovani nejblizsiho
katetrizacniho centra s non-stop (24/7) PCI provozem, 5. pfimy transport na katetrizacni sal a

provedeni primarni PCI.
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1.1 Akutni protidestickova lé¢ba v prubéhu STEMI

Blokatory receptort desti¢ek pro adenosindifostat (ADP)

Nejdéle zndamym blokatorem P2Y, ADP- receptoru je tiklopidin, jehoZ podani v kombinaci
s kyselinou acetylosalicylovou (ASA) dramaticky sniZilo riziko akutnich tromb6z po
implantaci koronarnich stentd (12). Nasledn¢ byl tento preparat nahrazen U¢innéjSim a
vysledkt studii COMMIT a CLARITY, které testovaly piidani klopidogrelu k ASA (13,14).
Po Uvodni sytici davce klopigorelu (dfive 300mg a nyni 600mg) je doporu¢ena udrzovaci
davka 75mg denné po dobu 12 meésict. Lécba klopidogrelem vSak mé své limitace, kterymi je
nedostate¢né snizeni reaktivity desti¢ek u 20 — 40 % pacientd. Tento fakt byl jednim
z hlavnich divodu pro hledani dal$ich a ucinnéjsich molekul, kterymi jsou prasugrel,
ticagrelor a dalSi preparaty ve fazi vyzkumu. Prvnim novym a komeréné dostupnym
protidestickovym lékem je prasugrel. Jedna se o ,,prodrug®, tzn. latku, jejiz ireverzibilni efekt
se dostavuje po rychlé jednostupiiové metabolické pfeméné a tento efekt je vyraznéjsi oproti
klopidogrelu. Ve studii TRITON TIMI-38 bylo podani prasugrelu porovnano s podanim
klopidogrelu pied pPCI. Prasugrel vyznamné snizil riziko hlavnich kardiovaskularnich
komplikaci 0 32% resp. 21% v prubéhu 30 dnu resp. 15 mésict. Zaroven byl pozorovan
vyznamné nizs$i vyskyt infarktu myokardu a trombdzy stentu, a to bez zvyseni rizika velkych
nebo zivot ohrocujicich krvacivych piihod. S vyjimkou pacientt s piedchozi cévni mozkovou
ptihodou nebo transitorni ischemickou atakou, je podani prasugrelu u STEMI pln¢ indikovano
(15). Reverzibilnim, ale jesté vy$sim ucinkem blokady ADP receptorti desticek, disponuje
druhy novy lék, ticagrelor (16). Jeho podani u pacienti se STEMI, a to bez ohledu na
eventualni pfedléceni klopidogrelem, bylo ve studii PLATO spojeno s vVyznamnym snizenim
rizika infarktu myokardu, trombozy ve stentu a celkové umrtnosti (0 20%; 34% resp. 13%)
Vv pribéhu 12-ti mesi¢niho sledovani a zvySenim rizika cévni mozkové piihody. Vyznamného
snizeni hlavnich kardiovaskuldrnich piihod jako priméarniho ukazatele studie, nebylo

dosazeno. Podani ticagreloru nezvysilo riziko vyskytu zavaznych krvaceni.

Podani prasugrelu nebo ticagreloru nebo klopidogrelu je indikovano co nedfive po stanoveni
diagnozy STEMI, tzn. ve vétSiné piipadi pied provedenim invazivniho vySetieni a pPCI.
V ptipad¢ pochybnosti o spravnosti zakladni diagnézy a pfi vyraznému riziku krvacivych

komplikaci u pacientii indikovanych ke kardiochirurgické operaci po prasugrelu, je vhodné
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podani ticagreloru nebo klopidogrelu. Stejny postup by mél byt zvolen i u pacientt s klinicky

vysokym rizikem krvéceni.

Blokatory glykoproteinovych receptoru desti¢ek 1Ib/I11a (GPI)

Ruznorodou skupinu GPI latek tvofi monoklonalni protilatka abciximab s ireverzibilnim a
Sirokym spektrem dlouhodobého Uc¢inku az 72 hod a malé reverzibiln¢ U¢inné molekuly,
tirofiban a eptifibatide s kratkodobym efektem do 4 hod. Spole¢nou pro vSechny latky je
blokada cilovych receptorti agregace desticek a vazby fibrinogenu na aktivovanou desticku a
tedy zamezeni tvorby bilého trombu. Pfedevsim u pacientt pfichazejicich ¢asné v prvnich 4
hod a spremorbidné postizenou mikrocirkulaci, tzn. u diabetikt, zlepSuje podani GPI

vysledky pPCI.

Abciximab (i.v. bolus + infuze) v kombinaci s heparinem snizil o 30% riziko ischemickych
piithod u STEMI (17,18). Podobného ucinku jako podani abciximabu bylo dosazeno podanim
dvojiho i.v. bolusu eptifibatidu a nasledné infuse (19). O néco nizsi se jevi uéinek tirofibanu.

Z praktického hlediska je dulezité posuzovat rizné davkovaci rezimy.

Podani GPI neni vzhledem K riziku krvaceni indikovano rutinné, ale jako tzv. bail-out 1é¢ba,
tzn. v ptipad¢ trombotickych nebo potencialné trombotickych komplikaci (napf. tzv. no-

reflow fenomén) anebo inicidlné pritomné rozsahlé intrakoronarni trombdzy.

Vedle standardnich davkovacich schemat se zkousi i nove rezimy podani GPI s cilem zvyseni
intrakorondrni koncentrace 1€k a jejich vysSiho ucinku. Zajimavé jsou vysledky Gu et al.
(20), kteti aplikovali intrakoronarné pouze bolus abciximabu bez nasledné infuze. Tato forma
podani specialnim katetrem byla spojena se zlepSenim myokardialni perfuze a menSim

rozsahem myokardialni nekrozy (21).

1.2 Technika primarni PCI

Podobné jako pfi jakémkoliv invazivnim zakroku ¢i vySetieni se vyuziva atraumatické
techniky popsané Sven-lvar Seldingerem jiz v roce 1953 (22). Vlastni techniku primarni PCI
je mozné rozd¢lit na zakladni* zahrnujici prostou balonkovou dilataci (POBA = Plain Old
Balloon Angioplasty) a implantaci koronarnich stentt ,,holych® (BMS = Bare Metal Stent) i
»lékovych* (DES = Drug-Eluting Stent), ke které nyni fadime i katetry pro manualni aspiraci

slouzici k extrakci aterotrombotického materialu.
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Po pfidani invazivnich zobrazovacich metod, specialnich typt instrumentéria a adjuvantni
farmakoterapie je zfejmé, ze technika PCI vyZaduje pfi feSeni komplexni koronarni
problematiky nejen dobie vybavenou katetrizaéni laboratof pracujici v non-stop provozu, ale
i velmi zkuSeny tym sestavajici z interven¢nich kardiologu, specializovanych sester a

zdravotnickych techniku.

Balonkova dilatace

Jedna se o techniku nejstarsi, kterd ale doznala velkého zlep3eni v pouzitém materiélu
vlastniho balonku i téla katetru. V soucasnosti rozliSujeme tzv. semi-compliant katétry
vyuzivané pro predilataci 1éze a jako nosi¢ koronarnich stenti a tzv. non-compliant katétry
(NC katétry) pro vysokotlakou postdilataci. Pii feseni béznych infarktovych 1ézi se vyuzivaji
insuflaéni tlaky 12 — 16 atmosfér.

Prosté balonkova dilatace se v soucasnosti samostatné vyuziva ve velmi malé mite a ve vice

nez 90% uspésnych primarnich PCI je doplnéna o implantaci koronarnich stentd.

Implantace koronarnich stenti

Ackoliv se koronarni stenty (BMS) zacaly implantovat do koronarnich tepen jiz v roce 1986
(23), teprve v roce 1994 byl prokazan jejich piesvédcivy efekt oproti balonkové dilataci.
(24,25) Presto se jednalo o techniku, ktera byla ve svych pocatcich zatizena riziky. Jednim

z nich byla akutni (do 24 hod) a subakutni (>1den — 30 dnti) trombdza stentu, ktera byla
urcitou dani za cizorody material ponechany v koronarni tepné. K jejimu dramatickému
snizeni piispély predevsim dva faktory: 1) nutnost vysokotlaké postdilatace (>12 atmosfér) a
tim i dosaZeni optimalni apozice stentu v koronarni tepné, ktery vychazel z velmi ptesnych
morfologickych nalezi na intrakoronarnim ultrazvuku (26) a 2) klinicky prukaz aditivniho
ucinku kombinované antiagregacni 1éCby pridanim tiklopidinu ke kyseliné acetylosalicylové
(ASA) (27). Pii této kombinaci bylo minimalizovano riziko subakutni trombozy stentu —
komplikace, které se vSichni intervencni kardiologové obavali, a kterd vznikala az v 15 % pfi

1é¢bé kumariny (28).

Dalsi kapitola interven¢ni kardiologie se zacala psat od roku 2001, kdy byly prezentovany
prvni piiznivé vysledky implantace 1ékovych stent (DES) ze studie RAVEL (29). Od prvni
generace DES kryté sirolimem a paclitaxelem se pieslo k implantaci DES druhé nebo
dokonce tieti generace vylucujici vétSinou derivaty rapamycinu (sirolimu). Témi jsou

everolimus, biolimus, zotarolimus, tacrolimus a dal3i. Zajimavou koncepci s prvnimi
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ptiznivymi vysledky pak predstavuje plné resorbovatelny stent s everolimovym pokrytim jiz

druhé generace (30,31).

Era DES vsak oteviela i relativné opomijenou otazku pozdni (>30 dnti — 1 rok) a dokonce i
velmi pozdni (>1 rok) trombozy stenti, a to vzhledem k tomu, Ze endotelizace
implantovaného stentu a jejich ,,vhojeni* do cévni stény bylo antiproliferativné t¢innymi

latkami vyrazné potlac¢eno (obr. 2 - 4).

Obr. 2: In-vitro balonkovy katetr se stentem pfipraveny k zavedeni do koronarni tepny

Obr. 4: In-stent akutni trombdza v pficném fezu ziskaném z optické koherentni tomografie

06/11/2011 11:12:04
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V ptipadé DES prvni i druhé generace se jedna o riziko ptiblizné 1% v prabéhu prvniho roku
od implantace a toto riziko trva pouze v pfipadé DES prvni generace i v nasledujicich letech
(ptiblizné v 0,6% ro¢né). Zaroven se zjistilo, Ze 1 po implantaci BMS toto riziko existuje, ale
dlouhodobé se nelisi od DES druhé generace (pfiblizné 0,2% ro€né). To, co je ale spoleénym
efektem DES obou generaci, je vyrazné sniZeni rizika ISR i nutnosti nasledné revaskularizace
oproti BMS, které vedlo k doporuéeni implantace DES ve v§ech ptipadech, kde to je klinicky
mozné (32,33). Pti rozhodovani o volb¢ stentu je vzhledem k nutnosti déletrvajiciho podavani
kombinované antiagrega¢né ucinné 1éEby nutné vzit v potaz nasledujici relativni
kontraindikace implantace DES: nedostatecné anamnestické udaje nebo nedostate¢na
spoluprace, zvysené riziko krvaceni, pfitomnost alergie ke kyselin€ acetylsalicylové nebo
clopigorelu/prasugrelu/ticagrelolu, nutnost casného neplanovaného chirurgického zédkroku

nebo absolutni indikace pro dlouhodobou antikoagula¢ni 1é¢bu (34).

Protekce myokardu pomoci aspira¢nich technik

trombu a sniZeni rizika distalni embolizace. Teprve v roce 2008 v3ak byl ve studii TAPAS
vedle lepSich ,,laboratornich* ukazatelti myokardialni reperfiize (35) doloZen i efekt klinicky
spojeny s manualni tromboaspiraci pfed implantaci stentu oproti konven¢nimu pfistupu
balonek + stent (36,37). Nasledné bylo zjisténo, ze uspésnost této techniky je vazana pouze na
jednoduchou manualni tromboaspiraci pomoci specialnich tromboaspira¢nich katétri a
rutinni manualni aspirace nema klinicky pfinos a tato technika by méla byt minimalné do
vysledku studie TOTAL (39) uzivana individualng, a to pfedevsim v piipadé pfitomnosti

rozsahlé koronarni trombdzy.

Optimalné vedena primarni PCI radialnim pfistupem je znazornéna na obr. 5 — 11,
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Obr. 5: Uzaviena infarktova tepna ramus circumflexus (Sipka) a angiograficky hrani¢ni az

vyznamné postiZeni ramus interventricularis anterior a ramus diagnonalis (kruh)

Obr. 6: Koronarni vodi¢ a konec tromboaspira¢niho katetru
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Obr. 7: Aspirat z infarktové tepny

Obr. 8: Angiograficky obraz po opakované aspiraci
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Obr. 9: Implantace Iékového stentu

Obr. 10: Optimalni vysledek po primarni PCI
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Obr. 11: Demonstra¢ni obrazek optimaln¢ implantovaného stentu na pficném fezu koronarni

tepnou ziskany z optické koherentni tomografie

ALength: 3.47mm 11102/2010 12:17:29
B Length: 3.93mm 0001
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2. Soucasné mozZnosti a perspektivy 1é¢by pacienti se STEMI

(doprovodny komentar k publikacim)

2.1 Perspektivy doporuéenych postupui Evropské kardiologické spole¢nosti

Soucasné doporucené postupy Evropské a Americké kardiologické spole¢nosti (1,40) v 1é¢bé
STEMI piedstavuji optimalné vedenou 1é¢bu pacientd, kterd vSak musi byt modifikovana na
zékladé rizikového profilu pacientil, zkusenosti jednotlivych tymil a take dostupnosti
doporucenych technik a technologii. Vedle znamych indikaci reperfuzni 1€cby zamétené na
primarni PCI zminuji v publikaci i mozné perspektivy zjednosujici praktické rozhodovani o
transportu pacientt do katetrizacni laboratote. Je zde téz zdiraznéna role zachranné sluzby,
ktera by méla v optimalnim piipadé slouzit jako prvni kontakt pacienta se zdravotnim
systémem. Pouze tak je mozné zabranit ¢asto zbyteCnym umrtim v prabéhu inicialni faze
STEMI. Samoziejmosti je pak doporuceni optimalniho vybaveni vozt zachranné sluzby ke
stanoveni diagndzy v terénu a zajisténi vitalnich funkci pacienta. Probirany jsou i nové

poznatky tykajici se vlastniho interven¢niho zakroku ve svétle nedavno publikovanych studii.

Cely text niZze uvedené publikace v mezinarodnim recenzovaném ¢asopise je uveden v piiloze

3.1.

Kala, P. European society of cardiology st-segment elevation myocardial infarction
guidelines in perspective - focused on primary percutaneous coronary intervention (2014)

Interventional Cardiology Review, 9(1): 7-10.

2.2 Problematika antitrombotické 1é¢by z pohledu farmako-mechanického pristupu

Prace popisuje aktualni poznatky tykajici se strategie ovlivnéni koronarni trombdzy, a to jak z
pohledu farmakoterapie, tak techniky primarni PCI. Zaroven je zde ptehledné graficky popsan
algoritmus péce doporucené Evropskou kardiologickou spole¢nosti, ktery je porovnan s
lokalnim postupem v centru s rozsahlymi, 15-ti letymi zkuSenostmi s intervenéni 1é€bou
pacient se STEMI. V praci je zdiraznéna nutnost individualné vedené 1é¢by v zavislosti na
posouzeni aterotrombotického a krvacivého rizika, koronarni anatomii a zkuSenosti 1é¢ebnych

tym.
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Cely text niZze uvedené publikace je uveden v piiloze 3.2.

Kala, P (Kala, Petr); Miklik, R (Miklik, Roman). Title: Pharmaco-mechanic Antithrombotic

Strategies to Reperfusion of the Infarct-Related Artery in Patients with ST-Elevation Acute
Myocardial Infarctions. Source: JOURNAL OF CARDIOVASCULAR TRANSLATIONAL
RESEARCH. Volume: 6, Issue: 3,Special Issue: SlI, Pages: 378-387

2.3 Dlouhodobé vysledky 1éby STEMI u pacienti ve vysokém véku

S rostoucim vé€kem populace minimalné ve vyspélych zemich, je stale aktualngjsi otazka
1é¢by pacientl s akutnim infarktem myokardu (AIM) i ve vys$§im — vysokém véku. Z
vysledkt naSi multicentrické prace na souboru 3814 konsekutivnich pacientti pak vyplyva, ze
i v Ceské republice, ktera patii mezi nejlépe fungujici systémy péce o pacienty s AIM na
svété, bylo vyznamné méné star$ich pacient (>65 let) indikovano ke koronagrafii v pribéhu
akutni hospitalizace oproti pacientim mlad$im (95,9% vs 92,4%; p<0,0001) podobné¢ jako k
PCI (74,7% vs 85,6%; p<0,001). Nejhorsi kratko- i dlouhodobou Zivotni prognézu méli
pacienti, kteti nepodstoupili PCI a méli obé¢hové zndmky tézkého srdecniho selhani nebo
kardiogenniho Soku. Vék se tedy jevi jako samostatny diskriminacni faktor, ktery by vSak i ve

svétle soucasnych doporucenych postupti mél byt eliminovan.
Cely text niZze uvedené publikace je uveden v piiloze 3.3.

Kala, P (Kala, Petr); Kanovsky, J (Kanovsky, Jan); Rokyta, R (Rokyta, Richard); Smid, M
(Smid, Michal); Pospisil, J (Pospisil, Jan); Knot, J (Knot, Jiri); Rohac, F (Rohac, Filip);
Poloczek, M (Poloczek, Martin); Ondrus, T (Ondrus, Tomas); Holicka, M (Holicka, Maria);
Spinar, J (Spinar, Jindrich); Jarkovsky, J (Jarkovsky, Jiri); Dusek, L (Dusek, Ladislav. Age -

related treatment strategy and long-term outcome in acute myocardial infarction patients in
the PCI era. BMC CARDIOVASCULAR DISORDERS, Volume: 12, Article Number: 31 DOI:
10.1186/1471-2261-12-31. (Ptiloha 3.3)
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2.4 Problematika STEMI s postiZenim pravé komory srdeéni

Postizeni pravé srde¢ni komory v prubéhu STEMI je relativné ¢astou komplikaci postihujici
predevsim, ale ne vylu¢né, pacienty s vyznamnym postizenim pravé koronarni tepny a tedy
ischemii spodni stény levé komory. Klinické konsekvence se mohou pohybovat od zcela
némych az po obraz kardiogenniho Soku a mohou vyzadovat velmi odli$ny terapeuticky
ptistup. Jako jednoduchy a pomérné specificky diagnosticky test miize poslouzit EKG
doplnéné o pravostranné hrudni svody, které mohou pomoci pii stanoveni optimalni 1écby
véetné agresivnéjSich piistupt. V piipadé piekonani akutni faze onemocnéni, maji pacienti s
postizenim pravé komory ptiznivou prognézu. Nadale se fesi otazka rizika zdvaznych
srdeénich arytmii. V ptehledné préaci je celd problematika od patofyziologie po terapii a

prognozu podrobné probrana, vysledky vlastniho vyzkumu jsou uvedeny v praci dalsi.
Celé texty nize uvedenych publikaci je uveden v piiloh&ch 3.4 a 3.5.

Ondrus T, Kanovsky J, Novotny T, Andrsova I, Spinar J, Kala P.
Right ventricular myocardial infarction: From pathophysiology to prognosis. Exp Clin
Cardiol. 2013 Winter;18(1):27-30.

Kanovsky J, Kala P, Novotny T, Benesova K, Holicka M, Jarkovsky J, Koc L, Mikolaskova M,

Ondrus T, Malik M. Association of the right ventricle impairment with electrocardiographic
localization and related artery in patients with ST-elevation myocardial infarction. J
Electrocardiol. 2016 Aug 5. pii: S0022-0736(16)30156-X. doi:
10.1016/j.jelectrocard.2016.08.001. [Epub ahead of print]

2.5 Vyskyt deprese u pacientii po STEMI 1é¢eném primarni PCI

V ¢éte pred primarni PCI byla deprese po akutnim infarktu myokardu identifikovana u 20%
pacientll, tzn. vyrazné vice nez v bézné populaci a spolu s anxietou se muze podilet na vyssi
dlouhodobé kardialni imrtnosti. V nasi prospektivni praci jsme se zamé¢fili na zhodnoceni
vyskytu symptomil deprese a anxiety u 79 pacientti po STEMI 1é¢eném primarni PCI za 24
hod, pred propusténim a s odstupem 3, 6 a 12meésicti. Celkove jsme zjistili relativné nizsi
vyskyt symptomi deprese a anxiety, ktery byl nejvyssi v akutni fazi STEMI, poklesl za

hospitalizace, ale znovu se postupné navysSoval v pribéhu jednoho roku.

Cely text nize uvedené publikace je uveden v piiloze 3.6
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http://www.ncbi.nlm.nih.gov/pubmed?term=Ondrus%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed?term=Kanovsky%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed?term=Novotny%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed?term=Andrsova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed?term=Spinar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed?term=Kala%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24294033
http://www.ncbi.nlm.nih.gov/pubmed/24294033
http://www.ncbi.nlm.nih.gov/pubmed/24294033
https://www.ncbi.nlm.nih.gov/pubmed/27586500
https://www.ncbi.nlm.nih.gov/pubmed/27586500

Kala P, Hudakova N, Jurajda M, Kasparek T, Ustohal L, Parenica J, Sebo M, Holicka M,
Kanovsky J. Depression and Anxiety after Acute Myocardial Infarction Treated by Primary
PCI. PLoS One. 2016 Apr 13;11(4):e0152367. doi: 10.1371/journal.pone.0152367.
eCollection 2016..

2.6 Lééba STEMI v Evropé a projekt Stent for Life

Evropska iniciativa ,,Stent for Life* (,,Stent pro zivot*) zaméfena na zlepSeni 1éCby pacientti

s infarktem myokardu v Evrop¢ ukazala obrovske rozdily v organizaci a kvalité 1écby

v naSem regionu. Widimskym et al. (41) bylo zjisténo, ze nejlépe jsou léCeni nemocni

v zemich s fungujicim programem primarni PCI a naopak v priméru nejhtie jsou na tom
nemocni v zemich, kde primarni PCI je provadéna minimalné. Tim byla relativné
zpochybnéna i role trombolytické 1é¢by, jejiz podani je zdanlivé jednodussi, ale je spojeno S
mnoha kontraindikacemi. Pravdépodobné ale jesté diilezitéjSim faktorem pro neposkytnuti
reperfuzni 1é¢by bude nedostate¢na nebo chybéjici organizace péce o nemocné s infarktem
myokardu Vv jednotlivych zemich. Ceska republika je v tomto kontextu jednou z nejlépe
zorganizovanych zemi na svété a primarni PCI se vyuziva prakticky u vS§ech nemocnych. V
praci Kristensena a kol. (viz nize) jsou vysledky 1é¢by STEMI z puvodni prace Widimského a
kol. porovnany s ¢asovym odstupem 3 — 4 let a rozsifeny o dalSich 7 zemi. DalSimu
smétovani Stent for Life a také moznostem zapojeni intervencnich kardiologii nejen do péce o

pacienty se STEMI, ale i ischemickymi ikty jsou vénovany tvodniky uvedené nize.

Celé texty nize uvedenych publikaci, na kterych jsem se podilel jako ptedseda Stent for Life

Initiative, jsou uvedeny v pfilohach 3.7., 3.8. a 3.9.

Kristensen SD, Laut KG, Fajadet J, Kaifoszova Z, Kala P, Di Mario C, Wijns W, Clemmensen
P, Agladze V, Antoniades L, Alhabib KF, De Boer MJ, Claeys MJ, Deleanu D, Dudek

D, Erglis A, Gilard M, Goktekin O, Guagliumi G, Gudnason T, Hansen KW, Huber K, James
S,Janota T, Jennings S, Kajander O, Kanakakis J, Karamfiloff KK, Kedev S, Kornowski

R, Ludman PF, Merkely B, Milicic D, Najafov R,Nicolini FA, No¢ M, Ostojic M, Pereira

H, Radovanovic D, Sabaté M, Sobhy M, Sokolov M, Studencan M, Terzic I, Wahler

S, Widimsky P; on behalf of the European Association for Percutaneous Cardiovascular
Interventions; on behalf of the European Association for Percutaneous Cardiovascular
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http://www.ncbi.nlm.nih.gov/pubmed?term=Laut%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Fajadet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaifoszova%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kala%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Mario%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Wijns%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Clemmensen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
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http://www.ncbi.nlm.nih.gov/pubmed?term=Agladze%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Antoniades%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Alhabib%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Boer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Claeys%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Deleanu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Dudek%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Dudek%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Erglis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Gilard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Goktekin%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Guagliumi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Gudnason%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansen%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Huber%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=James%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=James%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Janota%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Jennings%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kajander%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kanakakis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Karamfiloff%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kedev%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kornowski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Kornowski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Ludman%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Merkely%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Milicic%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
http://www.ncbi.nlm.nih.gov/pubmed?term=Najafov%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
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http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
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http://www.ncbi.nlm.nih.gov/pubmed?term=Radovanovic%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24419804
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Interventions. Reperfusion therapy for ST elevation acute myocardial infarction 2010/2011:
current status in 37 ESC countries. Eur Heart J. 2014 Aug 1;35(29):1957-1970. Epub 2014
Jan 12.

Kala P. Heart & brain: STEMI-like network for ischaemic stroke? Eurolntervention. 2014
Nov;10(7):778-80. doi: 10.4244/E1JV1017A135.

Kaifoszova Z, Kala P, Wijns W. The Stent for Life Initiative: quo vadis? Eurolntervention.
2016 May 17;12(1):14-7. doi: 10.4244/E1JV1211A3.

2.7 Blokada pravého raménka Tawarova (RBBB)

Vedle zndmych indikaci reperfuzni 1é€by se jako vysoce rizikova jevi i pfitomnost nové
vzniklé kompletni blokady pravého ramenka Tawarova. Tato EKG patologie se v naSi praci
na souboru 6742 konsekutivnich pacientd vyskytla v 6.3% piipadu, a to bud’ samostatné
(2,8%) nebo v kombinaci s postiZzenim levého raménka Tawarova. V obou ptipadech
kompletni blokady se jednalo o pacienty zatizené nejvyssi hospitalizacni mortalitou a rizikem
vzniku kardiogenniho Soku. Nejen na zakladé¢ této prace, by pacientim s RBBB méla byt

poskytnuta maximalni mozna Iécba véetné emergentni revaskularizace.
Cely text nize uvedené publikace je uveden v piiloze 3.10.

Widimsky, P (Widimsky, Petr); Rohac, F (Rohac, Filip); Stasek, J (Stasek, Josef); Kala, P
(Kala, Petr); Rokyta, R (Rokyta, Richard); Kuzmanov, B (Kuzmanov, Boyko); Jakl, M (Jakl,
Martin); Poloczek, M (Poloczek, Martin); Kanovsky, J (Kanovsky, Jan); Bernat, | (Bernat,
Ivo); Hlinomaz, O (Hlinomaz, Ota); Belohlavek, J (Belohlavek, Jan); Kral, A (Kral, Ales);

Mrazek, V (Mrazek, Vratislav); Grigorov, V (Grigorov, Vladimir); Djambazov, S
(Djambazov, Slaveyko); Petr, R (Petr, Robert); Knot, J (Knot, Jiri); Bilkova, D (Bilkova,
Dana); Fischerova, M (Fischerova, Michaela); Vondrak, K (Vondrak, Karel); Maly, M
(Maly, Marek); Lorencova, A (Lorencova, Alena). Title: Primary angioplasty in acute
myocardial infarction with right bundle branch block: should new onset right bundle branch
block be added to future guidelines as an indication for reperfusion therapy? Source:
EUROPEAN HEART JOURNAL Volume: 33 Issue: 1 Pages: 86-95 DOI:
10.1093/eurheartj/ehr291.
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2.8 Porovnani vysledku 1ééby STEMI a NSTEMI

Na rozdil od pacientli se STEMI, je skupina s NSTEMI vyrazné starsi s ¢etnéjSimi
komorbiditami a take rozsahlejSim koronarnim postizenim. Na souboru 6602 konsekutivnich
pacientl jsme ve skupiné NSTEMI prokazali ¢astéjsi postizeni kmene levé koronarni tepny
(6,0% vs 1,1%; p<0,001), onemocnéni vSech tii koronarnich tepen (53,1% vs 30%; p<0,001)
a nevyznamn¢ odliSnou nemocni¢ni umrtnost. Nase vysledky dale podporuji volbu agresivni

invazivni strategie nejen u pacientll se STEMI, ale i NSTEML
Cely text niZze uvedené publikace je uveden v ptiloze 3.11.

Knot, J (Knot, Jiri); Kala, P_(Kala, Petr); Rokyta, R (Rokyta, Richard); Stasek, J (Stasek,
Josef); Kuzmanov, B (Kuzmanov, Boyko); Hlinomaz, O (Hlinomaz, Ota); Belohlavek, J
(Belohlavek, Jan); Rohac, F (Rohac, Filip); Petr, R (Petr, Robert); Bilkova, D (Bilkova,
Dana); Djambazov, S (Djambazov, Slavejko); Grigorov, M (Grigorov, Mladen); Widimsky, P

(Widimsky, Petr) Title: Comparison of outcomes in ST-segment depression and ST-segment
elevation myocardial infarction patients treated with emergency PCI: data from a multicentre
registry. Source: CARDIOVASCULAR JOURNAL OF AFRICA Volume: 23, Issue: 9, Pages:
495-500.

2.9 Pacienti po srdecéni zastavé jako nejrizikovéjsi skupina nemocnvch

Srde¢ni zastava predstavuje akutni ohroZeni pacienta na zivoté a vzhledem ke zlepSujicimu se
systému resuscitacni péce se jedna o postupné narustajici skupinu pacienti. V nedavné dobé
bylo do praxe zavedeno nékolik systémul pro automatickou srdecni masaz, které mohou
umoznit i provedeni primarni PCI v jejim prib&hu. Jedno z prvnich vyuziti sytému Lucas

(Jolife A.B., Svédsko) v Ceské republice bylo popsano na nasem pracovisti.

Cela komplexni problematika péée o pacienty po mimonemocniéni srdeéni zastavé byla nami
popsana jako konsensus expertti Evropské asociace PCI. Pacienti se STEMI by méli byt
piimo transportovani na katetriza¢ni sal s non-stop provozem, diagnosticka koronarografie by
vsak méla byt soucasti diagnosticko-1ééebného algoritmu u vSech pacientti po vylouceni
nekardialni etiologie. Intervencni kardiologové by nyni méli byt pfipraveni i na tyto pacienty,

u kterych je akutni rozhodovaci proces ¢asto mnohem komplikovanéjsi.
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Cely text niZze uvedené publikace je uveden v piiloze 3.12.

Kala, P., Karlik, R., Bocek, O., Neugebauer, P., Poloczek, M., Parenica, J., Vytiska, M.,

Kolarova, 1., Hladilova, K., Dostdlova, L., Jerabek, P. The use of automated external cardiac
massage during primary PCI [VyuZiti automatické zevni srdecni masdze pri primarni PCI]

(2010) Intervencni a Akutni Kardiologie, 9 (4), pp. 204-207.

Cely text niZze uvedené publikace, na které jsem se podilel jako pfedseda Stent for Life

Initiative, je uveden v piiloze 3.13.

Noc M*, Fajadet J, Lassen JF, Kala P, MacCarthy P, Olivecrona GK, Windecker S,
Spaulding C. Invasive coronary treatment strategies for out-of-hospital cardiac arrest: a
consensus statement from the European Association for Percutaneous Cardiovascular
Interventions (EAPCI)/Stent for Life (SFL) groups. Eurolntervention. 2014 May 20;10(1):31-
7. doi: 10.4244/E1JV10I1A7.

2.10 Opticka koherentni tomografie a STEMI

Cilem préace bylo posouzeni moznosti vyuZiti optické koherentni tomografie (OCT) (42,43)
jako Vv soucasnosti nejpiesnéjsi invazivni zobrazovaci metody s rozlisenim 10 — 15 um pro
vedeni techniky priméarni PCI. Na souboru 100 pacientli bylo prokdzano, Ze u 20% pacientl
nebylo nutné implantovat koronarni stent a proceduru bylo mozné ukoncit po provedeni
manuélni tromboaspirace s angiograficky optimalnim vysledkem. Tato prace jako prvni
demonstrovala ptiznivé klinické vysledky po vyuziti této techniky v 1é¢bé STEMI v pribéhu

12-ti mésicniho sledovani.
Cely text nize uvedené publikace je uveden v piiloze 3.14.

Cervinka, P (Cervinka, Pavel); Spacek, R (Spacek, Radim); Bystron, M (Bystron, Marian);
Kvasnak, M (Kvasnak, Martin); Kupec, A (Kupec, Andrej); Cervinkova, M (Cervinkova,
Michaela); Kala, P (Kala, Petr). Title: Optical Coherence Tomography-Guided Primary

Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction
Patients: A Pilot Study. Source: CANADIAN JOURNAL OF CARDIOLOGY Volume: 30,
Issue: 4, Pages: 420-427.
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vvvvv

vs OCT vedené primarni PCI u 201 pacienti se STEMI do 12 hod od vzniku pfiznakd. Ve
skupin¢ s OCT bylo u 29% pacientt nutné pokra¢ovani v intervenci k dosazeni optimalniho
vysledku. S odstupem 9 meésici byla pii kontrolnim OCT zjisténa vyznamné niz$i ,,in-
segment“ plocha stendzy ((6% [-11, 19] versus 18% [3, 33]; p=0.0002) ve prospéch pacienti
ve skupiné s OCT.

Cely text niZze uvedené publikace zaslané do Casopisu International Journal of Cardiology je

uveden v piiloze 3.15.

Kala Petr, Cervinka Pavel, Jakl Martin, Kanovsky Jan, Kupec Andrej, Spacek Radim,
Kvasnak Martin, Poloczek Martin, Cervinkova Michaela, Bezerra Hiram, Valenta Zdenek,
Attizzani Guilherme F, Schnell Audrey, Lu Hong, Costa Marco. OCT Guidance During Stent
Implantation in Primary PCI: A Randomized Multicenter Study With Nine Months of Optical
Coherence Tomography Follow-up. Submitted to International Journal of Cardiology 2016.

Pfesnym posouzenim zmén radialni tepny po prvni transradialni PCI pomoci OCT po vykonu
a s odstupem 9 mésict u 100 pacientli jsme zjistili statisticky vyznamny narast objemu intimy
33.9mm? (19.0; 69.4) versus 39.0mm? (21.7; 72.6) (p<0.001); a zmenseni objemu radialniho
lumen 356.3mm?® (227.8; 645.3) versus 304.7mm?® (186.1; 582.7) (p<0.001).

Cely text nize uvedené publikace zaslané do Casopisu Eurointervention je uveden v piiloze
3.16.

Petr Kala, Jan Kanovsky, Tereza Novakova, Roman Miklik, Otakar Bocek, Martin Poloczek,
Petr Jerabek, Lenka Privarova, Tomas Ondrus, Jiri Jarkovsky, Milan Blaha, Gary Mintz.
Radial artery changes after transradial PCI — A serial optical coherence tomography

volumetric study. Submitted to Eurointervention Journal 2016.
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2.11 Koncept funkéni revaskularizace neinfarktovych tepen

U skupiny pacienti se STEMI a onemocnénim vice koronarnich tepen je s vyjimkou pacienti
v kardiogennim Soku a trvajici nestabilitou, v soucasnosti doporuc¢ena pouze primarni PCI
infarktové tepny. Pfi znalosti relativné Casté pritomnosti dalSich nestabilnich koronarnich lézi
na neinfarktovych tepnach, ale i velmi u¢inné sekundarné-preventivni farmakoterapie, je
otézka optimalni diagnosticko-1é¢ebné strategie neinfarktovych tepen jednou z velice
dulezitych a aktualnich otazek. Jednou z moznosti, vychazejici z nize uvedenych studii, je
vyuziti konceptu tzv. funk¢ni revaskularizace (44), ktery miize pacienty stratifikovat do dvou
skupin. Prvni skupinu tvoii pacienti, u kterych by méla byt v piipadé technické a jiné
schtiidnosti indikovana revaskularizace, druhou skupinu s funkéné nevyznamnym koronarnim
postizenim je mozné bezpecné 1éCit konzervativné pomoci individualizované a optimalné
nastavené farmakoterapie. Vedle neinvazivnich testi se za zlaty standard nyni povaZzuje
invazivni posouzeni funkéni vyznamnosti koronarnich sten6z pomoci méfeni frakéni
pritokové rezervy myokardu (FFR) zalozené na poméru stiednich tlakt pted a za stendzou v
pribéhu maximalni, farmakologicky navozené hyperémie. Za norméalnich okolnosti je
hodnota tohoto poméru v epikardidlnim koronérnim fecisti 1,0, hodnota <0,80 znaci funkcné

vyznamné koronarni postiZeni s negativnim prognostickym dopadem (45-47).

U stabilnich nebo stabilizovanych pacienti potvrdil De Bruyne a kol. studie FAME 2 (viz
nize) predpoklad lepSich klinickych vysledkl u pacientt s funkén€ vedenou revaskularizaci
pomoci PCI s implantaci 1ékovych stentli 2. generace oproti pacientim lécenym
konzervativné. Vysledky od 1220 pacientt, z nichz 888 bylo randomizovano a 332 bylo
zafazeno do paraleln¢ probihajiciho registru, ukézaly vyznamné nizsi riziko vyskytu hlavnich
kardiovaskularnich komplikaci ve skupiné PCI (4,4% vs 12,7%; p<0,001), které bylo
zpusobeno vyssi nutnosti urgentni revaskularizace v konzervativni vétvi (11,1% vs 1,6%;
p<0,001). Pozitivni ptinos tzv. FFR-vedené PCI byly nasledné potvrzeny i v pribéhu 2-letého

sledovani.

Vedle hyperemického indexu FFR, ktery byl klinicky validovan, se v nedavné dobé zacal
pouZzivat i dalSi index iFR (Instantaneous wave-Free Ratio) (48), ktery je indexem klidovym.
Prace Berryho a kol. (viz niZe) pak byla prvni, ktera na souboru 206 konsekutivnich pacientt
prokazala nedostate¢nou korelaci iFR s FFR a tento index by mél byt zatim vyuZzivan pouze

pro vyzkumné Gcely, ale nikoli pro klinické rozhodovéni. Ve srovnani s cut-off hodnotou FFR
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<0,80 byla diagnosticka presnost 60% v piipadé posouzeni vSech tepen a pouze 51% v

ptipadé hodnot FFR mezi 0,60 — 0,90.
Celé texty nize uvedenych publikaci jsou uvedeny v piilohach 3.17 a 3.18.

De Bruyne, B (De Bruyne, Bernard); Pijls, NHJ (Pijls, Nico H. J.); Kalesan, B (Kalesan,
Bindu); Barbato, E (Barbato, Emanuele); Tonino, PAL (Tonino, Pim A. L.); Piroth, Z (Piroth,
Zsolt); Jagic, N (Jagic, Nikola); Mobius-Winckler, S (Mobius-Winckler, Sven); Rioufol, G
(Rioufol, Gilles); Witt, N (Witt, Nils); Kala, P (Kala, Petr); MacCarthy, P (MacCarthy,
Philip); Engstrom, T (Engstrom, Thomas); Oldroyd, KG (Oldroyd, Keith G.); Mavromatis, K
(Mavromatis, Kreton); Manoharan, G (Manoharan, Ganesh); Verlee, P (Verlee, Peter);
Frobert, O (Frobert, Ole); Curzen, N (Curzen, Nick); Johnson, JB (Johnson, Jane B.); Juni, P
(Jueni, Peter); Fearon, WF (Fearon, William F.) Group Author(s): FAME 2 Trial
Investigators. Title: Fractional Flow Reserve-Guided PCI versus Medical Therapy in Stable
Coronary Disease Source: NEW ENGLAND JOURNAL OF MEDICINE Volume: 367 Issue:
11 Pages: 991-1001.

De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, Jagic N, Mobius-
Winckler S, Rioufol G, Witt N, Kala P, MacCarthy P, Engstrém T, Oldroyd K, Mavromatis K,
Manoharan G, Verlee P, Frobert O, Curzen N, Johnson JB, Limacher A, Niiesch E, Juni P;
FAME 2 Trial Investigators. Fractional flow reserve-guided PCI for stable coronary artery
disease. N Engl J Med. 2014 Sep 25;371(13):1208-17. doi: 10.1056/NEJM0a1408758. Epub
2014 Sep 1. Erratum in: N Engl J Med. 2014 Oct 9;371(15):1465.

Cely text nize uvedené publikace je uveden v piiloze 3.19.

Berry, C (Berry, Colin); van 't Veer, M (van 't Veer, Marcel); Witt, N (Witt, Nils); Kala, P
(Kala, Petr); Bocek, O (Bocek, Otakar); Pyxaras, SA (Pyxaras, Stylianos A.); McClure, JD
(McClure, John D.); Fearon, WF (Fearon, William F.); Barbato, E (Barbato, Emanuele);
Tonino, PAL (Tonino, Pim A. L.); De Bruyne, B (De Bruyne, Bernard); Pijls, NHJ (Pijls, Nico
H. J.); Oldroyd, KG (Oldroyd, Keith G.). Title: VERIFY (VERIification of Instantaneous
Wave-Free Ratio and Fractional Flow Reserve for the Assessment of Coronary Artery
Stenosis Severity in EverydaY Practice). Source: JOURNAL OF THE AMERICAN COLLEGE
OF CARDIOLOGY Volume: 61 Issue: 13 Pages: 1421-1427.
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Obr. 12: Demonstrac¢ni obrazek invazivniho posouzeni funkéni vyznamnosti koronarni
sten6zy méfenim frakéni prutokové rezervy myokardu (FFR). Hodnota 0,74 znaéi funkéné
vyznamnou stenozu vyzadujici revaskularizaci (zlutéd kiivka - FFR jako pomér stiednich tlaka
v pribéhu maximalni, farmakologicky navozené hyperémie, Cervena kiivka — krevni tlak v

aorte, zelend kiivka — krevni tlak v koronarni tepné distalné za stendzou)

(66)

Pd mean

0,74

FFR

< &

AUTOSCALE

Pa mean — stfedni tlak v aorté, Pd mean — stfedni tlak distdln¢ od stendzy, FFR — frakéni

prutokova rezerva myokardu

2.12 Navrh nové klasifikace akutniho koronarniho syndromu

Ceska kardiologicka spole¢nost, ktera ve svych doporu¢enych postupech jako prvni v Evropé
uvedla primarni PCI jako metodu volby u pacientii se STEMI, se zabyva konceptem tzv.
pokracujici (ongoing) ischemie. Ten by mél zjednodusit praktické rozhodovani o smérovani
pacienta do katetrizacniho centra nebo spadové nemocnice. Tento koncept je v soucasnosti
klinicky testovan a v budoucnu by mohl nahradit dosavadni rozdéleni pacientd na pacienty se

~ v

STEMI a ostatni s probihajici koronarni nestabilitou, ale s nizsim rizikem.

Cely text niZze uvedené publikace je uveden v piiloze 3.20.
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Widimsky, P., Rokyta, R., St'asek, J., Bélohlavek, J., Cervinka, P., Kala, P. Akutni koronarni

syndromy s pokracujici ischemii myokardu versus akutni koronarni syndromy bez pokracujici
ischemie.Nova klasifikace akutnich koronarnich syndromti by méla nahradit starou klasifikaci
zaloZenou na piitomnosti nebo nepfitomnosti elevace tseku ST. Odborné stanovisko Ceske

kardiologické spolec¢nosti. (2013) Cor et Vasa, 55 (3), pp. E225-E227.

2.13 Hypotenze u pacientu po primarni PCI

Vyskyt hypotenze s jejim eventualnim prognostickym dopadem byl pe¢livé studovan pied
érou primarni PCI. V nasi prospektivni praci na 293 konsekutivnich pacientech se STEMI
1éCenymi primarni PCI jsme zjistili, Ze vyznamné ataky hypotenze se systolickym tlakem pod
90 mm Hg trvajici 30 min a vice byly pozorovany celkem u téméf 1/3 pacienti. Zenské
pohlavi bylo zjisténo jako nejvyznamnéjsi nezavisly prediktor hypotenze (p<0,0001). Ackoliv
se klinicky osud skupin s/bez hypotenze v priab&éhu 20-ti mési¢niho sledovani celkové nelisil,
vyznamné horsi celkovd imrtnost byla zjiSténa u pacientll netolerujicich blokatory

angiotensin-konvertujiciho enzymu ¢i aldosteronovych receptord.

Cely text nize uvedené publikace odeslané do Casopisu American Heart Journal je uveden v

ptiloze 3.21.

Petr Kala, Tomas Novotny, Irena Andrsova, Klara Benesova, Maria Holicka, Jiri Jarkovsky, Katerina
Hnatkova, Jan Kanovsky, Lumir Koc, Monika Mikolaskova, Tereza Novakova, Tomas Ondrus, Lenka
Privarova, Marek Malik. Hypotension episodes during the sub-acute phase of ST elevation myocardial

infarction: sex differences and covariates. Submitted to American Heart Journal 2016.

33



3. Prilohy
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Kala, P. European society of cardiology st-segment elevation myocardial infarction
guidelines in perspective - focused on primary percutaneous coronary intervention (2014)

Interventional Cardiology Review, 9(1): 7-10.
(ptehledova prace — kvantitativni podil uchazece 100 %)

Prace byla publikovana v mezinarodnim recenzovaném casopise.
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European Society of Cardiology ST-segment Elevation Myocardial
Infarction Guidelines in Perspective — Focused on Primary
Percutaneous Coronary Intervention

Petr Kala

Internal and Cardicdopy Department, Mzsaryk Uinivarsity and University Hospital Bmao, Brno, Czech Republic

ADstract

Patients suffering acute myocardial infarction with 5T-segment elevation myocardial infarction (STEMI) require full attention of the whole
STEMI network to save their lives and to improve the quality of life after a heart attack. Implementation of the maost recent European
Society of Cardiology (ESC) and American College of Cardiclogy/American Heart Association (ACC/AHA) STEMI Guidelines into the
practice is the holy grail of the healthcare systems and all stakeholders. In relation to this, the Stent for Life Initiative can serve as one
of very successful and effective models in Europe and beyond. Although the evidence-based approach may be applied to majority
of patients, the tailored and updated therapy needs to be modified in concordance with the patients” risk profile, experience and
availability of medical resources. Some "hot topics’, issues, differences between the ESC and ACC/AHA Guidelines, latest information
and perspectives are discussed in this short review; focused on primary percutaneous coronary intervention (PCI) as the maost effective

reperfusion therapy:
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Patients suffering acute myocardial infarction with S5T-segment
elevation (STEMI) require full attention of the whole STEMI network to
save their lives and to improve the quality of life after a heart attack.
Close cooperation among all stakeholders on a national and regional
level has to be established. The emergency medical service (EMS)
and direct transportation fo the 24 hours a day, seven days a week
(24/7) catheterisation laboratory play a crucial role together with the
patient-oriented public education campaigns. The most recent Clinical
Practice Guidelines of the European Society of Cardiology on patients
with acute myocardial infarction with ST-segment elevation [ESC STEMI
Guidelines} were published in 2012 and covered the complexity of
organisational and medical aspects from the emergent diagnosis and
treatment until outpatient care.! The reason for establishing the Stent
for Life Initiative and its ACT NOW. SAVE A LIFE public campaign as a
joint initiative of the European Association of percutanecus coronary
intervention (EAPCH and European Percutaneous Cardiovascular
Rewvascularization Course (EurcPCR) was the lack of implementation
of the Guidelines into the practice across Europe. The incredible
achievements in 16 participating countries and organisations can be
followed online at www stentforlife.com and are well documented in
the recent publication of Kristensen et al ?

Atypical electrocardiogram (ECG) presentations that deserve prompt
management in patients with signs and symptoms of ocngoing
miyocardial ischaemia include:

& RADCLIFFE CARDIDLOGY 2014

+ |eft bundle branch block (LEEB);

+ vyentricular paced rhwthm;

+ patients without disgnostic ST-segment elevation but with
persistent ischaemic symptoms;

+ solated posterior myocardial infarction; and

» ST-zegment elevation in augmented vector right lead {aVR).'

The patients with cngoing ischaemic sympioms, even in the absence
of 5T-segment elevations, should be managed in the same way as the
STEMI patients. This recommendation, based more on experience than
evidence, may shorten the delay to diagnosis and optimal treatment,
and at the same time may decrease the risk of bleeding after the
potent antithrombotic medication. A bit provocative is the suggestion
of new and simplified classification of acute coronary syndrome with/
without ongeoing myocardial ischaemia (ACS whwo OMI) instead of the
currently used STEMI and non-STEMI. Such an approach may better
reflect current treatment practice in some catheterisation laboratories
(cath labs) and regions with the aim of facilitating the decisions made
at the time of the first medical contact (FMC). The target of such
simplification is the earfiest selection of patients at high clinical risk
that should be transported directly to the cath lab or 24/7 primary
percutaneous coronary intervention (PCIl} centre bypassing any
other facility. Widimsky et al? defined the ACS w OMI as ongoing (or
recurrent) clinical signs of acute myocardial ischaemia (e persistent
chest pain and/for dyspnoea at rest) plus at least one of the following:
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Figure 1: Timelines in the Eurcpean Society of Cardiclogy and
American College of Cardiology/American Heart Association
S5T-segment Elevation Myocardial Infarction Guidelines

STEMI

Primary PCI centre

ESC <50 min
ACCIAHA, min

Coronary Angiography Yes

Tramapart i the primary POl carte ESC, ACCIAHA
Cormnery angiogresiy betwaes 334 hre i Iemiem
Medication Fibrinolysis

ACE = American Collage of Candioiogy, AHA - American Heart Associalion; CASG - cornary
artery bypass Frafing ESC - EUropasn Sodely of CArmoiogy; PO - PENCUianecus coronsry
AfEnVENEN; STEMY = ST-SSEment mynranial marcion.

1. S5T-segment elevations in =2 consecutive ECG leads (=2 mm
for leads V2-V2, =0.5 mm for leads V7-V9 and =1 mm for
cther leads);

2. new onset bundle branch block (right or left);

3. persistent 5T-segment depressions in =2 consecutive ECG leads
{=2 mm for chest leads and =1 mm for extremity leads);

4. cardiogenic shock or 'pre-shock’ type of haemodynamic
instability {low-to-normal blood pressure as well as tachycardia
and cool extremities) due to suspected ischaemia;

5. malignant arrhythmias including resuscitated cardiac arrest with
return of spontaneous circulation;

4. clinical signs of acute heart failure (Killip 1-V); and

7. new onset of a wall motion abnormality on cardiac imaging.

It is important to keep in mind that isolated findings as listed abowve
(e.g. malignant arrhythmias without any clinical or ECG sign of acute
ischasmia) do not fulfil this definition. The high clinical suspicion for
acute myocardial infarction is important. Direct transport to the cath
lab ibypassing any other location, e g intensive care unit or emergency
room) is always reguired in groups 1-4. Patients from groups 57
should also be transported to a non-stop (24/7) primary PCl facility
(either directly to the cath lab or they may be primarily admitied to the
intensive cardiac care unit with the cath lab immediately available).
Healthcare systems with multiple organisational issues may especially
benefit from such practical recommendations.

Time Intervals From Onset of Symptom Until

Effective Treatment

The principle aim of the medical systems in patients with STEMI is
to prevent their death and to improve the guality of life after a heart
attack. Besides the effective treatment of ventricular tachycardia
and fibrillation in the pre-hospital phase, shortening of the total
ischaemic time as much as possible is crucial. 'Patient delay’ and
‘systemn delay’, where the patient delay means the delay between

symptom onset and FMC followed by the system delay until
reperfusion therapy

There is one important question with potential clinical conseguences:
who represents the FMC? Based on the ESC Guidelines, FMC is
defined as the point at which the patient is either initially assessed
by a paramedic or physician or other medical personnel in the
pre-hospital setting, or the patient arrives at the hospital emergency
department and therefore often in the outpatient setting ' According
to the time intervals mentioned in the ESC Guidelines, the preferred/
accepted system delay from FMC to the most effective reperfusion
strategy (primary PCl, i.e. wire passage) should not exceed 904120
minutes {min} in most patients and <40/%0 min in high-risk patients
with large antericr STEMI and early presenters within two hours. In
case of fibrinolysis, the recommended systemn delay (FMC to needle)
is £30 min. The diagnosis of STEMI should be verified within 10 min
of FMC, which in fact means that the FMC personnel has to have
the 12-lead ECG available. In future, the time of the medical system
activation (i.e. the ime of the first phone call) should be involved in
the time intervals monitoring. The definition of the FMC might be
modified to the first phone or personal contact of the patient with
any representative of the medical system.

Current recommendation for reperfusion and the difference
between the ESC and ACC/AHA® STEMI Guidelines is described
in Figure 1.

Primary Percutaneous Coronary Intervention -
Procedural Aspects and Issues

Radial Over Femoral Access In Experienced Operators

(Class lia, Level of Evidence B)

The role of radial access has been investigated for 20 years: but in STEMI
patients this topic has been especially highlighted The Radial Versus
Femoral Access for Coronanyintenvention (RIVAL) STEMI subanabysis*” (1,958
patients) and Radial Versus Femoral Investigation in 5T Elevation Acute
Coronary Syndrome (RIFLE-STEACSF trial (1,001 patients) demonstrated a
significant mortality benefit in a large cohort of STEMI patients treated with
primary PCl via transradial approach (TRA) {44 % reduction in all-cause
death in RIVAL STEMI and &0 % in cardiac death in RIFLE-STEACS). These
findings were supported by two large meta-analyses published recentiy
by De Luca et al.” and Karrowni et al.® In the contrary, no sunvival benefit
was found in the ST Blevation Myocardial Infarction Treated by RADIAL
or Femoral Approach in a Multicenter Randomized Clinical Trial (STEMI-
RADAL) in 707 patients. Although the direct association between the
radial access and mortality may still be doubtful, the significantly lower
risk of vascular and bleeding complicaions should promote the TRA as
the preferred access site for most operators™ Proper training and enough
experience are necessary to achieve the optimal results that should
receive the strongest level of evidence A in the upcoming guidelines.

Routine Manual Thrombus Aspiration

(Class lla, Level of Evidence B)

Recently the Thrombus Aspiration during Percutanecus coronary
intervention in Acute myocardial infarction study (TAPAS) was the
anly randomised frial showing the clinical benef of routine thrombus
aspiration wersus conventional primary PCL The mortality at one-
year, as the secondary and not pre-specified clinical endpaint, was
found less frequently in the manual thrombus aspiration group (3.6
versus &7 %, p=0.018).=* The concems about the single-centre
experience and the technique of conventional PCI (ballcon predilation
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before stenting) seem to be even more relevant after the first large-
scale international multicentre randomised Thrombus Aspiration in
ST-Elevaticn Myocardial Infarction in Scandinavia (TASTE) frial published
by Frabert et al™ This trial reflects the real-world practice using a
unique enrclment of patients from the national comprehensive Swedish
Coranary Angiography and Angioplasty Registry (SCAAR registng and
endpoints evaluation through national registries without losing a
single patient to follow-up. The clot aspiration in comparison with
the balloon treatment in 7244 STEMI patients did not show any
statistical difference in mortality as the primary endpoint at 30 days
(30 versus 28 % p=043). This finding was consistent across all
pre-specified subgroups and no difference was observed in the
rate of secondary endpoints obtained from the Swedish Websystem
for Enhancement and Dewvelopment of Evidence-based care in
Heart disease Evaluated According to Recommended Therapies
[SWEDEHEART) registry and the national discharge registry (20-day rates
of hospitalisation for recurrent myocardial infarction, stent thrombosis,
target wessel revascularisation, target lesion revascularisation,
and the composite of all-cause mortality or recurrent myocardial
infarction). Currently, the routine manual thrombus aspiration seems
to be not supported by the evidence and should be used only
selecively The data from the omngoing Trial of Routine Aspiration
Thrombectomy With Percutanecus Coronary Intervention (PCI) Versus
PCI Alone in Patients With ST-Segment Elewation Myocardial Infarction
(STEMI} Undergoing Primary PCl (TOTALY with mare than 10,000
patients (ClinicalTrials.gov: NCTD1149044) will probably have a definite
impact on the indication of routine thrombus aspiration during STEM

Periprocedural Pharmacotherapy

Based on the STEMI Guidelines, the dual antiplatelet therapy {(Aspirin
and an adenosine diphosphate [ADP] receptor blocker) is recommended
topether with parenteral anticoagulant as early as possible before
angicgraphy! {.e. immediately after the diagnosis of STEMI is confirmed).
The novel agents, prasugrel or ticagrelor, should be preferred over
clopidogrel*™™ in combination with bivalirudin®™ enoxaparir' or
unfractionated heparin® The use of glycoprotein lIblla inhibitors is
indicated only as bailout in high-risk clinical situations, like the presence
of large thrombus burden and no-flow phenomenon after PCL The
potential advantage of intracoronary administration of abciximab has
been studied but the results have to be confirmed.® Combination of
the administration of potent drugs reguires an individualised approach
with respect to a patient’s risk profile {prothrombeotic versus bleeding),
complexity of coronary pathology, selected interventional strategy and
a good clinical judgement ™ Recommendation of the ESC and ACC/AHA
are shown in Tables 1 and 2.

Revascularisation Strategy for ST-segment Elevation
Myocardial Infarction with Multivessel Disease
Culprit-only PCl has been recommended in STEMI patients except
for patients in cardiogenic shock and continuous ischaemia despite

Table 1: European Society of Cardiology Guidelines on
Oral P2¥12 Antiplatelet Therapy in 5T-segment Elevation
Myocardial Infarction

Clopidogrel Ic*
Tiopidogrel, 300 Mg I02mng NA
Clopidogrel, 600 mg loading ]
Prasugrel IE
Ticagrelor E

WiEn prasupral or BCAETENOr Sre SNET HO! SVaIabiE O CONEANGICated NA - Mot SvalaDe,

Table 2: American College of Cardiology/American Heart
Association Guidelines on Oral P2Y 12 Antiplatelet Therapy
in 5T-segment Elevation Myocardial Infarction/Percutaneous
Coronary Intervention

Clopidogrel (500 mg loading) IC for primary PCI
‘Frasugrel (&0 mg Icading) TH for primary Pl
TICagrelor (180 mg lo2aing) 8 for primary PC1

Clopidogrel (with thrombaoiytics) IC for non-primary FCI

TCIopIOogral (WHnoLE TrOmboyacs) T8 Far non-primary PO

PTasUETel (WRTIOLT TTOmDOIyiCs) 8 E0r Non-primary POl

PLT = DEFCUESRBOUS CONDNANY Nervemtion.

successful infarct-related artery treatment' Recently, Wald et al
enrolled 465 patients with STEMI, multivessel disease and primary
PCl of the infarct-related artery in the Randomized Trial of Preventive
Angioplasty in Myocardial Infarction (PRAMI).= The patients were
randomly assigned to either preventive or no preventive PCI of the
non-culprit vessels with at least 50 % stenoses. The study was stopped
preliminary because of a highly significant decrease of the composite
of death from cardiac causes, non-fatal myocardial infarction, or
refractory angina in the preventive PCI group of patients (hazard
ratio [HR] 0.35; p<0.001). Hazard ratios for the three components
of the primary outcome were 0.34; 0.32 and 0.35, respectively We
are dealing with an exciting finding that needs further investigation.
One of the unanswered questions in STEMI patients is the additional
value of the functional revascularisation concept based on the
fractional flow reserve measurement (ongoing Comparison
Between Fractional Flow Reserve Guided Revascularization Versus
Conventional Strategy in Acute STEMI Patients With multivessel
disease [COMPARE-ACUTE] trial, ClinicalTrials gowv: NCTO1399726).

conclusion

Although the evidence-based approach described in the Guidelines
may be applied to the majority of STEMI patients, the tailored and
updated therapy needs to be meodified in concordance with the
patients” risk profile, our experience and availability of medical
resources. The establishment of the STEMI network and cooperation
among all stakeholders can serve as the background for further
improvements and new trials focused on clinical outcomes. B
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Abstract Primary percutaneous coronary mtervention is the
best treatment of patients with ST elevation myocardial infarc-
tion (STEMI). When managing a STEMI patient, our approach
rmust be rapid and aggresive in order to intermupt the patholog-
ical process of thrombus formation and stabilization. The
therapy must be mitiated prior to angiography (pretreatment ),
continued during the procedure (periprocedural), recovery
phase (in-hospital), and follow-up. The reatment strategies
resulting in thrombus dissolution/extraction have focused on
optimization of both pharmacological and mterventional ther-
apies. At present, there is no optimal evidence-based approach
to all patients with STEMI, and the treatment of these
patients needs to be modified with respect to the risk
profile, availability of medical resources, and our expen-
ence. In this review, we summarize current pharmacological
and interventional strategies used in the seting of STEMI
and discuss potential benefits of novel dosing regimens and
combinations of drugs and techniques.

Keywords Acute myocardial mfarction - Thrombectomy -
Antiplatelet therapy - STEMI - Thrombus management

Introduction

During the course of acute myocardial infarction with ST
elevations (STEMI), where symptoms prevail and'or the
time delay from the onset of chest pain to the first medical
contact 15 <12 h, the opening of culprit coronary artery must
be our major concern. One can achieve this by performing
primary percutanecus coronary intervention (PCI) as early
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as possible or by applying fibnnolytic therapy where PCI 15
not available and/or the expected time delay to PCI is longer
than 120 min (our geal 15 to achieve the time-to-treatment
delay from first medical contact (FMC) to wire passage
<00 min and in high-risk patients with large anterior infarcts
and early presenters within 2 h<60 min). If reperfusion
therapy is fibrinolysis, the goal is to reduce this delay
(FMC to needle) to <30 min [1]. Both strategies involve
the use of an anticoagulant (hepann [2] or preferably enox-
aparine [3, 4]) and aspirn. The outcome of patients may be
improved both with the use of adjunctive antithrombaotic
medication—glycoprotein (GP) IThIIla mhibitors, adeno-
sing diphosphate (ADP) receptor blockers, direct thrombin
inhibitors—or mechanical removal of occluding thrombatic
mass. To optimize the therapy of STEMI patients, with the
support of clinical tnals results and our best clinical judgement
and experience, we can successfully reduce both bleeding and
thrombotic adverse events and improve immediate outcome
(thrombolysis in myocardial infarction (TIMI) arterial flow,
myocardial blush grade (MBG), ST segment resolution
(STR)), short-, and long-term survival when combining
pharmacological and mechanical approaches. In this review,
we will summarize indications of antithombotic drugs and
their potential benefit when combmed with mechanical

reperfusion.

Pharmacotherapy
ADP Receptor Blockers

Ticlopidine was the first P2Y,; ADP- receptor blocker used in
combination with aspirin to reduce thrombotic events com-
pared with warfarin after stent implantation [5]. It had never
been tested in the setting of STEMI. Due to its side-effects
(neutropenia, rash, gastrointestinal mtolerance), ticlopidine
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was gradually replaced by the ten imes more potent and safer
antiplatelet agent clopidogrel.

In the era of fibrinolytic therapy of STEMI, clopidogrel
when added to aspirin reduced the combined cardiovascular
endpoint by 9 % and death by 7 % m the COMMIT (CIO-
pidogrel and Metoprolol in Myocardial Infarction Trial) trial
[6]. When a loading dose of 300 mg and subsequent main-
tenance dose of 75 mg daily were administered prior to
fibrinolysis, the 20 % relative nsk reduction was observed
within a 30-day follow-up in STEMI patients in the CLAR-
ITY (Clopidogrel as Adjunctive Reperfusion Therapy) trial
[7]. In concordance with other clopidogrel trials, dual anti-
platelet therapy is indicated in STEMI patients for 12 months.
An observational study of 255 consecutive STEMI patients
showed a significantly lower incidence of post-PCI myocar-
dial blush gmde 0 or 1 (odds ratio, 0.64; 95 % confidence
mterval 0.43 to 0.96, p=0.03) and significantly less common
no-reflow phenomenon (odds ratio, 0.38; 95 % confidence
mterval 0.15 to 0.98, p=0.04) when a 600-mg loading dose
had been applied compared with a 300-mg loading dose
group. Also, higher 1-year survival free of major adverse
cardiac events was observed in the 600-mg group (hazard
ratio, 0.57; 95 % confidence interval 0.33 to 0.98, p=0.04)
[&]. A relatively small but randomized study in 201 STEMI
patients found results supporting the use of the 600-mg load-
ing dose in the setting of STEMI (lower median creatine
kinase-myocardial band, troponin 1, less TIMI flow<3 after
PCI, better left ventricular ejection fraction, and fewer 30-day
major adverse cardiovascular events) [9]. The 600-mg loading
dose has been adopted worldwide. Moreover, the 600-mg
loading dose followed by a 150-mg mamtenance dose for
7 days further improves short-term outcome in STEMI
patients treated with primary PCI [10]. These clinical findings
might be associated with more pronounced decrease of resid-
ual platelet activity achieved with more aggressive loading
dose that helps overcome clopidogrel resistance [ 11]. Accord-
g to the results of several genetic substudies, there are two
major determinants of clopidogrel resistance—polymorphism
of P-glycoprotein ( ACBC 1, absorption) and cytochrome P450
isoenzyme CYP2C19 (two-step metabolic activation). Up to
20-40 % of patients are either non-responders or poor res-
ponders to clopidogrel therapy [12], resulting in potential
negative clinical consequencies.

Prasugrel was the first out of two novel potent antiplatelet
drugs to appear on the market. It also blocks thrombocytes
mreversibly but requires just a smgle-step metabolic oxydation
that 15 CYP2C 19-independent, and as such, the activation of
the prodrug is more rapid, efficient, and genetically much less
determined when compared with clopidogrel [13]. In
clopidogrel-naive STEMI patients in the TRITON (TRial to
Assess Improvement i Therapeutic Outcomes by Optimizing
Platelet InhibitioN with Prasugrel) TIMI 38 trial, prasugrel
given prior to primary PCI sgnificantly reduced the composite

cardiovascular endpoint both at 30 days (hazard ratio (HR)=
0.68) and 15 months (HR=0.79) when compared with clopi-
dogrel. The incidence of myocardial infarction and particulady
stent thrombaosis at 15 months was also lower with prasugrel
(HR=0.75 and HR=058, respectively). Unlike other sub-
groups, the STEMI patients profited from prasugrel therapy
with no increase of major and life-threatening bleeding. The
concomitant use of GP I/Illa inhibitors further improved
patients” outcome. In patients without prior stroke, aspirin+
fractionated unfractionated heparin+prasugrel with'without
GP ITb/Ia blocker is an evidence-based approach i the
setting of STEMI [14].

Ticagrelor is a reversible ADP receptor blocker with no
metabolic activation required. It is even more efficient in
reducing residual platelet activity in acute coronary syndrom
(ACS) patients than prasugrel [15]. When administered on
top of clopidogrel or to clopidogrel-naive patients in the
setting of STEMI, ticagrelor significantly reduced the inci-
dence of myocardial mfarction (HR=0.80), stent thrombosis
(HR=10.66), and all-cause mortality (HR=0.87)at 12 months
when compared with clopidogrel in the PLATO (PLATelet
inhibition and patient Outcomes) trial [16]. There was no
substantial increase of major and life-threatening bleeding
but notably higher incidence of stroke (HR=1.63). Reduc-
tion of the primary composite efficacy endpoint was not
observed. The concomitant use of GP IIb/IIIa mhibitors
did not further improve patients” outcome.

To sum up, both prasugrel and ficagrelor are as safe as
clopidogrel but more efficient in the setiing of STEMI. The
indirect comparison available prefers prasugrel over ticagre-
lor in patients presenting with STEMIL

Prasugrel or ticagrelor or clopidogrel should be adminis-
tered as soon as the diagnosis has been made in most of
STEMI patients prior to angiography. Respecting the fact
that prasugrel pretreatment is associated with a markedly
increased risk of coronary artery bypass graft-related major
bleeding, both m overall ACS population and STEMI sub-
group (HR=8.19), in patients where the diagnosis is doubt-
ful (Fig. 7 on the right) or their risk profile predisposes to
bleeding complications, we suggest preloading with clopi-
dogrel or ticagrelor. In centers preferring prasugrel applica-
tion, this should be held until angiografic findings have
confirmed an acute thrombotic occlusion.

Glycoprotein [Th/Tlla Inhibitors (GPT)

Platelet GP [Th/IIla receptor blockers (abciximab, tirofiban,
eptifibatide) mhibit final common pathway of aggregation
process by preventing fibrinogen from binding to activated
thrombocytes and forming white thrombus. Depending on an
agent used, the platelet inhibiion achieved is selective, com-
petitive, and short-lasting (up to 4 h) for small molecules
(trofiban, eptifibatide) and non-competitive, long-lasting (up

&) springer
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to 72 h), and with affinity to several other receptors of which
the inhibition might be also beneficial (abciximab) [17]. Mare-
over, all these agents have been found to improve microcircu-
larory fimction, reduce platelet-released vasoactive molecules,
and improve short- and long-term outcomes, particularly in
early comers (<4 h) and diabetic patients.

Several randomized tmals evaluated GPIs in the setting of
STEMI. The most profound evidence has been found for
abciximab in combination with hepanin [18, 19]. A 30 %
odd reduction in the composite ischemic endpoint was
demontrated with the adjunctive use of abciximab [18].
Recently, eptifibatide was compared with abeiximab in the
primary PCI setting, and non-inferiority was found [20].
Tirofiban was shown to improve the composite ischemic
endpoint versus placebo but seemed to perform worse than
abciximab. As a consequence, abciximab remains the drug
of choice [21]. Due to the increased nsk of bleeding when
recommended dosing of GPIs is co-administered, the com-
bination therapy is indicated in high-risk clinical situations
as bailout therapy (large thrombus, no-flow phenomenon
after PCT).

In clinical trials, abciximab is usually administered as an
mtravenous bolus +12-h continuous infusion on top of hep-
arin/bivalirudin. The dosing of the other drugs—eptifibatide
and tirofiban—consists of one and two, respectively,
weight-balanced boluses and an 18-h mantenance infusion.
Recently, there have been published studies testing a poten-
tial benefit of infracoronary bolus of GPITH/TIa mhibitors n
order to increase intracoronary concentration of the
drug, resulting in more pronounced local effect on
thrombus dissolution. Meta-analysis by Friedland et al.
[22] demonstrated favorable effect of infracoronary bo-
lus on TIMI flow, target vessel revascularization, and
short-term mortality after PCI with no mcrease of bleed-
mg complications. With a rationale that more potent
ADP receptor blockers, bivalirudin, thrombus aspiraion,
and pnmary stenting are available for most of the
STEMI patients and that the confinuous intravenous
infusion might not be benefitial to further improve out-
come but increase the risk of bleeding, Gu et al. [23]
applied infracoronary bolus of abciximab only with no
mamtenance infusion and found better blush grade and
reduced infact size in those with intracoronary applica-
tion of abciximab. The intracoronary application of
abciximab results in lower platelet reactivity in coronary
smus blood samples when compared with infravenous
dosing [24]. A randomized trial comparing these regi-
mens with/without maintenance infusion in combination
with modem mechanical reperfusion devices needs to be
performed. Until then, the use of intracoronary bolus
with/without subsequent infusion is questionable but
supported by several studies and also by our clinical
experience.

'ﬂ Springer

Bivalinudin

The direct thrombin inhibitor bivalirudin has been studied in
various clinical settings. Many studies and meta-analyses
demonstrated similar efficacy in reduction of ischemic
events but much lower risk of major bleeding (45 % reduc-
tion) when compared with hepann with/without adjunctive
GPI [25]. The reduction of bleeding events, no association
with thrombocytopenia, no need for any co-factor for activ-
ity, and no potential to activate platelets (when compared
with heparnn-+abciximab) might have been responsible for
an overall mortality benefit in several trials. All these studies
used transfemoral access site where bleeding complications
are more frequent than when performing via radial artery.
Secondly, comparisons of heparin+GPI versus bivalimdin
and pure unfractionated heparin versus bivalinudin provide
conflicting results. It seems that bivalirudin 1s as safe as
heparin concerning major bleeding events with a trend to
maore frequent stent thrombaosis and cardiovascular ischemic
events. On the other hand, when abciximab is administered
on top of hepanin, this combination causes more major
bleeding that drives the net clinical benefit toward bivalir-
udin [17]. This serves as a rationale for a bail-out therapy
with GPIs in high-risk patients. Where the nisk of bleeding 1s
an issue, intracoronary bohus of GPIand no infusion strategy
may be useful.

A recent study by Stone et al. demontrated a reduction of
infarct size after infracoronary bolus of abeiximab on top of
bivalirudin anticoagulation in patients with anterior STEMI
treated with drug-eluting stent implantation with/without
prior thrombus aspiration [26].

Both in the TRITON and the PLATO mial, combinations
of the investigational product with bivalimdin were used in
just a few cases, and no subanalyses have been published
describing potential benefits of prasugrel or ticagrelor on top
of bvalirudin therapy. Despite this fact, with respect to
clinical relevance of bivalirudin as an anticoagulant in the
setting of STEMI, there is no logical reason not to apply
prasugrel or ticagrelor to our patients who have had/are
intended to have anticoagulation therapy with bivalirudin.

‘We believe that the choice of an appropriate combination
of drugs needs to be individualized with respect to patient’s
risk profile (bleeding versus prothrombotic), coronary pa-
thology (prognostic significance, complex leasion), selected
interventional strategy (thrombus aspiration), and our good
clinical judgement.

Mechanical Reperfusion for STEMI
As mentioned previously, the primary PCI 1s the preferred

reperfusion strategy in all patients with STEML, if the time-
to-treatment delay 1s less than 90-120 min (Figs. | and 2).
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Fig. 1 Anterior STEMI with acute thrombotic occlusion of the left
mteror descending artery (LAD), prior intervention

Currently, there is a large variation of reperfusion techniques
available, from more historical and simple ballooning to
rather complex reperfusion strategies.

Coronary Stents
Bare-Metal Stenis (BMS)

Routine bare-metal stent implantation was associated with
higher benefit compared with simple balloon dilation in
several trials [27, 28). Since then, based on higher effective-
ness and decrease of the per- and postprocedural risk after
stenting, this strategy has been applied in majority of the
STEMI patients. If feasible, the direct stenting without pre-
dilation should be preferred [29].

Fig. 2 Anterior STEMI with acute thrombotic occlusion of the left
mtenor descending artery (LAD, as on Fig. 1), treated by thromboas-
piration and DES implmtation, final result

Drug-Eluting Stents (DES)

The drug-eluting stent (DES) era started in 2002 in elective
procedures with very promising results. The first- generation
DES implantation in STEMI was safe and reduced the nsk
of repeat target vessel revascularization [30]. The potential
higher nisk of late and very late stent thrombosis raised at the
ESC congress in 2006 was not clinically proved [30]. The
second-generation DES was shown to be even safer than
modern BMS in consecutive STEMI patients without losing
the benefits [31]. Patients” compliance with the need of
longer dual antiplatelet therapy has become less important
with the latest types of DES. This may be the strongest
argument for the DES to “win the BMS versus DES bat-
tle"—at least, until the time when fully resorbable DES for
STEMI would be present.

Dedicared Stents

Managing acute chinical situations and unstable thrombotic
leasions (Fig. 3) raise the need for specially designed or
dedicated stents. Achievement of a really optimal result after
the stent implantation on the epicardial (Fg. 4) as well as on
the myocardial level is crucial for the short- and long-term
patients” outcome.

Often seen spastic reaction of the infarct-related artery
(IRA) and the presence of thrombus may be the reason for
implanting the stents with progessive self-apposing affer its
implantation. The interim analysis of 600 patients in the
APPOSITION III tnal using the self-expanding BMS showed
promising secondary endpoint results with 3.5 % rate of major
cardiovascular advers events (MACE) including death, repeat
target-vessel myocardial infarction, emergent bypass surgery,
or clinically driven target vessel revasculanisation at 30 days.

Fig. 3 Optical coherent tomography (0CT) image of acute thrombotic
occlusion of LAD, showing largze thrombotic mass
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Fig. 4 OCT image of LAD (as on Fig. 3) after thromboaspiration and
subsequent DES implantation with optimal stent apposition

The MACE at 12 months as the primary endpoint of the study
should be available in 2013.

Managing thrombi and preventing distal embolizations
is another target in STEMI where a special mesh-covered
stent type can be helpful. This concept showed promising
swrogate data in the multicenter single-arm MAGICAL
trial (MGuard in Acute MI TriaL) in 60 patients [32],
further confirmed in the randomized MASTER trial
(MGuard for Acute ST Elevation Reperfusion) using the
novel type of stent in 432 patients [33]. Complete ST
segment resolution (STR=>T0 %) at 60 and 90 mn togeth-
er with restoring normal blood flow (TIMI-3 flow) was
significantly better than after implantation of standard
types of stents (57.8 % versus 44.7 %, P=0.008 and 91.7 %
versus 82.9 %, P=0.006). On the contrary, no difference in the
myocardial blush grade was present (MBG 273 83.9 % versus
84.7 %, P=081).

Thrombectomy

One of the challenging situations in interventional car-
diology is the thrombus management, especially in the
presence of large thrombus burden. Such situation is
associated with an increased risk of distal embolization,
no-reflow phenomenon, and worse clinical outcome in-
cluding late mortality [34]. The role of thrombectomy
during primary PCI has been tested for many years, and
recently, its role has been established based on the data
from randomized trials and meta-analyses. On the other
hand, and especially in the era of new phammacological
regimens, it is important to know whether to use the
thrombectomy i all patients or selectively and whether
this adjunctive technique would have a clear impact on
mortality reduction.

ﬂ Springer

Manual Thrombectomy

The current Class Ila indication for manual aspiration throm-
bectomy during primary PCIin ESC [1] and ACC/AHA [35]
Guidelines s based on two major randormized trals and sev-
eral meta-analyses.

The TAPAS {Thrombus Aspiration during Percutaneous
coronary intervention in Acute myocardial infarction Study)
was the first one showing the clinical benefit of manual
thrombectomy using the Export catheter (Medtronic Inc.,
Minneapolis, MN) versus pimary PCI alone m 1,071
patients, though as the secondary and not pre-specified
endpoint (mortality at 1 year 3.6 % wversus 6.7 %, p=
0.018) [36,37]. In 72 % of patients, some visible matenial
was retracted from the IRA, and the aspiration was possible
in 90 % of cases. Pimary surrogate endpomnt compnsed the
achievement of optimal reperfusion on myocardial level
(MBG-3 in 46 % versus 32 %, p<0.001). Thromboaspira-
tion was associated also with higher complete STR rate
(57 % versus 44 %, p=<0.001). There are two concerns about
the study: single-center experience and “classical” routine
balloon predilation before stenting.

Further on, using a similar design and type of aspiration
catheter, the EXPIRA (thrombectomy with EXPort catheter
in Infarct Related Artery during primary percutancous cor-
onary intervention) trial showed a significant improvement
in the pnimary endpoints of MBG=2 and complete STR in
175 patients (B8 % versus 60 %, p=0.001; and 64 % versus
39%, p=0.001)[38]. In a 75-patient substudy with contrast-
enhanced magnetic resonance imaging, the use of aspiration
was found to be effective in decreasing the infarct size both
in the acute phase and at 3 months (1.7 g versus 3.7 g, p=
0.0003 and 17 % versus 11 %, p=0.004). Cardiac death was
less frequent in the thromboaspiration arm at 9 months (0 %
versus 4.6 %, p=0.02).

The real clinical potential of manual aspiration technique
is expected to come from the large TASTE ( Thrombus
Aspiration in ST-Elevation Myocardial Infarction in Scandi-
navia) trial with more than 5,000 patients and the TOTAL
(Randomized Trial of Routine Aspiraion ThrOmbecTomy
with Percutaneous Coronary Intervention (PCT) versus PCI
ALone in Patients with STEMI Undergoing Primary PCI)
trial enrolling 4,000 patients.

Mechanical Thrombectomy

Currently, there are several devices available for mechanical
thrombectomy during primary PCI (e.g., AngioJet, X-Sizer,
and Rescue), but mostly conflicting results of the trials do
not support its routine use during primary PCI [1].

The use of Angiolet Rheolytic Thrombectomy (Medrad
Interventional Possis, Minneapolis, MN) was studied in two
relatively large randomized trials. In both the AIMI (AngioJet
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Rheolytic Thrombectomy in Patients Undergoing Primary An-
gioplasty for Acute Myocardial Infarction) [39] and JET-
STENT (AngioJet Rheolytic Thrombectomy Before Direct
Infarct Artery Stenting in Patients Undergoing Primary PCI
for Acute Myocardial Infarction) [40] mals, the pnmary end-
points were not met. In 4 80 patients in the AIMI trial, the use of
rheolytic thrombectomy (RT) was associated with the increase
of infarct size (p=0.03), reduction in TIMI-3 flow (p<0.05),
and higher MACE rate at 30 days (p=0.01). In the JESTENT
trial, the use of RT was compared with direct stenting group.
Although 501 patients were selected based on the angiographic
evidence of larger thrombus grades 3 to 5, co-primary end-
points (STR and infarct size) showed no difference between the
two treatment strategies. It is difficult to understand the lower
rate of MACE in the RT group at 6 and 12 months because of
the similar infarct size (11.8 % versus 12.75 %, p=0.40) and
only higher STR rate (85.8 % versus 78.8 %, p=0.043).

The X-Sizer device (eV 3, White Bear Lake, MM, USA) was
used in the X AMINE ST (X-Sizer for Thrombectomy in Acute
Myocardial Infarction Improves ST-Segment Resolution:
Resulis of the X-Sizer m AMI for Neghgible Embolization
and Optimal ST Resolution) Trial in 201 patients with occluded
IRA [41]. Primary end point (partial STR>350 %) was found to
be more frequent in the mechanical device group (p=0.037),
but, together with lower distal embolization rate, these surro-
gate benefits did not result in any clinical improvement.

Manual Versus Mechanical Thrombectomy

Presently, such comparison is clinically much more relevant
but with very mited data. In the TREAT-MI (A Randomized
comparison of manual versus mechanical thrombus removal in
primary percutaneous coronary intervention n the treatment of
ST-segment elevation myocanlial infarction) Tral, the X-Sizer
was compared with the Export aspiration catheter [42]. Proce-
dural parameters as well as the occurrence of primary clinical
endpoint in 201 patients at 3 years were similar except for the

Fig. 5 Inferior STEMI with
thrombotic leasions n proximal
right coranary arery (RCA),
mitial TIMI 11 flow: a large
thrombotic mass managed by
thromboaspimtion afterward; b
little thrombotic mass managed
by dircct stenting afterward

mare often successfully deployed Export catheter with a trend
toward better ST-segment resolution ($6.6 % versus 44 %; p=
0.06) as compared with the X-sizer system. Burzotta et al
performed a meta-analysis of 2,686 patients in 11 randomized
trials (from the total of 17 eligible) with manual (1,815 patients
with the use of Diver CE, Pronto and Export catheters) and
mechanical thrombectomy (871 patients with the use of X-
Sizer, Angiojet, Rescue and TVAC devices) on an indrvidual
basis [43]. At | year, the clinical benefit of thrombectomy was
clearly defined (p=0.049 for all-cause mortality; p=0.011 for
MACE). Subgroups analysis showed better survival rate after
thrombectomy also in patients treated with glycoprotein
ITh/MMa inhibitors (p=0.045), and this benefit was confined to
the manual aspiration. Selection of the trals was dependent on
the authors” agreement with providing the data.

On the contrary, the Bayesian meta-analysis of 21 ran-
domized trials with manual (16 trals) and mechanical
thrombectomy (4,299 patients) performed by Mongeon et
al. did not show any clinical impact of thrombectomy, but
there was a consistent improvement in surmrogate endpoints
(complete STR, final TIMI3 flow, and less no-reflow) [44].

Manual aspiration thrombectomy is currently the pre-
ferred method of thrombus extracion that 15 fast, broadly
applicable, relatively effective, and user-friendly. The more
complex mechanical extraction techniques might be useful
or even required to completely manage the large thrombus
burden. Nevertheless, the role of thrombectomy is less
established in scenanios where the IRA is patent with initial
or post-winng TIMI 2-3 flow without angiographic evi-
dence of larger thrombus. Direct stenting seems to be the
best approach to such patients (Fig. 5).

Pharmacologic Reperfusion for STEMI=Fibrinolysis

In patients not able to be treated with primary PCI within the
recommended time-interval, there 15 an important role of

b)
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Fig. 6 Simplified algorithm of
STEMI treatment based on the
current Furopean practice
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fibrinolysis. The general limitations of fibrinolysis were
well described at the beginning of the European Stent for
Life Imitiative in 2010 [45]. In 30 European countries, the
“reperfusion paradox™ was well demonstrated. In contrast to
the “primary PCI countries,”,a high rate of non-reperfused
STEMI patients was observed in counfries with the “simple
and deliverable™ fibninolysis as the preferred reperfusion
treatment strategy.

There are several different fibrinolytic drugs availlable—
from the fibrin-nom-specific, least effective, but broadly avail-
able streptokinase for intravenous (i.v.) infusion to the more
potent and fibrin-specific tissue plasminogen activator (fPA;
alteplase-i.v. bolus+infusion), reteplase (rPA-double i.v. bo-
hus), or tenecteplase (TNK-tPA-single i.v. bolus). The major
hazard of fibrinolysis is the excess risk of bleeding inclhiding
the cerebral hemothage. Moreover, with mcreasing ime-delay,
particularly after 6 h, the overall efficacy of thrombolysis
decreases. Albert the fibrinolytic facilitation of primary PCI
is not indicated, the roufine fransportation to coronary angiog-
raphy or PClafter its administration (respecting several contra-
mdications) is routinely recommended.

It is important to realize that, because of several factors,
in real life, there may be differences between the step-by-
step algorithm recommended by current highly sophisticat-
ed guidelines (Fig. 6) and adjusted algonthms followed
the daily practice. We provide an example of the STEMI
algorithm being used in our high-volume primary PCI cen-
ter sitnated in one of the European “best STEMI practice
countries” (Fig. 7).

Unanswered Questions

Despite the precise current data, some questions sill remain
unanswered: (1) the timing and method of the potent antipla-
telet therapy application (pre- and in-hospital), (2) the type and
method of anticoagulation agent application (LMWH, UFH,
bivalinudin), (3) the optimal primary PCI technigue including
the thrombus-removing devices, and (4) the role of imaging.

Respecting the recommended practice guidelines, there is
a continuous need for individual approach especially to
high-risk patients with both tendency to bleeding, thrombot-
ic, and ischemic events.

Conclusion

The pharmaco-mechanic approach to patients presenting with
STEMI is very complex including novel potent antiplatelet
drugs, new regimens of therapy, and new promising interven-
tional techniques. There 15 a lot of data regarding pharmaco-
logic and interventional reatments, but there is a lack of data
showing ther potential when used m murtual combination.

The evidence-based approach needs to be modified to each
clinical situation based on the best clinical judgment.
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outcome in acute myocardial infarction patients
in the PCl era

Petr Kala', Jan Kanowsky', Richard Rokyta®, Michal Smid?, Jan Pospisil®, Jiri Knot?, Filip Rohac?, Martin Poloczek’,
Tomas Ondrus’, Maria Holicka', Jindrich Spinar', Jiri Jarkovsky® and Ladislav Dusek?

Abstract

Background: Older age, as & factor we cannot affect, is consistently one of the main negative prognostic values in
patients with acute myocardial infarction. One of the most powerful factors that improves outcomes in patients
with acute coronary syndromes s the revascularization preferably performed by percutaneous coronary
intervention. No data is currently available for the role of age in large groups of consecutive patients with POl as the
nearly sole method of revasadlarization in AMI patients, The aim of this study was to analyze age-related differences
in treatment strategies, results of PCI procedures and both in-hospital and long-term outcomes of consecutive
patients with acute myocardial infarction.

Methods: Retrospective multicenter analysis of 3814 consecutive acute myocardial infarction patients divided into
two groups according to age (1800 patients <65 years and 2014 patients > 65 years). Significantly more older
patients had a history of diabetes mellitus and previous myocardial infarctions

Results: The older population had a significantly lower rate of coronary angiographies (1726; 95.9% vs. 1860; 924%,
p < 0.0001), PO (1541; 856% vs 1505; 74.7%, p< 0.001), achievement of optimal final TIMI flow 3 (1434; 797% vs.
1343; 66.7%, p < 0001) and higher rate of unsuccessful reperfusion with final TIMI flow 0-1 (46; 2.6% vs. 78; 3.9%,
p=0022). A total of 217 patients (5.7%) died during hospitalization, ggnificantly more often in the older population
(46; 2.6% vs. 171; B.5%, p< 0001). The long-term mortality (data for 2847 patients from 2 centers) was higher in the
older population as well (5 years survival: 86.1% vs. 598%). Though not significantly different and in contrast with
PCl, the presence of diabetes mellitus, previous M, final TIMI flow and LAD, as the infarct-related artery, had
relatively lower impact on the older patients, Severe heart failure on admission (Killip [IHV) was associated with the
worst prognosis in the whole group of patients, though its significance was higher in the youngers (HR 6.04 vs.
3.14, p=0051 for Killip Il and 12.24 vs. 565, p= 0030 for Killip V). We clearly demonstrated age as a strong
discriminator for the whole population of AMI patients.

Conclusions: In a consecutive AMI population, the older group (=65 years) was associated with a less pronounced

impact of risk factors on long-term outcome. To ascertain the coronary anatomy by coronary anglography and
proceed to PCI If suitable regardless of age is crucial in all patients, though the primary success rate of PClin the

older age is lower. Age, when viewed as a risk factor, was a dominant discriminating factor in all patients.
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Background

Over the past decades the incidence of acute myocardial
infarction (AMI) together with mortality have deareased
dramatically in developed countries [1,2]. These favor-
able trends reflect an improvement in many factors that
influence outcomes in patients with acute coronary syn-
dromes (ACS) [3]. Older age, as a factor we cannot
affect, is consistently one of the main negative prognos-
tic values in most trials [4,5]. One of the most powerful
factors that improves outcomes in patients with ACS is
the revascularization preferably performed by percutan-
eous coronary intervention (PCI) [6,7]. No data is cur-
rently available for the role of age in large groups of
consecutive patients with PCI as the nearly sole method
of revascularization in AMI patients. The aim of this
study was to assess age related differences in treatment
strategies (conservative or invasive), results of PCI pro-
cedures and both in-hospital and long-term cutcomes in
AMI patients.

Methods
Patients’ group and data collection
This multicenter, retrospective project included 3814
consecutive “all-comer” patients with a diagnosis of
AMI. Age under 18 was the only exclusion criterion.
Patients were enrolled in 3 tertiary complex cardiovascu-
lar university centers providing the 24/7 catheterization
service (3 year period, 2005 to 2007 in two centers, and
a two year period 2007 to 2008 in one center). All
patients with a final diagnosis of acute myocardial infarc-
tion with/without ST elevations (STEMI / NonSTEMI)
were included in the registry. The diagnosis of AMI was
based on the ESC/ACC/AHA definition [8] and had to
be confirmed at the time of discharge from the hospital,
or post-mortem, if a patient died during hospitalization.
Admission and discharge reports of all patients were
analyzed and transferred to a registry created for the
project. Following parameters were collected: 1) History
of diabetes and previous MI; 2) Clinical data, particularty
Killip class on admission; 3} 12-lead ECG regarding the
presence of 5T segment changes and bundle branch block-
ades at the time of admision (Table 1); 4) Coronary angi-
ography including the number of diseased vessels, initial
and final Thrombolysis In Myocardial Infarction (TIMI)
flow and determination of the infarct-related artery (IRA)
(left anterior descending artery=LAD, left circumflex
artery = LCX and right coronary artery =RCA or the dis-
ease of the left main coronary artery (LMCA) described
separately) (Table 1); 5) Left ventricular ejection fraction
(LVEF), assessed through echocardiography before hos-
pital discharge or alternatively through LV angiography
during catheterization. No thrombolytic therapy was used
during the assessed period of time. The success of PCI was
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defined as a complete reperfusion of IRA represented by a
final TIMI score of 3.

The World Heart Organization (WHQ) definition for
age reflecting also the most common retirement age in
Europe was used for creating two groups of patients.
The first group (younger population) included sub-
jects < 65 years of age, the second group (older popula-
tion) included subjects > 65 years of age. Endpoints for
this analysis were as follows: coronary angiography and
PCI performed during index hospitalization, final TIMI
flow after PCI, a change in TIMI flow during the PCI pro-
cedure and in-hospital mortality. Long-term mortality data
independently followed by the Czech Ministry of Health
were available from 2 centers. All data in the registry were
anonymised and the study was provided in compliance
with the Helsinki Dedamation. According to the national
law no ethics committee approval or signed patient
informed consent were needed.

Statistical analysis

Categorical parameters were described by absolute and
relative frequency of categories. Continuous parameters
were described using the median and the 5% - 95'" per-
centile range. Statistical significance of differences between
groups of patients was analyzed using the Mann-Whitney
I test for continuous variables and the Fisher exact test
for categorical variables. Risk factors associated with long-
term survival were evaluated using the Cox proportional
hazard model and described using hazard ratios and their
95% confidence interval. Survival data were visualized
using the Kaplan-Meier methodology. Influence of patient
age on HR values within the age categories was analyzed
using the interaction term in the Cox proportional hazard
model. P values < 0.05 were considered statistically

significant.

Results

The first group (1800 patients) included subjects<65
vears of age, the second group (2014 patients) included
subjects > 65 years of age. In the younger group there
was a higher distribution of men, and a lower rate of dia-
betes mellitus and previous myocardial infarctions. Less
younger patients presented with acute heart failure on
admission to hospital. Consequently, Killip class II and
III were more common in the older patients as well as
cardiogenic shock, described as Killip class IV. STEMI
was diagnosed more often in the younger group
(Table 2).

More invasive therapeutic approach was observed in the
younger patients in term of higher number of coronary
angiographies (CAG) and PCL In the older population there
was a higher rate of unsuccessful reperfusions represented
by a final TIMI score 0-1. A total of 217 patients (5.7%) died
during hospitalization, significantly more in the older group
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Table 1 Age-related baseline diff erences
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Table 2 Age-related endpoints of the project

Age =65 years =65 years p Age <65 years =65 years p

Number of patients 1800 2014 MNA Number of patients 1800 2014 NA

Patients’ characteristics Final TIMI flow

Males 1454 (80.5%) 11325629 <0001 TIMIO-1 46 (260) 78 (31.9%) 0022

Histary of DM 3B (216% 763 (37.9%) <0001 TIMI 2 B (360 102 (5.1%) 0026

History of previous Ml 268 (149%) 505 (25.1%) <0001 TIMI3 1434 (797 1343 6T <0001

Killip class on admission Change of the initial TIMI flow 0-1 to the final TIMI flow 3

i 1501 (83.4%) 1361 (6769 <0001 1.3 118 (6.69) 105 (5.2%) a4

] 179 (9.95) 410 (204%) <0001 0.3 a55 (36.4%) 514 (25.5%) =001

i 54 (3.09) 131 (65%) <0001 In-hospital mortality 46 (2.6%) 171 (8.5%) 0,001

v 66 (3.7%) 112 {5.6%) 0005 Wumbers in the second and third column represent absolute numbers of
patients and percentage of the related group, unless specified differently.

Admission ECG Statistically significant difference & p < 005,

STEMI + new LBBB 1060 (S39%) 956 (475%) enpnn  CAG Coronary Angiography, PO Percutanecus Coronary Interention, TMI
Thrombaolysis in Myocardial infarction.

NonSTEMI 40 (41.0% 1058 (525% <0001

CAG years survival supplemented by 95% confidence interval:

CAG 1726 (95.9%) 1860 (9249 <0001 89.6% (B7.9%; 91.2%) vs. 70.8% (68.4%; 73.2%) and 86.1%

Ne indication for CAG 74 (41%) 154 (768)  <ooor  (B3T7%; BB.4%) vs. 59.8% (56.4%; 63.2%) respectively, p

Number  of i i < (L001; log rank test) (Figure 1). Similar risk factors sig-

vessels nificantly influenced long term survival in both the

Single vessal disease 717(98% 463 (0w <ooopr  younger and older population with only a limited num-

Twio vessel diseas 506 (281% 546 (27.1%) 0491

Three vessel disease 478 (266% BOF (4001%)  <20.001

Left mrain anery disease 25 (1.4%) 44 (2.2%) faluie]
IRA (by CAG or autopsy)
Left rmain 26 (1.4%) 42 (1%} 143
LAD 660 (367% TA3 (379%) 0441
LCx 360 (200% 293 (14.5%) <0001
ACA 585 (325% 562 (279%) 0002
ACH 14 {0.8%) 25 (1.2%) ey
Mot known 155 (B.6%) 329 (163%) <0001
Initial TIMI flow
TiMI0-1 BF7 (4879 781 (3B8%) <0001
TiMi 2 288 (16.0%) 315 {156%) 0730
T3 480 (267%) 589 (29.2%) ory
PCl
PCl tota number 1547 (B5.6%) 1305 (747% <0001
Na PO 253 (14.4%) 509 (253%) <0001
PCI%6 of CAG 15411726 15051860 0001
(89.3%) (B0 9%

Numbers in the second and thind column represent absolute numbers of
patients and percentage of the related group. Statistically significant difference
is p < 0US.

D diabetes mellitus, M myocardial infarction, 60G electrocardiogram, STEW
5T segment elevation myocardial infarction, LBSE left bundle branch block,
NonSTEM! non-5T elevation myocardial infarction.

(46; 26% vs. 171; 8.5%, p< 0.001) (Table 2). Long-term
mortality (calculated from data for 2847 patients from 2
centers) was higher in the older patients as well (3 and 5

ber of differences (Table 3). Emergent coronary-artery
bypass surgery (CABG) during the first 24 hours after
admission was performed in 34% in total (2.0% in
STEMI and 4.4% in NSTEMI). Significantly more older
patients were treated using emergent CABG (4.1% vs.
2.5%, p=0.019 ).

04 we===ess <R yoars (N=1368)
Overall (N=2847)
——— 65 yaars (N=1479)

Pmpartion of s urviving

oz

00

o 10 20 30 40 50 €0 0 B0
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Figure 1 Long-term survival of patients in two selected centers.
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Table 3 Risk factors influencing long term survival of patients in two selected centers
=65 years [N=1368) =65 years (N= 1479) Interaction

N HR (95% C1) P N HR (95% CI) b P
Age (10 years) 176 (1.35 228 =0001 203 (1.75 235) =0001 0458
Men 116 118 {078 1.79) 0441 856 0.90 {0.76; 1.08) 0262 x7
oM s 191 (1.38 265 =0001 574 141 (118 168 =0001 0085
Previous Ml 219 202 {142 287} <0001 385 146 (120 176} <0001 0189
Killips | 1114 Basal categary 958 Basal eategory
Killip Il 155 252 (167 381) =0001 334 1.80 (147, 223) =0001 0298
Killip 1l 3 604 (348; 1048 =007 T 374 (236 418 <0001 0051
Killip W 53 1224 (7.94; 18589) =0001 75 565 (4.14; 7.70) =0001 0030
Pa 1169 060 {042 0588 00ne 1109 046 (038 0.55) <0001 0202
Ne PO 199 166 (1.14; 241} 370 219 (1.8% 243
STEMI 4 new onset of LBBB b 102 (0.7 1.43) 024 a0 1.21 (1.0 1.47) Q056 0312
NonSTEMI 420 098 (070 1.38) 459 083 (0.68; 1.01)
Firal TIMI fiow 2-3 1162 020 {010 0.41) =007 1096 032 (022 047) <0001 0151
Firal TIMI fiow 0-1 19 500 (243; 10018} 46 313 (217; 465)
Single vessal disease 532 Basal category 339 Basal caregory
Twie vessel disease 402 130 (085 1.96) 0223 431 153 (1.1%; 206) 0006 0371
Three vessel disease 359 210(1.4% 309 <0001 594 224 (170 295} <0001 0508
Left main anery diseass 1 4.12(1.28; 13.28) aoa g8 585 (250 1367) <0001 0564
IRA
Left rmain 8 452 (1.77; 1157} 0oz 28 526 (326 848) <0001 0995
LAD ind. its branches 490 137 {117 266 0006 556 1.10 (085 141} 0431 0093
L inel. its branches 269 136 (083 224) 02 m 1.09 (0.8 1.48) 0608 0546
RCA incl. its branches EER) Basal categary 401 Baval caregary
Bypass graft 12 005 (000 545.31) 0524 2 080 (030 217) 0662
IRA not known 135 269 (1463 443 =0001 253 237 (1.8% 308) =0001 0815

N number of patients in given category.

Hit hazard ratio based on Cox proportional hazards model supplemented by its statistical significance.
Influence of age category of patients on HE value within these age categories is analyzed uwsing interaction term in Cox proportional hazards model

Discussion

Though the age used for the definition of older or elderly
patients varies among trials from 55 to 80 years [9-11]
standard WHO definition of 65 years was applied for this
study.

All patients were treated at academic tertiary hospitals,
which provided 24/7 catheterizations. All reperfusion
procedures, if indicated, were performed nearly solely by
PCL none of the patients, in either group, received
thrombaolysis. These conditions are unique in such a
large group of consecutive, unselected patients having a
diagnosis of acute myocardial infarction.

There is very limited data dealing with all types of
AMI. However, in comparison with previously published
data, the mortality in our cohort seems to be very low,
especially in the older group. One of the reasons might be
the exceptionally high catheterization (94.0%) and revascu-
larization rate using PCI (79.9% of all study subjects).

Despite the additional, known, sk factors and a worse
expected prognosis in the older patients [12], the mte of
diagnostic coronary angiography and PCT was found to be
significantly lower in this high-risk population (92.4% vs.
95.9%, p<0001 and 747% vs. 856%, p< 0.001 respec-
tively). One of the potential explanations for the lower PCI
rate as well as the worse primary angiographic results in
older patients might be the more complex and unfavorable
anatomy. Unique data were collected from long-term sur-
vival analysis showing similar risk factors influencing the
prognods in both groups of patients with some exceptions.
We clearly demonstrated age as a strong discriminating fac-
tor across the entire population of AMI patients. Though,
for the most part not statistically significant, it seems to be
clear that initial signs of heart failure (Killip II-IV), presence
of diabetes mellitus and previous MI, final TIMI flow and
the IRA are significant negative predictors but do not play
as important a role in the older group as they do in younger

55



Kala et ai. BMC Cardiovascular Disorders 2012, 12:31
http:ifwwaw biomedcentral comy1471-2261/12/31

patients. On the contrary, PCI in the older patients seems
to be even more important than in younger patients
(Table 3).

A comparison with any previously published data is ra-
ther difficult because of significantly lower catheterization
and revascularization rate in previously published consecu-
tive patient groups and a lack of analyzed cohorts of unse-
lected consecutive patients with AMIL Mehta et al. [13]
evaluated in-hospital mortality in STEMI patients (age =70
y) treated with thrombolysis and described higher mortality
rates compared to our findings (144% in PCl-treated
patients vs. 176% in patients treated with thrombolysis).
Ishihara et al. [14] recently described the outcome of a large
cohort of patients with AMI divided according to the age
(= 70 years or 2 70 years). Despite the use of a favorable
methodology, ie. involving only patients undergoing
catheterization within 24 hours from admission, the in-
hospital mortality rate was substantially higher in both
age groups comparing to our cohort (11.7% in the
patients =70 years and 5.0% in patients <70 years).
Since age is a factor that cannot be changed, we have to
focus on improvement of other modalities that can be
influenced, such as shortening of the times between
symptom onset and primary PCI [15]. Our findings
strongly support the use of PCI in all patients (HR 0.60,
p=0.008 in younger patients and HR 0.46; p < 0.001 in
older patients), which was also demonstrated by Nicolau
et al. [16] in the =70 years population in adjusted models
(HR 0.64, p=0.001 older patients vs. HR 0.74, p =0.073
younger patients).

Study limitations

The study authors recognize the following limitations of the
project. The registry is retrospective; however the cohort
induded unselected, consecutive patients with a diagnosis
of AMI from multiple centers. The angiographic data were
not assessed by an independent lab or in a blinded man-
ner, although, angiographic findings were attained by
experienced operators licensed in interventional cardi-
ology. Only a limited number of coronary artery disease
risk factors were followed and because of the comparison
of two cohorts only univariate analysis was used to assess
predictors of long-term survival.

Conclusion

In a consecutive AMI population, the older group
(= 65 years) was assodated with a less pronounced impact
of risk factors on long-term outcome. To ascertain the
coronary anatomy by coronary angiography and proceed
to PCI if suitable regardless of age is crucial in all patients,
though the primary success rate of PCI in the older age is
lower. Age, when viewed as a risk factor, was a dominant
discriminating factor in all patients
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CLINICAL CARDIOLOGY: REVIEW

Right ventricular myocardial infarction:
From pathophysiology to prognosis

Tomas Ondrus MD, Jan Kanovsky 8D, Tomas Movotny MD PhD, Irena Andrsova MD,
Jindrich Spinar MD CSc FESC, Petr Kala MD PhD FESC FSCAI

T Ondrus, ] Kanovsky, T Novotny, I Andrsova, | Spinar, P Kala.
Right ventricular myocardial infarction: From pathophysiclogy to
prognosis. Exp Clin Cardiol 2013;18(1):27-30.

Righe ventricle myocardial infarctions (RVMI:) accompany inferior wall
ischemia in up to one-half of cases. The clinical zequelae of RVMI: vary
from no hemodynamic compromise to severe hypotension and cardiogenic
shock. Diagnoziz is based on physical examination, electrocardiopraphy,
echocardiopraphy and coronary angiopraphy. Becanse the standard 12-lead
electrocardiogram iz insufficient for the azessment of BV involvement,
right-sided precordial leads should always be included. Adequate fluid
administration in combination with pesitive inotropic agents and early

coronary reperfusion are crucial components of treatment, while dinretics
and nitrate: should be avoided. Intra-sortic balloon counterpulsation and
right ventricle aszist devices may be used with success in RVMI: asseci-
ated with medically refractory heart failure. Righe ventricular involve-
ment appears to be an independent prognostic factor that dramatically
increases in-hospital mortality, due, in part, to a significantly higher risk
of hemodynamically compromising arthythmias. Thus, wing right-sided
precordial leads and early BVMI identification to trigger an appropriately
ageressive treatment protocol may improve patient:’ propnosis.

Key Words: Arrhythmias; Revasculsripation; Right wentricular myocardial
infarction; Treatment

ardiovascular disease (CVD) continmes to be the main cauze of

mortality 2nd morbidity in developed countries. Annually, more
than one-half of the death: in the Czech Republic are due to CVD (1),
and approximately 2200 Americans die of CVD each day. CVD claims
maore lives each year than cancer, chronic lower respiratory dizease and
accidents combined (2). Coronary artery disease accounts for approxi-
mately one-half of CWVD deaths.

Patients with acute coronary syndrome may present with either
acute myocardial infarction (MI) with or without ST segment eleva-
tion, or unstable angina, These conditions zhare commen patho-
phyiiological mechaniims related to coronary plague inscability
{erosion or rapture), thrombosiz and vazospasm, resulting in either
mbendocardial or transmural ischemia.

In contrast to the lenpthy historical interest in acute Ml of the left
ventricle (LWMIz), the clinical consequences of right ventricular (EV)
invalvement were first described only in 1974 (3). Specific BV perfu-
sion from both the right and left coronary arteries results in relatively
small RVMI:, with the majority of the myocardium remaining viable
even in the abience of reperfusion. Recovery from RV myocardial
impairment (mainly linked to stunning or hibernation) may be rather
slow and i3 anociated with a high rate of in-hospital mortality (4).

INCIDENCE

BVMI iz uzually associated with LVMI and, in practice, doe: not exist
in izelation (3). The cccurrence of BV impairment depend: primarily
on the location of the MI, which ranpes from rare cazes in the anterior
hieart wall (&) to mere commen locations (depending on the type of
diagnestic method used) such as in the inferior wall in 24% to 50% of
cases (3-T). The relatively small percentage of RVMI: may be
explained by several factors: lower oxygen requirements of the RY due
to its smaller muscle mass and workload; increased bloed flow during
diaztole and systole; more extensive collateralization of the RV, pri-
marily from the left coronary system; and diffusion of cxypen from
intrachamber blood through the thin wall of the RV and into the
Thebesian vein: (7-9).

The clinical sequelas of BYMI vary widely, and ranpe from no
hemodynamic compromize to severe hypotension and cardiogenic

shock depending on the extent of RV ischemia (6). According to the
literature, approximarely 23% to 30% of RV infarctions are hemo-
dynamically significant (7,10).

DIAGNOSTICS

Physical examination

It iz important to consider a diapnosiz of RVMI, particularly in the pres-
ence of an inferior wall ML The typical wiad obzerved on physical
examination i hypotenzion occurring with jugular vein distention and
clear lungs. Preserved left ventricular (LV) function confirms the diag-
nosis (3], A tricuspid repurgitation murmur, Kuzmmauls sign (an
increase in inipiratory central venows pressure, visible a1 jupular vein
distention) and pulius paradosxus are zigns of significant hemodynamic
effects due to BV izchemia (11). In some cazes, these symptoms are not
prezent at admission and do not cccur until diuretics or nitrates are
administered.

Two-dimensional echocardiography

Thi: technique can show BV dilation with depressed syatolic function
(Figure 1) and RV free wall dyskinesia with paradoxical septal motion
(12-16). A Doppler examination of specific pulmonary regurgitation
pattern: can add hemodynamic insight and confirm the diagnosis of
RV involvement, e:pecially in cazes of technically inadequare two-
dimensional images (17].

Radionuclide ventriculography and o, pyrophosphate
myocardial scintigraphy

These noninvarive technique: may be used to detect BY dysfunction.
A dilared right ventricle with hypokinezia, akinesia or dyskinesia of it
free wall aszociared with a depressed RV ejection fraction (EF) and a
normal or only mildly depressed LV EF are indicative of an RVMI (7).
A ¥™T: pyrophosphate myocardial scintigraphy examination requires
proper timing, and the :cans are wsually not diagno:tic until 72 h after
the onset of rymptom:. Excessive uptake of the radionuclide in non-
cardiac structures (chest wall, bone, cartilage) can lead to issues
regarding the interpretation of the acquired images (18).
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Figure 1) Right ventricle ryreolic dysfunction, estmated uring tricuspid
annular syatolic plane excursion-method echocardiography

Hemodynamic examination

Hemodynamic examination wing right-sided cardiac catheterization
may reveal a disproportionate elevation of right-sided filling pressures
compared with left-sided filling pressures. The generally accepted cni-
teria for hemodynamically-zignificant BVMI: oripinate from an
autopsy/hemodynamic study by Lopez-Sendon et al (19) and include
right atrial preszure (RAP) =10 mmHg, a RAP to pulmonary capillary
wedge pressure (PCWP) ratio =0.8, or RAP within 5 mmHg of the
PC'WP. However, with concemitant and significant LV dysfunction,
the close relationship between the RAP and the PCWP iz not pre-
served, although the RAP will conzinue to be elevared (18,19).

Coronary angiography

Angiography often reveals occlusion of the right coronary artery
(RCA) proximal to the acute marginal branch (Figure 2}, while more
proximal occlusion: usually suggest more extensive necrosiz of the
posterior and, potentially, the anterior RV myocardial wall (5,6). In
patients with left coronary artery dominance, a left circumflex coron-
ary artery (LCX) occlusion may alio be found. Although uncommon,
BV involvement may be present in patients with an ecclusion in the
left anterior descending artery (3). Cabin et al (20) studied 97 hearts
with anterior MIs and found that 13% were RVMI:.

Electrocardiography

Because RVMI are usually aszociated with an inferior wall MI, evalua-
tion using standard 12-lead electrocardiopraghy (ECG) often reveals
corresponding ST sepment elevations in leads II, I and aVE
Diusproportionate 5T sepment elevation with greater ST elevation in
lead III than in lead II iz pathopnomonic for an RVMI, and RV
involvement should be fully and carefully considered (21). Becanse
standard 12-lead ECG images mainly assess the LV, right-sided precor-
dial lead: should alway: be used. Theie can show ST zegment eleva-
tion acros: the entire right precordium from V1R through V6R; a sole
ST segment elevation in lead V4R >1.0 mm (Figure 3) iz a reliable
marker of an RV infarction, with 100% sensitivity, 87% specificity and
92% predictive accuracy (22,23). Furthermore, higher ST sepment
elevation: in V4R have been found to be independent predictive fac-
tor: for mere significant BV dysfunction and higher mortality rates
(24,25).

ARRHYTHMIAS
BWMIs are more often complicated by all type: of arrhythmias
compared with “simple’ inferior or anterior wall LVMIs (24,26-28).
Barrillon et al (29) were the first to recopnize the significantly higher
rizk of severe conduction disorders in patient: with RV involvement.
Complete atrioventricular {AV) or sinoatrial blecks cccurred in one-
half of cazes in which 5T sepment elevation or a QS partern in V3E.
andfor V4R were prezent. On the other hand, these complication:

28

Figure 2) Angiogram showimg critical stenosiz of the ;nnxl‘malrigﬁt coronary
arfery

were found in enly 14% of cases in which these sign: were absent. Ina
prozpective study of 200 consecutive patients with acute inferior wall
LVMI, Zehender et al (24) demonstrated a higher incidence of sus-
tatned ventricular tachyeardia (16% versuz §%; P=0.08) and ventri-
cular fibrillation (21% versuz 9%; P=0.03) in patients with ECG sipns
of BV involvement. Sipnificantly higher incidence: of complete AV
block (17% versus 4%; P=0.06) and severe bradycardias (9% werus
3%; P=0.09) with pacing requirernents { 18% versuz 3%; P=0.01) have
been reported in cases of RVMI (24). Mehta e al (26) studied com-
plication: and propnoses in a large number of patients hospitalized for
anterior (n=971) and inferior LVMI with (n=491) or without (n=638)
RY involvement. Anterior wall LVMI was associated with the highest
overall and in-hospital mortality rates, while the number of archyth-
miaz (ventricular fibrillation, sustained ventricular tachycardia and
high-degree AV blockade) was the highest in patients with inferior
LVMI with RV involvement.

THERAFPY

RY izchemia may lead to systolic and diastolic dysfunction, resulting in
a serious deficit in LV preload with a subsequent drop in cardiac ourput
and coniequent systemic hypotension. Adequate filling (preload) of the
impaired BV is thuz erucial to maintain sufficient BY output velume and
LV function (30). Initial therapy, therefore, requires the administration
of sufficient volume to increase BV filling; ar the same time, it iz critic-
ally important to avoid drugs that cause venodilation and a decreaze in
RV filling (eg, nitrates, diuretics). Treatment is penerally recommended
to bezin with a velume challenge of 300 mL to 600 mL normal saline
over 10 min to 13 min through a central line or through a larpe-bore
peripheral intravenous site (31). However, some studies have indicated
that volume loading may not increaze cardiac cutput (7,32,33). This
may be due to variable initial volume staru: amonp patients. Some
patients may be relasively volume-depleted and could benefit from a
volume infusion, while others who prezent with a nommal intravascular
volume show ne changes in cardiac index or bloed preszure following a
fluid load because the BV preload iz already at a maximum for main-
taining BV stroke output (18). Invazive hemodynamic menitoring is,
therefore, recommended, becawse further infusion may be harmful if
additional increases in BV volume prevent sufficient IV filling via inter-
ventricular interaction: and intrapericardial pressure equalization. Based
on hemodynamic monitoring studies, exceeding a RAP or PCWP of
20 mmHp iz generally not recommended (32).
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Figure 3) Electrocardiogram showmg vight-rided precovdial leads and
V3-V6 5T segment elevation in a patient with right ventricular myocardial
infarction.

If initial volume loading fails to improve arterial pressure and car-
diac output despite sipnificant increases in RAP and PCWE, then
positive inotropic agent therapy can be effective in seabilizing patients.
Dell'Ttalia et al (32) studied the effect of dobutamine in parient: with
BWVMI after volume loading and concluded that dobutamine produced
a seatistically significant increase in cardiac index, stroke volume
index and RVEE

Restoration of sufficient coronary blood flow represent: the only
treatment thar addreses the underdying problem, and early reperfusion
{Figure 4] improves BV performance as well as the clinical course and
survival (4). Bowers et al (16) studied clinical outcomes and RV func-
tion wiing two-dimensional echocardiography in 33 patient: with acute
BWMI before and after reperfusien therapy. The author: reported dra-
matic recovery of BV performance and excellent clinical outcomes after
early and comgplete reperfuzion of the RCA wsinp primary percutaneou:
coronary intervention. In contrast, unsuccessful reperfusion was associ-
ated with impaired recovery of BV function, persistent hemodynamic
compremize and high mortality rates. Early reperfusion was alio crucial
in preventing ventricular arthythmias, which were obzerved much more
frequently in patients with wnsuccessful coronary reperfusion (16).

In patients with refractory hypotension and low cardiac output,
intra-aortic balloon counterpulsation (IABC) may be beneficial.
Although IABC does not directly influence RV performance, it can
increase coronary perfusion preszure and thereby improve RV func-
tion, particularly if the RCA har been recanalized. Furthermore, the
performance of a dysfunctional RV iz largely dependent on LV zepral
contraction, which can be improved uwsing TABC (4).

The limitarion: of medical management of RV failure mentioned
above have led to the development of a number of RV amnist devices
designed to bypas: the impaired BV andfor pulmonary circulation to
allow the right venmricle to recover The TandemHeart Percutaneous
Wentricular Aszizt Device (CardiacAszist Inc, USA) iz an extracorporeal
centrifugal pump that generates continuous flow with a minimal low
amplitude pul:atile componentE It can provide flow up to 5.0 Ljmin and
pump: the blood from the right atrium to the main pulmonary artery,
bypasting a poorly functioning RV. Kapur et al (34) studied nine patients
with medically refractory BV failure and found thar, although four
patients died early, the Percutaneous Ventricular Aszist Device waz asso-
ciated with significantly improved hemodynamic:. Venoarterial extra-
corporeal mernbrane oxygenation systems can provide both cardiac and
respiratory support. These can be fully established through the cannula-
tion of a femoral vein and artery wing the Seldinger technigue; there-
fore, surpery iz not required. In conmtrast to RV astiar devices, this
technigque allow: total bypasing of the pulmonary bed and, therefore,

Exp Clin Cardiol Vol 18 No 1 2013

Right ventricular myocardial infarction

Figure 4) Angiogram showing the right covomary artery post-
revascularization

doe: not cause further elevation of the pulmonary pressures and relieves
the BV overload. Particularly in patients prezenting with an ohatructive
hemodynamic pattern (pulmonary artery hypertenzion, pulmonary
embolizm), extracorporeal membrane oxygenation method may be con-
sidered to be the only reazonable approach (35,36).

PROGNOSIS

RV involvement significantly increased mortality in patients with
inferior wall LVMIs, although it doer not achieve the rame rares
observed in anterior wall LWMIs (26). Zehender et al (24) studied
200 consecutive patients admitted with acute inferior wall LVMI. BV
involvement presenting with an 5T elevation in lead V4R was found
to be a highly nepative predictive factor of both in-hospital mertality
(31% versuz 6%) and all major in-ho:pital complicarion: (64% verius
28%). These included sustained ventricular tachyeardia, ventricular
fibrillation, myecardial rupture, second- and third-depree AV block
requiring cardiac pacing, reinfarction and cardiopenic shock. Jacobs
et al (37) evaluared 933 patients with acute MI presenting with
cardiogenic shock due to either predominant RV (n=49) or LV failure
(n=884). Despite the younger age, shorter time te shock diagnosis,
higher prevalence of single-vessel coronary diseasze, lower prevalence
of previouz MI and similar revazcularization eutcome: in patient: with
RV failure, there wa: no sipnificant difference in mortalicy between
the proups (33.1% versus 60.8%; P=0.296), representing an unexpect-
edly high mortalicy rate amonp the BV shock patients.

On the other hand, recently published research by Foussar et al
(38) found no significant difference in long-term mortality between
patients with and without a RVMIL. Therefore, the poor in-ho:pital
prognosis for patients with VML appeans to be mainly due to the
increased risk of life-threatening arrhythmias (26). Proper monitoring
and appropriate antiarthythmic treatment until hospital discharge
plays a key role in the overall prognosiz and survival of patients.

COMNCLUSION
RWMI often accompanies an inferior wall LVMI presenting with sypical
clinical, ECG and echocardiographic findings. In the presence of hypo-
teruion or cardiogenic shock without signs of LV failure and | mm 5T
segment elevation in the V4R lead, a diagnesis of RVMI is highly prob-
able. Specific trearment includes fluid loading and vazopressors, which
should be administered immediately. In addition, patients with BV
involvement require continuous careful monitoring because they are at
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asipnificantly higher risk for ventricular fikrillation, sustained ventricu-
lar tachycardia and high-depree AV blockade, any of which would
worien the overall prognosis.

Thus, right-sided precordial leads should be uied in all patients
presenting with an acute inferior LVMI. This simple approach may
facilitate carly identification and risk stratification of patients with an
accompanying BVMI and trigper a protocol of appropriately apgressive
trearment: required to manage the increased risk of life-threarening
arthythmic complication:.
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Abstract Introduction: The right ventricular myocardial infarction (RVMI) has traditionally been mainly
related to inferior wall ST elevation myocardial infarction (STEMI). This study assessed the RVMI
electrocardiographic (ECG-RVMI) signs in relationship to ECG-based STEMI localization and to
the infarct related artery in patients treated with primary percutaneous coronary intervention (pPCI).
Methods: Three hundred consecutive adult patients (107 females) were referred to catheterization
laboratory with the acute STEMI diagnosis. In all patients, both the standard 12-lead ECGs and the
right-sided precordial leads (V1R—V6R) were recorded. ECG-RVMI was diagnosed by ST segment
elevation above 100 uV in V4R.
Results: ECG signs of RVMI were found in 35 and 31 (23.8% for both) patients with inferior and
anterior wall STEMI, respectively. In 32 ECG-RVMI patients, the right coronary artery (RCA) was
occluded while in 34 patients, the occlusions were in the left anterior descending (LAD) or the left
circumflex artery. No statistically significant differences were found in ECG-RVMI patients when
comparing clinical variables between those with anterior and inferior wall STEML.
Conclusions: ECG signs of RVMI during acute STEMI are not uncommon. RCA was the infarction-
related artery in only one half of these patients. Anterior wall STEMI and the LAD were associated
with a significant proportion of ECG-RVMI cases.
© 2016 Published by Elsevier Inc.

Keywords: Infarction related artery; Primary percutaneous coronary intervention; Right ventricle infarction;
ST elevation myocardial infarction

Introduction occurrence of electrocardiographic (ECG) signs of RVMI in
relationship to ECG localization of STEMI and to the
MI-related artery in a cohort of consecutive STEMI patients
treated with pPCL.

In the era of treating myocardial infarction (MI) patients
with thrombolysis, right ventricle (RV) involvement (RVMI)
during ST elevation MI (STEMI) was associated with
worsened clinical outcome [1]. In patients treated with the
primary percutaneous coronary intervention (pPCI), which is Methods
currently the best available treatment option, limited
outcome impact of RVMI has been reported [2]. The RV Investigated population
impairment has been traditionally most often related to

o i ” . A project of continuous 12-lead ECG monitoring durin
inferior wall MI. The aim of this study was to assess the proj fnuou e CUS

sub-acute MI phase enrolled consecutive STEMI patients
=18 years old. All patients were referred to the coronary
. . catheterization laboratory with the diagnosis of acute STEMI
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Table 1
Clinical ch istics of the i igated group (N = 299).

- N (%) or median
Characteristics (Sth—95th perventile)
Sex Men 192 (64.2%)

Women 107 (35.8%)
Age 62.4 (43.9; 83.8)
EMI 28.1(22.3; 36.3)
Previous MI 28 (94%)
Previous PCUCABG 28 (9.4%)
Hypertension 178 (59.5%)
Dryslipidemia 167 (55.9%)
Diabetes 66 (22.1%)
AMI localization Anterior 130 (43.5%)

Inferior 147 (49.2%)

Other 22 (74%)
BCG signs of right ventricular impairment 66 (22.1%)
Lesion localization RCA 114 (38.1%)

LAD 133 (44.5%)
LCX 52(174%)
Number of diseased vessels 1vD 152 (50.8%)
2VD £7(29.1%)
3IVD 60 (20.1%)

Time to reperfusion (hours) 34(16; 128)

AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary
artery bypass grafling; LAD, lefl anterior descending artery; LCX, left
circumflex artery; ML, myocardial infarction; PCL percutancous coronary
intervention; RCA, right coronary artery; VD, vessel disease.

time to reperfusion therapy was defined as the interval
between symptom onset and the wire passage in the culprit
artery. Patients unable (in cardiogenic shock and/or
unconscious on hospital admission) and those unwilling to
sign an informed consent were excluded. The project was
approved by the local ethics committee and all investigated
patienis gave a signed informed consent.

Coronary angiography

Coronary angiography was performed using Artis Zee
Angiography System (Siemens Healthcare, Germany). The
culprit lesion was determined as a complete vessel closure or
the most significant artery stenosis. The number of diseased
vessels was assessed as a count of main coronary vessels (left
anterior descending artery [LAD], left circumflex artery
[LCX], right coronary artery [RCAJ) or its branches showing
=50% diameter narrowing on angiography.

ECG assessment

At the admission to the catheterization laboratory, all
patienis had a 12-lead ECG recorded from both left (V1-6)
and right (VIR-V6R) precordial leads using Arstis Zee
Angiography System (Siemens Healthcare, Germany).
Localization of left ventricular MI was categorized as
anterior (ST segment elevation in leads V,—V,), inferior
(leads IT, ITI, aVF), lateral (leads I, aVL and/or V5—Vg), and
septal (leads Vi—V3). 8T segment elevation above 100 pV
in lead V4R was used for the diagnosis of ECG-RVMI [5,6].

Statistics

Absolute and relative frequencies are reported for
categorical variables; mean + standard deviation, and medi-

an with minimum to maximum range are used to characterize
continuous variables. Differences hetween patients with and
without ECG-RVMI were tested using Fisher's exact test for
categorical variables and non-paramefric Mann—Whitney
U test for continuous variables. Bonferroni correction was
added to multiple comparisons. Statistical analyses were
performed using IBM SPSS Statistics for Windows, Version
22.0.0.1. P-value below 0.05 was considered statistically
significant.

Results

The study enrolled 300 consecutive patients of whom 107
were females. One male patient refused to continue in the
study shortly after envollment, thus 299 patients were studied
further. Clinical characteristics of the investigated population
are summarized in Table 1. ECG signs of RVMI were
present in 66 patients (22.1%).

ECG signs of RVMI were found in 35 (23.8%) patients
with inferior wall STEMI. In these patients, RCA and LCX
were the culprit artery in 32 and 3 cases, respectively. ECG
signs of RVMI were found also in 31 (23.8%) patients with
anterior wall STEMI, in whom LAD was the culprit artery in
all cases. ECG signs of RVMI were not found in patients
with other ECG localizations of STEMI (lateral or
infero-lateral). Occlusions of LCX artery were significantly
less common in patients with ECG signs of RVMIL
There were also no differences in number of diseased
vessels (Fig. 1). The time to reperfusion therapy was not
statistically different between patients with ECG-RVMI
(3.3 h; 5th to 95th percentile of 1.6 to 18.7 h) and patients
without ECG-RVMI (3.5; 1.6 to 12.0 h).

Further, no statistically significant differences were found
in the ECG-RVMI sub-group when comparing clinical
variables between patients with anterior and inferior wall

STEMI (Table 2).

Discussion

In the investigated population, a noticeable ST segment
elevation in lead V4R was found in 23.8% of inferior wall
STEMI patients but interestingly also in 23.8% of anterior
wall STEMI cases. The same results were found in
assessment according to the culprit artery.

The BV impairment has been traditionally mostly related
to inferior wall STEMI. Only rare cases were previously
reported with other STEMI localizations [7-9]. Merely one
recent report found elevations in right precordial leads V3R
and V4R in 72 (65%) out of 111 STEMI patients [10].

The RV impairment can easily be explained in cases of
inferior STEMI that are mostly caused by occlusion of RCA
the branches of which supply the RV myocardium. The same
is true for LCX occlusions in patients with left coronary
artery dominance. Several pre-pPCI autopsy studies found
some amount of RV necrosis in up to 94% of anterior wall
STEMI despite the fact that extensive RVMI is not expected
in anterior infarction because only small part of the anterior
RV wall is supplied by the LAD branches [7,11,12]. Thus,
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Patients with ECG-RVMI Patients without ECG-RVMI
n =66 n=233

Artery lesion location

LAD

LEX
. 4.5%

RCA

Inferior
53.0%

Anterior

Anterior
47.0% 42.5%

Fig. 1. Association of clectrocardiographic signs of right ventricular
myocardial infarction with lesion local

ation, number of diseased vessels
al
imfarction (RVMI) with left circumflex arery lesion and with the “other”
ECG infarct location were significantly less frequent (p = 0.003 and p =
0.017, respectively). Other parameters were not statistically significantly
different. LAD, left anterior descending artery; LCX, left circumflex artery;

RCA, right coronary artery; VI, vessel disease. (Color illustration online. )

farct location. The cases of

G signs of right ventricular myocar

the mechanism of RV impairment in LAD occlusions is
unclear. In particular (apart from lesion location) we have not
only found no statistically significant differences in a number
of characteristics but the numerical values shown in Table 2
were also very close between patients with anterior and
inferior infarcts, suggesting that we have not missed any
important difference because of small numbers of cases.

It seems reasonable to hypothesize that ECG signs of RV
mmparment in anterior wall STEMI are also related to the
number of diseased coronary vessels. In such cases, RV can
be expected to be supplied by more extensive artery
collateralization, primarily from the left coronary system.
Nevertheless, there were no differences in proportions of
multi-vessel-disease cases in ECG-RVMI patients. There
was no difference in time to reperfusion therapy. The
probability of microangiopathy role is also low because of
similar occurrence of diabetes in anterior and inferior STEMI
groups, although other causes of microangiopathy cannot be
excluded.

Several important limitations of this study need to be
recognized. The number of investigated patients was
relatively small. For RVMI diagnosis, ST elevations were

Table 2
Comparison of clinical characteristics in patients with ECG signs of right
ventricular impairment (N = 66).

Characteristics AMI localization P~
N (%) or mediam
(5th—95th percentile)
Anterior Inferior
Gender Men 20 (64.5%) 21 (60.0%) NS
Women 11 (35.5%) 14 (40.0%) ’
Age 616 (41.8;86.7) 62.9(449;842) NS
BMI 263 (21.6;33.0) 280(22.7,383) NS
Frevious MI 4 (12.9%) 4 (11.4%) NS
Previous PCIHCABG 3(9.7%) 4 (11.4%) NS
Hypertension 17 (54.8%) 25 (71.4%) NS
Dyslipidemia 19 (61.3%) 19 (54.3%) NS
Diabetes T (22.6%) T (20.0%) NS
Lesion location RCA 0 (0.0%) 32 (91.4%) <0001
LAD 0 (0.0%) <0.001
LCX 3 (8.6%) NS
Noofdiseased yyp 17 sa8%) 17 (48.6%) NS
vessels
2VD 11 (35.5%, 8 (22.9%) NS
IvD 3 (9.7%) 10 (28.6%) NS

Time to reperfiision

(hors) 34015 16.8)

32(1.8;22.0) NS

AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary

artery bypass grafting;, LAD, left anterior descending artery; LCX, left

i flex artery; ML my dial infarction; PCL, percutaneous coronary
intervention, RCA, right coronary artery; VD, vessel disease.
* P-value of Fisher's exact test or Mann-Whimey U test.

assessed only in the V4R lead. We have no data on RV
function and its correlation with the ECG findings.

In conclusion, ECG signs of RV impairment during acute
phase of STEMI are not uncommon. Our findings challenge
the notion that RCA is the infarct related artery in
ECG-RVMI In the investigated population, RCA was
involved only in approximately a half of the ECG-RVMI
patients. Anterior wall STEMI and the LAD coronary artery
were associated with a significant proportion of ECG signs
of RVMI. Detailed mechanism of RV involvement in these
cases remains unclear.
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Abstract

Aims

The main objective of the study was to find out prevalence of depression and anxiety symp-
toms in the population of patients with AMI with ST-segment elevation (STEMI), treated with
primary PCI (pPCl). Secondary target indicators included the incidence of sleep disorders
and loss of interest in sex.

Methods and resulis

The project enrolled 79 consecutive patients with the first AMI, aged <80 years (median 61
years, 21.5% of women) with a follow-up period of 12 months. Symptoms of depression or
anxiety were measured using the Beck Depression Inventory |l tests (BDI-II, cut-off value
>14) and Self-Rating Anxiety Scale (SAS, cut-off > 45) within 24 hours of pPClI, before the
discharge, and in 3, 6 and 12 months). Results with the value p<0.05 were considered as
statistically significant. The BDI-Il positivity was highest within 24 hours after pPCI (21.5%)
with a significant decline prior to the discharge (9.2%), but with a gradual increase in 3, 6
and 12 months (10.4%; 15.4%; 13.8% respectively). The incidence of anxiety showed a rel-
atively similar trend: 8.9% after pPCI, and 4.5%, 10.8% and 6.2% in further follow-up.

Conclusions

Patients with STEMI treated by primary PCI have relatively low overall prevalence of symp-
toms of depression and anxiety. A significant decrease in mental stress was observed
before discharge from the hospital, but in a period of one year after pPCI, prevalence of
both symptoms was gradually increasing, which should be given medical attention.

Introduction

Depression or anxiety and ischemic heart disease (IHD) significantly more often occur
together.[1-4] In the meta-analytical study of Thombs et al.[1], a structured interview

PLOS ONE | DOI:10.1371/joumnal.pone.0152367  April 13, 2016
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identified depressive disorder on average in 20% of patients after acute myocardial infarction
(AMI); depression symptoms identified by the BDI questionnaire (Beck Depression Inventory)
(score = 10) were present in approximately 31% of patients. In the general population, depres-
sive disorder (according to the DSM-III-R criteria) is found in 4.5%-9.3% of women and
2.3%-3.2% of men|5], and depression symptoms, but also depressive disorder are considered
normal conditions after myocardial infarction (MI)[5]. In the first week after percutaneous
coronary intervention (PCI), the prevalence of anxiety ranges around 25-37% [6], but up to
67% of patients after PCI may be depressed[7]. A significant portion of the data in the studies,
however, is based on the evaluation of self-report questionnaires, and is often influenced by
topical non-specific feelings (“unease”).

The first symptoms of depression appear between 48 and 72 hours after MI and in most
patients disappear within 5 or 6 days[4]. Damen et al.[8], describing intra-individual changes
in depression and anxiety during the one-year follow up of patients after PCI, found that both
variables are stable over time. 81% of patients after 12 months still had symptoms of depres-
sion, and 76% of patients still had symptoms of anxiety. The higher the measured score of both
variables at the beginning, the more likely this score remained increased even after 12 months.

The study of the incidence of depression and anxiely symptoms is important because of the
potential impact of these variables on subsequent morbidity and mortality of patients. In 1993,
Frasure-Smith et al.[9] as the first ones identified depression after MI as an important predictor
of 3-4-fold increase in mortality from cardiac causes, regardless of previous MI's and/or left
ventricular dysfunction. Opinions concerning the influence of depression on higher mortality
al the time of recovery after AMI vary; some of them confirm this relationship[10-12], others
do not[13,14]. A recent study confirmed that depression 1.6-times increased the likelihood of
death in the long term horizon of 7 years after PCI[15]. However, it is not certain what causal
relationship this is, as treatment with antidepressants (sertralin) or with cognitive behavioural
therapy (CBT) has never been associated with a favourable effect[16,17]. Possible explanations
of more frequent co-occurrence of depression and IHD are being sought in more frequent
occurrence of unhealthy lifestyles in depressive people[18], non-adherence to treatment[19],
later seeking medical care[20], increased activation of the hypothalamic-pituitary-adrenal
(HPA) axis[21], increased activation of platelets|22], abnormal endothelial function[23], etc.

The main objective of this study was to determine the prevalence of depression and anxiety
symptoms in the population of patients with AMI with ST-segment elevation (STEMI) treated
by currently the most effective method, which is a mechanical reperfusion using primary PCI
(pPClI). This study is unique by the number of measurements throughout the year, which
allows us to track trends over time. Secondary objectives were to determine co-morbidity of
depression and anxiety and the difference between men and women in the level of anxiety and
depression experienced during the recovery.

Materials and Methods

The study protocol was approved by the Ethical Commilttee of the University Hospital Brno
and conforms to the ethical guidelines of the 1975 Declaration of Helsinki.

Prospectively, 79 consecutive patients were enrolled in the study over 16 months, with
STEMI treated by pPCI within 12 hours of the onset of problems and after signing informed
consent. Exclusion criteria included AMI in the medical history, the inability to complete the
questionnaire, the impossibility of finishing the 12-months follow-up, a severe chronic disease
with poor prognosis (e.g. malignancy, more severe cerebral stroke, organ complications of dia-
betes, etc.), and the age over 80 years. These patients were followed up in the period of 1 year
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after AMI in five different time intervals (within 24 hours from pPCI, before discharge from
the hospital, in 3, 6, and 12 months). The project was approved by the local Ethics committee.

The symptoms of depression were measured by means of BDI-II inventory. The Czech
BDI-II version was validated by Preiss and Vacif|24]. This self-rating scale with 21 items,
which does not take much time to complete (5-10 minutes), is focused on depression symp-
toms: affective, motivational, cognitive, and physiological. For each of 21 items, the respondent
ticks the statement that best describes how hefshe felt during the last 14 days. Except for two
items (16 and 18), the items are on a four-point scale. Items 16 and 18 have a seven-point scale.
The minimum score is 0, and the maximum 63. From 14 to 19 points (14 and 19 including),
the score is interpreted as slightly depressive, 20 to 28 points as moderately depressive, and 29
to 63 as severely depressive symptoms[24].

Symptoms of anxiety were measured using the inventory of SAS (Zung's Self-Rating Anxi-
ety Scale) [25]. It is again a method that does not take much time; it contains 20 items, identify-
ing affective and physiological symptoms of anxiety. The final score describes, similar to
BDI-II, the condition in the last two weeks, nol anxiousness or a depressive state of mind as a
personality trait. The respondent uses a four-point scale to assess all statements (from never /
rarely, to very often / all the time). The score can be from 20 to 80 points. As a cut-off score, it
is recommended to use the level of 45 points [25].

We subjected two areas, which are assessed by the self-rating scales, to a special analysis,
namely sleep disturbances and loss of interest in sex.

The data was analyzed in the Statistika Cz program, version 12, and in MS Office—Excel
2007. Results with the value p<0.05 were considered as statistically significant. Mann-Whitney
U tests were used to compare those who withdrew from the study during its course and those
who continued. When analyzing BDI-1I and SAS as continuous variables, the Spearman corre-
lation coefficient was calculated to determine the relationship between the initial and subse-
quent rate of depression and anxiety. The same method was used to compare co-morbidity or
depression and anxiety symptoms. To determine the difference between the values of both
tests for men and for women, the Mann-Whitney U test was used. Kruskal Wallis ANOVA
was used to determine the relationship between age groups and values of BDI-Il and SAS.

Results

The research involved 79 patients (78.5% of men; median age 61 (5" percentile 43.6, 95 per-
centile 77.0, range [32-79] years).

Occurrence of depression symptoms

Within 24 hours after pPCI, depression symptoms (BDI-II > 14) were identified in 17 patients
(21.5%). In the time before the discharge (in 3-5 day after pPCI), questionnaires were handed
in by 76 patients (96.2%), 7 patients (9.2%) were with depression symptoms. After 3 months,
67 patients (84.8%) responded. Of the remaining patients, 7 patients (10.4%) were with depres-
sion symptoms. After 6 months, 65 patients (82.3%) responded, 10 of this patients (15.4%)
were with depression symptoms. And during the last measurement after 12 months, 9 patients
of 65 (13.8%) with depression symptoms were found. (Table 1, Graph 1) There were no

Table 1. Occurrence of positivity of questionnaire BDI-II.

Within 24h after IM Discharge M 6M 12M
BDHI score >14 (no. of patients) 21.5% (17/79) 9.2% (7/76) 10.4% (7/67) 15.4% (10/65) 13.8% (9/65)
Score median (5'; 95" p 8 (1.9; 21.0) 6 (0.0; 17.0) 5 (0.0; 15.0) 6 (0.0; 21.0) 5 (0.0; 26.4)

doi:10.1371/journal. pone 01523671001
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Table 2. Occurrence of positivity of questionnaire SAS.

Within 24h after IM Discharge M 6M zm

SAS score > 45
Score median (5"; 95™ percentile)

8.9% (7/79) 0% (0/76) 4.5% (3167) 10.8% (7/65) 6.2% (4/65)
34 (25.0; 48.1) 34 (22.8; 42.0) 34 (21.3;43.7) 33 (20.0; 50.4) 33 (20.2; 45.6)

0i:10.1371/joumnal pone.0152367.1002

differences between patients who did or did not follow up, at any time point, (p = 0.51 at dis-
charge, p = 0.27 at 3 months, p = 0.54 at 6 months), comparing to the previous questionnaire
scoring.

Occurrence of anxiety symptoms

Within 24 hours after pPCI, anxiety symptoms (SAS > 45) were felt by 7 patients (8.9%). At
the time of the next measurement before the discharge from the hospital, no patient was pre-
senting anxiety symptoms. After 3 months, 3 patients (4.5%) with anxiety symptoms were
found in the group. After 6 months, 7 patients (10.8%) were with anxiety symptoms. And dur-
ing the last measurement after 12 months, there were 4 patients with anxiety symptoms (6.2%).
(Table 2, Graph 1). There were no differences between patients who did or did not follow up,
atany time point, (p = 0.28 al discharge, p = 0.86 at 3 months, p = 0.58 at 6 months), compar-
ing to the previous questionnaire scoring.

Simultaneous occurrence of depression and anxiety symptoms

Both variables statistically significantly correlated in all measurements (r = 0.61 within 24
hours; r = 0.44 before discharge; r = 0.60 in 3 months; r = 0.80 in 6 months; and r = 0.79 in 12
months). (Fig 1)

Difference between men and women

In determining the differences between men and women it has been found that the groups sta-
tistically significantly differed from each other at the time of hospitalization. Women experi-
enced more depression and anxiety then men in the first 24 hours after PCI (p<0.01; p = 0.01),
and also more depression before hospital discharge (p<0.01).

Difference between age groups

In determining a depressive and anxious state of mind, the values of depression symptoms in

different age groups statistically significantly (p = 0.02) differed in the first 24 hours after PCI
in different age groups. Patients in the oldest age group between 70 and 79 years had the high-
est score of BDI-II in the first 24 hours after PCI (average = 12.3, SD = 5.0).

Sleep disturbances and loss of interest in sex

From the BDI questionnaire, we were further interested specifically in two aspects, which we
also assessed in terms of their occurrence in patients over 12 months: changes in sleep and
loss of interest in sex. On the first day of hospitalization, the values were most extreme.
Changes within the ‘minus’ meaning, i.e. “I sleep a little less”, “I sleep less”, or “I wake up one
to two hours earlier and cannot fall asleep again” on the first day of hospitalization were
stated by 46% of respondents. Before leaving the hospital, a sharp decline in these changes
was apparent—Lo 26% of the respondents. The third, fourth and fifth measurement stabilized
at around 30%.
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Prevalence of depression and anxiety symptoms in the course of 1 year after PCI

21.5%

6.2%
) 4.5%
E —4— Depression
] 0.0%
T — = Anxiety
- 1 day 3-5 déys 3 months 6 months 12 months
Fig1. P of depl iety symp inthe of 1 year after PCI.

doi:10.1371/journal.pone.0152367.g001

If we compare these sleep disorders with the incidence of depression in our sample, we can
see the prevalence of sleep disorders. Changes in the sleep in the sense of “I sleep a little more
than usual”, and “I sleep much more than usual” occurred among the respondents during hos-
pitalization in 22%, and before discharge in 17%. Then the values stabilized again around 30%.
(Fig 2)

Partial loss of interest in sex was reported on the first day by 46%; after the 15% decline, it
returned again after 12 months to 40%, with increasing tendency from month 3 to month 12.
Complete loss of interest in sex was reported by 11% respondents on the first day, again with
increasing tendency. Between month 6 and month 12, the incidence of complete loss of interest
in sex stabilized at 20%. (Fig 3)

Discussion

Unlike previous studies, the prevalence of depression symptoms is lower. In the first 24 hours
after PCI, 21.5% of patients with a depressive state of mind were recorded, while after 3-5 days
after PCI before discharge from the hospital, the relative number of patients with a depressive

PLOS ONE | DOI:10.1371/journal.pone.0152367  April 13,2016 5/9
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Fig 2. Changes of sleep in the course of 1 year after PCI.

doi:10.1371/joumal pone.0152367 g002

state of mind was lower than half (9.2%). This sudden drop in the incidence of depression
symptoms in a short time could be explained by mental and/or physical relief after the PCI and
disappearance of distressing symptoms of the ischemic heart disease, which could precede
AMI. Certain limitation is the unavailability of data prior to the occurrence of MI. Partial infor-
mation may be provided by first self-rating questionnaires completed within 24 hours after
admission, but non-specific distress during acute cardiovascular disease surely burdens it with
a certain error. Subsequently, during home treatment, there is an increase in a relative number
of patients with depression symptoms—to the values 10.4%, 15.4%, and 13.8% (3, 6, and 12
months after PCI respectively). A similar curve was observed in a separate evaluation of sleep
disorders and interest in sex. It can be assumed that it takes some time for the patients to fully
realize consequences of severe cardiovascular disease, impaired functional capacity, and in
some cases even disability caused by the new disease. This can explain to some extent a gradual
increase of the symptoms in home care. In the meta-analytical study[1], 6 similar studies were
assessed, ascertaining the prevalence of depression using the BDI (BDI > 10) questionnaire.
Averaged relative frequency of the incidence of depression symptoms was 31.1% (CI 29.2%-
33.0%; N =2 273). Our results are significantly lower, after one year one half. This could be
partly influenced by using a different (older) version of the BDI questionnaire in these 6
studies.

PLOS ONE | DOI:10.1371/journal.pone.0152367  April 13,2016 6/9
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Prevalence of anxiety is often determined along with depression using the HADS question-
naire (the Hospital Anxiety and Depression Scale), which is divided into two subscales. For
example, Furuya et al.[7] found the prevalence of anxiety in 66.7% of men and 56.3% of
women, with atypical predominance of the incidence of anxiety in men. Qur research group
was doing better again in terms of the incidence of anxiety, when we did not use any other
method of measurement. Anxiety ranged from 0% to 10.8%. Zero incidence was recorded in
the period before leaving the hospital.

Patients reported depression and anxiety symptoms already on the first day after AMI,
although the instructions of both self-rating scales required assessment of the condition in the
last two weeks. At the same time, a rapid decline was reported immediately after 2-4 days of
the completion of the first set of questionnaires. These facts suggest that both BDI-IT and SAS
evaluated the current condition of depression and anxiety symptoms rather than their average
in the last 2 weeks.

Damen et al.[8] mentioned stability of both investigated symptoms at the time after PCI. In
this study, the authors focused primarily on the research of changes of depression and anxiety
symptoms over time in individual patients separately. They found relative stability of both vari-
ables. We came to similar conclusions using Spearman correlation of individual variables at all
times. The results at all times were statistically significantly associated with one another.

PLOS ONE | DOI:10.1371/journal.pone.0152367  April 13,2016 7/9
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When evaluating the relationship between depression and anxiety symptoms we came to
the conclusion that the values BDI-II and SAS measured at the same time are statistically sig-
nificantly related. Lane et al.[2] reached the same conclusions. The authors offer twe possible
explanations of this co-morbidity. These two values are either increased together in response to
stress (AMI, hospitalization, PCI, etc.) without relation to any psychopathology, or they repre-
sent wrong measurement instruments, which reflect another different psychopathology|2].

By comparing men and women, predominance of depression and anxiety symptoms was
explained both in the first 24 hours, and for depression, before the discharge from the hospital.
Furuya et al.[7] came to opposite results with their research group. We could explain this dis-
parity in experiencing depression and anxiety symptoms by greater reactivity of women to
stressful stimuli.

Conclusion

Overall, we found a relatively low prevalence of symptoms of depression and anxiety in
patients with STEMI treated with primary PCI. A favourable decline in mental stress was
observed before the discharge from the hospital, but in a period of one year after PCI, the prev-
alence of both symptoms gradually increased. This development should be closely monitored
in all patients with cardiovascular disease using simple screening methods, such as BDI-11 and
SAS, which in the clinical practice will allow for rapid evaluation of the risk to the patient and
the use of other methods enhancing medical care.
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Aims Primary percutaneous coronary intervention (PPCI) is the preferred reperfusion therapy in ST-elevation myocardial
infarction (STEMI). We conducted this study to evaluate the contemporary status an the use and type of reperfusion
therapy in patients admitted with STEM in the Eurapean Society of Cardiology (ESC) member countries.
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Methods
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Conclusion

Keywords

A cross-sectional descriptive study based on aggregated country-level data on the use of reperfusion therapy in patients
admitted with STEMI during 2010 or 201 1. Thirty-seven ESC countrieswere able to provide datafrom existing naticnaler
regional registries. In countries where no such registries exist, data were based on best expert estimates. Data were cok
lected on the use of STEMI reperfusion treatment and mortality, the numbers of cardiclogists, and the availability of PPCI
facilitiesin each country. Our survey providesa brief data summary ofthe degree of variation in re perfusion therapy across
Eurcpe. The number of PPCI procedures varied between countries, ranging from 23 to 884 per million inhabitants.
Primary percutanecus coronary inte rvention and thrombeolysis were the dominant re perfusion strategy in 33 and4 coun-
tries, respectively. The mean population served by a single PPCI centre with a 24-h service 7 days aweek ranged from
31 300 inhabitants per centre to 6 533 000 inhabitants per centre. Twenty-seven of the total 37 countries participated
ina former survey from 2007, and major increases in PPCI utilzation were observed in 13 of these countries.

Large variations in reperfusion treatment are still present across Europe. Countries in Eastern and Southern Europe
reported that a substantial number of STEMI patients are not receiving any reperfusion therapy. Implementation of

the best reperfusion therapy as recommended in the guidelines should be encouraged.

Primary percutaneous coronary intervention  STEMI e Treatment variation ® Eurcpe

Introduction

Guidelines from the Eurcpean Scciety of Cardiclogy (ESC) call for
timely corcnary artery reperfusion in patients with S5T-elevation
myecardial infarction (STEMI) and stress that, if availble, primary
percutaneous coronary intervention (PPCI) is the preferred strat-
eg;f.' Despite its advantages, PPCl is not universally implemented
and thrombolysis is still used in many patients. Furthermore, a large
group of patients presenting with STEM | are not receiving any reper-
fusion therapy.” * The reasons for these differences in the use of
reperfusion therapy in the ESC countries are poorly understood.
However, prior studies suggestthatclinicalfactors, financial concerns
aswell as obstacles, and organizational difficulties are key factors.™®
To overcome these types of barriers, systems of care have been
developed such as establishment of regional STEMI networks with
very encouraging resules.”®

This descriptive study reports the current use of reperfusiontreat-
mentin 37 ESC countries. The study is a fellow-up of the surveycon-
ducted in 2007 including more countries. A total of 27 countries
participated in both surveys. The present survey includes the same
study variables collected in the former survey, whereas the data
sources vary.}

Methods

This was a cross-sectional descriptive study based on aggregated survey
data from 36 ESC member countries and 1 affilated ESC country in
20102011, The 55 Mational Societies within the ESC were kindly
asked to provide country-level data Positive replies were received
from 37 ESC countries, including one affiliated ESC country. The collec-
tion of data was a substantial task, and consequently, one representative/
contact person fram each country s listed as a co-author of this report.
The study consisted of self-administered questionnaires completed by
the national contact persons providing infarmation on the following
items: the number of STEMI patients per 1 000 000 inhabitants treated
with (i) PPC, (i) thrombalysis, and (iii) patients receivingno reperfusion
therapy. We also collected data on mortality assessed as overall
in-hospital mortality according to the type of reperfusion therapy.

Furthermore, we gained data on information on existing national
STEM! or PCI registries and on the organization of treatment manage-
ment (number of PPCl centres per 1 000 000 inhabitants and number
of cardiologists per 1000 000 inhabitants). Twenty-seven of the 37 coun-
tries were also participating in the survey conducted in 2007/2008, and
data an the utilization of PPClwere available for comparison. Numbers
of patients treated with thrambalysis and the numbers of patients not
receiving reperfusion therapy were in 2007/2008 given as percentage
and can therefore notbe compared.

Sincemost of the countries in Europe at present do not have national
or regional registries on PPClar STEMI, we allowed the national contact
persons to report their best estimates. The following country data were
based solemnly on contact person's estimates: Azerbaijan, Bosnia
and Herzegovina, Georgia, and the Metherands. Only nine countries
(Austria, Belgium, Denmark, Germany, lceland, ltaly, Poland, Sweden,
and UK) have national registries covering the entire STEMI population
with mandatory registration and continued data validation (Table 7).
After conduction of the survey in 2007/2008, a substantial number of
countries have taken the initiative to establish more permanent data
registries with national coverage. Examples are Romania and Bulgaria
with fairly new established registries covering 70% of the STEMI popula-
tion. The completeness of STEMI cap turing during the time period in the
various registries ranged from 14.5% coverage in Greece to 100% cover-
age insome countries, Le. Denmark, Sweden, and the UK. Insome coun-
tries, e.g. France, Egypt, Greece, Ireland, and Slovalda, data werebased on
surveys and snapshots. Afull description of the data saurces are given in
Table 1.Since mortality dataare highly dependent on sound registration,
we choose to includeonly mortality data from countries where a national
STEMI registry and a national PCI registry exist (Table 3).

Data analysis

We provided descriptive analysis of the type of reperfusion utilization in
201072011 far each country. For the 27 countries participating in both
surveys, we moreover included comparative numbers on the utilization
of PPCI. The use of reperfusion therapy is presented as numbers per
1000 000 inhabitants. Mumbers of available cardiologists are presented
per 1000000 inhabitants and numbers of available PPCI hospitals per
mean population. Correlation between the number of cardiologists per
1000 000 inhabitants and the number of performed PPCI per million
inhabitants was done using Spearmans’ rank correlation test. Martality
data are presented as percentages.
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Table | Description of country data sources

Country

Austria®

Azerbaian
Belgium®
Bosriaand
Herzegovina
Bulgaria

Croatia*

Cyprus

Canch Republic

Denmark

Egypt

Finland

Data
from
the
year

0m

0m
om

o

om

om

2009

201

2010

201

201

Existing
national PCI
registry

Austrian PCI

registry

Belgian PCI
registry

Started
MNovember
won

Na

Na

Yes

The Danish
Heart
Registry

Tes

No

Existing regional PCI
registry

PCl registry

Wihelminen
Hespital Vierna

No

Yes

The Western Denmark
Heart Registry, PATS
(The Eastern
Denmark Heart
Registry

Yes

Existing
national
STEMI

registry

Mo

Belgian STEMI
registry

Started
Movember
012

No

No

The Danish
Mational
Patient
Registry

Mo

Existing Expert
regional estimates
STEMI only
registry

L= fSTEMI

< to data content

capturing per period/
percentage of STEMI

population covered by the

registry

Vienna, STEMI

registry

No

No

Yes

Na

Yes

The Danish
Mational
Patient
Registry

Yes—some

90% (estimate)
STEMI database 50%

PCl database 100%

T0%

100%

36%, 31 million people

Near 100%

F10T p IsmiEny w0 rmearm gimesepy e Brosyeamo piogwo resqma - duy mwog pepromuog

Data from various sources: The National Health
Insurance Fund, Mational Social Security
Institute, Mational Center of Public Health and
Amalysesas well as from the National PCI
centres

Croatian Institute for Public Health and regional
and in-hospial ACSSTEMIPRC registries

Data for STEMI were based on CYPACS Study/
Registry in 2009. Data for PPCl were based on
unpublished data for the year 2011, presented
at the Cyprus Society of Cardiology Mational
Congress, year 2012

Register + approximation based on currentand
older data

Based on the 1st Phase of Egyptian Stent For Life
registry (9 months). Four areas only: Cairo,
Alesandria, Delta.and Canal Fourteen cath labs

PCl data based on registry data, STEM| data based
on expert estimates

Continued
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Table |

Country

Centinued

Existing
national PCI
registry

Existing regional PCI
registry

Existing Expert
regional estimates
STEMI only
registry

Completeness of STEMI
capturing per period/
percentage of STEMI
population covered by the

registry

Comments to data content

Georgia

Germary

Greece

Hungary
leeland

Ireland

lsrael

lealy

20Mm

2011

20m

201

201

20Mm

2010

2010

Mo

Ma

Mo

Yes

Tes

Mo

Yes

Tes

RICO, Cardio ARIF,
OREl, Center
registry, PACCA
registry, Alpine
registry

Mo

Yes

Eerlin, Essen,
Hildesheim/
Association of
Clinical Cardiology
Directors (ALKE)
Ludwigshafer ALKK

Record PCI

Mo

Mo

Mo

Partially

Yes

Mo

RICO, Cardic
MRIF, OREL
Center
Registry,
FACCA
registry,

Alpine
registry
Mo X

Yes

Mo
Yes
Yes

Mo

1Recode PCI

Yes

145%

509

Snapshot survey (2011) 92%
PCI 100%

STEMI 95%

MA

Data are extrapolated (Le six
times) from a 2-month
national ACS surveillance

BLITZ 1 (2 weeks srapshot in
=90% ltalian CCUs;
BLITZ 4 a weeks snapshot
representative of
approximately one-fifth of
total CCLs)

10T F 1snBny wo Arsamm jlresepy 1 Eo sprumolproro fresymay, dyy mog papeofuog

Based on the FAST-MI survey data

Mumbers are based on data from anly five PCI
centres. (insured patients only)

Activity numbers are based on BQS:
AQUA-Institut, data collection is mandatory.
Staff numbers are based on Bruckenberger, the
German Heart Statistics 2011

Data based on Stentfor Life Registry, Hellenic PCI
Registry

SVWVEDEHEART. Data on the wse of thrombo lysis
are based on expert estimates

(1) Heartbeat voluntary STEMI database of 20
participating hospitals (July2011to june 20132)
covering 58% of the population (in
conjunction with CHAIR regional registry and
HIPE national hospital administrative system)

(2) Medical Council (registering body) for the
number of cardiologists

ISRAEL ACSIS 2010 Mational ACS Registry

Diata are based on GISE database®, data on
thrombaolysis, and no reperfusion are based on
BLIZ-4

096}
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Latvia®
Marcedonis®
Metherlands

Portugal
Foland®

Ramania®
San Marino
Saudi Arabia

Slovakia

Slovenia

Spain

Sweden®
Switzertand®

Turkey
UK

Ukraine

2011
201
2011

20m
201

201
2011
201

2011

2011

201
2010

201
201

201
2010

and

201
201

2 different

Yes
Mo
Yes

Mo

MNa

Mo
Yes

Yes

Mo, a
nationwide
annual
survey of
FCI

Tes

MIMNAP

BCIS

Yes (covering
just 75%)

Yes Yes
Yes Yes
Yes Mo
Mo 2 different
Yes Yes
Mo Yes
Mo Yes
Mo Yes
Yes Yes
Mo Yes
In each CL Mo
Yes Yes
Mo Yes
Mo AMIS plus
Mo Mo
Yes Yes
Mo Mo

Mo
Yes
Mo

Mo
Yes

Mo

Mo

Yes

Mo

Yes

Ineach CL

Yes

Mo

Mo
Tes

Mo

90%
85%
Yes

MA

70%

100%

Representative snapshot,
particularly of the
governmental tertiary care
hospitals

Mational registry for ACS
covers all hospitalized ACS
patients in Serbia

80-90%

100%

28.73% based on Regioml
STEMI Metworks Registry

100%
AMIS plus ca. 30%

100%

MA

Based on national registry

Based on expert estimate and extrapolation of
data from 18 interventional centres

PL-ACS registry, rational PCI database,
thrombolysis, and number of patients not
receivingany reperfusion are based on expert
opinion

Based on RO-STEMI

(1) Mational PCl Registry (CARES)

{2) Mational ACS Registry (SPACE)

(3) Regional ACS Registries (Gulf RACE-1 and

Gulf RACE-2)

(4) Mational experts estimates

Clinical Centre of Serbia PPCl registry, Matioral
registry for ACS, Annual cath-lab reports ofall
PCl centres

Based ona Z-month snapshot covering 90% of
hospitals. The results are multiplied by sixto get
1-year data.

Spanish Society of Cardiology, PCI Registry.
Prevalence of STEMI vs. non-STEI based on
MASCARA registry. Thrombolysis was based
on the Spanish Society of Cardiclogy, FCI
Registry (6% ACS non-classifiable)

Swedeheart, HIA

Information based on voluntarily hospitals
participation in AMI5 Plus Registry

Data sent from 25 pilot cities of SFL initative
BCIS PPCl data for all UK 2011. MINAP data for
2010 England and Wales—thrombolysis

Information based on data from Ukrainian
Register of Percutaneous Coronary
Interventions’, reporting the Ministry of Health.
Personal communication with PCI centres

OO, Critical Care Unit; CL, County Level H1A, Healt Impact Asssment.
*Based on the same data sources as the survey published in 2010°.
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Table2 MNumberofavailable cardiologists, hospitals capable of performing acute and non-acute percutaneous coronary

intervention, and population per centre

Country Country Mean number of Numbers of Mumbers of PCI Mean population
population 1 board-certified cardiologists PCl hospitals hospitals with 247 per PPCl centre
January 2011 per million population PPCl service (2417 service)
Austria 8404352 17 36 14* 600 300
Azerbaijan 9111078 022 7 4 2280000
Belgium 10951 865 70 36 36 304 000
Bosnia and Herzegovina 3843183 211 5 2 1922000
Bulgaria 7504 858 Bo6 33 33 237 500
Croatia 4412137 MNA 12 9 490 300
Cyprus B4 435 165 4 A
Czech Republic 10513 209 713 22 22 478 000
Denmark 5560628 584 7 5 1112000
Egypt* 82079 632 258 93 31 2,654.800"
Finland 537576 M7 23 3 1792000
France® 65 821885 9.1 210 2107 313000*
Georgia® 4469250 3s 9 4 1117 300*
Germany 81780000 360 521 Ay A
Greece” 10787 690 2438 49 15 754000
Hungary® 9985722 400 17 17 587 400
lceland 318452 78S 1 1 318 500
Ireland 4480858 1 16 4 1120200
Ialy® 60 626 442 NA 55 21 287 300
lsrael 7873052 T2 24 22 311400
Latvia 2229611 650 4 2 1114800
Macedonia 2077328 178 4 4 519300
The MNetherlands 16 696 000 557 31 22 759 000
Portugal 10636979 545 29 1 506 500
Paland 38200037 502 137 114 335100
Romania 19042936 577 22 12 1586911
San Marina 31269 1919 1 1 31300
Saudi Arabia 26316704 15 30 4 6533000
Serbia 7276195 MNA 11 5 1455200
Slovakia 5404322 786 6 4 1351000
Slovenia 2050189 1z 5 2 1025094
Spain 46152926 469 126 78 591700
Sweden 9415570 78. 29 12 784 600
Switzerland 7870134 126 32 26 302700
Turkey” 14283013 130 7 15 952200
UK 63 141700 NA 17 57 1107 749
Ukraine 45134707 555 37 11 4103200
in Avsstri 2, further 14 centres parform PPClin STEMI patients for 1 up to 3 days 24 h with ks that offer. Isystem of opencatheter networks (& g STEMI netwarks in

Wienna, LINZ, Lower Austria South).
SBased on survey data in selected parts ofthe countries—see also Table 1.

Results

Utilization of primary percutaneous
coronary interventionin 2007 and 2010/2011
Figures 1 and 4 show the use of PPClin the participating37 countries.

Primary percutaneous coronary intervention utilization varied con-
siderable between countries with a ranee from 23 to 884 PPCI

precedures per 1000000 inhabitants (Fgure 7). Countries with the
highest utilization of PPCl per 1000000 were Austria, Bulgaria,
Germany, the Netherlands, and Poland. Azerbaijan, Cyprus, Egypt,
Georgia, Saudi Arabia, and Ukraine had the lowest utilization
(Fgurs 1). Most countries had PPCI rates around 400600 proce-
dures per 1000000 inhabitants (Figures 1 and 4). Twenty-seven of

the total 37 countries marticinated in the former survew. Maior
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Reperfusion therapy for ST elevation acute myocardialinfarction 2010/2011 1963

Table3 Crude in-hospital mortality (%) of ST -elevation myocardial infarction (STEMI)

Country STEMI STEMI treated with PPCI STEMI treated with thrombolysis STEMI receiving no reperfusion
Bulgaria 12 &1 11 19
Denmark 13 31 NA 11
Hungary 10 13 135 155
Iceland 55 NA NA NA
Ialy 4 25 25 62
Macedania a3 22 65 a7
Partugal 67 i3 MA a5
Poland 30 44 25 115
Remaria 99 44 83 171
Spain 63 5 NA 134
Sweden 71 48 59 2
UK NA 44 NA NA

Based on data from countries with access to anational PCland STEMI registry.

B

9m

g

g
g
g

470 481

5’-

Nummber of percutaneous coronary interventions per 1,000,000 inhabitants
]
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200 126 158 128
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5= E2eE< k| £ 3 $ & 5
«3?353555 umggsiﬂg ”ﬂggzgifgmag §_§g
2 g =3 .!&§ §£
& g
Country

Figure | Primary percutaneouscoronary interventions per 1000 000 inhabitantsin 37 ESC countries. Blue bars are data from 2007 and red bars
aredatafrom 20102011,

increases in PPC| utilization were observed in 13 countriest Austria,  © Utilization of thrombolysis

Bulgaria, Croatia, Greece, Italy, Latvia, the Netherlands, Portugal,

Romania, Serbia, Turkey, and England/Males (Fgure 1). Countries . The use of thrembalysis was highest in Bosnia and Herzegovina,
like Denmark, France, and Sweden on the other hand experienced Cyprus, Greece, and Serbia (Figure Z). The use was below 100 per
adecline in PPClorocedures. © 1000000 inhahitants in the mainritv of the countries
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Figure 3 Mo reperfusion therapy per 1 000000 inhabitants in 37 ESC Countries 2010/2011.

Numbers of primary percutaneous coronary

Number of non-reperfused patients

intervention centres and cardiologists

The number of non-reperfused patients ranged from 19 to 526 per

Table 2 summarizes the population of the countries, the number of

1000 000 inhabitants (Figure 3). A large number of countries were

unable to provide data on non-reperfusion.

board-certified cardiolorists. the number of PPCl performine
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N

2600 PPCI/mill/year

400-<600 PPCI/ mill fyear
200-<400 PPCl/mill/year
<200 PPCI/mill/year
Data unknown

Figured4 Numbersof Pimary Percutaneous Coronary Interventions per 1 000 000 inhabitants 2010/2011 in 37 ESC member countries, grouped.

hospitals, the number of PPCI centres with a 24-h service 7 daysa
week (24/7), and the mean number of the population served by a
24/7 service PPCI centre for each country in the year 2011,

The mean number of board-certified cardiologists ranged from 0.2
in Azerbaijan to 243.8 board-certified cardiclogists per 1000000
inhabitants in Greece (Table Z). There was no significant correlation
between the number of cardiclogists per 1000 000 inhabitants and
the number of PPCl procedures (R = —0.0013,F = 0.59).

The mean population served by a single PPCI centre with 24/7
services (Table 2) ranged from 31 300 inhabitants per centre (San
Maring) to 6 533 000 inhabitants per centre (Saudi Arabia) (Table 2).
The number of PPCI capable centres with 24/7 services was highest
in Italy with 211 centres. In Cyprus, no PPCI centres existed at the
time of data collection.

Mortality

Table 3 displays the in-hospital mortality for STEMI patients cverall
and the in-hospital mortality for STEMI patients treated with PPCI,
thrombolysis, and patients receiving no reperfusion therapy.
Owerall in-hospital mortality in STEMI varied between 3% (Poland)
and 100% (Hungary), whereas mortality for patients treated with
PPCl was lower (range 2.2-6.1%). In countries with specific patient
identifiers thatallow robust-confirmation of patient-specific mortal-
ity, the reported mortality in STEMI patients treated with PPCl was
3 1% (Denmark) and 4 A% (Sweden) { Tahla 31

Discussion

Themain findinginour descriptive study of reperfusion therapy in 37
ESC countries isthat large national variation in treatment strategies
for patients admitted with STEMI still exists. Despite the fact that
internaticnal guidelines have been recommending PPCI as the first-
choice treatment for the last 10 years, this therapy is still not
implemented throughout ESC countries. Moreover, a substantial
number of patients are still not offered any reperfusion therapy.
Haowever, due to the variety of data collection methods and registry
practices(Table 1), adirect comparison between countries should be
performed with caution.

Utilization of primary percutaneous
coronary intervention

Primary percutaneous coronary intervention as the first-choice trea-
tment strategy is wel implemented in most Northern, Western, and
Central Europe countries, whereas the numbers of patients receiving
this therapy still are low in some of the Southern and Eastern coun-
tries. These findings relate dosely to those in the first survey based
on data from 2007 published by Widimsky et alt Twenty-seven of
the 37 countries participated in this former survey. We found a
major increase in the overall numbers of performed PPCls in 13 of
the countries compared with the data obtained in 2007. Especially

in the mainnty of the conntries that are narticinating in the Stent
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for Life Initiative (Bulgaria, Greece, Italy, Portugal, Romania, Serbia,
Spain, and Turkey), an important increase was evident.™ ™" More-
over, EnglandWales reports a remarkable increase in the number
of patients treated with PPCl moving from <<40% of the STEMI
population treated with PPClin 2006 to =90% in 2011."" Countries
like Denmark, Sweden, and Switzerland experienced a significant
declinein PPCl utilization. On an explanation for this, evidentin Den-
mark, would be the fact that the data from the survey in 2007/2008
were based primarily on an expert estimate, whereas that for the
present survey was based exclusively on national registry data.
Another plausible explanation is the decline in the incidence of
STEMI over the past years in some western countries, most likely
due tosecondary better preventive treatments. > ¥ Explaining vari-
ation in treatment utilty and comparing levels across countries
remain a difficult task since it is highly influenced by multiple factors.

A gross estimate of 600 PPCl procedures per 1 millicn inhabitants
has served as the recommended treatment goal in the development
of a STEM| treatment strategy.’ The major barrier to this type of goal
setting is the lack of good nationwide registries that allow inter-
and cross-country comparisons at the patient level The underlying
population demand is often unknown and such information will be
a prerequisite to address the full diversity of access to treatment
and to set spedfic treatment goals for individual countries. The
importance of considering differences in the need for PPClis appar-
entacross Europe, where demographics varyhighly and where death
rates from ischaemic heart disease (both sexes, all ages) are twice as
high in the UK asin Portugal.'"” For example, in Ireland, the ratio of
elderly persons given as the number of =65 year old divided by the
number of persens <<65 is 17.2%, whereas in ltaly this ratic is 30.9%
(2011, Eurostat, Population st.'n:istics].s"'l‘Is This stresses the need
for good quality data at the patient level with continuous menitoring
of incidence and treatment outcomes.*™ Future studies could
benefit from reporting age standardized rates in order to make
data more comparable. Also, the underying illness burden of the
population expressed as the level of co-morbidity (eg existing
diabetes and hypertension) may vary, and influence the demand for
PPCL. For example, in Saudi Arabia the percentage of pecple with
acute corcnary syndrome (ACS) suffering from diabetes is as high
as 58% (2011),"% whereas the Danish Health and Medicines
Authority reports a prevalence among patients with ACS in
Denmark around 30%. However, most literature finds that supply
factors are the major drivers of implementation ako for PPCL'7 22
Mewer studies have found thatthe numberof physicians is associated
with the level of PPCI utilization®™** In our study, we found no
comelation between the number of cardiclegist and the number of
PPCI utilization.

However, previous studies have not enly shown that regions that
spend more on health care on average have sicker patients, but also
that higher levels of illness explain only a fraction of the overall
difference in regional variations.” " Anocther explanation for
the observed variations could be the countries reimbursement
schemes. Some studies have acknowledged the important influence
of payment metheds on technology utilization. 2% The reimburse-
ment schemes for both physicians and hospitals can be strong
incentives for treatment utilization and may explain some of the
observed variation in PPCI utilization. Moreover, the STEMI inci-

dence will be afferted by the camahilite of eark and correct diacnnsis

of STEMI. Countries with newly established registries and STEMI
management strategies will most likely experience a rise in STEMI
prevalence and incidence for some years due to more patients
being diagnosed and registration improved. Clearly, there is a need
for a re-evaluation of the recommended level of PPCl usage adjusted
to the context of the country.

One other important factor that may, in part, account for the
cbserved differences in PPCI utilzation is the definition of PPCL
Some countries included procedures performed > 12 h after sym-
ptom onset,”” and also some patients with non-STEMI or cardiac
arrest undergoing acute PCl Furthermore, the data collection
methods varied substantially. Some countries did provide samples
or extrapolations of their STEMI total popubtion, and thus, the
actual level of PPClin the countries must be interpreted carefully.
For example, wtilization rates for PPCI and thrombolysis (Figure 1
and 2) were considerable higher in Bulgara than in Slovakia,
despite a similar level of acute myocardial infarction discharge rates
per 100 000 population (178.2 vs. 177.0, 2010, Eurcstat, Health sta-
tistics).™ Moreover, in some countries, patients treated in private
hospitals may not have been included. Differences in registration
practice may therefore to some extent explain the reported differ-
ences (Table 1). However, we do not believe that differences in
data definition and data collection metheds fully explain our findings
of a persisting large variation in reperfusion therapy.

Thrombolysis

Thrombolysis is still widely used in some Southernand Eastern coun-
tries, whereas countries like Denmark, Czech Republic, the Nether-
lands, and Sweden almost have stopped using thrembelysis in STEMI
patients. One plausible explanation for the existing widespread use of
thrembolysisis that several countries do not have the required infra-
structure and timely access to catheterization laboratories with spe-
dialized person nel.** Inareas remote frem PCl facilities where PPC
cannot be delivered within the recommended time limit the benefit
of thrombolysis is well established and remains an important reper-
fusion strategy. ™"

Thrembelysis should preferably be administered in the pre-
hospital setting and should be followed by transfer to a PCI centre
as soon as possible for urgent (rescue) or subacute coronary angicg-
raphy."** The optimal timing of routine angiography following suc-
cessful thrombelysis is net settled, but recent trials suggest a time
windowof2—12 h.' Awel-organized systemofcare withclear treat-
ment protocols and coordinated transfer systems is necessary for
identifying treatment-eligible patients for on-site thrombolysis or
transfer for PPC, as treatment is highly dependent on time. Studies
have shown that system delay (time from first medical contact toini-
tiation of reperfusion) is strongly asscciated with mortality, and the
risk of readmission to hospital with congestive heart failure® —3¢
As stated in the newly published STEMI guidelines from ESC, the
time from first medical contact to reperfusion with PPCI should
not excead 120 min, and indeed, we should attempt to cbtain even
shorter time delays."

No reperfusion

STEMI patients who do not receive reperfusion therapy have a poor
outcome.”” Qur survey demenstrates that a substantial proportion

of STEMI natients still are not receiving arv renerfiuson therane
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(Figure 3}, which highly stressesthe need for actions to improve these
figures. Under-utilization of eligible STEMI patients is evident and
have been reported to compress 23-30%.7% The reported
numbers of non-reperfused patients in our study is hampered by
the fact that have very few registries on STEMI incidence exist
making it difficult to make valid estimates. Delays in admissicn to
the hospital, certain high-risk clinical features and substantial co-
maorbidity have all been shown to be associated with lower utilization
rates of reperfusion therapy.’*** Moreover, the definition of non-
reparfused patients may differ. For example, in Israel, the ACSIS
survey showed that 33% of the examined patients had spentanecus
reparfusion before reaching the catheterization laboratery and,
therefore, was registered as a non-reperfused patient. In other
studies, non-reperfused patients are the patients who are diagnosed
after =12 h of symptom cnset. It has been suggested that achieving
late coronary patency in situations where patients present late
might still have beneficial cutcomes with PPCL However, this is still
debated.’*? Getting patients to call for medical help as soon as pos-
sible after symptom onset is a challenge in many countries.” There-
fore, efforts are highly needed to increase public knowledge on the
symptoms of myocardial infarction and of the awareness for immedi-
ate contact to the emergency medical system in order to shorten
patient delay.

Organization of reperfusion therapy

The number of PPCI capable centres with 24/7 service and the
number of cardiclogists per 1 milion inhabitants also varied consid-
erable between countries. Earlier studies, like the GRACE registry,
reported that the numbers of teaching hospitals and hospitals with
catheterization laboratories were indicators of a higher PPCI utiliza-
tion.*? A high use of PPCl most likely depends on the presence of the
necessaryskill needed to perform the procedure and the availability
of appropriate facilities and equipment.*** Furthermore, it is pos-
sible that hospitals using PPCI have better resource allo cation and
an organization that allow for better overall managament of all
aspects of acute STEMI treatment, which most likely will lead to
better outcomes and reduced health-care system delay. The forma-
tion of STEMI networks involving emergency medical services,
nzn-PCl hospitals, and PPCI centres could be necessary to imple-
ment PPCI services effectively. ~>** Besides single tertiary centres
serving a spedfic area for 24 h, some countries and regions have
developed rotational systems of STEMI care, in which three and up
to five interventional cardiclogy centres share the PPCI function
during night time. These systems have shown to be cost-effective
with comparable low mortality rates as single tertiary centres offering
24(7 services, and at the same time guarantees that only experienced
interventionalists are on duty.** Most importantly, these STEMI net-
works have been shown to reduce the number of non-reperfused
patients. The population served by a centre must be suffident to
maintain the competency ofthe centre. However, settingmeaningful
threshelds for minimum numbers of PPCI per year to maintain the
competency of both the hespital and the operator is difficult and

still remains a question for future research and discussion ¥4

Mortality

In-hospital mertality for STEMI patients treated with PPCI varied
hetween 11 and A1% The renorted in-hosnital mortalities are

consistent with evidence from other observational studies3#7-4%

However, comparison of in-hospital mortality across populations is
fraught with problems. Mortality data are highly dependent on the
population studied and the methodologies for data collection and
coding. For example, the overall mortality in patients with cardiogenic
shodk (usually 8—10% of patients in STEMI networks) is 40-50%, and
the number of these patients will influence the mortality rate positively
or negatively depending ontheir indusion or absence in the registries.
In well-organized networks, the in-hospital and 30-day mortality
ranges from 3 to 5%.% The newly published FAST-MI trial from
France reported a decrease in 30-day mortality from 13.7 to 44% in
the period 199510 2010 Moreover, they noted that overall mertality
decreased irrespective of use and the type of reperfusion therapy,
including the patients who did not receive any reperfusion therapy,”
indicating that other factors such as better preventive drug therapy
and changes in lifestyle are important.

Why is primary percutaneous coronary
intervention not implemented?

The variation in uptake of PPCl appears to be present worldwide,
and is not explained solely by econemic incentives, illness severity,
or patient preferences. The scant evidence within the field indicates
that the barriers for PPCl implementation are a complex mix of
medical, organizaticnal, patient-related, regulatory, and economic
factors. " Marniy factors still need to be addressed in order to under-
stand and explain the remaining large varation in treatment utiliza-
tion across Europe. The Stent for Life Initiative is, in our opinicn, a
good example of a joint multi-level effort identifying barriers at a
national and regional level in order to change practice, and would
be an example for other countries to follow.

Strength and limitations

The major strength of the study is that we wereable toinclude alarge
number of countriesthat previded up-to-date information enthe use
of reperfusion therapy. STEMIis a commaon and well-defined clinical
condition wordwide, allowing international comparison. Moreover,
we provide updated information on the number of hospitals with
PPCl facilities and the number of cardiclogists for each country.
The major limitation of cur study is the quality of the data, and
several points should be highlighted. First, discrepancies in the way
the data were collected; the coding of STEMI and in the definition
of PPCl in the 37 countries are clearly hampering cur study and
may lead to both under- and overestimation of the actual reperfusion
utilization and thus make cross-country comparisons difficult. Sec-
ondly, only a minority of the countries have mandatory registries,
and outcomes are not based on an exhaustive collection of the
STEMI population in the whole country. Moreover, the majority of
countries participaticninthe survey changed or expandedtheirregis-
traticn since the previous survey conducted in 2007/2008, which
even makes within country compariscns difficult. Incomplete or non-
compulsory reporting from hospitals may bias the factual size of the
reported inequality, but the size and direction of the bias is unknown.
Furthermore, data in four countries were based on best expert esti-
mates and extrapolations, which most likely will lead to an overesti-

matinnafthe artial ise Coontries not marticinating inthe survew man
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be countries with less-developed STEMI programmes. This weuld
underestimate the actual level of variation across Europe. The
survey makes it possible for countries to highlight their problems
regarding PPCl implementation. Mortality data are highly affected
by the underlying population, e.g the percentage of patients with
out-of-hospital cardiac amrest and shock. Unfortunately, cur study
wasbased onaggregated country-leveldatawith no accessto detailed
patient-level data. Thus, comparison of mortality data across coun-
tries should be done with caution.

Since STEMI incidence in most countries is unknown, we choose
to present reperfusion therapies as the numbers of patients treated
with the different modalities per million inhabitants instead of
percentage. It can be argued that this is a crude instrument espedially
when populations are diverse. However, we feel that this is the
most valid estimation we could obtain.

While these findings must be interpreted with caution given the
limitations of the study, and the difficulties with cross-country com-
parisons, this mapping of the current status of reperfusion therapy
across alarge number of European countries is nevertheless instruct-
ive in presenting a picture of a striking international variation in the
treatment strategies in patients admitted with STEML

Conclusions and future
perspectives

In conclusion, cur study demonstratesstriking differencesinthe man-
agement of patients admitted with STEMI in 37 ESC countries. It
seems that a significant deviation from the guideline recommenda-
tions is still prevailing, and an understanding of the reasons behind
under-utilization of reperfusiontherapy is a prerequisite for reducing
or eliminating such gaps in healthcare.

Inan attempt to reduce differences in anumber of European coun-
tries, the Stent for Life Initiative, suppeorting the implementation of
timely PPCl was established in 2008."*° The participating countries
already reportstrikingrises in PPCl utilization, reductioninmo rtality,
and an overall more effective management/organization of the STEMI
treatment system, which strongly calls for a continuation of astrategy
of implementation and supports of countries with low activities.” "

A major challenge for improvement of the care and outcome of
STEMI patients in Europe is the lack of accurate and comprehensive
data. The avaibbility of complete reperfusion data and patient
cutcome is a prerequisite to address the full diversity of access to
treatment in order to improve treatment availability and cutcomes
for STEMI patients in the future. Systematic use of large data-based
registries on STEMI treatment is highly needed. Alsc, the establish-
ment of key indicators underpinned by key items of data with data
definitions and clear analytical steps as used in other crganizations
might be helpful
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CARDIOVASCULAR FLASHLIGHT e ¢y 2014

Papillary fibroelastoma of the mitral valve as an unusual cause of myocardial
infarction in a 20-year-old patient

Katarzyna Piestrzeniewicz, Katarzyna tuczak, Piotr Jakubowski*, Piotr Kula, Ryszard Jaszewski,
and Jarostaw Drozdz

Department of Cardiclogy and Cardiosurgery, Medical University of Lodz, Lodz, Poland

* Correspondingauthor. Tet: +48 633413457, Fax: +48 426 364471, Email: phjakub owskiE@wp.pl

The incidence of primary cardiac tumours is << 0.1% and
papillary fibroelastomas are relatively rare when com-
pared with myxomas and lipomas. Papillary fibroelastoma
is generally small and single, occurs most often on vabular
surfaces, andmay be mobile. Despite the embolic potential
of primary cardiac tumours, they are extremely uncom-
mon cause of ischaemic vascular accidents. Patients with
smaller tumours, situated on the aortic valve and in the
left atrium, with minimal symptematology and no evidence
of mitral regurgitation have a higher risk of embolism.
Several causes of myocardial infarction in young patients,
mostly non-atheromatous origin, have been described.
These are congenital coronary artery anomalies, aneur-
ysms, spontanecus dissection, myocardial bridging, septic
coronary emboli or bacteraemia, and paradoxical embol-
ization through a patent foramen ovale. Only a few cases
ofacute coronary syndrome causedby papillary fibroeles-
toma were reported.

A 20-year-cld male patient with no cardiovascular risk
factors, with a history of recurrent pre-syncope was admit-
ted to the hospital with ST-segment elevation myocardial in-
farction. An amputation of the left descending coronary
arterywasrevealed and a thrombus-like mass was removed.

A following transthoracic echocardicgram showed abnormal contraction of the apex and interventricular septum and a round, hyper-
echoic, well-demarcated, homogenous, non-mobile tumour of 5 mm in diameter attached to the atrial side of mitral annulus, with no
influence on valvular function. Transoesophageal echocardiography revealed no other masses in the heart chambers or great arteries
and ne patent foramen ovale. Surgical excision of the tumeour was successfully performed 4 weeks after myecardial infarction and post-

operative course was uncomplicated. The histological examination revealed papillary fibroelastoma.
We believe thatin young patient with acute coronary syndrome echocardio graphy should be performed prior to initiating reperfusion
therapy.

Published on behalf of the European Society of Cardiology. Al rights reserved. & The Author 2014. For permissions please email: journals permissions(@oup com
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EDITORIAL

Heart & brain: STEMI-like network for ischaemic stroke?

Petr Kala®*, MD, PhD, FESC, Stent for Life Initiative Chair

Masaryk University and University Hospital Bmo, Bmo, Czech Republic

When thinking about heart and brain reperfusion, several factors
have to be taken into account: 1) the experence of the team, 2) the
safety, effectiveness and availability of the selected therapy, 3) the
appropriate therapeutic ime window, and 4) the current evidence

and clinical recommendations,

The heart

The joint EAPCI/EuroPCR. Stent for Life Initiative began in 2008
and represents a highly successful model of care for patients with
ST-clevation acute myocardial infarction (STEMI)?. Within
a period of three to four years, it has been possible to develop
a national STEMI network and to offer timely mechanical reper-
fision {primary PCI within 12 hrs of symptom onset with maxi-
mun benefit in <3-6 hrs) to the majority of the population. Though
this approach represents a seemingly simple implementation of
the strongest recommendation (class I, level of evidence A) from
the European Society of Cardiclogy chnical practice guidelines’,
per se it depends on the involvement of all stakeholders, wide-
spread enthusiasm and multidisciplinary collaboration. In simple
terms, to save more lives and to improve the quality of life after
an acute heart attack we have to boost the whole acute healthcare
systemn. The optimal and fastest pathway corresponding to a rela-
tively simple pathophysiology (plaque erosion/rupture and throm-
bosis in =90% of cases) consists of an early diagnosis of STEMI by
the emergency medical service (EMS) and direct transportation to

the nearest 24/7 cathlab. Reperfusion of the infarct-related artery
within 20 to 25 minutes after arrival at the cathlab is the extraor-
dinary beauty of primary PCIL. At present, the optimal primary PCI
technique comprises the transradial approach, the tailored use of
manual thrombectomy, drug-eluting stent implantation and a com-
bination of potent antithrombotic medication. The role of intracoro-
nary imaging as well as the optimal management of patients with
multivessel disease have been studied intensively'.

The brain

Unfortunately, the pathophysiology of stroke is different and
more complex. Besides cerebral haemorthage (15% of strokes)
and lacunar cerebral infarctions. both intracranial and extrac-
ramial arteres may be affected (intemal carotid, middle cere-
bral and posterior circulation arteries). In contrast to STEMI, the
time window for administration of intravenous (i.v.) thromboly-
sis and ischaemic stroke reperfusion is only <4.5 hrs from symp-
tom onset’. The pathway to reperfusion is also more complex and
requires a precise multidisciplinary collaboration throughout the
whole diagnostic and therapeutic process. Also, the main differ-
ence between the treatment of stroke and the STEMI fast track to
cathlab is the need for neurclogic and computed tomography/mag-
netic resonance (CT/MR) evaluation (Figure 1), Another obstacle
is the current lack of evidence from randomised trials support-
ing catheter-based thrombectomy alone. The use of the Mera®

*Corresponding author: Medical Faculty of Masarvk University and University Hospital Brao, Jihlavska 20, 625 00 Bmo, Czech
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Figure 1. STEMI-fike stroke pathway perspective. CT: computed
tomograpity;, EMS: emergency medical service; MR: magnetic
resonance; NIHSS: National Institutes of Health Stroke Seale

Balloon Guide Catheter (Stryker® Newrovascular, Kalamazoo,
MI, USA), the Penumbra System® (Penumbra Inc., Alameda, CA,
USA) the Solitaire™ FR Revascularization Device (Covidien/
ev3 Endovascular Inc., Plymouth, MN, USA), and the Trevo® Pro
Retriever System (Stryker® MNeurovascular) has recently been rec-
ognised as class Ila, level of evidence B in the guidelines for early
management of patients with acute ischaemic stroke’. As with
STEMI, neither infra-arterial thrombolysis nor the facilitated inter-
vention (thrombolysis+mechanical reperfusion) provides better
clinical outcome in comparison to simple i.v. thrombelysis®”,

Interventional cardiology as part of the stroke
programme

In this issue of Eurolntervention, two original papers describe
the results of catheter-based thrombectomy (CBT) in ischasmme
stroke patients. These publications comprise single-centre data
from relatively small echorts of patients from the Czech Republic
and Turkey. The most exciting fact is that the first authors are
neither neurclogists nor newroradiologists or invasive radiolo-
gists, but interventional cardiologists. Widimsky et al in their
pilot experience from the prospective PRAGUE-16 study present
the results of 23 patients with moderate to severe acute ischaemic

Article, see page 869

stroke®. Patients were planned to be treated with direct CBT only
with no previous thrombolysis within <6 hrs from the onset of
typical symptoms. Nevertheless, five patients (21.7%) received
thrombolysis prior to CBT. Mechanical recanalisation with three
stent retriever systems (Trevo, Solitaire and Penumbra) was sue-
cessful in 83% of patients after a mean of three thrombus retrieval
attemnpts. A favourable functional clinieal outcome was achieved
in 48% of patients. The precise logistics of the joint programme

provided by the local stroke team (interventional cardiologist,

STEMI-like network for stroke

neurologist and radiologist) are very well deseribed. Goktekin et
al conducted a retrospective analysis of 38 patients treated with the
Solitaire AB Newrovascular Remodeling Device (Covidien/ev3
Endovascular Inc.) by a local stroke team composed of an inter-
ventional cardiologist, neurclogist, radiologist and anaesthesiolo-
gist’. Successful recanalisation was achieved in 89% of patients,
and in 57.9% a good clinical outcome was observed at 90 days.
Article, see page 876

CBT was indicated within 4.5 hrs in patients with contraindication
for i.v. thrombolysis, and within 4.5 to 6 hrs in patients with pres-
ence of penumbra confirmed by CTA/MRA. Though the results of
CBT are promising, the common negative point of the presented
local stroke programmes is the low munber of treated patients.
Twenty-three patients were enrolled in Prague within 16 months
and 38 patients were treated in Istanbul within 24 months, mak-
ing the mechanical stroke programme very challenging, requiring
further analysis and improvements. Randomised trials comparing
1.v, thrombaolysis versus direct CBT are greatly needed.

Heart & brain, brain & heart questions
01: What can we - interventional cardiologists - offer to stroke
patients?
1. A STEMI network with 24/7 cathlabs.
2. Highly expenenced interventional teams.
3. Fully equipped cathlabs offering life-saving procedures and
resuscitation.
4. High-quality X-ray equipment.
5. Excellent collaboration with EMS and routine use of
telemedicine.
Q2: What do we - interventional cardiologists - have to leamn to
take an effective part in the stroke team?
1. Flow grading systems: Thrombolysis in Cerebral Infaretion
(TICH™ and Mori" classification.
2. Stroke severity: National Institutes of Health Stroke Scale
(NIHSS) score 0-42,
3. Cerebral anatomy/function by CT/ME.
4. Dedicated diagnostic and therapeutic invasive techniques and
tools.
5. Modified Rankin scale (mRS) score 0-6 12,

Conclusion

Cardiovascular mortality, acute heart aftack (especially STEMI)
and 1schaemic stroke represent the leading causes of death world-
wide. Ischaemic stroke in particular is the most common cause of
acquired disability and the third most frequent cause of death'®. The
establishment of a STEMI network, which has been supported in
many countries by the Stent for Life (SFL) Initiative, may be fol-
lowed by a STEMI-like network for stroke patients. The joint stroke
programune, introduced by Widimsky and Goktekin®®, fully accom-
plishes the SFL motto “Working together. Saving lives™
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Stent for Life Initiative and 2016 Stent for Life
Forum

The Stent for Life Inmitiative (SFL), an EAPCI and EuroPCR alli-
ance, was established in 2008 as an international network of national
cardiac societies and partner organisations to address inequalities
in patient access to primary PCIL a lifesaving revascularisation
treatment for ST-segment elevation acute myocardial infarction
(STEMIy+. SFL supports the implementation of the ESC Clinical
Practice Guidelines {(Guidelines) at national and regional levels
through the formulation of strategies, the creation and implemen-
tation of educational programmes, and through advocacy activities
and awareness campaigns®. Currently, 21 national cardiac socie-
ties and partner organisations from Europe, Africa, Asia and South
America are part of SFL. When the SFL Forum 2016 gathered in
Prague on 26 and 27 February 2016 for the 5 SFL annual confer-
ence, SFL Russia (represented by B.G. Alekyan and V. Ganyukov)
and SFL South Africa (represented by K. Delport and A, Snyders)
signed the SFL Dieclaration and joined the Initiative.

Barriers to overcome when developing an SFL
regional STEMI network

Situational analyses from SFL participating countries have shown
that the adherence to guidelines is influenced by many factors and
varies from country to country, and from region to region’. An
in-depth understanding of healthcare system-level barrers and
unique challenges in the regional context facilitates the develop-
ment of more effective strategies for improving the quality of the
STEMI system of care in a given country (Table 1).

Importance of the role of government -
experience from SFL Bulgaria, SFL Spain, SFL
Turkey and SFL Egypt

Government support and involvement is crucial for the success of
SFL in each country. This is why continuous efforts are needed
to convinee the government representatives to infegrate SFL into
a supported national programme. The most frequent problems

Table 1. Common barriers to building a successful STEMI network
of care,
Insufficient number or geographical spread of 24/7 catheterisation

lahoratories (cathlabs), most typically concentration in big cities,
shortage in less populated large areas.

Suboptimal cathlab statfing (possibly due to insufficient funding or
training).

Inadequate reimbursement tor the procedures performed.
Dissirnilarities in STEMI management in different regions/cathlabs,
Delayed emergency service response, of inappropriate response, for
example taking STEMI patients to the nearest Emergency Room

even though it does nol have a cathlab (lack of straightforward
transport protocol).

Inadequately equipped emergency services, for example the
ambulance does not have ECG equipment as standard, or personnel
are inadequately trained.

Commercial bias in areas with excessive densily of 24/7 cathlabs.
Lack of effective quality control {emergency medical services and
PCI centres).

Low awareness of STEMI symptoms by patients and/or family,
leading to delayed contact with emergency services.

Lack of a national registry demonstrating the current situation on

a nationwide and local level pointing out the areas for improvement,
measuring the impact of primary PCI and showing the progress
made over a certain period of time.

Ineffective communication and collaboration among key parties,

e.g., healthcare professionals, government representatives and/or
patients.

are associated with difficult access to the Minister of Health, so
good relationships with decision makers in the government can
promote collaboration. In countries with marked decentralisation
of the authorities it takes even more effort to address and iron
out differences between and within regions, such as in Spain or
Italy. Frequent changes in government, especially in the Ministry
of Health, such as those faced in Egypt or in Saudi Arabia, can
hamper ongoing political support. However, once achieved, gov-
ernmental support greatly assists the accomplishment of the objec-
tives and the action plan. In due course, SFL leaders have become

*Corresponding author: HELIS Partners Consulting s.ro., Hvezdova 1716/2b, 14000 Prague, Czech Republic.
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members of national government bodies as advisors or directors,
e.g., in Romania, Turkey, Spain and Saudi Arabia.

SFL results at three years and the
implementation of SFL principles under
complex political situations

SFL country rtepresentatives from Bosnia-Herzegovina and
Ukraine, who joined SFL in 2012, reported at the SFL Forum 2016
that geographic mapping, situational analysis, proper planming and
execution are critical success factors for building SFL regional
STEMI networks, even under complex political conditions.

One hundred and fifty-three primary PCI/1 million inhabitants
were performed in 2012 in Bosnia-Herzegovina, and 338 primary
PCIT million were performed in 2015, representing an increase in
the percentage of primary PCIs performed from 19% to 41% of all
STEMI patients hospitalised, while the number of facilities pro-
viding primary PCI care increased from five to six.

Results from SFL Ukraine are encouraging as well. There were
only three STEMI networks providing primary PCI in 2012 in the
Ukraine, covering 13% of the country’s territory. In three years,
that number has increased to 14 STEMI networks involved in SFL
covering 60% of the territory. The number of prmary PCls per-
formed has increased from 75 primary PCI/1 million inhabitants to
146 primary PCI/1 million, in 2012 and 20135, respectively.

Results from SFL Bosnia-Herzegovina and SFL. Ukraine,
together with SFL countries who joined the programme in 2009,
e.g., Bulgaria, France, Greece, Romania, Serbia and Turkey, and
who presented their three-year results at the SFL Forum 2012,
demonstrate that building SFL regional STEMI networks is
effective and can be accomplished in relatively short periods of
time. Partnerships and cooperation between STEMI referral hos-
pitals, primary PCI hospitals and EMS teams are a prerequisite.
Transportation and clinical pathway protocols and an acute coro-
nary syndrome (ACS) registry should be developed and endorsed
by regional and/or national government officials.

Delegates concluded that stakeholders in the implementation
of SFL orginate from different areas. They have various back-
grounds (medical, industry, political, ete.), but they have a com-
mon target — to reduce mortality and morbidity in ACS patients
by improving access to primary PCL By combining their efforts
towards that common target, stakeholders can boost the effect on
reduced costs, It is the strength of the SFL Initiative that it is able
to unite partners from different areas, with vanous skills, sharing
common goals.

Building SFL regional STEMI networks and
emergency services infrastructures in emerging
countries

SFL Argentina, SFL Mexico and SFL Tunisia presented the one-
year progress of SFL implementation in their respective territo-
res. SFL leadership in Argentina focused its efforts on aligning
all three cardiac societies on programme objectives and on inte-

grating SFL into a national cardiology programme. Country

SFL 2016 update

situational mapping was initiated: 228 primary PCI centres and 64
non-PCI centres participated in the SFL country mapping phase.
Preliminary results indicate that 39,810 PCIs and 8,470 primary
PCls were performed in 2014, and the primary PCI ufilisation is
202/1 million inhabitants in Argentina, Next, 12 pilot centres were
selected to initiate development of an SFL regional STEMI net-
work. Three-year objectives will be agread upon after barrer iden-
tification in each SFL pilot region in Argentina.

The SFL Forum expert group agreed that primary PCI should
be the preferred treatment not only in developed countries, but in
emerging countries as well. If a STEMI patient is located close to
a primary PCI centre with a presumed short transportation time to
hospital, primary PCI is the preferred treatment. For patients in
rural areas, with suspected long transportation time to PCl-capable
hospitals, the pharmacoinvasive strategy with thrombolytic ther-
apy followed by catheterisation and PCI if indicated within three
to 24 hours of thrombolysis would be utilised. Results from SFL
emerging countries presented at the SFL Forum 2016 conference,
eg., India, Argentina, Mexico, and Scuth Africa, revealed that
building and integrating a regional emergency medical services
infrastructure is a key prerequisite to support STEMI patients’
access t0 a pharmacoinvasive strategy in those areas where pri-
mary PCI is not aceessible in a given timeframe, and a mechanism
for inter-hospital transfer of patients 1s required. The STEMI India
“Hub and Spoke™ model, as well as the STEMI Sri Lanka “Wagon
Wheel™ model were discussed and it was confinned that prior-
ity should be given to building regional STEMI networks around
existing primary PCI centres.

Results from the SFL economic model

The SFL economic model was developed to demonstrate the
financial, economie, and clinical benefit of imely STEMI admis-
sions and primary PCI treatment. The SFL economic model uses
country- or region-specific data to evaluate the impact of the Stent
for Life Initiative based on increased treatment with primary PCI
versus the alternative approaches of thrombolytics or no reperfu-
sion. Cutcomes from an increased primary PCI mix were meas-
ured against a scenario assuming that the SFL Initiative never
oceurred and rates remain unchanged.

For Portugal, the SFL economic model was measuring data
from 2010 to 2013, STEMI PCI was 264 per million in 2010
when the SFL Initiative began and increased to 341 per million
by 2013, On-time STEMI admissions also inereased over this
time period. The net result of these improvements was a redue-
tion in mortality of 414 lives and nearly 46 million USD of
variable cost savings. The burden of disease also decreased by
almost 150 million USD.

For Russia, we focused on the Kemerovo region where most of
the SFL gains have been achieved, measuring from 2011 (the start
of the SFL Initiative) to 2014, PCI, as a percent of on-time STEMI
admissions, inereased from 12% in 2011 to 33% in 2014 (which
corresponds to 272 STEMI PCI per million inhabitants). During
this time period, there was approximately 1.83 million USD of
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investment in cathlabs and in the interventional cardiology work-
force. However, the productivity savings of 5.7 million USD due
to higher rates of PCI more than offset this amount.

For Spain, SFL locked at the Basque country region, as the
data were most consistent from this area. Over the course of the
SFL Initiative, the initial STEMI PCI per million was estimated
at 254 in 2012 and grew to 341 by 2015, while on-time admis-
sions improved by five percentage points. Due to the relatively
high gross domestic product per capita and low inflation rate, sig-
nificant cost savings of approximately three million USD were
achieved in an area of less than 700,000 people.

These three impressive examples of economic analysis show the
transformative power of STEMI network implementation, result-
ing in many lives saved along with reduced spending.

STEMI patient education - improving the
quality of care of patients surviving an acute
heart attack

It has been observed that a level of lay public education and patient
literacy influznces the access of STEMI patients to a reperfusion
therapy as well as their outcomes when discharged from the
hospital.

The SFL Initiative is calling for collaboration with the European
Association of Cardiovascular Prevention and Rehabilitation
(EACPR) and the Council of Cardiovascular Nursing and Allied
Professions (CCNAP) to address the early critical phase secondary
prevention after STEMI, beginning immediately after the initial
cardiac event during hospital stay,

Preliminary results from situation mapping in SFL pilot coun-
tries participating in the SFL survey, Portugal, Romamnia, Spain,
Greece and the Czech Republic, reveal that a great disparity
exists among countries, country regions and hospitals, and con-
firms a lack of implementation of struchured secondary prevention
intervention at discharge from a primary PCI centre. To improve
patient-related adherence to prevention therapy, ContractdLife/
After a Heart Attack programme will be implemented in selected
SFL pilot countries, A nurse-assisted education programme will be

SFL 2016 update

delivered in selected primary PCI centres to evaluate its impact on
the re-hospitalisation rate of STEMI patients, and STEMI patient
risk profile after 12 months.

Conclusion

The SFL Forum 2016 was, once again, a great and stinmlating
opportunity for SFL country delegates from four continents to
share their experiences. For the first time, measurable achieve-
ments after only three years of SFL implementation were reported,
highlighting the important medical and economic impact of the
SFL alliance. Even greater effects can be anfticipated in Russia
and South Africa, two large countries which have now joined the
PIOEramime.
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Primary angioplasty in acute myocardial
infarction with right bundle branch block: should
new onset right bundle branch block be added
to future guidelines as an indication for
reperfusion therapy?
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Aims The current guidelines recommend reperfusion therapy in acute myocardial infarction (AMI) with ST-segment
elevation or left bundle branch block (LBBB). Surprisingly, the right bundle branch block (RBEB) is not listed as
an indication for reperfusion therapy. This study analysed patients with AM presenting with REBB [with or
without left anterior hemiblock (LAH) or left posterior hemiblock (LPH)] and compared them with those presenting
with LBBB ar with other electrocardiographic (ECG) patterns. The aim was to describe angiographic pattems and
primary angioplasty use in AM| patients with RBBB.

Methods and A cohort of 6742 patients with AM| admitted to eight participating hospitals was analysed. Baseline elinical charac-

results teristics, ECG pattems, coronary angiographic, and echocardiographic data were correlated with the reperfusion
therapies used and with inshospital outcomes. Right bundle branch block was present in 6.3% of AMI patients:
2.8% had RBBB alone, 3.2% had RBBB + LAH and 0.3% had RBBB + LPH. TIMI flow 0 in the infarct-relted
artery was present in 51.7% of RBBB patients vs. 39.4% of LBBB patients (P = 0.023). Primary percutaneous coronary
intervention (PCI) was performed in 80.1% of RBBE patients vs. 68.3% of LBBB patients (P < 0.001). In-hospital mor-
tality of RBBB patients was similar to LBBB (14.3 vs. 13.1%, P= 0.661). Patients with new or presumably new blocks
had the highest (LBBB 15.68% and RBBB 15.4%) incidence of cardiogenic shock from all ECG subgroups. Percutaneous
coronary intervention was done more frequently (84.8%) in patients with new or presumably new RBBE when com-
pared with other patients with blocks (old RBBB 66.0%, old LBBB 62.3%, new or presumably new LBBB 73 .0%). In-
hospital mortality was highest (18.8%) among patients presenting with new or presumably new RBBB, followed by
new or presumably new LBBB (13.2%). old LBBB (10.1%). and old RBBB (6.4%). Among 35 patients with acute
left main coronary artery occlusion, 26% presented with RBBB (mestly with LAH) on the admission ECG
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Conclusion

Acute myocardial infarction with RBBB is frequently caused by the complete occlusion of the infarct-related artery

and is more frequently treated with primary PCl when compared with AMI| + LBBB. In-hospital mortality of
patients with AMI and RBBB is highest from all ECG presentations of AML Restoration of coronary flow by
primary PCI may lead to resolution of the conduction delay on the discharge ECG. Right bundle branch block
should strongly be considered for listing in future guidelines as a standard indication for reperfusion therapy, in

the same way as LBEB.

Keywords
Reperfusion

Introduction

Left bundle branch block (LEBE) and right bundle branch block
(RBBBE) in acute myocardial infarction (AMI) patients are well
known to carry the high mortality risk.'? Nevertheless, the guide-
lines of the European Society of Cardiology (ESC) list only LEBB
as an indication for urgent repedusion ﬂ1era|:u}«-_3 The American
Heart Association (AHA)American College of Cardiology
(ACC) guidelines provide similar recommendations.” Thus, the
current guideline-recommended electrocardiographic (ECG) indi-
cations for reperfusion therapy in AMI include ST-segment
elevation (S5TE) and LBBB of new or unknown onset It is not
well known whether also new or unknown onset RBEE should
be an indication for reperfusion therapy, especially in the
modern era of primary percutaneous coronary intervention
(PCl). The aim of this analysis was to investigate the coronary
angiographic (CAG) findings, reperfusion therapies used, and

Acute myocardial infarction e Right bundle branch black » Left bundle branch block * Primary angioplasty

in-hospital outcomes of patients with AMI presenting with
REBB when compared with those presenting with LEEB or
with ather ECG patterns.

Methods

Patients

A total of 6742 consecutive patients with AM routinely admitted to
eight participating tertiary hospitals during the study period of 3
years [2006-08) were retrospectively analysed. The patients were
included in this retrospective registry based on (i) diagnosis of AMI
and (i) coronary angiography. Patients with AMI, who did not
undergo coronary angiography (n= 650, ie. 88% from all AMI
patients), are not subject of this analysis. Baseline characteristics
studied (age, sex, diabetes, previous myocardial infarction, Killip class
on admission, etc) are listed in Table 1.

Table | Patients baselines characteristics
STEMI STDMI LBBB REBB Other ECG Pvalue*  Pwvalue®*

n= &742 M7 *07 1 427 1670

Mean age (years) &4.5(124) 695 (10.7) 7L (107) 698 (11.3) 656 (114) 0005 <0001
Females (%) 32 346 381 232 £l =2 0001 <0001
Diabetes (%) M0 368 457 363 n7y il <0001
Previous MI (%) 138 292 381 2158 ny <0001 <0001
Killip dass (mean) 144 (0.85) 147 (0.83) 186 (1.06) 171(1.01) 123 (062) aas0 <0001
Killip 1 (36) gz 705 512 579 B4 5 0134 <0001
Killip Il (&) 170 160 246 241 99

Killip 11 (%) 37 91 114 69 33

Killip IV (3%) a7 44 131 14 23

Oid BBB (%) - - 267 265 - 0508 -
Unknown BBEB (%) - - 575 608 -

Mew BBE (%) - - 158 117 -

QRS mean (ms) - - 1337 (198) 1334 (189) - 0811 -
BBE disappeared (%) - - 142 188 - 0193 -
Median duration of the hospital stay 5 & 5 7 4 Q001 <0001
Continuous data ane das men values deviation ), ¢at egorical dats ane expressed as relative frequencies (percentage)

o

STEML 5T ebevation rryo cardial infarction: STDML 5T depression myocendial infarction; LEBB, left bundle branch blodk: RBBE, right bundlle branch blodk; BDG, electrocardiogran

M, myocardial infarction; BEB, bunde branch bladc QRS, QRS complex on BCG.
ovalue only applies to the comprison of LEBE vs. RBBB.

Povakues for the comparison of all five groups (null hypothesis ol five groups have the sarme charactersties)
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Electrocardiographic patterns

Electrocardiogaphic reading was done by the treating cardiologist
Electrocardiogams from all patients with RBBB have been reviewed
once more at the time of this manuscript preparation by another inde-
pendent cardiologist. The patients were divided into the following sub-
groups based on the first (admission) ECG:

(i) ST-segment elevation acute myocardial infarction (STEML n=
3447, ie 51.1%): persistert STEs in at least two contiguous
leads (=2 mm in the chest leads or =1 mm in the extremity
leads),

(i) ST-segment depression acute myocardial infarction (STDML n=
907, Le. 13.5%): horizontal or descending ST-segment depressions
in a least two contiguous leads (=2 mm in the chest leads or
=1 mm in the extremity leads),

(i) acute myocardial infarction with LBBB, irespective of any
ST-segment deviations were present on BECG (LBBB-M|, n =291,
ie 43%)r QRS =120 ms and LBBB shape,

(iv) acute rmyocardial infarction with RBBB, irrespective of any
ST-segment deviations were present on ECG (REBBE-M|, n = 427,
ie 6.3%) with subgroups of RBBB alone (18%), RBBB + left
anterior hemiblock (LAH) (3.2), REBB + left posterior hemi-
block (LPH) (0.3%): QRS =120 ms and RBBB shape, electrical
axis extreme left (> —457) for LAH, respectively, extreme right
(= +105%) for LPH. In all REBB patients, a special care was taken
to describe the presence or absence of STEs and all ECGs were
once more analysed by an independent cardiologist

{v) acute myocardial infarction with other ECG (other ECG-M|,
n= 1670, ie 248%) any other ECG pattems (negtive T
waves, small 5T shifts not fulfiling the above criteria, non-
spadfic or even negative ECG)

The information whether any bundle branch Bock (BBB) is old, new,
or unknown orign and whether BBB persisted or disappeared
during the hospital sty was collected. Analyses in this manuscript
are done with all REBB (including bifascicular blocks) as ane patient
group (ie. RBBB + LAH or LPH).

Coronary angiography, reperfusion therapy,
outcomes

Coronary angiographic or autopsy data were analysed to estimate the
number of diseased major cororary arteries, to identify the
infarct-related artery, and to analyse TIMI flow in the infarct-related
artery before and after percutaneous coronary intervention (PCIL
whenever it was performed). Coronary angiography was described
by the interventional cardiologist, who performed the procedure
Pre-discharge echocardiographic ejection fraction was registered
Reperfusion therapies used during the initial hospital stay and
in-hospital mortality were analysed.

Statistical analysis

For montinuous variables, mean values and standard deviations were
calculated After checking normality by the Shapiro-Wilk test, Stu-
dent’s ttest was used for testing of the hypotheses about the
means when two goups (RBEB and LBBB) were compared The
analysis of variance was used for comparison of more than two
groups. The Mann—\Whitney test was used for the ordinal variables.
Categorical data were tested with the Fisher's exact test and Pear-
son's x-test and adjusted residuals were used to identify signifi-
cantly different subcategories. The multiple logistic regression and
Cox's proportional hazards models were used to adjust the differ-
ences among groups for confounding factors. Following factors

and covariates were entered into model: age, gender, indicators of
diabetes, and previous ML Kilip clss. Odds ratio (OR), hazard
ratio (HR), and corresponding 95% confidence intervals (95% )
are presented as effect estimates. All tests have been performed
a twosided on the level of significance 0.05. Statistical software
Stata, releaze 92 (Stata Corp LP, College Station, TxX, USA) was
used for the analysis.

Results

Coronary angiographic findings

TIMI flow O (Fgure 1) in the infarct-related artery was present in 51.7%
of RBBB patients vs. 39.4% of LBBB patients [OR = 1.64 {35% Cl
1.14-132), P=0023; adjusted OR 176 (95% Cl 1.31-253),

Figure | {(A) Complete (100%) thrombotic occlusion of the
left main coromary artery. Anterior view. (B) The same patient
dfter primary percutaneous coronary intervention with stent
implantation. Left inferior oblique (spider) view.
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Table 2 Angiographic findings, reperfusion therapy, and outcomes

STEMI STDMI LBBB RBBB Other ECG  P-value*  Pvalue**
n= &7 42 M7 07 m 427 1670
Me signif. CAD (%) 08 01 22 22 26 az14* <0001*
VD 373 172 N3 178 ni
VD 282 199 83 301 s
WD 300 531 419 355 351
LM dizease 37 97 63 44 57
IRA—LMCA (% from |RAs) 11 &0 58 35 13 Q281 <0001
IRA-LAD 450 35 438 485 427
IRA-LCH 140 375 pri| 172 M0
IRA-RCA 391 pa vl 58 189 75
IRA-bypass 08 is 25 19 is
Mo PCl done (% ofall) 108 383 nrs 199 325 =000 = 0001
Pre-PCl TIMI flow O (% from PCls) 573 ns 394 517 05 [T} = 0001
TiME1 84 59 80 a6 [
TiME2 188 47 By 193 195
TiME3 155 469 e 204 533
Post-PCI TIMI flow 0-1 (% from PCe) 4.4 is 96 70 42 0409 <0001
TiME2 6.4 17 75 100 24
TIME3 892 945 i) 830 934
Reperfusion—nane (%) 109 302 »no 177 89 000 <0001
TL (%) 0.4 00 03 Qs 0.0
Primary PCI (%) 881 618 683 801 675
Acute CABRG (%) 06 80 24 17 is
Mean EF (%) 463 (12.0) 50.1 (135) WE(ILT) 424 (14.2) 534 (12.0) <0001 <0001
In-hospital mortality (%) 54 63 131 143 19 0661 <0001
Continuous data ane ep dl2e rremn vabues deviation ), ¢t eporical data ane expressed a0 rebitive frequencies (percentags)
STEML 5T elevation ryo cardial ifarction: STOML 5T o oy infaretion:LBBE. left bundle branch block:REBB. right bundle branch block: BCG. electrocardiograrm

CAD, coronany artery disense 1-V0, singhe vessed disease; 3-VD, two vessel dissase: 350, three vesse] diseace: LM, left rrain; IRA, infarct relged anerny; LMCA_left man coronany
antery: LAD, left anterior descendirg: LCX left cireurnfles RCA_ right coronary antery; PCL perautaneous caronary nterverition: TIML thrambolysss in myocardial infaretion: TL

thrombotysic CABG, coronary artery bypass grafting, EF, ejection fraction.

*Mone of CAD (no sigrif. 1.2.3-vessel) and LM disesse categaries differs sgnificantly (2l P> 0.05) in the comparison of LBBB v& RBBB; all categaries difler sgnificantly (2l P <

Q00T amaong five compared groups.
*Povalue only apples to the comparison of LBBB v=. RBBB.

fovalues for the comparison of il five groups (null hypothesic all five groups have the sarme dharactersties)

F= 0.005]. Mearly 80% of RBBB patients had a complete or sub-
total occlusion of the infarct-rebted artery (TIMI flow 0-2 was
present in 79.6% of RBBE AM| patients). Furthermore, the distri-
bution of TIMI flow grades among RBEB patients closely resembled
the pattern seen among 5T elevation group and this angiographic
similarity between STEMI and RBEBB was more distinet than
between STEMI and LBBB (Table 2).

Left main coronary artery occlusion
Minety-seven patients (1.4% of the entire study population) had left
main, as the infarct-related, artery (Figure 7). In 35 of them, the left
main coronary artery (LMCA) was functionally occluded (TIMI
flow 0-2): mast frequent ECG presentation pattern for LMCA
occlusion was 5TE (n=17), followed by RBBB [n =9, with LAH
in six patients (Figures 3 and 4) and without LAH in three patients],
LBBB (n = &), and ST-segment depression (n= 3). In other words,
acute LMCA occlusion presents in 26% with RBBB, without STEs
{Figure 5).

Reperfusion therapies

Primary PCl was performed in 80.1% of RBBB patients vs. 68.3% of
LBBB patients [OR=188 (95% Cl 133-264), P-<0.001;
adjusted OR =171 (95% C| 1.19-2.45), P= 0.004]. This differ-
ence was caused by the fact that fewer LBBB patients had CAG
findings suitable for primary PCl| (see Table 2 for details). In
STEMI patients primary PCl was performed in B8.1%.

In-hospital outcomes

Despite the fact that RBBE patients were younger, had less fre-
quent diabetes, less severe CAG findings, and less previous
AMis than LBBB patients, RBBE was related with a similar mor-
tality as LBBB [14.3 va 13.1%, HR = 117 (5% Cl 0.72-1.90),
P=0630; adjusted HR =133 (95% CI 0.80-221), P = 0.268]
and was more than twice the mortality of STEMI [34%,
HR =211 (95% Cl 1.45-307), P< 0.001; adjusted HR = 1.80
(95% Cl 121-26B), P=0004] and STDM| [63 %, HR =249
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Figure 2 (A) Subtotal (99%) left main coronary artery occlu-
sion. Anterior view. (B) The same patient after primary parcuta-
neous coronary intervention with two stents (kissing technique)
implantation. Right inferior oblique view.

(95% CI 170-364), P< 0001 adjusted HR =144 (95% Cl
0.92-2.27), F =0.108], respectively (Table 2).

Relation between in-hospital mortality
and duration of the hospital stay

Even after taking the length of hospital stay into account, the can-
clusions concerning in-hospital mortality remain unchanged. We
have tried the logistic regression model with length of hospital
stay as a covariate and Cox's model. The overall test is significant
(P-value for the comparison of all five groups P -< 0.0017). The com-
parison REBBE vs. LBBE yields P = 0686, so the adjustrment for
length of stay brings only very small shift compared with the
P-value presented in Table 2 The P-values for other contrasts
involving RBBE group are RBBBE vs. STEMI P < 0.001, RBBBE vs.
STDMI P =0014, REEB vs. other ECG P < 0001. In fact, the

median duration of hospital stay among the deceased patients
was short (2 days for RBBB and 1.5 days for LBBEB), confirming
the clinical experience that vast majority of fatalities occurs
within initial 48=72 h after hospital admission.

Bundle branch block onset time

Patients with BBBs were further divided according to the BEB
anset time (Table 3): new or presumably new BBB (as this is the
currently accepted indication for reperfusion therapy in LBBE)
vs. BEB known to be old. Group of patients with new or presum-
ably new RBBB (despite having the lowest mean age from all BBB
subgroups) had high Killip clss on admission (154% presenting
with cardiogenic shock). TIMI flow 0 in the infarct-related artery
was found in significantly more patients with new or presumably
new RBBE (55%) than in other three subgroups (old REBB
34.9%, old LBBE 28%, new or presurmably new LEBB 41.1%). Per-
cutaneous coronary intervention was performed in 848% of
patients with new or presurmably new RBBB, more than in other
three subgroups (old REBE 66%, old LBBB 621.3%, new or presum-
ably new LBBB 73%). The most striking are morality differences
between these four subgroups: inhospital mortality was highest
(18.8%) among patients presenting with new or presumably new
RBBB, followed by new or presumably new LBBB (13.2%), old
LBEB {10.1%). and old REBE (6.4%).

Disappearence of bundle branch block
during the hospital stay

In B7 patients, the BBB (present on the admission ECG) disappeared
during the hospital stay. Almost all these patients had BBB of new or
unknown onset and they mostly presented to hospital with acute
heart failure (mean Kilip chss was 1.93, cardiogenic shock was
present in 19%, BE% were treated by primary PCI, which was suc-
cessful in 98%). Left bundle branch block disappearedin 32 patients
and their mortality was 6.2%. Right bundle branch block disappeared
in 55 patients and their mortality was 12.7%.

Bifascicular blocks

Patients, in whom RBBE was combined with either LAH or LPH
tended to be clder, had higher incidence of diabetes, had lower
gection fraction, more frequent occurrence of three-vessel
disease and LAD as an infarct-related artery, and had slightly
higher martality (Table 4).

Right bundle branch block and
ST-segment elevations

ST-segment elevations (as defined in the methods section) were
recognizable on eectrocardiograms of 226 (33%) REBB patients,
while in 201 (47%) of patients presenting with AM| and
RBBE no STEs could be found. TIMI flow 0-2 was found on
emergent coronary angiography among 135 (67%) patients
with RBBB and no 5STEs and 205 (91%) of those who had
REEB and STEs.
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Figure 3 Electrocardiography from two patients admitted in Killip class ll-Il with acute 100% ccdusion of the left main coronary artery (4)

and proximal dominant right coronary artery (B).

Discussion

Outcomes of acute myocardial infarction
patients with bundle branch block

Historically, the mortality of patients with AM| and RBEE before
the thrombolytic era reached 77%.° A more recent study from
Dienmark still revealed the highest mortality of AM| armong patients
with BBE (left or right): 33.3% patients died in-hospital and 54.8%
were dead at 1 year® In the study of Dubois et al.,” patients with
BBE (both left and right) had mare complications and higher Killip
class on admission. Both in-hospital mortality (32 vs. 10%, P <
0.001) and 3-year mortality (37 vs 18%, P < 0001) were higher
among patients with complete BBB. In one study of 1238 consecu-
tive patients with AMI® RBBB was found in 10.9% of patients. It
was newly diagnosed in 37.8%, was known to be old in 34.1%,
and in 2B.1% the time of RBEB origin could not be established.
Right bundle branch block patients had 1-year mortality 407 vs.
17.6% maortality in patients without RBBE (P < 0.001). Martality
was significantly higher for new REBB (43.1%, P < 0.001) than
for old (155%) and indeterminate (15.3%) RBBB. For isolated
RBBE vs bifascicubr block, early mortality was 144 vs. 406%,
and 1-year mortality was 302 vs 54.2% (P-< 005 for both).

Multivariate analysis showed an independent prognostic value of
RBEB for eary and 1-year mortality.

Bundle branch block onset time

In the usual clinical reality (at the time of deckion for urgent
CAG procedure), BBB frequently cannat be securely established
as new or old. Thus, patients without information about previous
ECG are deseribed as ‘BBB of unknown origin® and were evalu-
ated together with patients in whom previous ECG did not
show BBE.

Right bundle branch block in the
guidelines

The ESC and AHAJACC guidelines™ were discussed in the
introduction part, These guidelines surprisingly do not list new
{or unknown) onset RBBB as an indication for reperfusion
therapy. Interestingly, the guidelines of the Amercan College
of Emergency Physicians for the management of patients with
suspected AMI or unstable angina® recommend reperfusion
therapy in presence of any type of BBB. This recommendation
is based on the GISS' and 15152 studies!’ Also the Crech
Society of Cardiology guidelines from 2009™ recommend

F1OE pisndny ue Aoaun ylmwsepy e Fios ol fusgmay:diy woy papeojwaog

107



92

P, Widimsky et al.

Figure 4 Electrocardiographic from a 66-year-old male acute myocardial infarction patient with cardiogenic shock, subtotal left main coron-
ary artery occlusion, and TIMI flow 2. Again, 5T-segment elevation in ¥4-V5 is not typical and can easily be overlooked, while the dominant
feature of this Hectrocardiography is wide QRS complex deformed by RBEB 4 LAH,

Figure 5 Electrocardiographic findings among patients with
acute myocrdal infarcion caused by the left main coronary
artery occlusion.

primary PCl strategy for all patients with new (or presumably
new) BBE (left or right).

Bundle branch blocks and thrombolysis

The absolute morality reduction from thrombaolysis was greatest
among patients presenting with any BBE (—4.9%), followed by

anterior STE (—37%), ST elevation ‘other (-28%), ST
depression (—1.4%), and ST elevation inferior (—05%)." The
analysis of the GUSTO 1 and TAMI 9 cohorts' found that left
anterior descending (LAD) artery infarcts account for 54% of all
new BBBs and among anterior infarcts RBBB was mare common
(13%) than LBBB (7%). Thrombolytic therapy reduced mortality
among patients with both BBBs (left and right).

Bundle branch blocks and primary
percutaneous coronary intervention

Kurisu et al '* in patients with anterior myocardial infarction found
significantly higher 30-day mortality in patients with RBBB com-
pared with those without RBBB (14.0 v 1.9%, P < 0.01). The
study of Kleeman et al'® found that patients presenting with
REBB had higher inhospital (26 vs. 11%, F < 0.001) and post-
discharge (19 vs. 92%, P<0001) momality than patients
without RBBB. After adjustment for differences in baseline charae-
teristics, RBEB remained an independent predictor of increased
monality. Sakakura et o' retrospectively analysed a group of 25
patients with AM| caused by the LMCA acclusion. The in-hospital
mornality was 60%. Logistic regression analysis found RBBB as an
independent predictor of martality. Hirano et ol ™ found that
37% of patients with AMI caused by the LMCA occlusion
present with RBBEB, while only 3% with LBBB. We have shown
that acute LMCA occlusion presents in 26% only with REBB
without STEs (Figure 5) being in close accordance both to pre-
viausly mentioned reports and with Hirano et al, who found
that in 30% of LMCA ecclusions no STE could be found on the
admission ECG while RBBB with left axis deviation (frequently
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Table 3 Bundle branch block onset time

LBBB old LBBE new or RBEB old RBBB new or Pvalue
unknown onset unknown onset

% from all patients 11 32 17 46
Mean age (years) 7.1 (10.0) 71.4(70.) 711 (99) 693 (11.5) 0004
Killip class {mean) 1.68 (0.98) 194 (1.10) 145 (0.77) 1.88 (1.10) 0001
Killip IV (%) 88 15.8 43 154 a011
BBE disappeared (%) 16 19.4 &8 232 <0001
Pre-PCl TIMI flow O (% from PCls) 80 411 349 550 <0001
Mo PCl done (% of all) w7 70 340 152 <000
Reperfusion—naone (%) 333 243 319 125 <000

Primary PCI (%) 623 730 &80 848
Mean EF %) 73 e 434 415 0003
In-hospital mortality (%) 101 132 a4 188 0015

Fovalue refers to the comparison of 2l four groups (null lypothess: all four groups have the swme charscterstics). Continuous dats are sxprssed = men values (standad

deviation), cateparical dita are exprssed as relative frequendies (permentage).
Abbreviations same as in Tables 1 and 2.

accompanied by ST-elevation in aVR) is typical for this catastrophic
type of AML Another study'” found REBB even in 52% of patients
with acute ecclusion of the LMCA.

In the PAMI trials™ patients with LEBB (1.6%) on presenting
electrocardiogram were compared with patients who had REBEB
(3.1%) or no BBB (95.3%). In-hospital mortality was highest with
LBBB 14.6%, followed by RBBB 7.4% and no BBB 28% (F<
0.0001).

Right bundle branch block and
ST-segment shifts/Q waves
Some authors™' request for the diagnosis of AIM with REBE
other ECG changes (eg. ST-segment elevations) to be present,
while this is not the case for LBBB (where it is generally
accepted that LBBB masks ST-segment shifts). Right bundle
branch block is thought not to mask the repolirization
phase changes or Q waves, therefore other ECG changes
have to be present to conclude the diagnosis of AIM
However, athers™ warn befare this ‘clear-cut’ opinion point-
ing out that minor 5T elevations in the antedor leads (V1-
¥4) can be missed due to compensation by pseudo-
normalization of the negative T wawves. Our experience
showed that even in large infarcts (caused by left main or
proximal LAD coronary artery occlusion) bifascicular block
(RBBB + LAH or rarely RBBBE + LPH) may occur without
typical STEs and thus a large life threatening AMI might be
missed when 5T elevations are required. Authors of this
study repeatedly experienced mistakes in the clinical decision
making in the real life practice, when patients with ischaemic
symptoms and new or presumably new RBBB (but without
STEs)  were neither referred to  urgent  coronary
angiography + PCl nor treated by thrombolysis, sometimes
with catastrophic consequences. This bad experience was
the actual trigger for this study.

It has been also shown that interpretation of Q-waves can be
tricky in the presence of RBBB™ Gussak et al™ showed that

RBBB after myocardial infarction shortened Q wave duration,
thus enabling false-negative diagnosis of inferior myocardial
infarction. Alsa  the term ‘REBB-dependent O-wawve' was
introduced by Rosenbaum et al,™ who described appearance
af new O waves in leads WV1-V2 that disappeared after restor-
ation of normal conduction. Thus fake-positive and  false-
negative  diagnosis of myocardial infarction can be made
when describing ECG with RBBB in suspicion of myocardil
infarction.

Study limitations

The main study limitation & a retrospective character of
analysis. However, all participating centres enrol AMI patients
to their own or nationwide registries, thus minimizing the
risk of losing a subject from analysis. Another limitation
relates to the fact that coronary angiography analysis was not
performed in a core hb and by blinded manner. However,
we have analysed ‘real life’ data similar to other registries pub-
lished and this is not a comparison of different treatrment
approaches.

Conclusions

Acute myocardial infarction with new or presurmably new RBBE on
the admission ECG is frequently rebted with complete acclusion
af the infarct-related artery and with primary PCl treament
when compared with AMI 4+ LBBB. In-hospital mortality of patients
with AMI and new ar presumably new RBBB (especially when the
black is bifascicular) is highest from all ECG presentations of AML
Restoration of coronary flow by primary PCl may lead to resol
ution of RBBB on the discharge ECG.

New or presumably new RBBB (+ LAH or LPH) should be
listed in future guidelines as a standard indication (possibly class
I, level C) for reperfusion therapy, in the same way as LBBB, ie.
irrespective  of the presence or absence of ST-segment
denivelations.
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Table 4 Right bundle branch block withiwithout left anterior/posterior hemiblock
RBBB alone RBBB + LAH RBBB + LPH Pvalue
% from all patients 28 32 03
Mean age (years) s8.4 (11.6) 71.0(112) 708 (9.0) 0119
Female (%) 24 25:4 235 0827
Diabetes (%) 09 6.1 294 0588
Previous MI (%) 24 260 47 0089
Killip class (mean) 169 (0.98) 1.59 (093) 141 (0.80) 0414
Killip | (%) 576 %9 706 0754
Killip 11 (%) %5 211 235
Killip 11l (38) 53 73 0o
Killip IV (3) 04 78 59
No signif. CAD (%) 21 15 0o 0935
1D 85 758 177
VD 05 283 294
VD 17 94 529
LM disease 432 4.4 a0
IRA—LMCA (% from IRAs) 38 50 00 0006
IRA-LADY 394 514 385
IRA-LCX %7 200 230
IRA-RCA 401 193 385
IRA-bypass 00 43 00
Pre-PCI TIMI flow O (% from PCL) 535 485 445 0870
TiMK1 85 97 00
TiMKZ 171 pal:] 223
TIMK3 209 02 333
Past-PCl TIMI flow C-1 (% from PCls) &4 37 222 0205
TIMEZ 88 111 00
TIME3 838 85 778
Ne PCl done (% of all) 187 201 519 0008
Reperfusion—nane (3) 180 177 471 014
TL (3 00 0.0 00
Primary PCI (%) 813 799 474
Acute CABG (%) 07 24 58
Mean EF (%) 449 (13.5) 421 (134) 412 (180) 0189
In-hospital mertality (%) 05 148 177 0438

Povalue refers to the comprison of all three groups (mull hypo thess: all three groups fave the same charst erities).

LAH. left antedor hemiblods LPH, left posterior hemiblock.
Abbreviations others same as in Tables 1 and 2
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Comparison of outcomes in ST-segment depression
and ST-segment elevation myocardial infarction patients
treated with emergency PCI: data from a multicentre

registry

JIRI KNOT, PETR KALA, RICHARD ROKYTA, JOSEF STASEK, BOYKO KUZMANOV, OTA HLINOMAZ,
JAN BELOHLAVEK, FILIP ROHAC, ROBERT PETR, DANA BILKOVA, SLAVEJKO DJAMBAZOV,

MLADEN GRIGOROV, PETR WIDIMSKY

Abstract

Background: Traditionally, acute myocardial infarction
({AMI) has been described as either STEMI (ST-elevation
myacardial infarction) or non-STEMI myocardial infarction.
This classification is historically related to the use of throm-
bolytic therapy, which is effective in STEMI. The current era
of widespread use of coronary angiography (CAG), usually
followed by primary percutaneous coronary intervention
(PCI) puts this classification system into question.
(Wjectives: To compare the outcomes of patients with STEMI
and ST-depression myocardial infarction (STDMI) who were
treated with emergency PCL

Meitheds: This multicentre registry enrolled a total of 6 602
consecutive patients with AMI. Patients were divided into the
following subgroups: STEMI (n = 3446), STDMI (n = 907),
left bundle branch block (LBBBE) AMI (# = 241). right bundle
branch block (RBBB) AMI (n = 338) and other electrocardio-
graphic (ECG) AMI (n = 1670). Baseline and angiographic
characteristics were studied, and revascularisation therapies
and in-hospital mortality were analysed.
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Results: Acute heart failure was present in 29.5% of the
STDMI vs 27.4% of the STEMI patients (p < 0.001). STDMI
patients had more extensive coronary atherosclerosis than
patients with STEMI (three-vessel disease: 53.1 vs 30%, p <
0.001). The left main coronary artery was an infract-related
artery (IRA) in 6.0% of STDMI vs 1.1% of STEMI patients
{p < 0.001). TIMI flow 0-1 was found in 35.0% of STDMI
vs 66.0% of STEMI patients (p < 0.001). Primary PCI was
performed in 88.1% of STEMI (with a success rate of 90.8%)
vs 61.8% of STDMI patients (with a success rate of 94.5%)
{p = 0.012 for PCI success rates). In-hospital mortality was
not significantly different (STDMI 6.3 vs STEMI 5.4%, p =
0.330).

Conclusion: These data suggest that similar strategies (emer-
gency CAG with PCI whenever feasible) should be applied to
both these types of AMI.

Keywords: coronary artery disease, acute myocardial infarction,
primary PCI
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ST-segment elevation (STEMI) and ST-segment depression
{STDMI) myocardial infarctions have a common pathogenesis
— a vulnerable plaque ruptures, followed by luminal thrombus
formation.* Thrombosis may lead to rapid changes in the
severity of coronary artery stenosis, which may cause subtotal
or total vessel occlusion. The thrombus may completely occlude
the major epicardial coronary artery in cases of STEML® or
cause partial or intermittent vessel coclusion in cases of non-ST-
elevation myocardial infarction (NSTEMI).*

This traditional classification of patients with acute myocardial
infarction ( AMI), based on baseline electrocardiographic (ECG)
recordings, has practical implications for guidelines and in
clinical practice especially, as it refers to the use of reperfusion
therapy. The separation of STEMI from other types of acute
myocardial infaretion has its historical roots i the thrombolytic
Era.

The current widespread use of primary percutaneous
coronary intervention (pPCI) makes use of modified reperfusion
treatment for myocardial infarction patients. Recently published
randomised trials and meta-analyses,™ as well as the guidelines
of the European Society of Cardiclogy (ESC) for myocardial
infarction in patients presenting with persistent ST-segment
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elevation,” indicate that pPCl is the preferred reperfusion strategy
in AMI patients when performed by an experienced team as soon
as possible after first medical contact. The pPCI reperfusion
maodality remains superior to immediate thrombolysis, even if
transfer to an angioplasty centre is necessary.

Similarly, an early invasive strategy with early coronary
angiography and revascularisation has become the preferred
approach for patients with NSTEML'*" Additionally, the ESC
guidelines for the diagnosis and treatment of non-ST-sepment
elevation acute coronmary syndromes (ACI) appropriately
recognises AMI with ongoing or recurrent chest pain and
ST-segment depression as the highest nisk subgroup and is an
indication for emergency coronary angiography, followed by
revascularisation, when appropriate.”™ From the sub-analysis of
two previously published trials®™ and a meta-analysis™ it has
been shown that the greatest benefit of early invasive treatment
was found in patients with elevated cardiac enzymes and
ST-segment changes, Le. in patients with STDMIL.

The aim of this study was to analyse a large group of AMI
patients presenting with different ECG records and to assess the
similarities and differences between baseline and anpiographic
characteristics, to assess in-hospital management and mortality,
and to test the hypothesis that an emergency PCI strategy
should be used in both ST-segment elevation MI as well as in
ST-segment depression MI.

Methods

This retrospective, multicentre, observational registry included a
total of 6 602 consecutive patients admitted to five participating
centres (four in the Czech Republic and one in Bulgaria; all
university-type hospitals with catheterisation facilities) for an
acute myocardial infarction during a three-year recruitment
peried (except for the centre in Bulgaria, where the recruitment
pericd was only one year). All participating hospitals followed
the guidelines of the Czech Society of Cardiology.

All patients underwent emergency coronary angiography
(CAG). Patients with STEMIL, new left bundle branch block
(LBBB) or right bundle branch block (RBBB) and STDMI with
ongoing chest pain underwent CAG immediately after hospital
arrival. In all remaining cases, the procedure was performed
within 24 hours of onset of AMI symptoms. Subjects had to be
18 years or older.

Based on admission ECG records, patients were divided into
one of five subgroups: ST-elevation AMI (n = 3446; 52.2%),
ST-depression AMI (r = 907: 13.7%), LBBE AMI (n = 241;
3.7%), REBB AMI (n = 338; 5.1%), other baseline ECG AMI
{r = 1670; 25.3%). STEMI was defined as new ST-elevation at
the J-point in two contiguous leads with cut-off points of = 0.2
mV in men or 2 0.15 mV in women in leads V2-3 and/or 2 0.1
mV in other leads. STDMI was defined as a new horzontal
or down-sloping ST depression = 0.05 mV in two contiguous
leads or transient ST-segment elevations. The other ECG group
represented all remaiming ECG patterns excluding STEMI,
STDMI, LBBB and RBBB.

Patients entered into the registry were admitted for an acute
myocardial infarction using only the ESC/ACC myocardial
infarction redefinition.® Symptoms consistent with 1schaemia,
new ECG changes and a typical rise and fall of cardiac enzymes
levels (troponin I and/or T and'or creatine phosphokinase-MB)

were mandatory for inclusion. Moreover, the diagnosis of M1 had
to be confirmed at the time of discharge from hospital.

Baseline characteristics. such as age, gender. diabetes
mellitus, history of previous myocardial infarction, Killip class
on admission and ECG pattern (including information regarding
any bundle branch blocks — old new or of unknown ongin) were
analysed. Coronary angiographic (or autopsy) data were analysed
to estimate the number of diseased major coronary arteries, to
identify the infarct-related artery (IRA), and assess thrombolysis
in myocardial infarction (TIMI) flow in the infarct-related artery
before and after PCI (whenever PCI was performed).

To identify the ejection fraction, pre-discharge echo-
cardiographic examinations were performed. Revascularisation
strategies used during the index hospital stay were studied.
Patients were followed until transfer to a referral hospital
or hospital discharpe/death. Death was defined as all-cause
mortality during hospitalisation. The in-hospital mortality was
also analysed.

Statistical analysis

Patients with STEMI and STDMI were compared based
on demographics, medical history and misk factors, infarct-
related artery and segment, initial and post-procedural TIMI
flow, reperfusion success and in-hospital mortality. Statistical
comparisons between subgroups were performed using
Chi-square and Fisher's exact tests for categorical variables; data
are expressed in percentages.

Continuous variables are presented as means  standard
deviations and were compared using the two-sample Student's
t-test. For ordinary variables, the Mann—Whitney test was
applied. All tests were two-tailed and a p-value < 0.05 was
considered statistically significant.

A logistic regression model was used to adjust the differences
in mortality for covariate effects. The following factors and
covariates were used in the model: age, gender, previous diabetes
and myocardial infarction, Killip class > I on admission, and
pre-discharge ejection fraction.

Results

During the study period, a total of 6 602 patients were enrolled
in the registry from five participating centres. There were 3 446
patients with STEMI and 907 with STDMI. Patients presenting
with STEMI were younger than those with STDMI. The mean
age in the STEMI group was 64.5 years and in the STDMI group
9.5 years (p < 0.001). There were more patients under 75 years
in the group with STEMI than in the STDMI group (74.5 vs
63.6%, p < 0.001).

Compared to STEMI patients, STDMI patients were more
likely to have a history of a previous MI (STDMI 29.3% vs
STEMI 13.8%, p < 0.001) and diabetes mellitus (36.8 vs 24.1%,
p < 0.001). The gender distribution was equal between the
STEMI and STDMI groups (females 31.3 vs males 34.6%, p =
0.055). Patients in the STEMI group were more likely to be in
cardiogenic shock on admission. Killip class [V on admission
was present in 6.7% of STEMI patients compared to 4.4% in
STDMI patients (p < 0.001). Acute heart failure defined as Killip
class > 1 on admission (pulmonary rales or third heart sound and
pulmonary cedemna) was present in 22.5% of STDMI vs 27.4%
of STEMI patients (p < 0.001) {Table 1).
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TABLE 1. BASELINE CHARACTERISTICS IN
STEMIAND STDMI PATIENTS

STEMI STOMI p-value
Age in years £ 5D 452124 95107 <0001
Ape < 75 years (%) 745 63.6 < (001
Females (%) 3l3 4.6 0.055
Previous myocardial infanction (%) 13.8 293 < (0001
Diiabetes mellitus (%) 241 368 < (001
Killip class = T (%) 274 29.5 < (001
Killip class IV (%) 6.7 44 < 0.001
STEMI: ST-elevation myocardial infarction; STDMI: ST=depression
myocardial infarction.

STEMI patients had less-extensive coronary atherosclerosis
than STDMI patients. There were more patients with three- or
two-vessel disease in the STDMI group than in the STEMI
group (73.0 vs 58.2%, p < 0.001). Severe left main stenosis was
also more often present in STDMI patients compared to STEMI
patients (6.0 vs 1.1%, p < 0.001). The left circumflex artery was
maore likely to be the infarct-related artery in STDMI compared
to STEMI patients (37.5 vs 14%, p < 0.001). Moreover, nearly
one-third of all STDMI patients had a TIMI 0 flow before PCI.
The infarct-related artery was more often totally occluded in
STEMI patients compared to STDMI patients (57.2 vs 27.3%,
p<0.001).

Emergency PCI was performed in 88.1% of STEMI patients
versus 61.8% of STDMI patients. The success rates were higher
in STDMI patients (94.5 vs 90.8%, p < 0.012) (Table 2). Rates of
acute coronary bypass grafts were significantly higher in patients
with STDMI (Fig. 1).

Despite the higher mean ejection fraction, in-hospital
mortality was slightly but insignificantly higher in STDMI
patients compared to STEMI patients (6.3 vs 54%, p =
0.330). There was no significant difference regarding in-hospital
maortality between STEMI and STDMI patients who were treated
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Fig. 1. Bar graphs show the type of revascularisa-
tion therapy used in ST-segment elevation (STEMD and
ST-segment depression (STDMI}) myocardial infarctions.
All values are percentages (p < 0.001). CABG: coronary
artery bypass graft.

TABLE LANGIDGRAPHIC CHARACTERISTICS AND

PROCEDURAL OUTCOMES IN STEMI AND STDMI PATIENTS

STEMI STOMI  povalue
Number of involved vessels (%)

Ome-vessel disease 3 172 < 0.001

Two-vessel disease 2812 199

Three-vessel disease 300 531
Infarci-related artery (%)

Left main 1.1 6.0 < 0.001

Left anterior descending 45.0 3.5

Lefi circumiflex 14.0 37.5

Right coronary 391
CABG 0.8 18
Pre-PCTTIMI flow (%)

TIMI flow O 57.2 273 < 0.001

TIMI flow 1 BB 1.7

TIMI flow 2 185 245

TIMI flow 3 155 406
Post-PCT TIMI flow (%)

TIMI flow 3 G908 945 <0.012
LVEF (%), mean £ 5D 4632120 500135 <0.001
STEMI: ST-clevation myocardial infarction; STDMI: ST-depression
myocardial infarction; TIMI: thrombolysis in myocardial infarction flow;
CABG: coronary artery bypass grafi; PCI: percutanecus coronary inter-
vention: LVEF: left ventricular ejection fraction.

using emergency PCI (5.3 vs 6.78%, p = 0.274). However, there
was a large difference reparding in-hospital mortality between
STDMI patients treated using PCI (6.78%) and STDMI patients
without revascularisation (13.19%) (p = 0.032).

Using logistic regression analysis, the independent risk factor
for mortality was patient age (OR 1.03, 95% CI: 1.015-1.049,
p < 0.001); there was a 1.03-fold increased risk for every
additional year of age. Killip class > 1 on admission was also a
strong predictor of mortality (OR 2.54, 95% CI: 1.754-3.685,
p < 0.001). A lower risk of death was associated with higher
ejection fractions (OR 0,982, 95% CL: 0.967-0.997, p < 0.024).

Patients presenting with MI and any bundle branch block
{left or right bundle branch block * left anterior/posterior
hemiblock) represented the highest risk group, with in-hospital
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Fig. 2. Bar graph demonstrates the in-hospital mortal-
ity rates in different ECG groups of acute myocardial
infarction patients. All values are percentages (p < 0.001).
STEML'STDMI: ST-segment elevation/depression myocar-
dial infarction. LEBB/RBBB: leftright bundle branch block.
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maortality more than double compared to patients whoe presented
with STDMI (risk ratios 2.03, 95% CI: 1.46-2.83, p < 0.001)
or STEMI (risk ratios 2.36, 95% CI: 1.83-3.04, p < 0.001).
On the other hand, patients presenting with minor or no ECG
abnormalities (without ST-segment shifts and without bundle
branch block/s) had a significantly lower risk (acute heart failure
was rare and in-hospital mortality was very low). The in-hospital
maortality in this group of patients was 2.9% (p < 0.001).

Fig. 2 presents a comparison between patients with minor or
no ECG changes and each of the other groups (STEMI, STDMI,
LBBB, RBEB).

Discusslon

STEMI and STDMI have a common pathogenesis: vulnerable
plaque erosion or rupture followed by thrombus formation,
resulting in impaired vessel patency. Impaired or no flow in a
coronary artery causes ischaemic symptoms and ECG changes.
The release of myocardial necrosis markers defines the diagnosis
of myocardial infarction.

The current guidelines recommend different reperfusion
approaches based on the admission ECG in patients with acute
ML On the other hand, ECG changes can be altered by a bundle
branch block, previous Ml and other conditions. Also, the infarct-
related artery and infarct-related segment can influence the final
ECG pattern. For example, acute occlusion of the circumflex
artery may have no ST-segment elevation on a 12-lead ECG.
Instead, ST-segment depressions are frequently present — this is
sometimes called a hidden STEMI.

In our registry the most common IRA in STDMI patients
was the circumflex branch. Moreover, nearly one-third of all
STDMI patients had a TIMI grade 0 flow before PCL Infarction
in the circumflex artery bed is very often under-diagnosed and
these patients undergo coronary angiography very late or not
at all. Based on these facts, there is an increasing effort to find
real differences or similarities between STEMI and STDMI
regarding their risk factors, prognosis, mortality and appropriate
revascularisation strategy.

In previously published studies, baseline charactenistics of
patients with STEMI compared to those without ST-segment
elevation were significantly different, and the same was true in
this study. Patients with STEMI were younger and had less often
had a previous M1 and/or diabetes mellitus. Cardiogenic shock
was also found to be more common in STEMI patients.

Rosenberger ef al.® investigated whether risk factors were
related differently to ST-elevation and non-ST-elevation ACS.
The main finding from this large survey of more than 10 000
patients was that different risk factors were related to different
types of ACS. Smoking was related to STEMI patients, whereas
obesity and high blood pressure were more common among M1
patients without ST-elevation.

Our findings confirm the results of the Opera registry.® The
primary objective of the nationwide Opera study was to describe
the in-hospital management and cardiovascular outcomes (at one
year) of MI patients. The results show that patients suffering from
M1 with and without ST-elevation had comparable in-hospital
(4.6 vs 4.3%) and long-term prognoses (9% in STEMI vs 11.6%
in NSTEMI, log-range p = 0.09).

Cox et al® showed (in the Comparative early and late
outcomes after primary percutancous coronary intervention

in ST-segment elevation and non-ST-segment elevation acute
myocardial infarction from the CADILLAC trial) that patients
with myocardial infarction without ST-glevation tended to have
lower mortality rates than those with STEMI (0.4 vs 2.2%, p=
0.06). Similarly, the mortality rates at one year were comparable
in STEMI and NSTEMI patients (3.4 vs 4.4%, respectively, p =
0.43). In a study by Savonitto ef al..™ the 30-day mortality rate
between STEMI and STDMI was not statistically different (5.1
vs 5.1%, respectively).

Granger ef al.” attempted to develop a single model to assess
the nsk for in-hospital mortality of ACS patients. Killip class
was the most powerful predictor with a two-fold increased nsk of
death with each worsening class. Age was associated with nearly
the same prognostic significance, with a 1.7-fold increased nisk
for every 10 years® increase in ape.

The next most important variables were systolic blood
pressure, resuscitated cardiac arrest and initial serum creatining
levels. The strongest predictors of one-year mortality in the
Opera study were heart failure and age. Moreover, similar
predictors were found in STEMI and NSTEMI patients. The
same was true in our registry, with age and heart failure being
strong independent in-hospital mortality nsk factors.

There is no doubt that timely reperfusion of STEMI patients
is critical. The current guidelines of the European Society of
Cardiology appropnately recognise acute myocardial infarction
with ongoing or recurrent chest pain and ST-segment depressions
as the highest-risk subgroup and an indication for emergency
coronary angiography, followed by revasculansation when
appropriate.

Chan et al® investigated mortality differences and timing of
revasculansation of patients undergoing cardiac catheterisation
for STEMI and NSTEMI. During the six-year accrual period
a total of 1 974 patients were classified as having STEMI, and
2 413 patients as having NSTEML NSTEMI was associated with
a higher risk of long-term mortality (unadjusted mortality at one
year for STEMI was 9.5 vs 14.3% for NSTEMI). Compared
with no or late revascularisation, early revascularisation was
associated with a similar reduction in long-term outcomes for
both STEMI and NSTEMI (lower adjusted risk of mortality for
STEMI and NSTEMI, p = 0.22).

The Fragmin and Fast Revascularisation dunng InStability in
Coronary artery disease (FRISC-2) invasive trial showed for the
first time a significant event rate (M1, death or both) reduction,
favouring the invasive over the non-invasive strategy at six months
in the NSTE-ACS population. The greatest benefit of invasive
treatment, when evaluated using electrocardiography, was seen
in the subset of patients with ST-segment depression M1" The
Treat Angna with Aggrastat and Determine Cost of Therapy
with an Invasive or Conservative Strategy (TACTICS-TIMI)
trial revealed that the greatest benefits of invasive treatment were
achieved in patients presenting with cardiac enzyme elevation
and ST-segment changes.™ Le. in STDMI patients. Also, a meta-
analysis of seven randomised trials that included a total of 9 212
patients showed that invasive management should be considered
for all patients with NSTEMI, and in particular those with
ST-segment depression.™

In our study, there was no difference related to in-hospital
mortality between STEMI and STDMI patients treated by
emergency PCI (5.3 vs 6.78%, respectively, p=0.274). There was
a significant in-hospital mortality reduction in STDMI patients
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who were treated using emergency PCl compared to STDMI
patients who went without revascularisation. Moreover, the
PCI success rate was significantly higher in STDMI compared
to STEMI patients (p = 0.012). All these factors indicate that
emergency CAG and PCI, when appropriate, should be used in

all STDMI patients.

Early versus delaved invasive intervention in patients with
ACS without ST-segment elevation was studied in the TIMACS
trial® Early intervention did not differ greatly from delayed
intervention in preventing the primary cutcome, but it did reduce
the rate of the composite secondary outcome of death, MI or
refractory ischaemiz, and was superior to delayed intervention

in high-risk patients.

Our study demonstrates the apparent positive development in
invasive reperfusion treatment for acute myocardial infarction.
Some form of reperfusion therapy was used in 89.1% of STEMI
and 69.8% of NSTEMI patients. Of those, emergency PCI was

used in 8%.1% of STEMI and in 61.8% of NSTEM]I patients.

By comparison, in the GRACE study (1999-2000), the use
of pPCI was a relatively rare reperfusion modality in STEMI.
Lytic therapy was used in more than 75% of patients who
received reperfusion therapy: only 62% of STEMI patients
received any form of reperfusion. The in-hospital fatality rates
were 7% in STEMI and 6% in NSTEMI patients (p = 0.0459).
This positive and increasing trend of invasive treatment in AMI
patients should be minimally maintained in STEMI cases, and
there should be an effort made to increase the number in STDMI

patients.

The presence of bundle brunch block(s) (BBBs) is associated
with poor outcomes in patients suffering from an AMI. In our
M1 population, these patients represented the highest nisk group,
with in-hospital mortality more than double that of STDMI
or STEMI patients. Patients with BEBs were older and more
frequently had a history of diabetes mellitus. The mean left
ventricular ejection fraction was lower compared with AMI
patients without BBBs (p < 0.001). These findings support the
results of Guerrero ef @l who sought to evaluate the cutcome of
patients with AMI and BBBs, who were treated using emergency
PCI. The in-hospital mortality was significantly different (LBEB

14.6% vs RBBB 7.4% vs no BBB 2.8%).

Patients presenting with minor or no ECG abnormalities
(without ST-segment shifts and without a bundle branch block)
had the lowest mortality compared with all other groups (2.9%,
p < 0.001). Additionally, heart failure was rare (Killip class [ on

admission was seen in 84.5% of all patients in this group).

Limitations

This study was based on the data from a registry that was
retrospectively analysed. The very short follow-up period was
a limitation. Our results did not evaluate long-term outcomes.
No data were collected regarding previous or in-hospital drug
treatment. Post-discharge treatment (secondary prevention) was

also not studied.

Concluslons

The results of our study demonstrate that ST-depression AMI may
represent an emergency similar to ST-elevation AMI. Therefore
it would be accompanied by the same need for emergency
coronary angiography and PCl when appropriate. STDMI

patients in our study had comparable in-hospital mortality and
were much closer, relative to treatment strategies and outcomes,
to STEMI patients than to AMI patients without ST-segment
shifts. Therefore, in the *post-thrombolytic’ era, emergency CAG
and PCI, when appropriate, should be considered for high-nisk
patients with STDMI.

Thiz work was supported by the Charles University Prague, research praject
UNCEZO4010.
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Vyuziti automatickeé zevni
srdecni masaze p¥i primarni PCl
Petr Kala, Radim Karlik, Otakar BoZek, Petr Neugebauer, Martin Poloczek, JIFH Pafenica, Miroslav Vytiska,

Irena Kolafova, Kvétoslava Hladilova, Ludmila Dostalova, Petr Jefabek
Interni kardiologicka klinika LF MU a FN Brno

Kardiopulmonalni resuscitace Je b&Znou souasti prace na katetrizatnim séle, a to predeviim u paclentd s akutnim Infarktem myokar-
du. Velice problematickou Je viak péte o paclenty vyZadujici srdecni masaz v pribéhu zakroku, donedédvna nuticl k pferuten! vifkonu
a manudlni zevni srdetni masazl. V kazulstice uvadime vyuZitl relatlvné nové techniky, automatické zevnl srdedni masaze LUCAS (Lund
University Cardlac Arrest System) s vysokym hemodynamickym efektem. V prabé&hu této masaze Je, | pfes urtité technicke limitace,
moiné pokratovat v provedeni katetrizatniho zakroku.

Klitova slova: PCl, korondrni Intervence, automatickd srdednl masdz, obéhova zdstava.

The use of automated external cardiac massage during primary PCl

Cardiopulmonary resuscitation espacially in patients with acute myocardial infarction Is a common part of the cathlab work. Really
problematic can be the need for cardiac massage during the procedure requiring Interruption of the cathetrisation and beginning of the
external cardlac massage manually. In this case we report the use of relatively new and highly effective technique - automated external
cardiac massage LUCAS (Lund University Cardiac Arrest System). Daspita some technical limitations It Is possible to continue with the

procedure during the massage.

Key words: PCI, coronary Intervention, automatic cardlac massage, cardlac arrest.

Popis pripadu

Sostadedesatiletsmu mufi bez anamnézy ischemicke choroby srdeéni
bl zalatkemn srpna pfi prvnim kontakiu s tymem Zdravotnické zadhran-
né slutby (ZZ5) diagnostikowan akutnl infarkt myokardu s ST-elevacemi
woblasti dolnl stény. Po transtalefonnim pfenosu EKG kfivky na korondrnil
jednotku Internl kardiologicks kliniky FN Brno byl pacient letecky transpaor-
tovan a vezen pfimo na katetrizadnl sal. Po pfevzet! padienta do kardiolo-
gické péle jeité na heliportu dodle k nahlému vzniku atrio-wantrikuldrm|
blokady |l stupné provazené ztratou védom| a dechovou zastavou nuticl
k intubad a2 umélé ventilaci pacienta. Na katetrizadnl sdl plijlzdl pacient
135 minut od vZzniku obtfH, po aplikadi atropinu se sinusowou tachykandil
117/min a s hemodynamickym obrazem kardiogenniho Soku s prakticky

Obrdzek 1. Pneumaticky systém Lucas ve chvili maximdini komprase
hrudniku
.

Intervencni a akutni kardiologie | 2010; 94] | www.iakardiclogiecz

Interv Akut Kardiol 2010; 9{4): 204-207

neméfitelnym krevnim takem nereagujidm na aplikaci masivnich davek
katecholamind a volumoexpanzi. Dodatetnd byla dopinédna anamndza,
zahrnujid hospitalizaci pro schizoafektival poruchu, diabetes mellitus
Il. typu na diets, hypofunkci 3tftnice na substitudnl |62bé& prodélanou
plicnl embolizaci pooperalné v r. 1984 a chybénl daléich rizikovyich faktord
ischemicks choroby srdadnl & jejich pinak(L

Po naslepo provedené punkci femordinl tepny byl invazivné méteny
systolicky krewnl tlak 40—45 mm Hg a pacientovi byl nasazen pneumaticky
systém automaticks zewnl srdednl masdde LUCAS (Lund University Cardiac
Arrast System) (obrdzek 1) lhned po nasazenl systému bylo dosaZeno
systolickeého tlaku 100-110mm Hg pfi standardnl frekvenc kompres!
100/minutu a jejfich hloubce 5 cm. Systém zajidfuje automaticky i opti-
malnl pomér aktivnl kemprese a dekomprese hrudnlku 1:1. Akutng byl
proveden pouze nastiik pravé vanditd tepny s nalezem jejlho trombotic-
kého uzdwiru ve stfadnl 45t nad pravou ventrikuldrnil watwl {obrdzek 7).
Echokardiograficky byla vyloutena srdednl tampondda s ozfejmenim
dilatace a t&#ké systolické dysfunkce obou srdetnich komor. Ani pfies
opakovanou manudini katétrowou tromboaspirad se zachytem trombo-
tickéhio materidlu a balonkovou dilataci se nepodafilo infarktowou tapnu
zprichodnit (cbrizek 3). Nasledné byla dopinéna angiografie lewé koro-
narnl tepry s ndlezem jif vyznamnsho posti2ent kmene levé windits tep-
ny a proximélnl &4sti ramus interventricularis anterior (cbrdzek 4). Toto
hodnocenl viak miZe byt virazné ovlivnéno spastickou reakd a tedy
zati¥eno velkou chybou. Kontrolnl echokardiografie pfi dofasném zasta-
venlzevnl masde pak doplnila pdvodnlinfiormaci o kritickém stavu obou
srdednich komor ndlezem pravdépodobné ruptury zévésného apardtu
mitralnl chlopn a wwznamné mitralnl regurgitace {obrazek 5). Tento
stav byl wietnd opakované nutnost defibrilatnich vybojl se Feotem jiz
neslutitelny a katetrizalnl wykon byl, podobné jako zewnl srdednl masaZ,

120



Obrdzrek 2. Akutné uzaviens pravd vénditd tepna (AC0) na zafatu

I na kanci wkaonu

ukondeny. Autopticky ndlez v celém rozsahu
potvrdil nade klinicka pozorovan], tzn. rozsahly
akutni srdednl infarkt stéry leve | prave srdednl
komory a ruptury Zavésného apardtu mitrak-
ni chiopné u premorbidné silné polkozaného
3 dilatovaného srdedniho svalu.

| pfesto, a nebo pravé proto, je viak nuino
zdlraznit, 22 paclent v kritickém stavu pfeil
celych 120 minut na kontinuding zevnd srdedni
masdH, kterd umoinila provedend viech vyte
uvedenych zakrok( a vy%atfenl. Viastn/ nasazenl
a spulténi popsandho systému je velmi jedno-
duché a u trénovansho tymu trvd méné ne#
30 zakund, bahem kterych je 2 w2t St prova-
déna masa? manuding V pribahy vastnl srdednl
masde jo nutnd podtat i s ndkterymi limitacemi’,
ktorymi jsou vyrazné omezend moknost pohybu
rig lampy, siiné exkurze hrudnilku 2 doprovodny

Tvukovy efekt. Daltim probldmem, ktarym jo kon-
trastnl strukiura podkladowe Csti rusid angiogra-
ficky obraz korandrnich tepen (obrazak &), byl jiz
technologidy vyfedan zménou materidlu.

V plipadé, #2 by ndlez na srdd sky tal urditou
sand na pfesit], pfichazelo by v Uvahu napajent
pacienta na néktery z pokrodilejsich systémd
mechanickeé podpory ob&hu a nasledng de-
finitivnl kardiochirurgicke fefenl. Velmi dobré
Fhusenosti z katetrizatnich laboratofl jsou po-
psany s perkutinnim zavedenim axddinl pumpy
Impella (Abiomed, Inc, USA) do lowé komory,
kterd je v idedinich podminkach schopna phe-
tarpat a# 25 & 451 krve za minuty v zdvislost
n2 Zvoleném typu katdru/pumpy. Tento systém
vyufiva nidkolik let | pracovitté automd. Dali po-
tendainl monost, ktorow viak autofi nadisponu-
i, 2 napojent pacienta na venc-artarialnl systém

Intervenéni a akutni kardiologie | 2010; 34 | www.iakardiclogiecz

Obrdzek 4. Postizena leva véndita tepna

Obrdrek 5. Echokardiografie s ndlerem susp. ruptury papilarmiba svalu

a té#ké systolicke dysfunkee obou srdecnich komaor

ECOMO faxtracorporeal mambrane oxygenation)
docasné zajistujicim az 75 % srdecniho obéhu.

Diskuze

Obéhowy kolaps je stav vyiadujicl okamiity
iéebny zasah, kam vedle defibrilace, uméla
phicnl ventilace a farmakoterapie nepochybné
patfi i optimaing vedend a neplerutovand sr-
dedni masadZ (1. | pro doble trénovany tym je
velmi obtizné dosihnout doponstens frokvence
a hloubky komprese, 2 to nejen pfi deletrvajicl
resuscitad, ale i pfi t kratkodobé, v trvanl mé-
né& ne# 10 minut. Snaha o vytvofend systému
pro bezpednou a efektivil automatickou zewnl
srdetnl masal se datuje huboko do 20. stolet!
(2), z praktického hlediska vyufitelné vysledky
s popsanym systémem ale byly publikovany
a2 poroca 2000, kdy byl systém poprva pledsta-
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Obrdzek 6. Atg obrar standardné dodévané Sasti systému Lucas, ktery
52 umisfuje pod pacienta — inovovany systém jiz reg obraz nerudi

Y

wven (2).V Caské republice se tento systém zadal vyuZivat teprve v nadavné
dobé zkisenosti ze zahranitl viak vyzyvajl k jeho nasazen pfedeviim pfi
prvnim kontakiu s nemocnym v obéhowe zistave, tzn. wavozech ZZ5(3,
4). ¥ rdmci nemocnicnl péce by jako optimalinl modelowy piiklad mohla
poslowdit nase nemocnice, kde stajnym systémem automaticks zevni
srdeénl masdde LLCAS disponujl tymy urgentniho pfjmu, korondrni
jednotky i katetrizatniho centra. Nate viastnl, wice ne# rofnl zkutenosti,
pak mohou jen potvrdit literdmil Udaje o chybénl zéva2mich komplikad,
ktaré se poméamé bézné vyskytujl u masdde manualni.

Z pohledu interventnl kardiologie je velice cennou inovacl zme-
na materidlu podkladowé Casti systému, kierd na rozd(l od standardné
doddvané nerudl rtg obraz. Vedle popsaného pneumatického systému
oznacovaného jako typ 1 LUCAS™ 1, je nove dostupny i typ 2, tzn. systém
elektricky pohané&ny na baterie.

Zaver

' kazuistice je popsano bezpefné a diouhodobé efektivil pouwsit!
prneumaticksho automatizovaného systému pro zevnl srdednl masd? upa-
cienta v kardicgennim $cku z ddvodu komplikovaného akutniho infarktu
s ST-elevacami. | ples urtité technicke limitace, bylo v pribéhu srdednl
masdde maina provést primarnl korondrml intarvend a dalsl wysatfenl.
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Invasive coronary treatment strategies for out-of-hospital
cardiac arrest: a consensus statement from the European

Association for Percutaneous Cardiovascular Interventions
(EAPCI)/Stent for Life (SFL) groups
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Abstract

Due to significant improvement in the pre-hospital treatment of patients with out-of-hospital cardiac arrest
(OHCA), an increasing mumber of mitially resuscitated patients are being admitted to hospitals. Because of
the limited data available and lack of clear guideline recommendations. experts from the EAPCT and “Stent
for Life” (SFL) groups reviewed existing literature and provided practical guidelines on selection of patients
for immediate corenary angiography (CAG), PCI strategy, concomitant antiplatelet/anticoagulation treat-
ment, haemodynamic support and use of therapeutic hypothermia Conscious survivers of OHCA with sus-
pected acute coronary syndrome (ACS) should be treated according to recommendations for ST-segment
elevation myocardial infarction (STEMI) and high-risk non-5T-segment elevation -ACS (NSTE-ACS) with-
out OHCA and should undergo immediate (if STEMI) or rapid (less than two hours if NSTE-ACS) coronary
invasive strategy. Comatose survivers of OHCA with ECG criteria for STEMI on the post-resuscitation ECG
should be admitted directly to the cathetemsation laboratory. For patients without STEMI ECG critena,
a short “emergency department or intensive care umt stop” 1s advised to exclude non-coronary causes. In the
absence of an obvious non-coronary cause, CAG should be performed as soon as pessible (less than two
hours), in particular in haemodynamically unstable patients. Immediate PCI should be mainly directed
towards the culpnt lesion if identified. Interventional cardiologists should become an essential part of the
“survival chan™ for patients with OHCA. There 15 a need to centralise the care of patients with OHCA to
expenenced centres.

*Corresponding author: Hépital Européen Georges Pompidou, AP-HF, Paris Descartes University, Sudden Death Expert Center,
WSERM U970, 20 rue Leblane, 73013, Paris, France. E-mail: christian_spaulding@egp.aphp fi-
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Introduction

Sudden out-of-hospital cardiac arrest (OHCA) remains the leading

cause of death in develeped countries with an annual incidence of

between 36 and 81 events per 100,000 inhabitants'. Pre-hospital
treatment 1s intiated with a sequence of cnitical events known as the

“chain of survival” which mcludes the early recogmition of symp-

toms, bystander cardiopulmonary resuscitation. early defibrillation

and advanced cardiac life support. Re-establishment of spontane-
ous circulation (ROSC) before hospital arrival is currently achieved
in 40-60% of patients in whom advanced cardiac hfe support 1s
attempted. Due to significant improvement in the pre-hospital

“chain of survival” in Eurcpe, an increasing mumber of initially

resuscitated patients are being admitted to hospitals.

According to autopsy and immediate coronary anglography
(CAG) data, sigmficant coronary artery disease may be docu-
mented in more than 70% of patients with resuscitated OHCA™.
These data are well known by the physicians canng for these
patients. Furthermore, the 2012 Eurepean Society of Cardiology
(ESC) gmdelines on ST-segment elevation myocardial mfarction
(STEMI) included recommendations on the management of survi-
vors of OHCA*: “In patients with resuscitated cardiac arrest, whose
electrocardiogram (ECG) shows STEMI, mmmediate CAG with
a view to primary percutanecus coronary intervention (PCI) is the
strategy of choice, provided that the gindelines mandated times can
be met (class L level B). Given the high prevalence of coronary
occlusions and potential difficulties in interpreting the ECG in
patients after cardiac arrest, immediate CAG should be considersd
in survivers of cardiac arrest having a high index of suspicion of
ongoing infarction (class Ia, level B)”. Interventional cardiologists
in “24-77 STEMI centres are therefore being increasingly alerted
for immediate CAG and PCL Because of the limited data available,
the 2012 ESC STEMI guidelines could not address several impor-
tant practical issues while treating patients with resuscitated OHCA:
1)Should a coronary angiogram be performed immediately at

admission m all survivors of an OHCA with STEMI or should

a selection be performed on the basis of neurological status on

admission, prognestic crtena such as the duration of no-flow,

inifial thythm, age and pre-amrest comorbidities?

2) Should patients without STEMI be admitted directly to the cath-
eterisation laboratery or should a rapid assessment be performed
before to exclude a non-cardiac cause of arrest?

3)Which amticoagulation and antiplatelet treatment should be
administered before, during and after PCI?

4) Should PCT be performed only on the culprit artery or on all
lesions during the initial procedure or subsequently, and what
stents should be used?

5)What are the cwrent mdications for cardiac assist devices in
OHCA?

6) What are the indications for a coronary artery spasm provocation
test in survivors of OHCA?

The aim of this statement paper on CAG and PCI after resusci-
tated OHCA, designated as invasive coronary strategy, is to provide
practical guidelines on the management for mterventional

cardiologists based on the limited current data and an expert con-
sensus. This paper should therefore be regarded as complementary
to the existing ESC guidelines for STEMI and NSTE-ACS.

Literature review on invasive coronary strategy

in resuscitated OHCA

It is now well known that. in the presence of STEMIL defined as
an ST elevation of =1 mm in two contiguous standard leads or
=2 mm in precordial leads on the early post-resuscitation ECG,
acute thrombotic lesions, such as those usnally apparent in acute
coronary syndromes (ACS) without preceding cardiac arrest, may
be found inup to 90% of cases™”. However, the absence of STEMI
on the ECG performed in the pre-hospital setting or on admission
does not exclude obstructive or even thrombotic “ACS™ coro-
nary stenosis, which may be present in 25% to 58% of cases?™*1%.
These ECG pattems include ischaemic ST-T changes, tundle
branch block, nen-specific intraventricular delay and non-specific
ST-T changes®™.

There are no randomised trials mvestigating the possible bene-
fits of an immediate invasive coronary strategy in patients with
resuscitated OHCA. In fact, patients with preceding sudden car-
diac arrest have been systematically excluded from major ran-
domised trials which unequivocally demenstrated the benefits of
primary PCI in STEMI" and early PCI in non-ST-elevation acute
coronary syndrome (NSTE-ACS)?. We therefore performed
a “PubMed” search using the key words “cardiac arrest™ and “cor-
onary angiography”. Each paper was reviewed and possible addi-
tiomal references within the text identified. If patients undergomng
urgent coronary angiography and PCI were 1dentified. they were
included in the pooled analysis (Table 1). Forty-two studies with
3.665 patients confirmed the high prevalence of =1 obstmuctive
coronary lesion and the feasibility and safety of an immediate
imvasive coronary strategy®*"!*¢ The fact that seven of these
studies with a total of 1,110 patients have been published since
2012 points to the growing utihsation of an invasive coronary
strategy in patients with OHCA#-4.

Fecently, Larsen and Favkilde*” performed a meta-analysis of 10
observational stadies companng the survival of patients with resus-
citated OHCA in relation to an immediate mvasive coronary strat-
egy. In 3,103 patients, an immediate invasive strategy was
associated with improved survival (pooled mmadjusted OF. 2.78;
95% CI: 1.89-4.10; p=0.001). Because of the heterogeneity of stud-
ies and lack of data for adjusted analysis, this finding should be
interpreted with caution.

More recently, investigators from the United States analysed
3.981 patients with OHCA admitted after ROSC of whom 19% and
17% underwent coromary angiography and PCI within 24 hours,
respectively*®. There was very wide vamability ameng the 151
admitting hospitals in the frequency of these procedures. However,
survival and favourable neurological outcome were independently
associated with early coronary angiography (adjusted OR 1.87;
95% CI: 1.15-3.04) and reperfusion (adjusted OR 2.14; 95% CL:
1.46-3.14).
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Table1. Published cohort studies on immediate invasive coronary strategy in patients with resuscitated cardiac arrest.

Mithor | Year | N | Comatose(%) | STEMI(%) |

PCI(%)  |PCisuccess(%)| MR | Sunival (%) | CPC1or2(%)

Katin®™ 1925 1 T(64) 11711 {100) 11100} /11 (64) N /11 (55) /11 [55)
Spaulding? 1997 ] NA ELECA ] 37 144) 28137 (78) N 32/84 (38) 3084 (36)
Lin* 1998 10 NA 10710 {100) 10 (100 10710 (100) N /10 (30) N&
Buslut'® 2000 10 NA 10710 (100) 10 {100 B/10(80) N A10 (400 N&
McCollough™ 2002 2 NA 2222 (100 22 (100) 22022 (100) N 822 (41) N&
Kaalan'? 2003 15 13187 15715 (100) 15 (100} 1415 (83) N 1115(73) 9715 (E0)
Bendz® 2004 L] 36 (30) 40740 (100) 40(100) 38/40 (85) N 29140 (73) N&
Quintam-Moran™ | 2006 2 NA 27027 (100) 27 (100) 23/27 (B5) KA 18/27 (67) N&
Sunde’® 2007 a7 NA NA 30 (64} NA ¥ NA N&
Garjup® 2007 135 85 (E4) 135 (100) 109 (81} 102109 (94) ¥ 90135 (67) T4/135 (55)
Garot™ 2007 186 NA 186 (100) 186 {100) 161/186 (87T Y 1031186 (70) BO/186(48)
Richling™ 2007 L NA 45 (100) 46 (100} NA KA 2416 (52) 2246 (48)
Markusahn™ 2007 25 18(72) 25 (100 25 (100) 22125 (2B) ¥ 19/25 (T6) 17/25 (68)
Werling™ 2007 Fal NA NA 13 [54) NA KA 16/24 (67) NA
Hovdenss™ 2007 10 40 (100} NA 36 (73) NA ¥ 41/49 (B4) 3440 (69)
Valente™ 2008 3l 31 (1000 31 (100 31100} NA KA 237114 N&
Mapeart® 2008 2 NA 21(100) 21(100) NA KA 18/21 (86) N&
Wolfrum™ 2008 16 16 (100} 16 (100) 16 (100} 16/16 (100) ¥ 12/16 (75) N&
Pleskot™ 2008 20 NA NA 19 {95 1719 (69 KA NA &
Paals™ 2008 4 NA 44 (100) 44(100) 38744 (2E) KA 22744 (50) N&
Merchant™ 2008 0 NA 13 (43) 30200 1719 (89) KA 22130 (BD) N&
Hosmane® 2009 98 13(74) 58 (100) E4 (65) 62164 (57) Y 63198 (64) 57098 (58)
Anyfantakis" 2009 72 NA 23037 27 (38) 24727 (B9) KA 3572 (49) 3372 (46)
Reynobds? 2009 9% NA 42 (44) A NA L 52/96 (54) N&
Lattieri®® 2009 9 NA 95 (1000 99 (100) 79/99 (80 KA 7199 (T8) 72/99 (73)
Par® 2010 18 NA 43 (100 49 (100) 42749 (26) KA 3149 (63) N&
Batista™ 2010 0 NA 10 (50) 20(100) NA L B/20 (40) 6720 (30)
Dumas’ 2010 435 NA 134 (31) 202 (46) 1771202 (88) ¥ 1714435 (39) 160435 (37}
Stub™ 2011 €2 £2 (100} 27144 31 {50} 29731 (54) ¥ NA N&
Tom#e® 2011 252 NA NA L1 NA KA 140/252 (56) N&
Radsef 2011 22 171481} 158 (75) 165 (78) 150165 (91) ¥ 154212 (73) 108212 (51}
Mooney™ 2011 101 NA 8 (67) 56 (35) NA KA NA N&
Cronier® 2011 9 NA 50 (55) 4 (51} 4345 (23) ¥ 60/91 (B4 N&
Moellmann™ 2011 65 NA 36 (55) 65 (100} B4/B5 (B) KA 46/85 (T1) N&
Nanjayya® 202 35 35 (100} 31189 21 (60} NA Y 20135 (57) 14/35 (40
Bro-Jeppasan’! 2012 360 360 (100) 116 (32) 198 (55) 100122 (83) ¥ 219/360 (61) 2077360 (58)
Tanuitini® 2012 93 93 (100} 32034 NA NA ¥ 50/93 (54) 36093 (39)
Liw® 2012 81 24 (30) E1 (100) 48 (60) 42743 () N 36/81 (44) N&
Zimmarmann* 2013 L] 48 (100} 48 (100) 44 (97 37144 (34) ¥ 32/48 (6T) 1648 (33)
Hollenbeck™ 2013 269 269 (100) 0l 127 145) NA L 151/269 (56) N&
Velders® 2013 m 108 (48) 224 (100) 21797 NA ¥ 183/218 (84) 168218 (77}
Tofal 3655 (149971804 (83%) (2,012/3 263 (62%6]| 2,253/3,170 (T1%) | 1,373/1 553 (BE%) 2,036/3,384 (60%) [ 1,15872 241 (52%)
CPC 1 or 2-cermbral periormance category 1 or 2 indicating survival with good neurological outcome; MIH: mild induced hypothenmia for post-resuscitation coma; N: number of patients in the
shudy; PCl: percutaneous coronary intervention

Selection of patients for immediate coronary
invasive strategy

Because of the lack of approprate tnals and wnequivecal guide-
line recommendations, there is considerable vaniability i the selec-
tion of patients for immediate invasive coronary strategy among

different hospitals and countries. In this context, it is also important
to notice that there are two very different populations of resusci-
tated patients at hospital admission. Because of typical delays m the
pre-hospital “chain of survival”, up to 80% of resuscitated patients
present in coma despite ROSC, which indicates post-resuscitation
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brain mjury, the sevenity of which may vary from no or mild dis-
ability to permanent vegetative state or brain death. Importantly,
this cannot be predicted on hospital admission. Only a minerity of
fortimate patients regain consciousness immediately after ROSC
if chest compression and defibrillation have been mmitiated imme-
diately, which is usually the case if the emergency medical team
is already present at the scene or if the patient has received well
performed cardiopulmonary resuscitation immediately before the
arrival of the medical team Conscious survivors of OHCA, in
contrast to comatose survivors of cardiac arrest, have little or no
post-resuscitation brain injury and represent a less complex sub-
population in terms of post-resuscitation treatment. Pooling pub-
lished studies on conscious survivors of OHCA triggered by ACS
who underwent immediate Imvasive coronary strategy, 117 out of
119 (98%:) patients survived to hospital discharge with good neuro-
logical outcome® 1,

Based on the descnibed observational studies and by extrapola-
tion from “ACS-no cardiac arrest” interventional trials, we suggest
recommendations for interventional cardiologists for decision mak-
ing regarding selection of patients for immediate corenary invasive
strategy in a hospital with an immediately available catheterisation
laboratory and an intensive care unit (Figure 1). There is little doubt
that conscious survivers of OHCA with suspected ACS should be
treated according to recommendations for STEMI and high-nsk
NSTE-ACS which also includes life-threatening ventricular
arthythmias*". Accordingly, patients with ST-segment elevation on
the post-resuscitation ECG should undergo immediate CAG and
patients without STEMI rapid CAG in less than two hours.
Comatose survivors of OHCA with ECG critenia for STEMI on the
post-resuscitation ECG should follow the “STEMI fast track™ and
go directly to the catheterisation laboratory*. For patients without

Post-resuscitation ECG
Absence of significant
comorbidites AND Absence ol “ERor
favourable candiac an ohwious ICU/CICU
armest seffing NoN-Comna stop” for
cause, nosigniicant | diagnostic
“STEMI comorbidities, AND _ar-up
fast frack” favourabl cardiac Mdmu{%ggﬁs‘%
amest setfing Clsc
X head/ tharax
T Labaratory values
coranary
angiography

Figure 1. Selection of patients for immediate covonary invasive
strategy. CICU: specialised camdiac infensive care unit; CT scan:
conputed tomography scanner; ECG: electrocardiogram; ER:
emergency room; ICU: intensive care unit; STEMI; ST-segment
elevation myocardial infarction. See text for the defimition of
Jfavourable cardiac arrest setting.

STEMI ECG cntenia, whilst coronary disease is likely, there are
many other possible causes of cardiac arrest. We advise a short
“emergency department or intensive care unit stop” to exclude non-
coronary causes, such as respiratory falure, shock of non-cardio-
genic aetiologles, cerebrovascular event, pulmonary embolism and
imtoxication, by performing the appropniate diagnostic procedures.
These include more detailed information from bystanders regarding
possible symptoms before cardiac arrest and review of previous
medical history if available. Echocardiography is very useful to
document cardiac tamponade, acute “cor pulmonale™ due to mas-
sive pulmonary embolism and acrtic dissection which can be subse-
quently confirmed by contrast CT scan of the thorax. Head CT
should not be routinely performed but, if a cerebrovascular event is
suspected as a cause of cardiac arrest, this should be the first diag-
nostic procedure. Although attractive, we beheve that selective
diagnostic tests rather than a routine total bedy CT scan are cur-
rently more validated and are a cheaper way to approach the canse
of cardiac arrest. In the absence of an obvious non-corenary cause,
CAG should be performed as soon as pessible, within two hours
according to the guidelines for high-risk NSTE-ACS'. This is par-
tienlarly important n haemodynamically unstable patients and in
patients with recurrent malignant ventricular arthythmias". Coma
on admission should not automatically represent a contraindication
for immediate coronary angiography. However, infavourable pre-
hospital sethngs related to cardiac amrest and imtial resuscitation
indicating a remote likelihood for neurological recovery should be
strongly considered and argue against an invasive coronary strategy
regardless of post-resuscitaton ECG. These mclude unwitnessed
cardiac arrest, late arrival of a pre-hospital team without lay basic
hife support (=10 munutes). presence of an mitial non-shockable
thythm and more than 20 minutes of advanced life support without
ROSC*. As we already mentioned, there is currently no parameter
which can adequately predict neurological outcome at hospital
admission when the decision for immediate invasive coronary strat-
egy 1s taken. Also, severe pre-amest comorbidities and limited life
expectancy should be taken into account. All these factors should
be analysed on a per patient basis and the decision-making process
individualised.

Pre-hospital tnage and regional networks among hospitals for the
management of OHCA should be encouraged. Feferral centres for
OHCA with at least an intensive care unit and a “24-7" mterven-
tional cardiology department should be identified. Direct admission
of survivors of OHCA to these centres is recommended. If a survi-
vor of OHCA 1s admuitted to a hospital without an interventional car-
diology department, and the expected “time to reperfusion by PCT”
15 less than two hours*, transfer decisions to a catheterisation labo-
ratory should be taken immediately with the referral centres, based
on the same crtena as descrbed previcusly. If the patient 1s moere
than two hours from a referral centre, transfer decisions are taken
on a per patient basis. Thrombolytic therapy should only be consid-
ered if the patient cannot be transported within the appropnate delays
for PCL, presents with chimeal evidence suggestive of STEMI withm
12 hours of symptom onset, and if there are no contramdications
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to thrombolytic therapy, such as prolenged and traumatic CPRY.
However, one should keep in mind that assessment of contraindica-
tions to such therapy is often difficult after an OHCA. If thromboly-
si5 15 admimstered, the patient should then be transported to a centre
with PCI capability and a CAG performed three fo 24 hours after the
admimstration of thrombolysis*.

Cardiac arrest PCI (CA-PCI)

CAG after resuscitated OHCA may reveal very heterogeneous find-
ings particularly in patients without ST-elevation These mclude
angiographically normal coronary arteries, non-obstructive disease
(=50% diameter stenosis), infermediate disease (50-70%2), obstrue-
tive disease with angiographically stable appearance, and presence
of typical culprit “ACS™ lesion (TIMI 0 or 1 flow with an abrupt
closure, or TIMI 2 or 3 flow with angiographic images suggesting
thrombus or ulcerated plaques). The aim of CA-PCT is to reduce the
incidence of recuurent cardiac arrest, to reduce infarct size i case of
an acute occlusion and thereby to improve the haemodynamic sta-
ts. In comatose survivors, who represent a major subgroup of
resuscitated OHCA patients, stabilised haemodynamic status may
allow enough time for pessible neurological recovery during the fol-
lowing days.

There is a lack of stadies addressing different revaseulansation
strategies in relation to angiographic charactenstics, completeness
of revascularisation and outcome. Again, we are left mainly with
extrapolation of interventional “ACS™ studies to this much higher-
sk population of patients with resuscitated OHCA. We suggest an
algonthm which infegrates the angiographic charactenstics of
a lesion, its cause-effect relationship to the cardiac arrest, the
haemodynamic status of a patient and the presence of post-resusci-
tation brain injury to obtain the maximal benefit and avoid futility
at the time of the index intervention (Figure 2).

Immediate coronary
angiography
Culprit Culprit lesion is not identified MNon-obstructive
lesion is (no ACS lesion) CAD/Mo CAD
claary
identified l/ \. 1
COMATOSE CONSCIOUS —
No immediate Consider || o carding
revasculanisation | | revasculansation | | cquse of amest
mmediate Peiof ||, [ Ratent PLI/CASG Consider
culprit lesion only *m"ft:m"m Iy commany arteyy
Mon-culprit PCI - spasm if no
o0l et || et ioeation olher case
haemodynamically if natient
unstable [l
haemodynamically
unstable

Figure 2. Revascularisation strategies in survivors of out-of-hospital
candiac arrest. ACS: acute coronary syndrome,; CABG: coronary
artery bypass graft surgery; CAD: coronary artery disease;

PCT: percutaneous coronary intervention
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Clear “ACS” lesions obvicusly represent the cause of cardiac
arrest, and successful CA-PCl s likely to decrease the incidence of
recurrent cardiac arrest, reduce infarct size and improve haemody-
namic stability. Immediate CA-PCT should therefore be performed
i clear “ACS” lesions and, in the absence of data, non-culprit PCI
should probably be postpened despite very recent evidence indicat-
ing possible benefit in STEMI without OHCA®. Index CA-PCT of
additional non-culprit but obviously obstructive lesions with stable
angiographic appearance may be beneficial if the patient is haemo-
dynamieally unstable*!. Immediate corenary artery bypass grafting
(CABG) is a realistic option only in conscious survivers of OHCA
on hospital admission with severe mmltivessel disease and not in
comatose patients in whom the ultmate neurological outcome is
difficult to predict.

Sipmificant obstuctive disease with angiographically stable
appearance may also be the cause of cardiac arrest even though
the canse-effect relationship is much less certain. Pessible mecha-
msms include transient ischaemia caused by plaque thrombosis -
spontanecus reperfusion, coronary spasm of decrease In perfusion
pressure across the lesion or collaterals in case of sudden drop in
arterial pressure. On the other hand, obstructive lesions may also
be “innocent bystanders™ without direct canse-effect relationship
to the cardiac arrest. While in “conscious survivors™ of cardiac
arrest revasculansation by either PCI or CABG should be consid-
ered. decision making becomes more complex in comatose patients
with uncertain neurological prognosis. We suggest that immediate
CA-PCI of obviously obstructive “stable” lesion(s) be performed
only in haemodynamically unstable patients®™. If, on the other hand
a comatose surviver is haemodynamucally stable, the decision for
revasculansation, either by PCI or CABG, should be postponed
and planned if the patient survives with ne or minimal neurclogi-
cal sequelae.

Angiographic absence or presence of non-chstmctive disease
(=70%) 15 also important because a negative result should mmedi-
ately tngger a search for alternative causes of OHCA. For example,
if an acute cerebrovascular event or a massive pulmenary embolism
15 suspected, CT of the head and thorax should be performed on the
way from the cathetensation laboratory to the mtensive care umt. If
an altemative cause of OHCA is not identified, coronary artery
spasm should be considered, since several studies have shown that
spasm may trigger lethal amrhythmias and lead to sudden death™-=,
Accordingly, if the index procedure reveals normal coronary arter-
ies, if the patient survives with no or minimal neurological seque-
lae, and if there 15 no other obvious cause of amrest, a coronary
artery spasm provocation test may be performed during a second
coronary angiogram by an expenenced operator using either intrac-
oronary acetylcholine or ergonovine™-**.

There are no published data regarding stent selection in the set-
ting of CA-PCL. We believe contemporary drug-eluting stents
should be preferred to bare metal stents in patients with a high like-
hihood of good neurclogical recovery. This mcludes conscious and
selected comatose survivors of OHCA with favourable predictive
factors for survival with no or mimmal neurological sequelae
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(presence of initially shockable rirythm and short delays to advanced
cardiac life support and ROSC).

There are no randomised data comparing the radial and femoral
approaches for coronary procedures m survivors of OHCA. Radial
access reduced mortality m the subgroup of patients with STEMI
without OHCA*. We suggest using the radial approach as the
default strategy in survivors of OHCA if the operator is experienced
and if the radial pulse is present However, femoral access may
have an advantage in haemodynamically compromised patients
who may require insertion of a percutaneous assist device. The
introducer can be left at the end of the procedure to monitor bloed
pressure in the intensive care unit. There are no data on the use of
femoral arterial closure devices in the setting of CAG or CA-PCIin
survivors of OHCA.

Periprocedural anticoagulation and antiplatelet
therapy
PCT with stenting is obviously associated with the need for antico-
agulation and antiplatelet therapy to prevent stent thrombosis. In
conscious survivors of OHCA, this treatment should be used
according to the current ;uidelines*'?. No randomised studies are
available for comatose survivors of cardiac armrest. Furthermore,
these patients are often at high nsk for bleeding complications due
to chest compression and infubation before admission and often
develop renal failure. Based on expert consensus, the following
strategy is suggested for comatose patients:-

1) Intravenous admimstration of acetylsalicylic acid and anticoagu-
lant therapy, for which we recommend unfractionated heparin
(UFH), are generally advised after the assessment of coronary
anatomy. However, in patients with clear STEMI on the post-
resuscitation ECG who have a high likelihood of thrombotic
occlusion and subsequent CA-PCL this can be dene prior to the
CAG. UFH should be closely monitored during and after the
procedure.

2) While acetylsalicylic acid, UFH and GP IIh/IIIa inhibitors may
be administered by an intravenous route, P2Y12 inhibitors are
available only in tablets. Since comatose survivers are intubated
and mechanically ventilated during and after PCI when hypo-
thermia 15 also imitiated, admimistration of crushed tablets via
a nasogastric tube remains the only option™. Early post-resusci-
tation state and ongoing hypothermia may significantly affect
P2Y12 absorption and metabolism leading to delayed onset of
action not only after clopidogrel loading™* but also in case of
newer agents such as prasugrel and icagrelor® which result in no
or suboptimal platelet inhibition. In cases with a high thrombotic
burden, complex stenting, or “bail-out” situations, GP ITb/Tlla
inhibitors may therefore be considered. There is very recent evi-
dence that admimistration of eptifibatide in these sethings results
in profound platelet inhibition measured by both the VenfyNow
IMb/IMa and the Multiplate TRAP tests for at least 22 hours™.
Even a bolus of GP IIb/Illa without additional infision might be
sufficient to bridge the delayed effact of P2Y12 inhibitors, as
demonstrated m patients with STEMI without cardiac arrests!2.

Cangrelor may represent an attractive pharmacologieal solution
to inhibit platelet reactivity temporarily in these patients but further
studies are needed™. However, profound inhibition in platelet reac-
tivity should always be weighed agamst the increased nsk of bleed-
ing due to possible traumatic mjury related to chest compression
and endotracheal intubation.

There are few and conflicting data regarding the rate of stent
thrombosis after PCI in survivors of OHCA. A recent observational
study suggests no increase compared to STEMI patients”, while
other mvestigators found a 10.9% meidence of acute and subacute
stent thrombosis in comatose survivers of QHCA, which was five
times more than in a comparable group of patients with ACS but
without cardiac amest™.

Invasive haemodynamic support in survivors of
OHCA and haemodynamic compromise
Post-resuscitation shock appears m 30 to 40% of survivers of
OHCA. most often four to six hours after the arrest. The mecha-
misms are multifactonal and include vasoplegia and myoecardial
stunning. Immediate PCT seems to reduce the rate and intensity of
post-resuscitation shock®. The role of haemodynamic support m
patients with resuscitated OHCA and haemodynamic compromise
has not been specifically stadied. Feasibility and safety of the intra-
aortic balloon pump (IABF) have been demonstrated in comatose
survivers of OHCA with cardiogenic shock®. Such support was
beneficial only in small and incontrolled studies, while the SHOCK
IABP trial, which included around 40% of patients with resusci-
tated cardiac amrest and cardiegenic shocks®, and the CRISP AMI
tnal® did not demonstrate any benefit of [ABP. In the absence of
proven benefit, routine periprocedural implantation of IABP cannot
therefore be recommended in this setting and should be decided on
an individual basis. This is true also for hasmodynamically more
effective devices meluding Impella™ (Abiomed. Inc., Danvers,
MA, USA), TandemHeart™ (CardiacAssist, Inc., Pittsburgh, PA
USA) and venous-artenial extracorporeal membrane oxygenation
(VA ECMO) which may be considered in this setting in conscious
patients on admission and In comatose patients with a high likeli-
hood for survival with no or mmmal neurological sequelae and
absence of severe pre-arrest comorbidities.

Refractory cardiac arrest

The number of patients admitted to hospital with refractory OHCA
and no ROSC despite prolonged and ongoing advanced cardiac life
support by manual or automated chest compression 1s Increasing.
Since there are only case reports or small case series of successful
PCI performed dunng ongoing chest compression (which are
clearly biased by mainly reporting survivors®), this strategy cannot
be recommended as a universal climical routine. However, it may be
used in selected patients by expenienced interventional cardiolo-
gists with a skilled resuscitation team taking care of the ongoing
resuscitation. VA ECMOP™ or Impella™™ have been successfully
implemented in refractory cardiac amest to restore perfusion
promptly, to allow for subsequent CAG and PCT and to bridge until
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recovery of cardiac finction. The potemtial benefits of such an
aggressive strategy are currently being addressed by the controlled
Prague OHCA randomised trial™. Another option is the pre-hospital
implantation of VA ECMO™. However, due to the lack of data,
these strategies should be either assessed in tmals or applied to
selected cases in experienced centres.

Induced hypothermia

The benefit of mild induced hypothermia between 32 and 34°C in
comatose survivers of OHCA was demonstrated with the publica-
tion in 2002 of two randemised trials showing a marked increase in
survival™™. A recent randomised trial, however, demonstrated that
mamtaiming a target core temperature at 36°C may be sufficient to
facilitate neurological recovery™. While the debate regarding the
optimal temperature 1s stll ongong, we suggest measuring the
body temperature of survivors of OHCA when they are admitted to
the cathetensation laboratery. In most cases the temperature will be
less than 36°C either spontaneously or if cooling has been initiated
before the armval to the hospital or duning the “emergency depart-
ment or intensive care umit stop”. Interventional cardiologists may
facilitate induction and mantenance of hypothermia by mfusion of
cold saline or the use of ice packs. The use of endovascular cooling
catheters through the femoral vein imto the inferior vena cava with
the tip at the entrance of the nght atrium has been suggested™. It 1s
important to emphasise that angiographic success of CA-PCI seems
not to be compromised by engomg hypothermia®™™™.

Call for interventional cardiologists to become
members of the “post-resuscitation team”
Interventional cardiologists should become an essenfial part of the
“survival chain” for patients with OHCA which includes bystander
cardiopulmoenary resuscitation, pre-hospital emergency medical
units, emergency departments, acute cardiac care units and electro-
physiology departments. Because immediate CAG and PCI are best
achieved within existing STEMI networks, this system can also be
used to become a “fast track”™ for patients with OHCA. The his-
tory and evolution of primary PCI for STEMI shows that there 1s
a need to centralise the care of patients with OHCA to centres of
excellence with a high-volume “24-77 interventional cardiology
service, an intensive care unit, on-site cardiac and vascular surgery
with a cardiac assist programme, and an integrated electrophysiol-
ogy department. Indeed, there 15 evidence that patients with resus-
citated OHCA admutted to such specialised cardiac arrest centres
have better cutcomes™®.

Organisation of hospital “post-resuscitation team”
Because of the mvolvement of different specialists, it 1s very impor-
tant to decide who will direct the treatment and take responsibality
after hospital admission. Because of different hospital size, organ-
isation and resource availability, this varies significantly among
hospitals and countries. Our general recommendation 15 that an
intensive care (ICU)/cardiac mtensive care (CICU) physician or
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anaesthesiologist who ultimately admits the patient should take
the lead. Since momitoring and treatment of the patient during the
CAG and PCI procedure are crucial, ICU/CICU or anaesthesiol-
ogy teams experienced in managing such patients should manage
the patient in the catheterisation laboratory. This team should take
care of therapeutic measures mcluding mechamcal ventilation
vasopressor/inotropic drug administration, cardiac rhythm man-
agement and induction of hypothermia if mdicated. Uncentrolled
movements of arms and legs (which may eccur in some patients)
can be managed by mereasing sedation. This allows the mterven-
tional cardiclogist to be focused on decision making based on angi-
ographic findings and patient condition and to perform CA-PCI in
optimal conditions. The mterventional cardiologist together with
ICU/CICU physicians/anaesthesiologists should also decide on the
use of an mvasive haemodynamic support. After the procedure, the
patient should be admitted by the ICU/CICU physician/anaesthesi-
ologist who is already familiar with the patient situation and who
will take responsibility for further diagnostic procedures and treat-
ment. After [CU/CICU discharge, the patient can be transferred to
a cardiology unit. A “Heart Team” approach is necessary to discuss
further revasculansation (PCI or CAB(G), spasm provocation stud-
1es, and diagnostic procedures such as MRI. The electrophysiclogy
specialist is an essential part of the team to discuss electrophysiol-
ogy testing, arthythmia ablation or the mmplantation of an imternal
cardiac defibrillator.

Further research

Closer involvement of the nferventional commmmity is essential to
stimmlate appropriate randonmsed stadies which will provide defin-
itive answers about optimal patient selection for immediate CAG
and guidance for optimal revascularisation strategy. While ran-
domisation of patients with clear STEMI in post-resuscitation ECG
does not seem to be ethical, there 1s undoubtedly a great need for
a tnal n patients presenting with no-STEMI post-resuscitation
ECG patterns. CA-PCI strategy should be explored and the possible
benefits of non-culprit PCI during the index procedure wversus
staged procedure should be addressed. Penprocedural pharmacol-
ogy including antiplatelet effects of newer P2Y12 inlibitors and
cangrelor in these settings 15 largely unknown. More reliable infor-
mation is needed regarding stent thrombosis in this setting.
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ABSTRACT

Background: The objective of our study was to assess whether optical
coherence tomography (OCT) guidance could guide intervention to
avoid balloon angioplasty and stenting during primary percutaneous
coronary intervention.

Methods: One hundred patients with ST-segment elevation myocardial
infarction and thrombus-containing lesion were enrolled in this study.
Thrombus aspiration was performed in all cases followed by an OCT
study. After thrombectomy, no stent was implanted in residual signif-
icant stenosis (= 50%) if examination using OCT suggested that the
occlusion was mostly thrombotic, provided that the patient was
symptom-free and the Thrombolysis In Myccardial Infarction (TIMI)
flow was = 2 All patients managed only using thrombectomy under-
went 1-week and 8month angiography and OCT. Patients with signif-
icant lesion or those in whom thrombectomy failed to re-establish flow
underwent standard treatment.

Results: Based on the OCT information, 20 patients (20%) were
treated only with aspiration even in the presence of angiographically

Primary percutaneous coronary intervention (PCI) with stent
implantation is currendy the most effective method of treat-
ment for patiens with ST-segment elevation myocardial
infarcoon (SL]'EL\‘U]."" Ald‘mugh clrug—clu:ing stents (DES)
represent a breakthrough technology in interventional cardi-
ology because of their reducnon of restenosis, concerns have
recently been raised concerning possible higher rate of lae
stent thrombosis in parients with STEMI treared with DES,
especially when a large burden of thrombus is present.™® It
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RESUME

Introduction : L'objectif de notre etuds etait d'évaluersi la tomographie
par cohérence optique (TCO) pourrait guider |intervention afin d' éviter
l'angioplastie par ballonnet et I'implantation d'endoprothése vasculaire
au cours de lintersention coronarenne percutanés primaire.

Me thodes : Cent (100) patients ayant subi un infarctus du myocarde
avec sus-técalage du segment ST et ayant une lésion thrombotique
participaient a cette etude. L'aspiration du thrombus etait realisee
dans tous les cas et suivie d'une étude TCO. Aprés la thrombectomie,
aucune endoprothése n'était implantée dans le cas de sténose
résiduelle importante (> 50 %) si 'examen par T0D montrait que
loeclusion etait surtout d'origine thrombotique, et ce, pourvu que le
patient n'ait pas de symptémes et que le debit selon la TIMI {Throm-
bolysis in Myocardial infarction) soit = 2 Tous les patients pris en
charge par la thrombectomie seule subissaient I'angiographie et la
TCO aprés 1 semaine et aprés 8 mois. Les patients ayant une ksion
importante ou ceux chez qui la thrombectomie n'avait pas pu retablir
le debit subissaient le traitement standard.

has also been previously shown that stent implantanion mighe
result in slow or even no-reflow phenomenon in the infarce-
related artery with an increase in short- and long-term mor-
mlir_\".'.":; Acute thrombotic occlusion of a coronary artery due
m plaque ruprure or crosion of thincap fAbroatheroma
(TCFA; fibrous cap thickness << 65 Jlm) arc rhnughr to be the
mast important mechanisms leading ro STEMIL * Mareover,
maost clinical events do not occur in plagues thar produce
high-grade stenosis'™''; therefore, routine plin old balleon
angioplasty (POBA) or sent implantagon wuld evenrually be
abwviared in these cases. Optical coherence mmography (OCT)
is the imaging technique available for dinical use with the
highest amial resolution, hence, emabling unprecedented
detailed assessment of plaque and thrombus, Several studies
have recently demonstrated the potential of OCT to identify
TCFA."™"* However, data are lacking on the clinica role of
OCT in patients with STEMI. The aim of this pilot study was

OB2E-28INE - see front matter © 2014 Canadian Cardiovascular Sodety. Published by Ekevier Inc. All rights reserved.
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detected “high-grade stenosis.” Angiogram and OCT performed at 1
week and 8 months showed a “nommal vessel” without significant
stenosis in all 20 cases. There were no cases of major adverse car-
diovascular event (induding death, myocardial infarction, and target
lesion revascularization) during the in-hospital period or at the 12-
month follow-up.

Concluslons: The results of our pilot study suggest that ST segment
elevation myocardial infarction patients with TIMI 2/3 flow in the
angiogram and without significant coronary namowing using OCT ex-
amination (even in the presence of angiographically detected “high-
grade stenosis’), in whom thrombus aspiration is performed in addition
to optimal medical therapy might benefit only from thrombus aspiration
without plain old balloon angioplasty/stenting during primary percuta-
neous coronary imtervention. Validation of these preliminary data in
larger randomized studies is wamanted.

to assess whether OCT could guicl: intervention o avoud
balloon angioplasty and stenting during primary PCI in
STEMI parients with single vessel disese and larger burden of
thrombus (ar least Thrombolysis in Myocardial Infarction
[TIMI] 3 according to definition of TIMI thrombus gl’.‘l.i:ll:].I :

Methods

Between January 2011 and June 2012, 536 patients were
treated with primary PCI for STEMI at the Department of
C.ardinklﬁm lesar_vk l'lnspiral in Usti nad Labem. r\mnng
these, 100 consecunve patients with Angi.ngraphj.ca.ll_v derected
1wvesmel disease and thrombus formation > TIMI 3 mding
to the TIMI thrombus smle were enrolled in ths study. The
pacient flow and tearment flow is shown in Figure 1. STEMI
was defined as chest pain lasting longer than 20 minurs and
less than 12 hours and ST-sqgment clevation > 0.1 mV in = 2
contiguous leads on 12-kead elecrocardiogram. The inclusion
criteria were as follows: (1) STEM 1 according to the previously
mentioned definition; (2) single-vessel disease; (3) a thrombus-
conaining ledon (thrombus at least TIMI 3 according w the
TIMI thrombus scale); (4) reference diameter 2.5-4.0 mm; and
(5) the patient was able to sign the inform conent. Exclusion
criteria were as Follows: (]] rdermee diameter > 4 mm; (?_] fe
main disesse; (3) cardiogenic shock; and (4) ostial lsions, A
radial approach using a G-French sheath and guiding cathecer
were used in all patients. The study was approved by a local
ethical committee and all patients si.gnnd the informad consent
before the procedure. All panens were pretreatsd with aspirin
500 mg inmravenously, hepann 5000 IU intravenously, and
c|.npi.c|ngrcl 600 mg orally. If the duration of the entire pro-
cedure exceadad 30 minutes, the acovated chrring fime Wis
measured and additional heparin was given ro keep it within
250-300 seconds. Glycoprotein b/l recepme antgonists
(double bolus of eprifibatide, followed by an infusion) were
adminiseered in all patens. Pre- and post-procedural angiog-
raphy was performed ar least at 2 onhogonal projections with
quantitative coronary analysis using Quantcore software (Pie
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Resultats : Selon linformation obtenue par la TCO, 20 patients (20 %)
avaient &te traités par l'aspiration seule méme en présence d'un
« degré de sténose &levé » détects al'angiographie. L'angiogramme et
la TCO réalisés aprés 1 semaine et aprés 9 mois montraient un
« valsseau normal » sans sténose importants pour l'ensemble des 20
cas. Il n'y avait aucun cas d'evenement cardiovasculaire indesirable
majeur (incluant la mort, 'infarctus du myocarde et la revascularisa-
tion de la lésion cible) au cours de la péricde d'hospitalisation ou au
suivi aprés 12 mois.

Concluslons : Les résultats de notre &tude pilote montrent que les
patients ayant subi un infarctus du myocarde avec sus-decalage du
segment 5T dont le debit selon la TIMI est de 2-3 a 'angiogramme et
le rétrécissement coronarien n'est pas significatif selon lexamen par
TCO (méme en présence d'un « degré de stenose eleve » detecte par
l'angiographie), et chez lesquels I'aspiration du thrombus est réalisée
en plus du traitement medical, pourraient benéfider de l'aspiration
seule du thrombus sans avoir recours a I'angioplastie traditionnelle par
ballonnet et & l'implantation d'endoprothése vasculaire au cours de
lintervention coronarienne percutanée primaire. La validation de ces
donnees préliminaires au cours de plus vastes atudes aléatoires est
Justifiee,

Medical, The Nethedands). Furthermore, the use of an aspi-
ration catherer (Export, Malronic) before each procedure was
mandated in all parients. If the thmmbectomy catherer did not
aoes the mrger lesion, predilamtion was allowed with the use of
a small balloon (< 1.5 mm) acording o discretion of the
phyddan. Afer the thrombus asprration, the OCT smudy was
performed in all parienes. Afrer thrombecmmy, no stent was
imphntad in residual significant lesion stenosis (> 50%%) if
OCT suggeseed that the occlusion was mostly thrombortic,
provided that patients wae symprom-free and the TIMI Aow
was o 2" ]ncaj:nl:asi.grﬁﬁcanrluinn (= 50%) or in patients
in whom thrombectomy faled to re-csmblish fow, balloon
angiophsty with sendng was performad. All patens were
scheduled for _’fﬂ—dayrxncl G-, 9, and 1 2-month clinical follow-
up with major adverse cardiovascular event f_im:luding death,
myocardial  infarction,  and rarget lesion  revascularzanon)
(MACE) asscsment. Death was reported as cardiac or
noncardiac death. Qwave myocardial infarcion was defnal as
the development of new, pzrhdngic () waves in 2 or more
cl.n:rmcardi.rgrzm leads, with postprocedural creatine kinase
(CK) levels of 3 omes the upper limit of normal (< 2.9 picaral/
L) and CK-MB = 10% CK levels. Non-Q-wave myocardial
infarcrion was defined & an clevarion of postprocedural CK
levels of 3 times the upper limit of normal, with CK-MB level
above normal and no-Crwaves target lesion revascubirizaton
was definad as revascularizadon within 5 mm to stent edges (in-
sqgment) on angiogmphy. All gt ksion revasculbirizagons
required a s?gniﬁc.mr stenosis and  objective evidence of
ischemia rehted © the restenotic arery before tretment.
Stroke was definad as clinical evidence of cerebral injury based
0N SYMPLOMmS persisang = 24 hours or until death,

An exercise stress st was performed at the 9-month follow-
up in all patients. Panients reated only with thrombus aspira-
gon were also scheduled for 1-week and %-month follow-up
angiography and OCT imaging. Standard landmarks (bifurca-
non, calcificarion) were used for serial OCT analysis. The OCT
images were obtaned using a C7-XR intravascular imaging
system (Lightlab lmaging, St Jude Medical Company, St.
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I} Symptoms >20 minutes and <12 hours
1) ST-segment elevation=) ImV in 22 contiguousleads
3} Primary PCT was planed

I} Single vessel disease

2} Thrombus contaiing lesien at least TV 3 according TIMD
thrombus seale

3} Vessel diameter 2540 mm

4}  Pathent si;nclllheinl'cm:d consent

Aspiration
plus
IGPIIN/IIIa

Angiographically significant but
mostly thrombotic lesion
with
1) Patientwas symptoms-free
2y TIMI flow II and above

| Final angiography

Realsignificant stenosis
or
1) Thromboaspiration failed to
re-establish the flow
2) Patients has ongoing angina

Standard treatment
with POBA/stent

Figure 1. Patient and treatment flow. iGPIE /A, inhibitors glycoprotain [IE/1I1A; OCT, optical coherance tomography; PCI, parcutaneous coronary
imensention; POBA, plain old balloon angioplasty; STEMI, 5T-segment alevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

Paul, MN) using a C7 Dragonfly intravascular imaging cath-
crer. Before introducing the OCT catherer, 0.1 mg of iso-
sorbide  dinitrate wa given intracoronary. A nonocclusive
technique was used in all parients with cononuous Aushing of
the artery with contrast dye (mweal amount of 15 cc) through the
guiding catheter wsing a injector with the speal of 4 ods
Motwrized pullback was performed at a rate of 20 mm/s for a
lcngth of 54 mm. The images were recorded in the OCT
system consmle and analyzed immediately by 2 observers with
good interoberver reproducibility (r = 0.84) for characerizing
TCFA from a previous sudy.' The presence of TCFA, phque
ruphare, and N rACOIONAry thrombus was nowed. TCFA was
defined as a lipid-rich plague with a fibmous cap < 65 jim. The
size of plague was quantified as the number of quadranes dis-
phying the lipid pool on the cmss-secoonal OCT image. When
lipid was present in > 1 quadrant in any of the images within a
phque it was considered a lipid-nch plaque. The coverning
fibrous cap was measured at its thinnest part 3 omes and the
average valie repreenied the thidness of the fbous cap. A
phque rupue was defined as a plaque conmining a cavity that
was in contact with the lumen thar had any overlying residual
fibrous cap fragment. Thrombus was defined as inraluminal

muass > 200 fm, with no direct continuity with the surface of
the vessel wall or a highly badescarrered luminal prorusion in
wntinuity with the vessel wall and rsuling in signal-free
shz.clnv.'ing.' "8 In patents with significant stenosis, PCL was
performed according o standard pracrice with stent implanta-
ton at low pressure (< 10 atm) with high-pressure (= 15 amm)
noncompliant balloon afer dilatagon intrasent. Either bio-
lirmus r\!?—cluring (Bin'\‘lalri:(. Biosensors International, Bio-
smsors Europe, Morges Swirzerland) or evem imus-cluting
{Promus, Boston Scientific, Maock, MA) stents were used.
Dual antiplateler thempy (aspirin and clopidogrel) was recom-
mended for 12 months in both groups. Low—molecularweight
heparin was given for 1 week after the index procedure (primary
ICI + index OCT) to 1 week follow-up OCT smudy.

Statistical analysis

Stansocl analysis was performed using NCS5 97 program
(MNCSS, Kaysville, UT). Discreie data are presenied as fre-
quencies, numbers and percentages, whereas cononuous var-
tables are presented as median values and corresponding 25th
and 75th percentiles, as is smndard for nonparamemric data.
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Contnuous vanables were cnmpamd using Mann- "xl"l'lil:ncv 2-
s.a.mplc test. Categorical variables were compared by using the
¥* test (or the Fisher exact test, when an expeded cell count
was < 5) A 2-tailed value of P < 0.05 was considered sta-
tistically significant.

Results

No procedural-relared complicarions were seen in chis study.
Bas=line angi.ngrzphic. and procedural characenstics are pre-
sented in Tables 1 and 2. Based on the OCT imaging, 20 pa-
tients (20%) were treatad only with thrombus aspiragon. TIMI
2/3 was observed in all these pagents 4 padens had TIMI 2
and 16 padents had TIMI 3 How). Mareover, 5T-segment
resolution > 50% immedizely afa procadure was alo
observed in all 200 patin vs 66 pagents (83%) (7 < 0.001) in
the POBAstent group. At the end of pmccdurc. VArious cl:grcus
of thrombus was apparent in all 200 panents but with a gnnd
flow, as previously menoonal Men ejecoon fracion on
discharge was 48% without differences between groups. No
differences in the memn pak of troponin level was found be-
rween boch groups. In the mbrcerebred/ounlprr lesion, TCFA
was found in 100% of cases. The mean thickness of the fibmus
cap was 50 £ 9 m. Furthemore, thrombus was abso apparmt
in all cases. Plaque rup nure was racngnimd in 75% (15 patients)
in the aspiraion thrombecomy group vs 78% (62 patients) in
the POBAfstent group (F = not significant). The mean chick-
new of the fibrous cap of the ksions of patients reared with
thrombo-aspiragon was 48 £ B pm. One-week angiogram
showed a “normal vessel” without significant stenosis in all 20
cases Furthermore, the l-wede OCT study presentad non-
obstrucove TCFA dso in all cases. \urpu.:mgly. no thrombus
was revealed in any patint, and phque ruprure was still presmt
in all patiens. Nine-month Angi.ngraphy and OCT folow-up
examinations showed nnnngniﬁl:.‘mt (< 50%) soft plagues
without thrombus or plague ruprure (Figs. 2, 3. and 4) in the
thrombus-aspiration group. The thidness of the fibrous @p
increased nnnsi.gn':ﬁcandy o 59 £ 11 jim. No MACE ocural
at 30 days, or at the 9-month and 12-month follow-up n both
groups (P = not si.gn.iﬁcanl:). However, duri.ng the hospital smy,
there were 2 cases of heart failure in the POBA/gent group with
a prompt raction o the pharmaam trearmant. There was
1 case of paroxysm of arrial fbrilladon in the aspiraton group
with sponmncous comversion to sinus rythm. Beoween the 6-
and 9-month follow-up, 1 patent from the POBA/sent group
was hospitalized for bronchopneumonia

Discussion

To the best of our knowledge, this is the fimst prospective
sl:uclv usmg OCT as gu.u:'anu: for primary MCl in patients
with ewllvmg STEML The present study revealed thar OCT
during primary PCI is safe and useful. Based on the OCT
study. 20% of patients were mana.gcd nnl_v with thrombus
aspiration without either balloon dilamrtion or sene implan-
tation even in the presence of angiographically detecred “high-
grade stenosis.”

It is well known that angiography imelf has limited capa-
bility to differentiate berween real stenosis and  thrombus
formation. In conmast, OCT represents a ool that enables

unprecedented detailed assessment of plaque and thrombus.
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Table 1. Baseline characteristics
Charscteristic Aspiration POBAS stent P
n 20 ]
Ay, o 47.5 135601 49 [36-64] 0.45
Male sex 15(75) 62 (78) 0.25
Smwking 15(75) &6 (B3) 042
oM 6 128) 26 (33) 0.32
HY 15 (75 62 (TH) 0.25
Previouws M L] L]
Localization
AS 10 (540} 30 (38) 0.0
Lateral 51(25) 25 (31) 100
Inferior 51025 25(31) 1.0y
Billip dass 1 20 ( 100) Bl ( 100) (K1}
Treated vemels
LAD 10 (540} 30 (38) 0.0
RCA 51(25) 25 (31) 1L
Lix 5 (25) 25 (31) 1.0

Dtz are presented a5 n (%) except where otherwise noted, Values in
siquare brackets represent quartiles 1-3.

AS, anteroseptal; DM, disbetes mellines HY, hypertension; LAD, kef
amteriar descending L0x, leht circumfex; M1, myocandial inbretion; POBA,
plein okl balleen angioplesty; RCA, Aght comnary artery.

In the present sl:uchu all patients were eveni-| free at the 12-
month follow-up. OCT performed 1 week after primary
N] Shnw“d ﬂ‘lc VEESE[ V\-’lthnut ngnS OF thfnmbus at tl-lﬂ SltE OF
the previows culpril: lesion. However, the pLa.quc rupEre was
apparent in all parients. Ar the 9-month follow-up, the
angingraphy showed nnnsi.gniﬁcant (=2 30%) srenosis in all
paticnts. T showed fibrous plague with nonsignificant
stenosis (<7 30%) and minimal lumen area > 5 mm” in all
patients. All plaque ruprures were healed at this nme point
Owr results are in agreement with data very recendy pre-
sented by Prati etal. In their artcle, ully 40% of patients with
STEMI were treared using aspiration thrombectomy with
dual anaplateler therapy without percutaneous revasculariza-
don. All patients were asymptomanc at a median follovwe-up of
753 days. " Furthermore, 2 mem-analysis of 5 nonrandomized
studies and 1 randomized trial (n = 590) on deferred stenting
has l'ﬂl:cntl:( bﬂﬂﬂ Pf&ﬂtﬂd = Shmng that aml.dlng

Table 2. Angiographic and procedural characteristics

Chamctenstic Aspirtion anly POBASsent P
n 20 (200 RO (8O}
TIMI famw
[13] [} 1} 1.0
I-11 200 (100 BD (100) 1.0
MLD, mm 1.2 [1.83-267) 36 [3.15-4.1] 00003
GP Ml k- 200 {100y &0 (100) 1.0
D5, % 48 [35-61] 10 [1-19] LR
Aspimtion 200 (1000} 8D (100) L0
ST reschetion = 508 200 10y &6 (B3) = (.01
Tl maximum (mgfml) 98.5 [14.6-1789] §9.5 [12.3-170.5] 012
EF, % 42 [32-54] 44 [33-56] 025
TCFA (pum) 48 [39-58] 51 [40-59] 022
Thrombaus 200 {10e0) O (100) L0
Plagee rupture 15 (75) 5% (69) 008

Dtz are presented as n (%) except where otherwise noted. Vahses in
siquare brackets represent quartikes 1-3.

D5, diameter stenosis; EF, ejection fraction; GP, gyooproteing ML,
minimal lumen dizneter; POBA, phin old ballkeon angioplasty; TCFA, thin
cap fbroatheroma; TIMI, Thrombolyis in Myocardial Infanction; Tal,
tropenin L
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Figure 2. Left coronary angiography in a patient with amerior 5T-elevation myocardial infarction showing a lange burden of thrombus in the proximal
part of the left anterior descending artery. A indicates the spot of plague rupture with the corresponding optical coherence tomography image. B
indicates a large thrombus (with the coresponding optical coherence tomaography image) located downstream to the plague rupture. OCT, optical

coharence tomography .

immediate stenting across the whole acute coronary syndrome
specrum might lead to fewer peniprocedural complicanons.
However, the rare of MACEs in our study was subsmntially
lower than in the previously mentioned mera-analysis in
which the rate of MACEs vaned widely from 5% m 43% in
the delayed stenting group and 15% to 66% in the immediae
stenting group. Whether the low rate of MACE:s in our trial is
hecause of selection bias or it is just play of chance because of
the small population of patienss enrolled s unclear. Cur
findings also support data very recently published by Escaned
and colleagues.” They clarified the role of thrombectomy
without addinonal angioplasty or sentng as an adequa
treatment for STEMI in L'an:Full}' selected cases. Among 1737
consecutive patients treated wsing primary PCI for evolving
STEMI, 757 (44%) underwent thrombectomy and 28 (1.6%)
had thrombectomy only. At the 40-month follow-up, 80% of
the patients remained asympmmatic and free of cardiac
events. It has been shown that the most important mechanism
leading to STEMI is an acute thrombotic occlusion of a
mfﬂnal—}' :{l‘l’:l‘_\\' E‘l&lff ‘fjuf oo pla{'u: l‘l.lprLlH: or ‘Efn!i.lnn nF d‘lln
cap fibroatheroma. ™ Davies and Thomas™ and Fuser
et al.'' have laely shown that clinical events can ocair at
plaques withour high-grade stmosis. In contrast, routine
stenting is thought o bea “gold standard” during pomary P
without consideration oflesion severity or thrombus occurence
However, some wials have shown that sent imphnmion might
even worsen flow of the infarce-related artery with an increse of

shore- and long-term morraliy.” Although the introduction of
DES in clinical practice represents a revolurion in interventional
ardiolgy because of their reduction in restenosis, there are
some possible concerns linked to this technology, such as high
rates of late stent thrombods in patients with STEMI, especially
when a large burden of thrombus is present.™” Although the
resuls of the Thrombus Aspiragon in $T-Elevation Myocardial
Infarction in Scandmavia (TASTE) study published recendy
shed doubt on the role of routine thrombectomy during
STEML, there is a cohort of patients (with a lzq;_ burden of
thrombus) who could beneht from this treamment.™

However, until recently it was very difficult w cleary
differennate plaque and thrombus due to known limitations
of angiography and other intravascular imaging tools,™ OCT
is the latest imaging technique with the highest resolution for
plague and thrombus assessment.' ™" Recently, many studies
have also shown that the OCT modality might be the best
imaging technique for the identification of TCFA/plaque
l'l.lpruﬂ:.uI "0 In the present study, OCT alowed clear
differentation between real lesion and thrombues formation in
the semring of STEMI and led to the avoidance of POBA and
seenting in 20 out of 100 patienes (20%). These patients were
rated only with thrombus aspiration with good TIMI How at
the end of the procedure and without adverse events. One can
argue that OCT does not bring any further dlinical informa-
don needed for treamment and increases the cost of the pro-
cedure when compared with @ronary angography. However,
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Figure 3. A 1-weak follow-up angiography and OCT study. Angiography showed good lumen diameter. Plague rupture was still present (A with
corresponding OCT image). However, the thrombus was completely resohed (B with coresponding OCT image). OCT, optical coherenoe

tomography.

we believe thar at this early period, in-depth undersmnding of
the panent cohort who might derive the greatest benefie or
the ability o identify nisk markers for vessel renaclusion, re-
quires the use of an invasive imaging modalicy with the
highest resolurion.

DeWood at al.” have shown that the rate of vessel occlu-
sion decreases with the dme since the event onset. In the
present study, the OCT study performed at 1 week also
showed no thrombus presence at the site of the culprir lsion.
Whether this is a resule of activity of the inrinsic thrombo-
lytic system or potent antiplatelet/antcoagulant trearment is
unclear, However, plagque ruptures were seen in all 20 patiens
at the 1-week OCT follow-up. The findings might validate
the role of potent dual antiplatelet therapy after acute coro-
nary syndrome to improve outcomes as shown in large clinical
trials. Intersstingly, 9-month OCT and angiography follow-
ups showed nonsignificant lesions at the culpnt spot
Moreover, the OCT smdy showed thar all plagues became
“stabilized”—ruptures were healed and the thickness of pla-
ques increased. Moreover, _:’rﬂ—da_\'. G-month, 9-month, and
12-month follow-up were uneventful in our smdy and all
panents were asympromatic. The explanation s only specu-
lative. 1t might also be that intensive pharmacological medi-
cation after the procedure stabilized inidally unstable plagques.
Our study was underpowered for individual clinical end
points because of the small cohort of patients included. This
remains to be assessed in prospective larger trials with a

sufficient number of patiens with serial OCT smdy and long-
wrm follow-up.
Limitations

There are imimtions of our sudy. Fiest, this was a small
pilot study underpowered for clinical end poins. Second,
balloon predilatation could modify the morphology of the
culprit lesion in some panents. Third, only miderm follow-up
was available for patients involved in this study. The long-
wrm follow-up (beyond 1 year) is essential to @onfirm that
avoidance of POBA/stenting s safe in some panents with
STEMI. One should also take into account the low-risk
profile of our cohort of patients because all patients were
Killip class I. Fourth, it is also possible that the presence of
thrombus formation itself might also affec OCT imaging of
the lesions. Fifth, the play of chance in addition to case se-
lecion might have played a role in the low rae of MACEs in

our srud_v.

Conclusions

In conclusion, our pilot smdy documents the safery and
usefulness of OCT gudance during primary PPCI in patients
with STEML Based on our data, avoiding POBA/stennng
while performing manual aspiration thrombectomy is safe in
some patients with STEMI despiee the presence of “angio-
graphically significant” stenosis. Becawse not all STEMIs arc

141



426

Canadian Joumnal of Cardiclogy
Yolume 30 2014

Figure 4. A Smonth Bllow-up angiography and optical cobarence tomography study. Left coronary angiogarphy shows a nomal vessal without a
significart lesion. Optical coherence tomography analysis shows a healed and hemodynamically nonsignificant fibrotic plague with good minimal

lumen area (letters A and B, respedtivelyl.

alike, it is likely that a uniform therapeunc approach con-
sisting of coronary stenting in this complex disease might not
necessarily abways be appropriate. Larger randomized studies
with serial OCT study and long-term follow-up are needed
confirm our fAindings.
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Abstract

Aims: To assess the possible merits of optical coherence tomography (OCT) guidance in primary

percutaneous coronary intervention (pPCI).

Methods and results: 201 patients with ST-elevation myocardial infarction (STEMI) were enrolled in
this study. Patients were randomized either to pPCI alone (angio-guided group, n=96) or to pPCI with
OCT guidance (OCT-guided group, n=105) and also either to biolimus A9 or to everolimus-eluting
stent implantation. All patients were scheduled for nine months of follow-up angiography and OCT
study. OCT guidance led to post-pPCI optimization in 29% of cases (59% malapposition and 41%
dissections). No complications were found related to the OCT study. OCT analysis at nine months
showed significantly less in-segment area of stenosis (6% [-11, 19] versus 18% [3, 33]; p=0.0002) in
favor of the OCT-guided group. The rate major adverse cardiovascular events was comparable at nine

months in both groups (3% in the OCT group versus 2% in the angio-guided group; p=0.87).

Conclusions: This study demonstrates the safety of OCT guidance during pPCI. The use of OCT
optimized stent deployment in 1/3 of patients in this clinical scenario and significantly reduced in-
segment area of stenosis at nine months of follow-up. Whether such improvements in OCT endpoints
will have a positive impact on late clinical outcomes demands both a larger and longer-term follow-up

study.
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Introduction

Drug-eluting stents (DES) siginficantly reduce the rate of restenosis, but concerns have recently been
raised regarding a possible increase in late stent thrombosis in patients with ST-segment elevation
myocardial infarction (STEMI) treated with DES. (1, 2). Stent underexpansion, malapposition,
incomplete lesion coverage and residual plague burden are well-recognized as major contributors of
late-stent thrombosis (3, 4, 5, 6, 7, 8). Intravascular imaging, namely intravascular ultrasound (IVUS),
showed in a recently published meta-analysis that IVUS-guided DES implantation significantly

reduces adverse clinical outcomes compared with angiography-guided PCI (9).

The optical coherence tomography (OCT) has the highest resolution (~10 pm, i.e., 10-fold greater than
IVUS) imaging technique available for clinical use, hence, it enables an unprecedented level of detail
in the assessment of plaques and thrombi (10, 11). For example, OCT allows for direct measurements
of the fibrous cap covering a lipid plaque, thus enabling a precise assessment of thin-cap
fibroatheroma in vivo (12, 13, 14). While some observational data support the role of OCT guidance
during primary PCI (15, 16, 17), a randomized study is lacking to further expand our knowledge in
this setting. The objective of this randomized study was, therefore, to assess the safety and efficacy of

OCT- versus angio-guided primary PCI with second-generation DES implantation at nine months.

Methods

Study population, study design and PCI procedures. The present study was a subanalysis of the
ROBUST trial (NCT 00888758), a multicenter, randomized interventional trial comparing biolimus
A9-eluting and everolimus-eluting stents with OCT-guided stent implantation in STEMI with nine

months of angiographic and OCT follow-up. A two-stage randomization scheme (angio-guided versus
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OCT-guided pPCI and everolimus versus biolimus A9 drug eluting stent) was applied in this trial.
Between February 2011 and October 2012, 201 STEMI patients treated with primary PCI were
enrolled. The study design (Figure 1) was approved by the appropriate national and institutional
regulatory authorities and ethics committees, and all patients provided written informed consent.
Patients between 18-85 years of age admitted with STEMI in a native coronary artery (diameter range
2.5-3.75 mm) with a lesion suitable for stenting were included. Exclusion criteria were as follows: 1)
reference diameter >4 mm, 2) left main coronary artery disease, 3) cardiogenic shock, and 4) ostial
lesions. Interventions were carried out by the radial approach using a 6-French sheath and guiding
catheters. All patients were pre-treated with 500 mg aspirin intravenously, 5000 IU heparin
intravenously, and 600 mg clopidogrel orally. If the duration of the entire procedure exceeded 30 min,
the activated clotting time (ACT) was measured and additional heparin was given to keep it within
250-300 seconds. After diagnostic angiography, at least at two orthogonal projections with
guantitative coronary analysis (QCA) employing Quantcore software (Pie Medical, The Netherlands),
patients were randomly assigned (using a sealed envelope) to either angiography-guided primary PCI
according to the standard practice (angio-guided group, N=96) or to primary PCI with adjunctive OCT
guidance (OCT-guided group, N=105). Patient enrolment was stopped prematurely, however, the
sample size was adequate for OCT and QCA analysis. The use of glycoprotein Ilb/Illa receptor
antagonists and manual thrombus aspiration were strongly recommended. If the thrombectomy
catheter did not cross the target lesion, pre-dilatation was allowed, employing a small balloon (<1.5
mm) according to the physician’s discretion. Either biolimus A9- (BioMatrix®, Biosensors
International, Biosensors Europe, Morges, Switzerland) or everolimus-eluting (Promus, Boston
Scientific, Natick, MA, USA) stents were used. Dual antiplatelet therapy (aspirin plus clopidogrel)
post-procedure was recommended for 12 months in both groups. Primary PCl was performed
according to standard practice with stent implantation at low pressure (<10 atm) with high pressure
(>15 atm) non-compliant balloon post-dilatation inside the stent. After stent implantation was

considered optimal, final angiography was performed, using at least two orthogonal projections.

147



OCT image acquisition and analysis. In the OCT-guided group, OCT (C7-XR™ intravascular
imaging system, LightLab® Imaging, St. Jude Medical Company, St. Paul, Minnesota, USA with a C7
Dragonfly™ intravascular imaging catheter) was performed after stent deployment with “optimal
angiographic result” after administration of 0.1 mg of intracoronary isosorbide dinitrate. A non-
occlusive technique was used in all patients, with continuous flushing of the artery with contrast dye
(total amount of 15 cc) through the guiding catheter using an injector with a speed of 4 cc/s.
Automated pullback was performed at a rate of 20 mm/s for a length of 54 mm. The images were
recorded in the OCT system console and analyzed on-line in the cathlab and off-line in CoreLab. All
cross-sectional images (frames) were initially screened for quality assessment and excluded from
analysis if any portion of the stent was off the screen or if the image was of poor quality due to
residual blood, artifacts, or reverberation. A second and/or third image was obtained to obtain an
image of good quality. Optimal OCT criteria for stent deployment were as follows: 1) minimal lumen
area (MLA) >80% of the mean proximal and distal vessel lumen references; 2) in cases without
proximal vessel references, MLA was >90% of the distal reference lumen area; 3) no significant
malapposition; and 4) no dissection at the edges of the stented segment. Strut/stent malapposition was
determined when the negative value of the strut-level intimal thickness (SIT) was greater than the strut
thickness (plus the thickness of the abluminal polymer for biolimus A9 and everolimus-eluting stents),
according to the stent manufacturer’s specifications (127 um for the BioMatrix® stent and 89 um for
the Promus Element™ stent) corrected for strut blooming thickness. The final cut-off value for
malapposition was 144 um for BioMatrix® and 106 um for Promus Element™. The therapeutic
decision was based on acute online OCT imaging in the cathlab and was left to the discretion of highly
experienced pPCI operators. To determine the reproducibility of OCT analysis, a quantitative analysis
of 100 struts were performed by these two operators. The interobserver difference for SIT was
0.0140.03 um (r = 0.0897). After the final OCT study, final angiography was performed. All the
images were digitally stored and independently analyzed by blinded analysts at the Cardiovascular
Imaging Core Lab, Harrington Heart & Vascular Institute, University Hospitals, Case Medical Center,

Cleveland, OH, USA.
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Patient follow-up, clinical outcomes, endpoints, and definitions. All patients were scheduled for 30
days of clinical and nine months of clinical, angiographic, and OCT follow-up. Major adverse
cardiovascular events (MACE; including death, myocardial infarction [MI], and target lesion
revascularization) were assessed. Death was reported as cardiac or non-cardiac. Q-wave MI was
defined as the development of new, pathologic Q waves in two or more ECG leads, with post-
procedural creatine kinase (CK) levels three times higher than the upper limit of normal (<2.9 pkatal/l)
and CK-MB >10% of CK levels. Non-Q-wave MI was defined as an elevation of post-procedural CK
levels three times higher than the upper limit of normal, with CK-MB above normal, and no-Q-wave
target lesion revascularization (TLR) was defined as revascularization within 5 mm to the stent edges
(in-segment) on angiography. All TLR required significant stenosis and objective evidence of
ischemia related to the restenotic artery before treatment. The features captured in the QCA and OCT
analyses at nine months of follow-up are mentioned in Table 2. The reference area was defined as the
average of 5 mm (25 frames) proximal and distal to the stent edge, except for slices of bad quality,
with image distorting side branches, or severe dissection. The inter-slice distance was 200 um along
the entire target segment (Figure 1 online). Dedicated semiautomated software developed at the
Cardiovascular Imaging Core Lab, Harrington Heart &Vascular Institute, University Hospitals, Case
Medical Center, Cleveland, OH, USA was used for the OCT analysis (OCTivat-Stent) (Figure 2
online) in this study to delineate the lumen contours of each cross-sectional image. For a more
detailed description, we refer to the original paper (18). OCT endpoints were the percentage of
uncovered stent struts, the percentage of malapposed stent struts, in-stent area of stenosis and in-stent

minimal lumen diameter at nine months.

Statistical analysis. Categorical variables were described as group counts and relative frequencies
(percentages), while continuous variables were described as group means, standard deviations (SDs),
and totals (N). Tests of statistical hypotheses in contingency tables were performed using the Fisher
Exact Test based on a hypergeometric distribution. Since most of the continuous variables subject to
statistical testing showed significant departures from normality (as expressed by e.g. the Shapiro-Wilk

normality test), the non-parametric Wilcoxon Rank-Sum Test was used to compare continuous
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outcomes across different groups defined by either of the treatment arms (OCT- versus angio-guided
pPCI, stent type Biomatrix versus Promus). McNemar’s test was applied for comparisons of binary
categorical variables between the individual stages of follow-up (e.g. baseline vs. 30 days of follow-
up). The level of statistical significance was set to alpha=0.05 for all tests. In multiple testing scenarios
(e.g. a battery of tests performed in a certain table), Bonferroni corrections of the nominal level of
statistical significance were applied in individual tests in order to keep the family-wise Type | error
rate alpha at 0.05. The statistical analysis was conducted using dedicated software (R version 3.0.2; R

Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline demographic and procedural characteristics. Baseline demographic and procedural
characteristics were well-balanced in both groups (Table 1). We did not observe any complications
related to the OCT studies, either during the index procedure or at follow-up. More stents and higher
mean implantation pressures were used in the OCT-guided group. Interestingly, suboptimal results not
fulfilling at least one of the four defined criteria were found on-line in almost one-third of the patients
(29/105) randomized to the OCT-guided group. Malapposition was found in 17 (59%) and any
dissection in 12 (41%) out of 29 patients. In the case of malapposition, a larger balloon and/or higher
pressure had been used to optimize the result. Any dissection had been managed with the implantation
of an additional stent. However, the detailed core lab analysis showed that suboptimal results was even
more frequent (34%; 36/105). Physicians missed malapposition in 7 out of 11 patients, and the
suboptimal area of stenosis was not corrected in 16 out of 20 patients. On the other hand, significant
dissections were treated correctly in all patients (5/5 patients). Some degree of thrombus formation
was found in all patients in the OCT-guided group. The fluoroscopy time was significantly shorter in
the angio-guided group compared to the OCT-guided group (10 [7-14] min versus 7 [5-10] min;
p=0.0001). TIMI flow post-procedure, the diameter of stenosis and the extent of STEMI were

comparable in both groups (Table 2).
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MACE and angiographic analysis at nine months of follow-up. MACE rates were comparable
between both groups at 30 days and nine months of follow-up (2% versus 0%, p=0.499 and 3% versus
1%, p=0.623, respectively). One stent thrombosis was found in each group (both were deemed early
and definite). Angiographic data were available for 90% (95/105) patients of the OCT-guided group
and 95% (91/95) of the angio-guided pPCI group. Binary restenosis was very low and comparable in
both groups (2% versus 3%; p=0.671). Furthermore, in-stent and in-segment angiographic late lumen
loss at nine months did not differ significantly between the groups, although there was a trend towards
both smaller in-stent and in-segment late lumen loss in the OCT-guided group (0.06+0.49 mm vs.

0.18+0.32 mm respectively; p=0.055) (Table 2, Figure 2).

OCT analysis at nine months of follow-up. At nine months of follow-up, appropriate OCT data were
available for 88% (92/105) of patients in the OCT-guided group and 90% (86/96) of the angio-guided
pPCI group. (Table 2). A significantly smaller in-segment area of stenosis was revealed in the OCT-
guided group compared with the angio-guided group (6% [-11, 19] versus 18% [3, 33]; p=0.0002).
The total number of assessed struts was 71,578 in angio-guided pPCI and 84,882 struts in OCT-guided
pPCI. The number of either uncovered or malapposed struts, in-segment minimal lumen diameter, in-
segment minimal lumen area, and mean in-stent neointimal hyperplasia did not differ significantly
between groups. No residual thrombi were found in the target segment in both groups. Interestingly,
15% (out of 84,882 struts) late-acquired malapposed strutswaer found in OCT-guided pPCI at nine

months; however, the rate of malapposed struts using the index procedure decreased by 44%.

Discussion

This is the first randomized study comparing both the safety and efficacy of OCT guidance during
primary PCI for STEMI with second-generation DES implantation. Furthermore, 90% of patients in
both groups underwent OCT assessments at nine months of follow-up. Routine use of OCT guidance
during primary PCI was associated with reduced in-segment area of stenosis at nine months of follow-

up. The rate of malapposed struts was very low and did not differ between the groups. During the
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acute phase of STEMI and based on the OCT imaging, the operators decided more often (in 30% of
cases) to perform further procedure optimization despite the optimal angiographic result. This
approach was associated with a higher number of implanted stents with no difference in the rate of
MACE during follow-up. There were no complications related to OCT imaging in the present study,

either during pPCI or at follow-up.

Our data are in concordance with the results of recently presented non-randomized observational
studies. In pioneering work, Imola et al. first demonstrated that OCT guidance during PCI is feasible
and safe, even in patients with complex lesions (19), later supported by Stefano et al. (15).
Undoubtedly, the progress in OCT instrumentation and the non-occlusive technique have played major
roles in reducing the OCT-related complications (19). Recently, the results of a meta-analysis
(N=24,849) on IVUS-guided DES implantation have been published (9). In the pooled analysis of
non-randomized trials, IVUS-guided DES implantation was associated with significantly lower rates
of MACE compared with angiography guidance (OR: 0.79;95% CI:0.69 to 0.91; p=0.001), including a
reduction in all-cause mortality, myocardial infarction, target vessel revascularization, and stent
thrombosis. Since OCT provides even higher resolution imaging; we hypothesized that compared with
angio-guided pPCI, OCT-guided pPCI would optimize the results and improve outcomes related to
DES implantation during STEMI. In the present study, the use of OCT resulted in further post-OCT
interventions in 28% of patients. In the majority of cases (59%), additional post-dilatation was
performed for malapposed struts. Dissections were found in 41% of cases and, according to the
protocol, all significant dissections were treated with the implantation of another stent. This
therapeutic decision was left to the pPCI operator’s discretion and led to a significantly higher number
of stents bring used in the OCT-guided group (1.4 versus 1.2; p=0.03). Prati et al. reported additional
post-OCT interventions in 34% of patients receiving OCT (11). Stefano et al. demonstrated stent
malapposition in 39% of cases despites the routine use of high-pressure balloon inflation; additional
balloon dilatation was performed in 90% of these cases (15). In this study, high-pressure post-
dilatation with non-compliant balloons was mandatory as part of the protocol. Despite this, the

difference between the minimal lumen diameter and the minimal stent area doubt the optimal circular
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shape at the end of pPCI. Very recently, Im et al. (20) in their observational study demonstrated acute
stent malapposition in 62% of lesions with a favorable clinical outcome. Acute stent malapposition
with a volume >2.56 mm?® differentiated late-persistent stent malapposition from resolved acute stent
malapposition. Late-acquired stent malapposition was detected in 15% of all lesions. Whether such
findings from the elective procedures would correspond with a completely different pathomorphology
of STEMI remains unclear (21). . Recently, in a study by Stefano et al., among 29% of dissections,
76% were deemed benign and only 24% (4/17) were treated. There were no complications associated
with untreated edge dissections. It seems that dissection with a longitudinal length <1.75 mm, with <2
concomitant flaps, flap depth <0.52 mm, flap opening <0.33 mm, and not extending deeper than the
media layer have favorable outcomes and can be left untreated (22). In the present trial, all dissections

evaluated by the operator as significant were treated with the implantation of an additional stent.

So far, there is no clear evidence that OCT-guided PCI improves outcomes. However, some
observational studies have reported better clinical outcomes with OCT guidance compared to
angiography-guided interventions (16). The mechanism of the beneficial effects of OCT guidance in
the DES era might be the ability to identify factors associated with periprocedural complications and
guide optimization. Low and comparable MACE rates observed in our study were supported by the
low rate of “surrogate” findings in both groups such as angiographic binary restenosis (2% versus 3%;
p=0.671) and late lumen loss both in-stent and in-segment with a trend to reduced late loss in the
OCT-guided group (0.05+0.5 vs. 0.15+0.34, p=0.119 and 0.06+0.49 vs. 0.18+0.03, p=0.055,
respectively). However, it is important to consider that our sample size was not powered to detect
differences in clinical outcomes. In-stent late lumen loss reported in present study was one of the
lowest reported ever (23) and means that both second-generation DES used in this trial represent
further improvements in this innovative technology. There was one case of early stent thrombosis in
each group. Both were deemed definite (confirmed by angiography). Careful offline analysis of the
index OCT study did not reveal any procedure-related issues associated with the development of stent

thrombosis in this patient.
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OCT assessment and clinical implications. The endpoints of the present study were those assessed
by OCT at nine months of follow-up. The only difference found in this study was a significantly
smaller in-segment area of stenosis in the OCT-guided group compared with the angio-guided group
(6% [-11, 19] versus 18% [3, 33]; p=0.0002). Whether these findings will be translated into better
clinical outcomes has to be confirmed in future larger randomized trials with long-term follow-up. The
number of either uncovered or malapposed struts, in-segment minimal lumen diameter, in-segment
minimal lumen area and the value of mean in-stent neointimal hyperplasia did not differ significantly
between groups (13% [5, 18] versus 17% [4, 27]; 1% [0, 1] versus 1% [0, 1]; 2.9 mm [2.6, 3.0] versus
2.8 mm [2, 3] and 6.7 mm’ [5.0, 8.0] versus 6 mm? [5.0, 8.0]; 1.2 mm® + 0.6 versus 1.3 mm?
+ 0.7; p=0.6), respectively). While OCT may refine PCI precision by means of identifying stent
underexpansion and malapposition, as well as incomplete lesion coverage otherwise not depicted by
angiography, it is still unclear as to what the thresholds are (i.e., how much malapposition should be
treated, how much of underexpansion should be further dilated) regarding OCT findings. Interestingly,
in this study, the rate of malapposed struts at the index procedure decreased by 44% at nine months in
OCT-guided pPCI at nine months this group. On the other hand, 15% of new (clinically silent) late-
acquired stent malappositions were found in this group, probably as a result of positive vessel

remodeling. This finding will be further analyzed in the upcoming comprehensive stent strut analysis.

Importantly, pre-procedure OCT imaging can identify thrombi, lumen contours, and nearby structures.
Although we did not evaluate the role of pre-intervention OCT in our study, a customized approach,
such as appropriate stent selection based on OCT findings concerning the plaque distribution and
lumen dimensions, performing additional thrombus aspiration, or selective infusion of anti-platelet
drugs in the case of a large thrombus burden and vasoconstriction shown by OCT could help further
refine the results and eventually reduce the adverse outcomes of primary PCI (12). Recently, Wijns et
al. published the results of the ILUMIEN 1 study which enrolled patients with stable angina, unstable
angina, or non-ST-elevation M1 (24). In this study, physician decision-making was affected by OCT
imaging prior to PCI in 57% and after PCI in 27% of all cases. Further investigation is required in this

setting.
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Study limitations. There are limitations to our study. First, this study was underpowered for the
clinical endpoints. Nonetheless, it is the first randomized study to compare angio- vs. OCT-guided
primary PCI. Second, only mid-term follow-up was available for the patients involved in this study.
Third, one has to take into account the low-risk profile of our cohort of patients because of the
majority of patients were Killip I; patients with left main coronary artery disease and cardiogenic
shock were excluded from the study. On the other hand, the design of the protocol represents real-life
practice in high-volume 24/7 primary PCI cathlabs, where the site or individual issue was part of the

study.

Conclusions

The present study demonstrates the safety and possible merit of OCT guidance during second-
generation DES deployment in patients who present with STEMI and undergo primary PCIl. OCT
analysis post-primary PCI affected physician decision-making in about 30% of cases. At nine months,
OCT guidance led to a significantly reduced in-segment area of stenosis. Larger randomized trials

with longer-term follow-up are warranted.
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Legends

Figure 1: Patient flow and treatment flow

PCl=percutaneous coronary interventions, OCT=optical coherence tomography

Figure 2: Cumulative distribution of mean in-stent late lumen loss at nine months of follow-up

OCT=optical coherence tomography; FU= follow-up

Table 1: Baseline demographic and procedural characteristics

OCT=optical coherence tomography; pPCl=primary percutaneous coronary intervention; CAD=coronary artery
disease; Ml=myocardial infarction; CABG=coronary artery bypass graft; LAD=left anterior descending;
RCA=right coronary artery; LCx=left circumflex; values in square brackets represent quartiles 1-3;
pPCl=primary percutaneous coronary intervention; MLD=minimal lumen diameter; GPIIb/Illa i=glycoprotein

IIb/111a inhibitors; DS=diameter stenosis; DAPT=dual antiplatelet treatment.

Table 2: Angiographic data at nine months of follow-up

OCT=optical coherence tomography; pPCl=primary percutaneous coronary intervention; Mean, (STD), Median

(Q1, Q3).
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Table 1: Baseline demographic and procedural characteristics

OCT-guided pPCI Angio-guided pPCI P value
N 105 96
Age (years) 57 [46-70] 59 [47-72] 0.960
Male (%) 83 87 0.556
Smoking (%0) 64 59 0.822
Diabetes mellitus (%) 17 26 0.264
Hypertension (%) 50 52 0.778
History of CAD 6 0.910
Previous M1 (%) 1 4 1.000
Previous PCI (%) 4 0 -
Previous CABG (%) 0
Killip class 98 0.916
1 (%) 98 0 0.156
11 (%) 2 2 0.158
111 (%) 0
Treated vessels
LAD (%)
RCA (%) 39 32 0.491
LCx (%)
48 52 0.623
16 12 0.402
Number of diseased vessels
1 (%) 88 91 P=0.563
2 11 8 P=0.864
3 1 1 P=0.962
TIMI flow (%) 94 93 0.075
0-11
MLD (mm) 0.29 0.51 0.007
GP lIb/lllai (%) 34 30 0.648
DS (%) 92 87 0.012
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Aspiration (%) 45 39 0.393
DAPT before (%) 100 98 0.227
Number of stents/patients 14 1.2 0.03
Direct stenting (%0) 59 60 0.86
Max. implant pressure (atms) 18[16-20] 16[16-18] 0.020
Fluoroscopy time (minutes) 10[7-14] 7[5-10] <0.0001
Rates and types of abnormal

findings post-PCI OCT 29/105 (28%)

imaging

- Malapposition

- Any dissection

17/29 (59%)

13/29 (41%)

Table 2: Angiographic and OCT data at nine months of follow-up

OCT-guided pPCI | Angio-guided pPCI | P value

ANGIOGRAPHY

N 95 91

Binary in-stent restenosis (%) 2 (2%) 3 (3%) 0.320
Diameter stenosis in-stent (%) 17.0 £13.68 16.0 £9.99 0.951
Diameter stenosis in-segment (%) 27.8+16.5 27.5+13.3 0.887
Late lumen loss in-stent (mm] 0.05+0.5 0.15+0.34 0.119
Late lumen loss in-segment (mm) 0.06+0.49 0.18+0.32 0.055
Minimal in-stent diameter (mm) 2.7+0.47 2.6+0.52 0.263
Minimal in-segment diameter (mm) | 2.3+0.51 2.3+0.59 0.754
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Reference stent diameter (mm) 3.2+0.55 3.1+0.52 0.453
Reference segment diameter (mm) 3.1+0.7 3.2+0.6 0.868
OCT

N 92 86

Mean lumen diameter (mm) 3.33 (0.46) 3.21 (0.56) 0.14
3.303.00, 3.62) 3.17 (2.89, 3.60)

Minimal lumen diameter (mm) 2.87 (0.50) 2.75 (0.53) 0.11
2.88(2.60, 3.18) 2.72 (2.39,3.13)

) 8.89 (2.43)

Mean lumen area (mm°) 8.40 (2.86) 018

8.58 (7.10, 10.30)
7.93 (6.54, 10.20)

Minimal lumen area (mm?) 6.67 (2.21) 6.13 (2.25) 0.13
6.47 (5.28, 8.00) 5.70 (4.51, 7.69)

Area of stenosis (%0) 6.21 (23.44) 17.84 (21.08) 0.0002
8.00 (-10.72, 19.19) 18.03 (2.88, 33.05)

Number of uncovered struts (%) | 12.78 (13.01) 16.79 (15.80) 0.19
7.57 (4.48, 18.34) 11.85 (3.65, 26.72)
0.82 (2.85) 0.82 (1.43)

% Malapposed struts 0.63

0.12 (0.00, 0.69)

0.14 (0.00, 1.15)

Figure 1: Patient flow and treatment flow
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Aims: Transradial catheterization (TRC) is a dominant access site for coronary catheterization
and percutaneous coronary interventions (PCI) in many centers. Previous studies reported higher
intimal thickness of the radial artery (RA) wall in patients with a previous history of TRC. In this
investigation the aim was to assess the intimal changes of RA using the optical coherence tomography

(OCT) intravascular imaging in a serial manner.

Methods and results: 100 patients with the diagnosis of non-ST-elevation myocardial
infarction (nNSTEMI) treated by PCI were enrolled. An 54mm long OCT run of the RA was performed
immediately after the index PCI and repeated 9 months later. Volumetric analyses of the intimal layer
and lumen changes were conducted. Median intimal volume at baseline versus 9 months was 33.9mm?®
(19.0; 69.4) versus 39.0mm? (21.7; 72.6) (p<0.001); and median arterial lumen volume was 356.3mm®
(227.8; 645.3) versus 304.7mm?® (186.1; 582.7) (p<0.001). There was no significant difference in the

effect of any clinical factor on the RA volume changes.

Conclusions: OCT volumetric analyses at baseline and 9 months showed a significant
increase in the radial artery intimal layer volume and a decrease in lumen volume after transradial PCI.

No significant factors affecting this process were identified.
Keywords
Optical coherence tomography; Neointimal hyperplasia; PCI; Radial artery

Abbreviations list

FD-OCT frequency domain optical coherence tomography
NnSTEMI non-ST segment elevation myocardial infarction
PCI percutaneous coronary intervention

RA radial artery

STEMI ST segment elevation myocardial infarction
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TRA transradial access
TRC transradial catheterization
Introduction

Many interventional cardiologists have adopted transradial catheterization (TRC) the last decade. The
first TRC was performed by Campeau in 1989", and the first coronary stent was implanted via radial
artery by Kiemeneij and Laarman in 1993% Nowadays, the rate of transradial access (TRA) for
percutaneous coronary interventions (PCI) is higher than transfemoral in many centers although the
prevalence is higher in Asia and Europe than in the USA®**. Compared to the femoral artery, TRA
offers lower rate of complications such as bleeding5 and even death®. However, the RA is smaller than
the femoral artery®, and TRA is associated with a higher prevalence of subclinical damage’. Previous
studies investigated qualitative RA vessel wall changes after TRC. A greater thickness of the RA
intimal layer was reported in patients with a history of TRC"®. We performed the first prospective
serial (baseline and 9-month follow-up) frequency-domain optical coherence tomography (FD-OCT)
study of the RA after first-time transradial PCI in consecutive patients. FD-OCT uses near-infrared
light for tissue imaging and has a spatial resolution close to 10 microns®. Conversely, the method is
limited by the tissue penetration of near-infrared light; and during imaging the vessel has to be
continuously flushed, usually with a 100% contrast, to clear the optical environment of blood cells.
For RA vessel wall imaging, OCT is currently the best option to assess discreet changes of the RA

wall intimal layer.

Methods

Patient group

One hundred consecutive patients were included in the project, as a part of larger group of
patients (140 subjects) enrolled into a study focusing on OCT analysis of the coronary vessels in
patients with the diagnosis of myocardial infarction without ST segment elevation (nNSTEMI). The

following inclusion criteria were applied: diagnosis of nSTEMI, first-in-life transradial coronary
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catheterization, and PCI during the index procedure. Exclusion criteria included myocardial infarction
with ST segment elevation (STEMI), left main coronary artery lesion, renal insufficiency with
creatinine level above 150umol/Il, acute heart failure, and refusal to sign the informed consent. All

patients signed written informed consent. The project was approved by the local Ethics Committee.

Coronary angiography and PCI procedure

Cardiac catheterization was performed in accordance with the local medical standards in an
24/7 tertiary PCI center. The center has wide experience with transradial catheterizations and
interventions with a 97% rate of transradial procedures in 2014. All the procedures were performed via
6F Radiofocus Introducer Il kit (Terumo, Japan) with an intravascular sheath length of 7 cm. The RA
was punctured with the kit according to local standards. A vasodilating drug (typically 2.5mg of
verapamil) was administered in all cases. Solely 6F guide catheters were used for the coronary

interventions. Unfractioned heparin with the target ACT >250 was used for the anticoagulation.

OCT procedure protocol

After the index coronary angiography and subsequent PCI, OCT of the RA was performed.
The standard coronary wire and OCT catheter were placed in the radial artery through the 6F guiding
catheter and the guiding catheter was pulled out from the radial sheath. Overall, 3cm of the sheath was
withdrawn from the artery (distally), leaving 4cm inside the RA. An X-ray contrast ruler was used to
identify the start of OCT imaging and pullback 8cm proximal to the actual sheath tip position. From
that point, OCT pullback recording was performed using a 100% contrast fluid to flush the vessel. The
standardized length of the pullback was 54mm (Figure 1). We used the Dragonfly Duo catheter and
Optis llumien OCT system (St.Jude, Minneapolis, MN, USA) to perform the OCT procedure. The

puncture site was covered with a compress band for two hours to allow hemostasis after the procedure.
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The standard data acquisition speed was 18mm per second, getting high resolution data from the

vessel in 3 seconds (for the 54mm pullback record length).

The procedure was repeated 9 months after the index procedure during follow-up coronary

catheterization. The same OCT protocol as described above was used.

OCT analysis

OCT images of the entire 54 mm segment for each patient were analyzed offline manually by
two experienced OCT analysts (Figure 2) at baseline and follow-up. The lumen border and intima-
media border was segmented every 3 mm. Simpson’s rule was applied to create a volumetric model of
lumen and intimal layer of the radial artery. This model was used to compare the baseline and follow-
up volumes of both the lumen and the intimal layer of the radial artery. If some frames were not of
sufficient quality for evaluation, the analysis was normalized for the standard length of 54mm. The
percentage of analysed frames was 94.7% both in baseline and follow-up pullbacks (Table 1). An

analysis of factors affecting the volume changes was performed.

Statistical analysis

Standard descriptive statistical methods were applied in the analysis; absolute and relative
frequencies for categorical variables and median with 5th-95th percentile range for continuous
variables. Statistical significance of differences between various subgroups of patients in baseline and
follow-up measurements was tested using a non-parametric Mann-Whitney U test and Kruskal-Wallis
test. Intra-individual differences in arterial volumes were assessed using a Wilcoxon signed-rank test.
Influence of duration of catheterization on change of volume was tested by Mann-Whitney U test.
Correlation between duration of catheterization and change of volume was tested by Pearson’s
correlation coefficient. Statistical analyses were computed using SPSS 22.0.0.1 (IBM Corporation,

2014).
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Results

Radial artery OCT was well tolerated by patients with a general mild discomfort in the

forearm during the contrast flush, but no clinically significant adverse events occurred.

Overall, 96 RA data records were of sufficient quality for the analysis. The median age of the
group was 66.5 years. More men (67.7%) than women were enrolled. The baseline characteristics of

the patient population have been listed in Table 2.

Irrespective of the fact that 54mm of artery was imaged in each patient, distributions of intimal
layer volume were relatively wide, from 20mm?® to 80mm?® (Figure 3). Similarly, distributions of lumen

volume were also wide, from 200mm?® to 800mm? (Figure 4).

Median intimal layer volume at baseline was 33.9mm?® (19.0; 69.4) versus 39.0mm® (21.7;
72.6) measured 9 months later. This difference of 3.0mm® (-9.4; 21.3) was highly statistically
significant (p<0.001, Table 3). The intimal volume increased in 66.7% of patients; no change or
decreased volume occurred in 33.3% of patients (Table 4, Figure 5). Median lumen volume at baseline
was 356.3mm® (227.8; 645.3) versus 304.7mm® (186.1; 582.7) 9 months later. The difference of -
54.0mm?® (-210.6; 87.2) was highly statistically significant (p<0.001, Table 3). The lumen volume
decreased in 79.2% of patients; there was no change or increased volume in 20.8% of patients (Table

4, Figure 6).

Analysis of multiple factors affecting intimal and lumen volume changes was performed
(gender, age, body-mass index, clinical risk factors and duration of cathetrization). No significant risk

factor associated with the intimal and lumen volume changes was identified (Tables 5, 6, 8a and 8b).

Discussion

In our study, we analysed the effect of the first-in-life TRC in 100 patients, using serial OCT
analysis. The results showed significant changes of the vessel in the period of 9 months after the first

catheterization.
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Wakeyama et al. used intravascular ultrasound (IVVUS) to assess 100 radial arteries for intimal-
medial changes in 20028, There was intima-media thickening in repeat-TRI patients compared to the
first-time TRI patients, especially in the distal radial artery. In 2008, Burris et al. used OCT for graft
quality evaluation of the cadaverous radial artery after endoscopic and open harvesting'®. The first
OCT study investigating RA changes in vivo was conducted by Yonetsu et al. in 20107, enrolling 69
patients, dividing them into first-time and repeat-TRC groups. By measuring multiple cross-section
areas of the RA, they found intimal areas to be significantly greater in the repeat-TRC RA group.
Older time-domain OCT technology (TD-OCT) was used together with longer (16cm) sheath

introduction.

In our study, we enrolled solely “TRC-naive” patients. Our results proved previously
suggested hypothesis that even uncomplicated and relatively short TRC affects the radial artery as a
complex part of the arterial vascular system. Recent publication by Nakata et al.'* proved that 6F
sheath insertion into the RA impaired vascular endothelial function the day after the procedure. The
impaired changes assessed by reactive hyperemia peripheral arterial tonometry lasted for 6 months.
Taken together, these results suggest that every diagnostic and therapeutic catheterization should be
performed in a minimally invasive manner, preferably using smaller (possibly also shorter) sheaths

and small size catheters (where possible).

Due to the fact that no other factors have proved to have a strong effect on the radial artery
changes, it may be observed that the RA was affected solely by TRC. Recently, a comprehensive

review on minimizing RA damage has been published".

Limitations

The analysis was limited to 54mm, and the OCT was performed only at baseline and 9 month

follow-up; therefore, we could not assess the true time-course of post-TRC changes.
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Conclusion

The volumetric model of the radial artery lumen and the arterial wall intimal layer after
transradial PCI assessed by OCT at baseline and at 9-month follow-up showed a significant effect of
transradial catheterization. The intimal layer volume increased significantly, while the volume of the

lumen decreased. No significant clinical factors affecting this process have been found.

Impact on daily practice:

The study brings a new light into the field and describes the sub-macroscopic changes in the radial
artery used for the catheterization access. The results could be interesting for a wide population of
acute and interventional cardiologists as well as for the specialists working in the intensive care units
and cardiovascular surgeons seeking for full arterial revascularization, especially in terms of arterial

graft quality evaluation.

Acknowledgements and funding:

Supported by the grant of the IGA Ministry of Health of the Czech Republic NT/13830-4.

References:

1.  Campeau L. Percutaneous radial artery approach for coronary angiography. Cathet Cardiovasc
Diagn. 1989;16:3-7.

2.  Kiemeneij F, Laarman GJ. Percutaneous transradial artery approach for coronary stent
implantation. Cathet Cardiovasc Diagn. 1993;30:173-178.

3. Caputo RP, Tremmel JA, Rao S, Gilchrist IC, Pyne C, Pancholy S, Frasier D, Gulati R, Skelding
K, Bertrand O, Patel T. Transradial arterial access for coronary and peripheral procedures:
executive summary by the Transradial Committee of the SCAI. Catheter Cardiovasc Interv Off J
Soc Card Angiogr Interv. 2011;78:823-839.

4.  Bertrand OF, Rao SV, Pancholy S, Jolly SS, Rodés-Cabau J, Larose E, Costerousse O, Hamon

M, Mann T. Transradial approach for coronary angiography and interventions: results of the first
international transradial practice survey. JACC Cardiovasc Interv. 2010;3:1022-1031.

172



10.

11.

12.

Jolly SS, Yusuf S, Cairns J, Niemel& K, Xavier D, Widimsky P, Budaj A, Niemeld M, Valentin
V, Lewis BS, Avezum A, Steg PG, Rao SV, Gao P, Afzal R, Joyner CD, Chrolavicius S, Mehta
SR. Radial versus femoral access for coronary angiography and intervention in patients with
acute coronary syndromes (RIVAL): a randomised, parallel group, multicentre trial. Lancet.
2011;377:1409-1420.

Chase AJ, Fretz EB, Warburton WP, Klinke WP, Carere RG, Pi D, Berry B, Hilton JD.
Association of the arterial access site at angioplasty with transfusion and mortality: the
M.O.R.T.A.L study (Mortality benefit Of Reduced Transfusion after percutaneous coronary
intervention via the Arm or Leg). Heart Br Card Soc. 2008;94:1019-1025.

Yonetsu T, Kakuta T, Lee T, Takayama K, Kakita K, lwamoto T, Kawaguchi N, Takahashi K,
Yamamoto G, lesaka Y, Fujiwara H, Isobe M. Assessment of acute injuries and chronic intimal
thickening of the radial artery after transradial coronary intervention by optical coherence
tomography. Eur Heart J. 2010;31:1608-1615.

Wakeyama T, Ogawa H, lida H, Takaki A, lwami T, Mochizuki M, Tanaka T. Intima-media
thickening of the radial artery after transradial intervention: An intravascular ultrasound study. J
Am Coll Cardiol. 2003;41:1109-1114.

Bezerra HG, Costa MA, Guagliumi G, Rollins AM, Simon DI. Intracoronary optical coherence
tomography: a comprehensive review clinical and research applications. JACC Cardiovasc
Interv. 2009;2:1035-1046.

Burris NS, Brown EN, Grant M, Kon ZN, Gibber M, Gu J, Schwartz K, Kallam S, Joshi A,
Vitali R, Poston RS. Optical coherence tomography imaging as a quality assurance tool for
evaluating endoscopic harvest of the radial artery. Ann Thorac Surg. 2008;85:1271-1277.

Nakata T, Ikeda S, Koga S, Yoshida T, Koide Y, Kawano H, Maemura K, Kohno S. Impact of
Catheter Sheath Insertion into the Radial Artery on Vascular Endothelial Function Assessed by
Reactive Hyperemia Peripheral Arterial Tonometry. Int Heart J. 2015;56:489-494.

Mamas MA, Fraser DG, Ratib K, Fath-Ordoubadi F, EI-Omar M, Nolan J, Neyses L.
Minimising radial injury: prevention is better than cure. Eurolntervention J Eur Collab Work
Group Interv Cardiol Eur Soc Cardiol. 2014;10:824-832.

Figures

Optical coherence tomography of RA — procedure scheme
Legend: A-Sheath tip position during the OCT procedure, B-Original sheath tip position

during the PCI, C-Start position of the OCT probe

Representative OCT cross-section frame of the radial artery and its analysis
Legend: A-intimal layer, B-media, C-adventitia

Distributions of RA intimal layer volume in baseline and follow-up measurements
Distributions of RA luminal volume in baseline and follow-up measurements
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5. Change in the volume of intima layer of the arterial wall in individual patients (mm?)

6. Change in the volume of arterial lumen in individual patients (mm?)

Table 1 Evaluability of artery volumes (N = 96)

Mean + SD Median (min-max)
Baseline measurement
Evaluable part of artery (%0) 90.4+£12.3 94.7 (52.6; 100.0)
Number of invalid frames 1.8+23 1.0 (0.0; 9.0)
Follow-up measurement
Evaluable part of artery (%o) 89.4 +13.7 94.7 (47.4; 100.0)
Number of invalid frames 20£26 1.0 (0.0; 10.0)

Table 2: Baseline characteristics

N (%) or median

Characteristics (5"-95™ percentile)

Gender Man 65 (67.7 %)
Woman 31 (32.3 %)
Age (N = 96) 66.5 (45.0; 80.7)
Body-mass index (N=92) 28.2 (23.1; 37.1)
Hypertension 65 (67.7 %)
Dyslipidemia 31 (32.3 %)
Diabetes mellitus 33 (34.4 %)
Peripheral vasculopathy 4 (4.2 %)
Smoking Smoker 26 (27.7 %)
Former smoker 29 (30.9 %)
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Never smoked 39 (41.5 %)

Alcohol > 1 drink / week 14 (14.9 %)
> 1 drink / month 33 (35.1 %)
<1 drink / month 47 (50.0 %)
Creatinine (umol/l) (N=82) 87.5 (52.0; 118.0)

Table 3: RA arterial wall and lumen changes

Baseline Follow-up! Difference’

Arterial wall volume 96  33.9(19.0:69.4) 39.0(21.7;72.6) 3.0(-9.4;213) <0001

(mm?)
Arterial lumen volume 96 356.3 (227.8; 304.7 (186.1; -54.0 (-210.6; < 0.001
(mm?®) 645.3) 582.7) 87.2) '

! Median (5™-95" percentile);

Table 4: Change of volume (N = 96)

Volume change Increase Decrease
Intima layer 64 (66.7%) 32 (33.3%)
Acrterial lumen 20 (20.8%) 76 (79.2%)

Table 5: Influence of risk factors on RA arterial wall changes

Arterial wall volume

N
Baseline® Follow-up® Difference’
Gender Man 65 36.5(22.2,69.7) 41.7(255:60.1) 4.3 (-9.8, 18.2)
Woman 31 30.4(15.9;49.1) 345(18.3;72.6) 2.0(-7.2;27.2)
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p 0.664
Age <60 29 26.6 (16,5, 69.0) 28.6(21.7;60.0) 2.9 (-12.8;19.2)
60-69 38 35.6(19.2;58.4) 39.5(19.9;64.6) 1.8(-9.8;19.6)
>170 29 36.4(22.0;77.1) 44.4(225;84.0) 7.1(-8.1;27.2)
P 0.307
:?]‘:j‘?)’(‘mass <25 12 25.8(15.9:43.3) 33.0 (17.4;59.9) 7.9 (-4.7; 23.6)
25-29 48 36.4(19.8;69.7) 41.8(24.1;69.1) 3.7(-8.1;18.2)
>30 32 343(19.1;584) 350 (205 75.0) 2.4 (-12.8;27.2)
p 0.368
Hypertension Yes 65 34.7(19.2;69.7) 42.2(22.7;75.0) 4.3(-8.7;19.6)
No 31 30.4(16.5;52.7) 31.7(21.7;60.0) 2.3 (-12.6; 21.8)
p 0.692
Dyslipidemia Yes 31 34.1(22.1;77.1) 38.7(22.7;84.0) 4.7(-8.1;19.2)
No 65 33.7(18.4;59.4) 39.3(21.7;69.1) 2.7 (-9.8;21.8)
p 0.848
Diabetes  Yes g 36.4 (19.0; 69.7) 43.3(22.7:75.0) 4.8 (-9.8:27.2)
mellitus No g 33.3(19.1:69.0) 36.1(21.7:60.0) 2.2 (-9.3; 18.2)
p 0.159
Smoking  Smoker 26 332 (18.4;55.7) 38.2(23.7,63.4) 6.9(-9.3;19.2)
Former smoker 29 37.1(23.8;77.1) 39.9 (26.7;84.0) 2.9 (-9.4; 21.3)
Never smoked 39 33.7(19.0;59.4) 38.7(18.3;69.1) 1.5(-8.1;23.6)
p 0.707
Alcohol i;edkﬁnk/ 14 325(12.8;59.4) 40.7 (19.9;63.4) 6.7 (-8.7;21.8)
i;fﬁ‘:’k/ 33 36.6(19.1;60.0) 44.4(21.7;75.0) 1.3(-9.4;21.3)
;in‘ignk/ 47 337(19.0;73.6) 37.7(225;72.6) 4.3(-7.2;19.6)
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p 0.726

Creatinine <100 pmol/l g 33.8(19.0;59.4) 37.6(205;68.9) 2.7 (-8.1;19.2)
= 100 pmol/l é 33.0 (16.5; 81.5) 39.9 (21.7;88.9) 6.6 (-4.5; 17.3)
p 0.527

! Median (5"-95™ percentile);

Table 6: Influence of risk factors on RA lumen changes

Arterial lumen volume

Baseline® Follow-up® Difference’
condor 4046 (252.8; 321.8 (194.2; 616 (233.2;
675.9) 603.8) 87.2)
305.0 (203.1; 252.3 (173.7; 531 (-192.0;
503.6) 445 3) 87.2)
0.538
e 353.0 (173.8; 302.4 (198.0; 422 (-1539;
g 675.9) 530.3) 94.0)
367.3 (231.0; 310.6 (156.0; 535 (-325.3;
640.5) 571.6) 133.9)
353.6 (227.8; 271.1 (195.0; _
5159 5059 -62.6 (-192.0; 8.5)
0.673
Body-mass 268.3 (212.7; 206.3 (149.1; -60.8 (-126.0;
index 566.5) 498.3) 33.8)
369.1 (228.4: 317.2 (194.8; -33.0 (-233.2;
684.2) 623.2) 74.9)
4045 (23L.0; 300.5 (201.7; -68.3 (-192.0;
622.8) 571.6) 87.2)
0.123
oertension 368.9 (234.5; 314.2 (194.0; -58.8 (-192.0;
P 645.3) 582.7) 87.2)
3435 (173.8; 270.3 (175.3; -43.0 (-210.6;
635.3) 530.3) 94.0)
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p 0.922
. 369.2 (228.4; 306.9 (175.3; -54.2 (-192.0;
Dyslipidemia Yes 31 628.1) 603.9) 872)
No 65 353.0 (227.8; 299.5 (194.2; -46.0 (-210.6;
675.9) 571.6) 74.9)
p 0.947
Diabetes Yes 369.2 (203.1; 314.2 (194.2; -568.4 (-157.2;
33 628.1) 571.6) 87.2)
mellitus No 353.0 (231.0; 302.4 (175.3; -46.0 (-233.2;
63 675.9) 582.7) 87.2)
p
0.826
. 372.3(173.8; 271.4 (194.2; -58.1 (-198.4;
Smoking  Smoker 26 675.9) 521.7) 94.0)
404.4 (237.0; 377.1(173.7; -60.8 (-210.6;
Former smoker 29 628.1) 603.8) 872)
337.3(212.7; 306.9 (175.3; -39.1(-173.4;
Never smoked - 39 645.3) 582.7) 87.2)
p 0.604
> 1 drink / 332.2 (145.4; 290.0 (149.1; -62.4 (-519.7;
Alcohol week 14 790.8) 521.7) 162.9)
> 1 drink / 33 391.5 (212.7; 367.1 (208.4; -60.8 (-183.4;
month 675.9) 645.8) 94.0)
< 1 drink/ g 3495(2284 271.1 (175.3; -53.1 (-198.4;
month 599.7) 582.7) 87.2)
p 0.637
. 368.9 (212.7, 307.0 (186.1; -53.9 (-192.0;
Creatinine <100 pmol/1 63 640.5) 538.3) 94.0)
338.2 (227.8; 287.7 (156.0; -39.1 (-325.3;
>
= 100 pmol/l— g 645.3) 672.1) 87.2)
p 0.513

! Median (5"-95™ percentile);

Table 7a Influence of duration of catheterization on change of volume (N = 96)

Volume increase

Volume decrease
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Intima layer

Duration of catheterization (in minutes,

) ) 50.5 (23.0; 163.0) 47.5 (24.0; 108.0) 0.892
median (min-max))
Arterial lumen
Duration of catheterization (in minutes,
51.0 (24.0; 163.0) 48.0 (23.0; 130.0) 0.346

median (min-max))

Table 7b Correlation between duration of catheterization and change of volume (N = 96)

Volume change r p
Intima layer
Duration of catheterization (in minutes) 0.080 0.436
Arterial lumen
Duration of catheterization (in minutes) 0.043 0.680
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ABSTRACT

BACKGROUND

The preferred initial treatment for patients with stable coronary artery disease is the
best available medical therapy. We hypothesized that in patients with functionally
significant stenoses, as determined by measurement of fractional flow reserve (FFR),
percutaneous coronary intervention (PCI) plus the best available medical therapy
would be superior to the best available medical therapy alone.

METHODS

In patients with stable coronary artery disease for whom PCI was being considered,
we assessed all stenoses by measuring FFR. Patients in whom at least one stenosis
was functionally significant (FFR, £0.80) were randomly assigned to FFR-guided
PCI plus the best available medical therapy (PCI group) or the best available medical
therapy alone (medical-therapy group). Patients in whom all stenoses had an FFR of
more than 0.80 were entered into a registry and received the best available medical
therapy. The primary end point was a composite of death, myocardial infarction, or
urgent revascularization.

RESULTS
Recruitment was halted prematurely after enrollment of 1220 patients (888 who
underwent randomization and 332 enrolled in the registry) because of a significant
between-group difference in the percentage of patients who had a primary end-
point event: 4.3% in the PCI group and 12.7% in the medical-therapy group (hazard
ratio with PCI, 0.32; 95% confidence interval [CI], 0.19 to 0.53; P<0.001). The dif-
ference was driven by a lower rate of urgent revascularization in the PCI group than
in the medical-therapy group (1.6% vs. 11.1%; hazard ratio, 0.13; 95% CI, 0.06 to 0.30;
P<0.001); in particular, in the PCI group, fewer urgent revascularizations were trig-
gered by a myocardial infarction or evidence of ischemia on electrocardiography
(hazard ratio, 0.13; 95% CI, 0.04 to 0.43; P<0.001). Among patients in the registry,
3.0% had a primary end-point event.

CONCLUSIONS

In patients with stable coronary artery disease and functionally significant stenoses,
FFR-guided PCI plus the best available medical therapy, as compared with the best
available medical therapy alone, decreased the need for urgent revascularization. In
patients without ischemia, the outcome appeared to be favorable with the best
available medical therapy alone. (Funded by St. Jude Medical; ClinicalTrials.gov
number, NCT01132495.)
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ERCUTANEOUS CORONARY INTERVEN-
Ptian (PCI) improves the outcome in patients
with acute coronary syndromes.* In contrast,

for the treatment of patients with stable coronary
artery disease, controversy persists regarding the
extent of the benefit from PCI, as compared with
the best available medical therapy, as an initial
management strategy.®” The potential benefit of
revascularization depends on the presence and
extent of myocardial ischemia.** Performing PCI
on nonischemic stenoses is not beneficial® and is
probably harmful.’® Thus, careful selection of
ischemia-inducing stenoses is essential for deriv-
ing the greatest benefit from revascularization in
patients with stable coronary artery disease.

Fractional flow reserve (FFR) is a pressure-
wire—based index that is used during coronary
angiography to assess the potential of a coronary
stenosis to induce myocardial ischemia.'**¢ The
usefulness of FFR-guided PCI as compared with
PCI guided by angiography alone is supported by
robust clinical outcome data.®18:1417

The aim of this trial was to determine whether
FFR-guided PCI with drug-eluting stents plus the
best available medical therapy is superior to the
best available medical therapy alone in reducing
the rate of death, myocardial infarction, or un-
planned hospitalization leading to urgent revasci-
larization among patients with stable coronary
artery disease.

METHODS

STUDY DESIGN AND OVERSIGHT
The Fractional Flow Reserve versus Angiography
for Multivesse]l Evaluation 2 (FAME 2) study is a
randomized “all comers” trial (i.e., involving the
consecutive enrollment of all eligible patients
with stable coronary artery disease). The trial
was conducted at 28 sites in Europe and North
America and was approved by the institutional
review board at each participating center. The
members of the steering committee (see the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org) designed the study with-
out involvement of the sponsor, St. Jude Medical.
The sponsor was involved in the collection and
source verification of the data but not in the con-
duct of the trial or in the decision to terminate it.
An independent data and safety monitoring
board (see the Supplementary Appendix) oversaw
the trial and met twice a year or more frequently,

as necessary for the oversight of the trial. No for-
mal stopping rules were specified. The academic
members of the steering committee had full ac-
cess to all the data in the study, vouch for the
accuracy and completeness of the data and analy-
ses and for the fidelity of the study to the proto-
col, wrote the manuscript, and had final respon-
sibility for the decision to submit it for publication.
The research protocol is available at NEJM.org.

PATIENTS
Patients in stable condition who were appropriate
candidates for PCI and who had angiographically
assessed one-, two-, or three-vessel coronary ar-
tery disease suitable for PCI were included in the
trial. Details of the inclusion and exclusion crite-
ria are provided in the Supplementary Appendix.
The investigator first indicated which stenoses were
thought to require stenting on the basis of the
clinical and angiographic data. FFR was then mea-
sured with a coronary guidewire (PressureWire
Certus or PressuréWire Aeris, St. Jude Medical)
during adenosine-induced hyperemia to assess
the hemodynamic severity of each indicated ste-
nosis. Patients who had at least one stenosis in a
major coronary artery with an FFR of 0.80 or less
were randomly assigned, by means of an interac-
tive voice-response system, to FFR-guided PCI plus
the best available medical therapy (hereinafter
called the PCI group) or to the best available med-
ical therapy alone (hereinafter called the medical-
therapy group). The randomization schedule was
computer-generated; randomization was strati-
fied according to site and performed in blocks,
with block sizes varied randomly. Patients with
an FFR of more than 0.80 in all vessels with indi-
cated stenoses were enrolled in a registry and
received the best available medical therapy. A
random sample of 50% of the registry patients
underwent the same follow-up as the patients in
the randomized trial. The treatment assignments
were known to the patients. All patients provided
written informed consent.

TREATMENT
All patients were prescribed aspirin at a dose of
80 to 325 mg daily, metoprolol at a dose of 50 to
200 mg daily (or any other beta-1-selective blocker,
alone or in combination with a calcium-channel
blocker or a long-acting nitrate), lisinopril (25 mg
daily, or another angiotensin-converting—enzyme
[ACE] inhibitor or an angiotensin IFreceptor
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blocker if the patient had unacceptable side ef
fects with the ACE inhibitor), and atorvastatin
(20 to 80 mg daily, or another statin of similar
potency alone or in combination with ezetimibe, to
reduce the low-density-lipoprotein [LDL] level to
less than 70 mg per deciliter [1.8 mmol per liter]).

Patients who were randomly assigned to PCI
received a loading dose of clopidogre! (600 mg)
and aspirin immediately before the procedure if
they were not already taking these medications. All
stenoses with an FFR of 0.80 or less were treated
with second-generation drug-eluting stents.s-20
After PCI, all patients received clopidogrel at a
dose of 75 mg per day for at least 12 months in
addition to the best available medical therapy. All
patients were given a medication tracking form
for recording weekly medication use and doses.
Patients who smoked were counseled regarding
smoking cessation. Patients with diabetes were
referred to a diabetes specialist to receive the
best available treatment for that disease.

FOLLOW-UP
Electrocardiography (ECG) was performed with the
patient at rest, and the creatine kinase level and
the ME fraction of creatine kinase were measured
in all patients before angiography was performed
and between 12 and 24 hours after enrollment.
Follow-up visits were scheduled at 1 and 6 months
and at 1, 2, 3, 4, and 5 years. At baseline and all
follow-up visits, we obtained information regard-
ing the presence or absence (and, if present, the
severity) of angina, the patient's work status, and
the number and doses of cardiac medications and
assessed the patient's quality of life with the use
of the European Quality of Life-5 Dimensions
[EQ-5D] instrument.?* In addition, we performed
resting ECG, measured the levels of total choles-
terol and cholesterol fractions, and assessed the
patient’s utilization of medical resources.

END POINTS
The prespecified primary end point was a compos-
ite of death from any cause, nonfatal myocardial
infarction, or unplanned hospitalization leading to
urgent revascularization during the first 2 years.
Secondary end points included individual com-
ponents of the primary end point, cardiac death,
nonurgent revascularization, and angina class.
All outcomes were adiudicated by an independent
clinical events committee (see the Supplementary
Appendix) whose members were unaware of the

treatment assignments. For each revasculariza-
tion procedure, a detailed description was in-
cluded. Revascularization was considered to be
urgent when a patient was admitted to the hospi-
tal with persistent or increasing chest pain (with
or without ST-segment or T-wave changes or ele-
vated biomarker levels) and the revascularization
procedure was performed during the same hos-
pitalization.

STATISTICAL AMALYSIS

The trial was powered to determine whether PCI
with the best available medical therapy was supe-
rior to the best available medical therapy alone with
respect to the primary end point at 24 months.
On the basis of findings from previous studies and
using binomial proportions, we estimated that the
cumulative incidence of the primary end point at
24 months would be 12.6% in the PCI group™="
and 1£.0% in the medical-therapy group,® corre-
sponding to a relative risk reduction with PCI of
309, and that with 816 patients in each group,
the study would have more than 84% power to
detect that relative risk reduction, at a two-sided
type I error rate of 0.05. Continuous variables are
presented as means and standard deviations, and
categorical data are presented as numbers and per-
centages. All patients were included in the analysis
according to the groups to which they were orig-
inally assigned (intention-to-treat analysis). We
used the Mantel-Cox method to calculate hazard
ratios and 95% confidence intervals for the be-
tween-group comparisons of clinical outcomes
and the log-rank test to calculate corresponding
P values. We constructed Kaplan—Meier curves for
the primary end point and its components.

In an exploratory analysis, we also calculated
the hazard ratio for urgent revascularization
triggered by a myocardial infarction or by un-
stable angina with evidence of ischemia on ECG.
We used a chi-square test to assess the interac-
tion between treatment effect and these charac-
teristics. Landmark analyses were performed
according to a landmark point at 7 days, with
the hazard ratio calculated separately for events
that occurred up to 7 days after randomization
and events that occurred between £ days and the
end of the follow-up period. We then performed
a test for the interaction between treatment and
time (first 7 days vs. subsequent period). In all
time-to-event analyses (e, overall and land-
mark), for each type of event, data for a patient
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Table 1. Baseline Clinical, Angiographic, and Fractional Flow Reserve (FFR) Characteristics.®

Variable Randomly Assigned Groups Registry Cohort P Valuej
PCl plus Medical ~ Medical Therapy
Therapy Alone
Patient characteristics
Total no. of patients 447 441 166
Age—yr 63.52+9.35 63.86+9.62 63.589.75 0.90
Male sex — no. %) 356 (79.6) 338 (76.6) 113 (68.1) 0.005
Body-mass indexi 28.29+4.27 28.44+4.55 27.83+3.94 0.14
Family history of coronary artery disease — no. (%) 216 (48.3) 207 (46.9) 76 (45.8) 0.65
Current smoking — no. (%) 9 (19.9) a0 (20.4) 35 (21.1) 0.79
Hypertension — no. (%) 147 (77.6) 343 (77.8) 136 (81.9) 0.23
Hypercholasterolemia — ne. (%) 330 (73.8) 343 (78.9) 113 (71.1) 0.15
Diabates mellitus — no. (%)
Any 123 (27.5) 117 (26.5) 42 (25.3) 0.65
Insulin-dependent 39 (8.7) 39 (8.8) 10 (6.0) 0.24
Renal insufficiency — no. (%)§ 2(1.8) 12 (2.7) 7(42) 0.14
Peripheral vascular disease — no. (%) 41 (9.6) 47 (10.7) 8 (4.8) 0.03
History of stroke or transient ischemic attack — no. (%) 31 (7.4) 23 (6.3) 10 (6.0) 0.69
History of myocardial infarction — no. ftotal no. (%) 164442 (37.1) 165436 (37.8) 60/164 (36.6) 0.83
History of PCl in target vessel — no. (%) 20 (17.9) 76 (17.2) 34 (20.5) 037
Angina — no.ftotal no (%) 0.64
Asymptomatic 53/447 (11.9) 46/440 (10.5) 17/166 (10.2)
CCS class| 82447 (18.3) 98440 (22.3) 42166 (25.3)
CCSclass Il 204/447 [45.6)  197/440 (44.8) 74]166 (44.6)
CCS class Il 80/447 (17.8) 65/440 (14.8) 23/166 (13.9)
CCS class IV, stabilizad 28)447 (5.3) 314/440 (7.7) 10/166 (6.0)
Silent ischemia — no. %) 73 (163) 73 (16.6) 77 (16.3) 0.96
Left ventricular ejection fraction <509 — no./total no. (%) £3/423 (19.8) 56/410 (13.7) 27150 (18.0) 0.69
Angiographic findings
Angiographically significant lesions — no. per patient 1.87£1.05 1.730.94 1.37+0.59 <0.001
Vessels with at |east one significant lesion <0.001
— no. of patiants (%)
1 251 (56.2) 261 (59.2) 136 (81.9)
2 156 (34.9) 146 (33.1) 26 (15.7)
3 40 (8.9 34 (7.7) 4(24)
At least one significant lesion in proximal or middle left anterior 291 (65.1) 276 (62.6) 74 (44.6) <0.001
descending artery — no. (%)
FFR findings
Functionally significant lesions — no. per patient L52+0.78 1.42+0.73 0.03+0.17 =0.001
Wessals with at least one significant lesion — no. of patients (%) <0.001
1 331 [74.0) 343 (77.8) 5 (3.0}
2 102 (22.8) 85 (10.3) 0
3 14 (3.1) 13 (2.9) 0
At least one significant lesion in praximal or middle left anterior 279 (62.4) 263 (59.6) 1 (0.6) <0.001
descending artery — no. (%)
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Table 1. {Continued.)
Variable Randomly Assigned Groups Registry Cohort P Valuej
PCI plus Medical ~ Medical Therapy
Therapy Alone
Lesion characteristics
Total no. of lesions 880 815 241
Angiographic findings
Lesions with stenesis of =50% of diameter — no. (%) 837 (94.0) 764 (93.7) 219 (90.9) 013
Stenosis — no. (%) <0.001
<50% of diamater 53 (6.0) 51 (6.3) 72 (81)
50-69% of diameter 317 (35.6) 331 (40.6) 176 (73.0)
70-50% of diamater 383 (43.0) 331 [40.6) 33 (15.8)
>90% of diameter 101 (11.3) 80 (9.8) 0
Total occlusion 36 (4.0) 12 (2.7) 5@1)
FFR findings
Lesions with FFR <0.80 — no. (%) 679 (76.3) 625 (76.7) 5 21] <0001
Mean FFR in lesions with FFR <0.80 0.68+0.10 0.68+0.15 0.50+0.00 0.01

# Plus-minus values are means +5D. There were no significant differences between the two randomly assigned groups in any of the baseline charac-
teristics, with the exception of left ventricular ejection fraction of less than 50% (P=0.04). PCI denotes IJercutaneous coronary intervention.
1 The P values are for the combined groups that underwent randomization (the group assigned to PCI plus the best available medical therapy
and the group assigned to the best available medical therapy alone) as compared with the group of patients who did not undergo random-
ization (patients in whom all stenoses had an FFR of mora than 0.80) and ware enrolled in a registry. In patient-level analyses, the Pvalues
were calculated with the use of a chi-square test except when cell numbers were small (<15 patients), in which case Fisher's exact test was
used. In lesion-level analyses, mixed maximum:-likelihood logistic-regression models were used for between-group comparisons of dichato-

mous variables, and mixed maximum-likeliheod linear-regression medels were used for comparisons of continuous variables, to account for

the comrelatien of multiple lesions within patients.

i The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ Renal insufficiency was defined as a creatinine leval of more than 2.0 mg per deciliter (176.8 ymol per liter).

9§ Angina was classified according to the Canadian Cardiovascular Society (CCS) functional classification, in which classes range from | to IV,

with higher classes indicating greater limitations on physical activity owing to angina.

| Five totally occluded arteries supplied infarcted areas and were therefore not considered for revascularization by means of PCL

were censored at the time of the first event that
occurred in that patient. All analyses were per-
formed by an independent statistician from an
academic clinical trials unit (CTU Bern, Univer-
sity of Bern, Switzerland) with the use of Stata
software, version 11.2.

RESULTS

STUDY TERMINATION AND PATIENT FOLLOW-UP

At the recommendation of the independent data
and safety monitoring board, patient recruitment
was stopped on January 15, 2012, owing to a high-
ly significant difference in the incidence rates of
the primary end point between the PCI and med-
ical-therapy groups. Between May 15, 2010, and
January 15, 2012, a total of 1220 patients were
enrolled (Fig. 81 in the Supplementary Appendix).
A tota] of 888 patients had at least one stenosis

M ENGL ) MED 167,11

with an FFR of 0.80 or less in a large epicardial
artery: 447 patients were randomly assigned to
FFR-guided PCI plus the best available medical
therapy, and 441 patients to the best available
medical therapy alone. In 332 patients with an-
giographically significant stenoses, none of the
stenoses had an FFR of 0.80 or less; these patients
were enrolled in the registry and received the
best available medical therapy alone. The mean
(£SD) duration of follow-up was 213£128 days
among patients assigned to PCI plus the best
medical available therapy, 2142127 days among
patients assigned to the best available medical
therapy alone, and 2062119 days among patients
enrolled in the registry.

BASELINE CHARACTERISTICS
Table 1 shows the baseline clinical, angiographic,
and FFR characteristics of the patients who under-
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went randomization, as compared with the pa-
tients who were enrolled in the regisery. There were
higher percentages of men, patients with periph-
eral vascular disease, and patients with multivessel
disease in the groups that underwent randomiza-
tion than in the registry cohort. More than 25% of
the patients had diabetes, and 68% of the patients
had angina of class II to IV on the Canadian Car-
diovascular Society (CCS) scale (which ranges from
I to IV, with higher classes indicating greater
limitations on physical activity owing to angina).
There were more lesions per patient and more
lesions with stenosis of more than 70% of the
diameter of the artery among patients who under-
went randomization than among patients in the
registry. A total of 1601 stenoses in the patients
who underwent randomization were considered
for PCI on the basis of angiographic findings,
whereas 1304 were considered for PCI on the ba-
sis of an FFR of 0.80 or less. Among the latter, the
FFR, ranged from 0.19 to 0.80. Table 51 in the
Supplementary Appendix shows the medications
the patients were taking at baseline and during
the follow-up period.

PRIMARY END POINT
By January 15, 2012, a total of 75 patients in the
randomized groups had had at least one primary
end-point event. The percentage of patients who
had a primary end-point event was lower in the PCI
group than in the medical-therapy group (4.3% vs.
12.7%; hazard ratio with PCI, 0.32; 95% confi-
dence interval [CI], 0.19 to 0.53; P<0.001) (Fig. 1A
and Table 2). In the registry cohort, 5 patients had
at least one primary end-point event (3.0%). There
was little difference in the incidence of a primary
end-point event between patients in the PCI group
and patients in the registry (hazard ratio for the
PCI group, 1.29; 95% CI, 0.49 to 3.39%; P=0.61),
but there was a large difference between patients
in the medical-therapy group and patients in the
registry (hazard ratio for the medical-therapy
group, 432 95% CI, 1.75 to 10.66; P=0.001) (Table
52 in the Supplementary Appendix).

SECONDARY END POINTS
The Kaplan—Meier curves for the individual com-
ponents of the primary end point are shown in
Figures 1E, 1C, and 1D. Neither the rate of death
from any cause nor the rate of myocardial infarc-
tion differed significantly between the PCI group
and the medical-therapy group, but the rate of ur

gent revascularization did differ significantly be-
tween the groups (hazard ratiowith PCIL, 0.13; 95%
CI, 0.06 to 0.30; P<0.001). Among the 56 patients
who underwent urgent revascularization, the pro-
cedure was triggered by a myocardial infarction
in 12 patients (21.4%), by unstable angina accom-
panied by evidence of ischemia on ECG in 15 pa-
tients (26.8%), and by unstable angina diagnosed
on the basis of clinical features in 29 patients
(51.8%). In an exploratory analysis, 4 patients in
the PCI group (0.9%) and 23 patients in the med-
ical-therapy group (5.2%) underwent an urgent
revascularization that was triggered by a myocar-
dial infarction or by unstable angina with evi-
dence of ischemia on ECG (hazard ratio with
PCI, 0.13; 95% CI, 0.04 to 0.43; P<0.001). As com-
pared with patients in the medical-therapy group,
patients in the PCI group were significantly less
likely to undergo any revascularization (hazard
ratio with PCI, 0.14; 95% CI, 0.08 to 0.26) or non-
urgent revascularization (hazard ratio, 0.17; 95%
CI, 0.08 to 0.39) (Table 2, and Fig. 52 in the Sup-
plementary Appendix). Among patients in the
registry, the rates of death from any cause, myo-
cardial infarction, urgent revascularization, and
nonurgent revascularization were all low (Fig. 1,
and Table S2 in the Supplementary Appendix).
Figure 2 shows the results from landmark
analyses of the primary end point and its com-
ponents. PCI plus the best available medical thera-
py was shown to be consistently more beneficial
after the landmark point of 7 days after random-
ization than before; there were significant inter-
actions between time and treatment with respect
to the primary end point, the individual compo-
nents of death and myocardial infarction, and
the composite of death or myocardial infarction,
as well as a trend toward an interaction with re-
spect o urgent revascularization. Corresponding
Kaplan—Meier curves are presented in Figure 83 in
the Supplementary Appendix. Stratified analyses
according to patient characteristics are shown in
Figure 54 in the Supplementary Appendix. Effects
were similar across most subgroups; however, the
benefit of PCI appeared to be more pronounced
among patients who had lesions with an FFR of
less than 0.65 than ameng patients who had only
lesions with larger FFR values (P=0.01 for the in-
teraction). The reduction from baseline in the per-
centage of patients with angina of CCS grade 11 to
IV was greater in the PCI group than in the medi-
cal-therapy group and the registry cohort (Fig. 3).
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A Primary End Point

359 pC1 vs. medical therapy:
Hazard ratio, 0.32 (95% Cl, 0.18-0.53); P=0.001
g 30 PCl vs. registry:
Hazard ratio, 1.29 (95% CI, 0.48-3.39); P-0.61
8 59 Medical therapy vs. registry:
,E 20 Hazard ratio, 4.32 (95% Cl, 1.75-10.70); P=0.001
g 1 Medical
w i therapy
Rt
-
E 104
= 5 PCI
Registry
o — 1 1 T T T T 1 T I T 1
o 1 2 3 4 5 & 7 & 9 10 11 12
Maonths since Randomization
Mo. at Risk
Medical 441 414 370 322 283 253 120 192 162 127 100 7O 37
therapy
PCI 447 414 3EE 351 308 3TV 243 212 175 155 117 92 53

Registry 166 156 145 133 117 106 93 74 64 52 41 25 13

B Death from Any Cause

359 pClvs. medical therapy:
Hazard ratio, 0.33 (95% CI, 0.03-3.17); P=0.31
304 pClvs. registry:
Hazard ratio, 1.12 {95% CI, 0.05-27.33); P-0.54
Medical therapy vs. registry:

25+
Ty
Hazard ratio, 2.66 (95% CI, 0.14-51.18); P=0.30

20
15
—— Medical therapy

— PCI
Registry

10

Cumulative Incidence (%)

P E—
o- T 1 T 1 T T T T T T 1
o 1 2 3 4 5 6 7 & 9 101 1

Months since Randomization

Mo. at Risk

Medical 441 423 390 350 312 281 247 219 188 154 122 90 54
therapy

PCI 447 473 396 350 318 ZEE 750 220 183 163 132 95 54

Registry leg 156 145 134 118 107 9 76 67 55 43 27 13

C Myocardial Infarction

359 pC1 vs. medical therapy:

Hazard ratio, 1.05 (95% Cl, 0.51-2.19); P=0.89
304 pCivs. registry:

Hazard ratio, 1.61 (95% CI, 0.48-537); P-0.41
23 Medical therapy vs. registry:

20 Hazard ratio, 1.65 (95% Cl, 0.50-5.47); P=0.41

154

104

Cumulative Incidence (%)

Medical therapy
ea T
fil — Regist

T T T T T T T T T 1
o 1 2 3 4 5 & 7 & 9 10 11 12

Maonths since Randomization

Mo. at Risk

Medical 441 471 386 341 304 273 139 712 152 148 117 85 4%
therapy

PCI 447 414 32 352 300 278 144 114 177 157 110 94 54

Registry 166 156 145 134 118 107 95 75 &5 53 42 26 13

D' Urgent Revascularization

359 pClvs. medical therapy:
Hazard ratio, .13 {95% CI, 0.06-0.30); P=0.001

g 304 pClvs. registry:
Hazard ratio, 0,63 (95% CI, 0.19-2.03); P-0.43
E 25 Medical therapy vs. registry:
Hazard ratio, 4.65 (95% CI, 1.72-12.62); P=0.001
E 20
B
¢ 15
3
10—~
E
3 .
0
[}
No. at Risk Months since Randomization
Medical 441 414 371 325 286 256 223 195 164 129 101 71 38
therapy
PCl 447 421 395 356 315 285 I4& 217 180 160 119 93 53

Registry 166 156 145 133 117 106 94 75 65 53 42 76 13

Figure 1. Cumulative Incidence of the Primary End Point and Its Components.

Kaplan—Meier curves ara shown for the cumulative incidence of the primary end point of death, myocardial infarction, or urgent revascu-
larization (Panel A) and the individual components of the primary end point (Panels B, C, and D) in the group that was randomly assigned
to PCI and the best available medical therapy (PCI), the group that was randomly assigned to the best available medical therapy alone
{medical therapy), and the group that did not undergo randomization and was enrolled in a registry {registry). After 12 months, a total
of two primary end-point events occurred in the PCI group, none in the medical-therapy group, and one in the registry cohort. No deaths
occurred after 12 months in any of the groups. Two patients in the PCI group, none in the medical-therapy group, and one in the registry
cohort had a myocardial infarction after 12 months. One patient in the registry cohort, and none in the other two groups, had an urgent

revascularization performed after 12 months.

DISCUSSION

In the FAME 2 trial, we compared the treatment
strategy of PCL, performed according to current
quality standards, plus the best available medical
therapy with the best available medical therapy
alone in patients with stable coronary artery dis-

ease and hemodynamically significant stenoses.
FFR-guided PCI with drug-eluting stents plus the
best available medical therapy, as compared with
the best available medical therapy alone, resulted
in significantly improved clinical outcomes. The
difference between the two strategies was driven
by an increase by a factor of 8 in the need for
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Table 2. Clinical Events.
Event Randomly Assigned Groups Reg{i:‘hgl%hort
PCI plus Medical ~ Medical Therapy Hazard Ratio
Therapy Alone with PCI
(M=447) (N=441) (959 CI) PValue
. (%) ro. (%)
Primary end point 10 [4.3) 56 {12.7) 032 (0.13-053)  <0.001 5(3.0)
Cemponents of primary end point
Death from any cause 1({0.2) 3(0.7) 0.33 (0.03-3.17) 031 0
Myocardial infarction 15 (3.4) 14 (3.2) 105 (0.51-2.19) 0.89 3(18)
Urgent revascularization 7(L6) 49 (1L1) 0.13 (0.06-0.30) =0.001 4(24)
Daath or myocardial infarction 15 (3.4) 17 3.9) 0.61 (0.28-135) 0.22 3(18)
Cardiac death 1{0.2) 1{0.2) 0.96 (0.06-15.17) 098 0
Revascularization
Any 14 (3.1) 26 (19.5) 0.14 (0.08-0.26)  <0.001 6 (3.6)
MNanurgent revascularization 7 (L8} 38 (8.6) 0.17 {0.08-0.39) <0001 2(L.2)
Stroke 1(0.2) 2{0.5) 0.49 (0.04-5.50) 0.56 1 (0.6}
Definite or probable stent thrombosis 5(L1) 1(0.2) 4.98 (0.59-42.25) 0.10 1(0.6)

urgent revascularization in the medical-therapy
group. In the case of half of these urgent revas-
cularizations, the need for the procedure was
triggered by an increase in biomarker levels,
ischemic changes on ECG, or both. When we
performed a landmark analysis, we found that
the strategy of PCI plus the best available medical
therapy was more beneficial 8 days or more after
randomization than 7 days or less after random-
ization, with interactions between time and
treatment with respect to the primary end point,
as well as with respect to death and myocardial
infarction, suggesting that the benefit of PCI
plus the best available medical therapy might be-
come more pronounced with an increasing dura
tion of follow-up. The percentage of patients with
angina of CCS class II to IV was markedly lower
among patients in the PCI group than among
patients in the medical-therapy group. Moreover,
in 25% of the patients in whom PCI was consid-
ered, none of the stenoses that were visible on an
angiogram were hemodynamically significant as
assessed by means of the measurement of FFR.
Among these patients, the strategy of providing
the best available medical therapy alone was as-
sociated with a very low event rate.

Several factors may explain the differences be-
tween results in the present study and those in

previous trials involving patients with stable coro-
nary disease.>* First, in previous trials in which
various revascularization methods were com-
pared with the best available medical therapy,
patient enrollment was based primarily on an-
giographic findings, with or without noninva-
sive documentation of ischemia. It is likely that
a sizable proportion of the patients had only
limited ischemia. Even in the Clinical Outcomes
Utilizing Revascularization and Aggressive Drug
Evaluation (COURAGE) trial, in which noninvasive
testing was performed in £5% of the patients,?
less than one third of the patients had more than
10% ischemia on myocardial perfusion imag-
ing.® In daily clinical practice, less than half of
patients undergo noninvasive stress testing be-
fore elective PCL22 In the current trial, all the
patients who underwent randomization had at
least one functionally significant stenosis. More-
over, a mean FFR value of 0.68 in large epicar-
dial arteries suggests that there were large areas
of myocardium that were at risk for ischemia. The
low-risk patients with nonischemic FFR values
were not randomly assigned to a study group but
were followed in a registry — a study design that
was unlike that of previous trials.

Second, among patients in the PCI group who
had several stenoses, PCI was performed only in
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Medical P Value for
End Point PCl Therapy Relative Risk [95% CI) PValue Interaction
na. of eventsftotal no_ (%)
Primary end point E <0.001
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Figure 2. Landmark Analysis of the Primary End Point and Its Components.

Thae relativa risk of the primary end point of death, myocardial infarction, or urgent revascularization and of components of the primary
end point are shown, according to the time from randomization (7 days or less vs. 8 days or more). The solid boxes represent relative-
risk estimates for 7 days or less after randomization, and the open boxes represent relative-risk estimatas for & days to the maximum fol-
low-up. Arrows indicate that the lower end of the confidence interval is less than 0.1. (The lower and of the confidance interval for urgent
revascularization at 8 days to maximum follow-up, which could not be shown on the plot, was 0.04.) P values were calculated with the
use of a log-rank test, mcept for the following, which were calculated with the use of Fisher's exact test: death or myocardial infarction at
7 days or lass; death at 8 days to maximum follow-up; myocardial infarction at 7 days or less; and urgent revascularization at 7 days or
less. P values for the interaction between time and treatment with respect to the end points wera calculated with the use of the Mantel—
Cox method. A total of 10 patients randomly assigned to PCI plus the best available medical therapy and & patients assigned to the best
available medical therapy alone underwent randomization during the week before January 15, 2012, and their data were censored for the
analysis of 8 days to maximum follow-up. In addition, 1 patient in each of those groups withdrew consent during the first week of follow-

up, and their data were also censored in the analysis of the subsequent period.

lesions with an FFR of 0.80 or less. This FFR-
guided approach is associated with a better clini-
cal outcome than that with PCI performed on
the basis of angiographic results alone.*® These
features probably explain the similarity of event
rates between patients who were treated with
PCI plus the best available medical therapy and
patients with equivalent baseline characteristics
but no functionally significant lesions who were
enrolled in the registry and treated with the best
available medical therapy alone.

Third, we used drug-eluting stents in patients
who underwent PCI, a strategy that resulted in a
low number of repeat revascularizations.'2® The
use of anti-ischemic medication was similar to
that reported in the COURAGE trial?? and was
most likely much higher than that in routine
clinical practice.®* Nevertheless, receipt of the best
available medical therapy did not preclude a sig-
nificantly higher number of unplanned hospi-

M ENGL ) MED 167,11

talizations with urgent revascularization among
patients randomly assigned to the best avail-
able medical therapy alone than among those
assigned to PCI plus the best available medical
therapy.

Finally, the primary end point of the present
study included not only death and myocardial
infarction but also urgent revascularization, a
component that was not included in the primary
end point of previous trials. The definition of
urgent revascularization was stringent in order
to distinguish it from nonurgent — albeit clini-
cally justified — revascularizations. Among pa-
tients who underwent urgent revascularization,
the clinical presentation met the criteria of an
acute coronary syndrome as assessed by an inde-
pendent clinical events committee whose mem-
bers were unaware of the treatment assignments.
In half the patients who underwent an urgent
revascularization, the unstable nature of the symp-
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Randomly Assigned Groups
Randomly Assigned Groups vs. Registry
No. of events| Relative risk Relative risk
total no. (25% CI) Pvalue (95% CI) P value
Baseline 042
PCl 112447 1.04 (0.95-1.13) 108 (095-123) 022
Medical therapy 296,440 Reference 104 (092-119)  0.52
Registry 107166 — Reference
<0.001
30 Days
Pl 46/413 039 (0.28-0.53) 072 (045-115) 017
Medical therapy 119/412 Reference 187 (1L.25-2.81) 0.002
Registry 23149 — Reference
& Months 0.002
pCl 2138 0.46 (0.28-0.74) 062 (033-119) 016
Medical therapy 46239 Reference 136 (077-2.40) 029
Registry 1392 — Reference
12 Months 007
Pl 141 0.15 (0.02-1.19) 017 (0.01-242) 019
Medical therapy Bf37 Reference 1.14 [0.16-£.03) 0.00
Registry 147 = Reference

6 0 0 3 40 S0 &0 70 80
Patients with CCS Il to IV [3)

Figure 3. Patients with Angina Class Il to IV and Corresponding Relative Risks.

Tha parcentage of patients with angina of class Il to IV on the Canadian Cardiovascular Sociaty (CCS) scale (which ranges from | to IV,
with higher classes indicating greater limitations on physical activity owing to angina) and the corresponding relative risks are shown at
various time points for the group that was randomly assigned to PCI and the best available medical therapy (PCI), the group that was
randomly assigned to the best available medical therapy alone (medical therapy), and the group that did not undergo randomization and
was enrolled in a registry (ragistry). & total of 414 patients in the PCI group, 417 in the medical-therapy group, and 151 in the registry cohort
were eligible for follow-up at 30 days; the correspending numbers at 6 months were 238, 241, and 92, and the corresponding numbers at
1 year were 41, 38, and 7.

1000

toms was evidenced by ST-segment depression,
biomarker elevation, or both. The occurrence of
an acute coronary syndrome necessitates hospi-
talization and is associated with an unfavorable
prognosis, and it should therefore be considered
to be a treatment failure. More important, revas-
cularization has been shown to improve the rate
of survival and decrease the risk of myocardial
infarction among high-risk patients with an acute
coronary syndrome.?s7

The trial has several limitations. First, because
of the premature termination of enrollment, there
was an unusually short follow-up period — too
short to see restenosis emerge as a complication
of PCIL. Differences in the rates of death and
myocardial infarction between the strategies of
PCI and medical therapy alone that were seen in
one recent registry study® could not be confirmed.
However, the difference in the primary outcome
between the two treatment groups was large and
was steadily increasing over time; therefore, the

data and safety monitoring board believed that
exposing more patients with functionally signifi-
cant stenoses to the risk of urgent revasculariza-
tion was inappropriate. Second, although random-
ization was concealed,* it is possible that the
awareness of the presence of a stenosis influ-
enced decisions regarding revascularization. Third,
even though the adherence to medications was
high, the best available medical therapy did not
include interventions by nurse case managers that
were aimed at lifestyle changes and risk-factor
reduction, interventions that were included as
part of the best available medical therapy in the
COURAGE trial.®® Fourth, the strategic nature of
the trial meant that we followed contemporary
guidelines,* which require dual antiplatelet treat-
ment only for patients who undergo stenting. It
is unlikely that this difference in drug regimen
between the two groups could explain the mag-
nitude of the observed difference with respect to
the primary end point.
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In conclusion, among patients with stable coro-
nary artery disease and at least one stenosis with
an FFR_ of 0.20 or less, FFR-guided PCI with drug-
eluting stents plus the best available medical ther

apy, as compared with the best available medical

therapy alone, decreased the rate of urgent re-
vascularization. Among patients with stenoses

that were not functionally significant, the best
available medical therapy alone resulted in an
excellent outcome, regardless of the angiographic
appearance of the stenoses.

Supported by St. Jude Medical .
Disclosure forms provided by the authors are available with
the full text of this article at NEIM.org.
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ABSTRACT

BACKGROUND

We hypothesized that in patients with stable coronary artery disease and stenosis,
percutaneous coronary intervention (PCI) performed on the basis of the fractional
flow reserve (FFR) would be superior to medical therapy.

METHODS

In 1220 patients with stable coronary artery disease, we assessed the FFR in all
stenoses that were visible on angiography. Patients who had at least one stenosis
with an FFR of 0.80 or less were randomly assigned to undergo FFR-guided PCI plus
medical therapy or to receive medical therapy alone. Patients in whom all stenoses
had an FFR_ of more than 0.80 received medical therapy alone and were included in
a registry. The primary end point was a composite of death from any cause, nonfa-
tal myocardial infarction, or urgent revascularization within 2 years.

RESULTS

The rate of the primary end point was significantly lower in the PCI group than in
the medical-therapy group (8.1% vs. 19.5%; hazard ratio, 0.39; 95% confidence in-
terval [CI), 0.26 to 0.57; P<0.001). This reduction was driven by a lower rate of ur-
gent revascularization in the PCI group (4.0% vs. 16.3%; hazard ratio, 0.23; 95% CI,
0.14 to 0.38; P<0.001), with no significant between-group differences in the rates of’
death and myocardial infarction. Urgent revascularizations that were triggered by
myocardial infarction or ischemic changes on electrocardiography were less frequent
in the PCI group (3.4% vs. 7.0%, P=0.01). In a landmark analysis, the rate of death or
myocardial infarction from 8 days to 2 years was lower in the PCI group than in the
medical-therapy group (4.6% vs. 8.0%, P=0.04). Among registry patients, the rate of
the primary end point was 9.0% at 2 years.

CONCLUSIONS

In patients with stable coronary artery disease, FFR-guided PCI, as compared with
medical therapy alone, improved the outcome. Patients without ischemia had a fa-
yorable outcome with medical therapy alone. (Funded by St. Jude Medical; FAME 2
ClinicalTrials.gov number, NCT01132495.)
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FRACTIONAL FLOW RESERVE-GUIDED FCI

HE BENEFIT OF PERCUTANEOUS CORO-
nary intervention (PCI) as an initial treat-
ment strategy in patients with stable coro-

nary artery disease remains controversial.*?® The
potential result from revascularization depends
on the extent and the degree of myocardial is-
chemia*s A fractional flow reserve (FFR) value
of 0.80 or less (i.e., adrop in maximal blood flow
of 20% or more caused by stenosis), as measured
with the use of a coronary pressure wire during
catheterization, indicates the potential of a ste-
nosis to induce myocardial ischemia.®®

In such cases, robust clinical-outcome data
favor FFR-guided revascularization, as compared
with revascularization guided by angiography
alone.”% In preyious trials comparing PCI with
medical therapy alone in patients with stable
coronary artery disease,'? investigators did not
use FFR. guidance or contemporary drug-eluting
stents.

In the Fractional Flow Reserve versus Angiog-
raphy for Multivessel Evaluation 2 (FAME 2) tri-
al, we investigated whether contemporary PCI
plus medical therapy would be superior to
medical therapy alone in patients with stable
coronary artery disease and functionally signifi-
cant stenoses, as determined by the FFR. This
report describes the prespecified 2-year results
for the primary outcome.

METHODS

PATIENTS
We enrolled patients with clinically stable coro-
nary artery disease involving up to three vessels
(as determined on angiography) that was suitable
for treatment with PCL. The inclusion and exclu-
sion criteria have been described previously.”
Using a centralized randomization method, we
assigned patients who had at least one stenosis in
a major coronary artery with an FER of (L80 or
less to undergo FFR-guided PCI (with the use of
the PressureWire Certus or PressureWire Aeris,
St. Jude Medical) plus medical therapy (PCI
group) or to receive medical therapy alone
{medical-therapy group). Patients with an FFR of
more than 0.80 in all stenoses received medical
therapy alone and were included in a registry. All
patients provided informed written consent. The
study protocol is available with the full text of
this article at NEJM.org.

STUDY DESIGN AND OVERSIGHT

We conducted this open-label, randomized trial
ar 28 sites in Europe and North America. The
trial was approved by the institutional review
board at each participating center. The members
of the steering committee designed the study
without involvement of the sponsor, St. Jude
Medical. The sponsor was mvolved in the collec-
tion and source verification of the data but not in
the conduct of the trial. An independent data and
safety monitoring board oversaw the trial. The
members of the steering committee had full ac-
cess to all the data in the study, wrote the manu-
script, and made the decision to submit it for
publication.

STUDY TREATMENTS
Patients were prescribed daily aspirin, a beta-
blocker (alone or in combination with a calcium-
channel blocker, a long-acting nitrate, or both),
an angiotensin-converting-enzyme inhibitor or
angiotensin-receptor blocker, and atorvastatin
alone or in combination with ezetimibe to
achieve a low-density lipoprotein cholesterol level
of less than 70 mg per deciliter (1.8 mmol per
liter). Among patients in the medical-therapy
group and the registry patients, the prescription
of clopidogrel was left to the discretion of the
treating clinician. Among patients in the PCI
group, all stenoses with an FFR of 0.80 or less
were treated with second-generation drug-elut-
ing stents. These patients received clopidogrel (at
adose of 75 mg per day) for at least 12 months in
addition to standard medical therapy. Smokers
were counseled regarding smoking cessation,
and patients with diabetes were referred to a spe-
cialist in order to optimize their treatment.

STUDY END POINTS AND FOLLOW-UP
The primary end point was a composite of death
from any cause, nonfatal myocardial infarction,
or unplanned hospitalization leading to urgent
revascularization within 2 years. Fifty percent of
registry patients were randomly selected to be fol-
lowed up in the same manner as the study pa-
tients. For each outcome event, a detailed narra-
tive was produced. All events were adjudicated by
an independent clinical-events committee whose
members were unaware of the assigned treatment.

Revascularization was considered to be ur-
gent when a patient was admitted to the hospital
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with persistent or increasing symptoms (with or
without changes in the ST segment or T wave or
elevated biomarker levels) and the revasculariza-
tion procedure was performed during the same
hospitalization. All urgent revascularizations
were adjudicated by two independent cardiolo-
gists, who were unaware of the assigned treat-
ment, to determine the type of trigger (myocar-
dial infarction, electrocardiographic evidence of
ischemic changes, or clinical features only) and
the severity of angina (according to the criteria
of the Canadian Cardiovascular Society [CCS])
that led to the procedure.

ADVERSE EVENTS
Serious adverse events were defined as any event
that resulted in death or was life-threatening, re-
quired hospitalization or prolongation of a hos-
pital stay, or resulted in persistent or substantial
disability. Also included were all protocol-speci-
fied clinical end-point events.

STATISTICAL ANALYSIS

The trial was powered to determine the superior-
ity of FPR-guided PCI plus medical therapy over
medical therapy alone with respect to the pri-
mary end point at 2 years. We estimated that the
cumulative incidence of the primary end point
would be 12.6% in the PCI group*2® and 18.0%
in the medical-therapy group,* which would cor-
respond to a relative risk reduction of 30% in the
PCI group. We determined that the enrollment of
816 patients in each study group would provide a
power of more than 84% to detect a relative risk
reduction of 30% at a two-sided type I error rate
of 0.05.

We used the Mantel-Cox method to calculate
hazard ratios and 95% confidence intervals for
between-group comparisons of clinical out-
comes and the log-rank test to calculate corre-
sponding P values. All patients were included in
the intention-to-treat analysis. We constructed
Kaplan—-Meier curves for the primary end point
and its components. In exploratory analyses, we
separately plotted cumulative urgent-revascular-
ization events triggered by myocardial infarc-
tion, unstable angina with evidence of ischemia
on electrocardiography, or clinical features only,
stratified according to the CCS class, and used
the Mantel-Cox method to calculate hazard ra-
tios with 95 confidence intervals and log-rank
tests to calculate P values.

We performed separate analyses according to
a landmark (cutoff) point of 7 days after random-
ization, with hazard ratios calculated separately
for events that occurred within 7 days and those
that eccurred between 8 days and the end of fol-
low-up at 2 years. For each type of event, data for
patients were censored at the time of the first
event — for example, data for a patient who had
an event that contributed to the primary compos-
ite end point during the first 7 days were censored
at the time of the event and excluded from the
analysis of subsequent years after the landmark
point. Landmark analyses were accompanied by a
chi-square test for interaction between treatment
effect and time (first 7 days vs. subsequent peri-
od). All analyses were performed by two indepen-
dent statisticians at an academic clinical-trials
unit (CTU Bern, University of Bern).

RESULTS

PATIENTS
Among 1220 patients who were enrolled between
May 15, 2010, and January 15, 2012, a total of
888 had at least one stenosis with an FFR of 0.80
or less in a large epicardial artery. These patients
were randomly assigned to undergo FFR-guided
PCI plus medical therapy (447 patients) or to re-
ceive medical therapy alone (441 patients). In the
remaining 332 registry patients, all stenoses that
were visible on angiography had an FFR of more
than 0.80. On the basis of the highly significant
between-group difference in the primary end
point, patient recruitment was halted on January
15, 2012, after the randomization of 54% of the
patients in the initially planned study sample
{(Fig. S1 in the Supplementary Appendix, avail-
able at NEJM.org). The characteristics of the pa-
tients at baseline, which have been described
previously,'” were well balanced between the two
treatment groups (Table S1 in the Supplementary
Appendix). Among the 888 patients, 1601 steno-
ses were eligible for PCI on the basis of angiog-
raphy, whereas 1304 stenoses were eligible for
PCI on the basis of an FFR of 0.80 or less, with a
mean (+SD) FFR of 0.64+0.13 (range, 0.19 to 0.80).

PRIMARY END POINT
At 2 vears, at least one primary outcome event
had occurred in 36 patients (8.1%) in the PCI
group and in 86 patients (19.5%) in the medical-
therapy group (hazard ratio in the PCI group,

N ENGL ) MED 37113 NEJM.ORG SEPTEMRBER 25, 2014

The New England Journal of Medicine
Downloaded from nejim.org on September 30, 2016. For personal use only. No other uses without permission,
Copyright © 2014 Massachusetts Medical Society. All rights reserved.

195



FRACTIONAL FLOW RESERVE-GUIDED FCI

Table 1. Clinical Events and Triggers of Urgent Revascularization.*
PCI Medical Therapy  Hazard Ratio
Variable (N=447) (N =441) (95% Cl)f P Valueg
o. (3¢)
Primary end point 36 (8.1) %6 (19.5) 039 (0.26-0.57) <0,001
Death from any cause 6 (1.3) 2 (1.8) 0.74 {0.26-2.14) 0.58
Myocardial infarction 26 (5.8) 30 (6.8) 0,85 {0.50-1.45) 0.56
Urgent revascularization 18 (4.0) 72 (16.3) 0.23 (0.14-0.38) <(0.001
Death or myocardial infarction 29 (6.5) 36 (8.2) 0.79 (0.49-1.29) 0.35
Other end points
Death from cardiac causes 3(0.7) 3(0.7) 0.99 (0.20-4.90) 0.99
Revascularization
Any 36 (8.1) 179 (40.6) 0.16 {0.11-0.22) <0,001
Nonurgent 18 (4.0) 117 (26.5) 0.13 {0.08-0.22) <0.001
Stroke 7(L.6) 4(0.9) 1.74 {0.51-5.94) 037
Definite or probable stent thrombesis 7 (1.6) 2 (0.5) 3.48 (0.72-16.8) 0.10
Triggers of urgent revascularization according to
Canadian Cardiovascular Society class§
Any trigger
Ml classes 18 (4.0) 72 (163) 0.23 {0.14-0.38) <0.001
0,1, erll 4(0.9) 7 (16) 0.56 {0.16-1.93) 035
1 3(0.7) 20 (4.5) 0,14 {0.04-0.49) <0,001
v 11 (2.5) 47 (10.7) 022 {0.11-0.42) <0,001
Myocardial infarction or changes on ECG
All classes 15 (3.4) 31 (7.0) 0.47 {0.25-0.86) 0.01
0,1, orll 3(0.7) 4 (0.9) 0.74 (0.17-3.31) 0.69
n 2 (0.4) 7 (16) 0.28 {0.06-1.35) 0.09
v 10 (2.2) 71 (4.8) 0.46 {0.22-0.98) 0.04
Clinical features only
Al classes 3(0.7) 43 (9.8) 0,07 (0.02-0.21) <0001
0,1, 0rll 1(0.2) 3 (0.7) 033 {0.03-3.17) 031
n 1(0.2) 14 3.2) 0.07 {0.01-0.53) 0.001
v 1(0.2) 27 (6.1) 0.03 {0.00-0.26) <0001

* ECG denotes electrocardiography, and PCl percutaneous coronary intervention.
i Hazard ratios are for the PCl group as compared with the medical-therapy group.

1 P values were calculated with the use of the log-rank test.

§ Patients could have more than one event. The Canadian Cardiovascular Society grades the severity of angina as follows:
class |, angina only during strenuous or prolonged physical activity; class 11, slight limitation, with angina only during
vigorous physical activity; class |11, symptoms with activities of everyday living (moderate limitation); and class IV, in
ability to perform any activity without angina or angina at rest (severe limitation).

0.39; 95% confidence interval [CI], 0.26 to 0.57;
P<0.001) (Table 1, and Table $2 in the Supple-
mentary Appendix). In the registry group, at least
one event in the primary end point occurred in
15 patients (2.0%), with little difference between
the PCI group and registry patients (hazard ratio,
0.90; 95% CI, 0.49 to 1.64; P=0.72) but a large
difference between the medical-therapy group

and registry patients (hazard ratio, 2.34; 95% CI,
1.35 to 4.05; P=0.002) (Table $2 and Fig. S2 in
the Supplementary Appendix).

LANDMARK ANALYSES

Within 7 days after randomization, there were
more primary end-point events in the PCI group
than in the medical-therapy group (2.2% vs.
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A Primary End Point
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Figure 1. Kaplan-Meier Curves for the Landmark Analyses.

Shown are the cumulative incidences of the primary end point (a composite of death from any cause, nonfatal myocar
dial infarction, or urgent revascularization) (Panel A) and of death or myocardial infarction (Panel B) in the two study
groups, stratified on the basis of a landmark point at 7 days alter randomization (vertical dashed line). Hazard ratios
for PCl versus medical therapy were calculated separately for events that occurred within 7 days and those that occurred
between & days and the end of follow-up at 2 years. Data for the first 7 days are not included in the period after 7 days.
The insets show the data for days 0 to 7 on an expanded y axis. P values for interaction were caleulated from tests of
heterogeneity between time periods. Hazard ratios below 1.00 denote a lower incidence of the primary end point in the
PCI group than in the medical-therapy group.

N ENGL ) MED 37113 NEJM.ORG SEPTEMRBER 25, 2014

The New England Journal of Medicine
Downloaded from nejim.org on September 30, 2016. For personal use only. No other uses without permission,
Copyright @ 2014 Massachusetts Medical Society. All rights reserved.

197



FRACTIONAL FLOW RESERVE-GUIDED FCI

0.9%; hazard ratio, 2.49; 95% CI, 0.78 to 8.00;
P=0.11) (Rig. 1A, and Table 83 in the Supplemen-
tary Appendix). Six out of 10 primary end-point
events in the PCI group were periprocedural
myocardial infarctions. During the period from
§ days to 2 years after randomization, patients
undergoing PCI had a 44% relative risk reduction
for the composite of death or myocardial infarc-
tion (4.6% vs. 8.0%; hazard ratio, 0.56; 95% CI,
0.32 to 0.97; P=0.04) (Fig. 1B) and a 79% relative
risk reduction for urgent revascularization (3.6%
vs., 15.6%; hazard ratio, 0.21; 95% CI, 0.12 to
0.37; P<0.001), with a significant interaction be-
tween treatment and time for the composite of
death or myocardial infarction (P=0.002 for inter-
action) but not for urgent revascularization
(P=0.34 for interaction).

URGENT REVASCULARIZATION
The between-group difference in the primary end
point was driven by a 77% reduction in the need
for urgent revascularization in the PCI group, as
compared with the medical-therapy group (4.0%
vs. 16.3%; hazard ratio, 0.23; 95% CI, 0.14 to
0.38; P<0.001) (Table 1). Figure 2 shows the cu-
mulative numbers of unplanned rehospitaliza-
tions with urgent revascularization according o
the type of trigger and angina class over time.
Eighteen urgent revascularizations were per-
formed in 18 patients in the PCI group (2.1 events
per 100 patient-years), whereas 79 revasculariza-
tions were performed in 72 patients in the medi-
cal-therapy group (10.4 events per 100 patient-
years).

In these 90 patients in the two study groups,
revascularizations were triggered by a myocar-
dial infarction in 28 patients (31%), by unstable
angina with ischemic changes on electrocardi-
ography in 18 patients (20%), and by clinical
features only in the remaining 44 patients (49%),
with a predominance of CCS class IV angina,
regardless of the trigger. There were significant
differences between the PCI group and the
medical-therapy group with respect to urgent
revascularizations triggered by a myocardial in-
farction or ischemic electrocardiographic chang-
es (3.4% vs. 7.0%; hazard ratio, 0.47; 95% CI,
0.25 to 0.86; P=0.01) and those triggered by CCS
class IV angina (2.5% vs. 10.7%; hazard ratio,
0.22; 95% CI, 0.11 to 0.42; P<0.001). Figure 3
shows the cumulative incidence of revasculariza-
tion for any reason.
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Figure 2. Urgent Revascularizations, According to Type of Trigger.
Cumulative events of urgent revascularization are shown for patients in the
PCl group (Panel A} and those in the medical-therapy group (Panel B),
according to whether the procedure was triggered by myocardial infarction,
electrocardiographic (ECG) changes, or clinical features only and according
to the severity of angina at presentation, as indicated by Canadian
Cardiovascular Society (CC5) class.

OTHER END POINTS
After 2 vears, 179 patients (40.6%) in the medi-
cal-therapy group had crossed over to undergo
PCI, whereas 36 patients (8.1%j) in the PCI group
had undergone repeat revascularization (hazard
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Figure 3, Kaplan-Meier Curves for Total Revascularizations.

Shown are the curnulative incidences of total revascularizations in the two
study groups during the 2-year study period. Hazard ratios and the corre-
sponding 95% confidence intervals are based on a Mantel-Cox comparison
of revascularizations with PCI versus medical therapy alone, and the P val
ues were calculated with the use of a log-rank test. Additional details are
provided in Figure S5 in the Supplementary Appendix.
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ratio, 0.16; 95% CI, 0,11 to 0.22; P<0.001). Table
§2 in the Supplementary Appendix presents a
comparison of end points for patients in the two
study groups and the 166 registry patients who
were followed for up to 2 years; 20 registry pa-
tients {12.0%) crossed over to undergo PCI. Fig-
ure S3 in the Supplementary Appendix presents
stratified analyses of the primary end point ac-
cording to the characteristics of the patients at
baseline. The reduction from baseline in the per-
centage of patients with angina of CCS grade 11,
III, or IV was greater among patients in the PCI
group than among those in the medical-therapy
group and those in the registry group at all time
points during 2 vears of {ollow-up (Fig. $4 in the

Supplementary Appendix). After 2 years, 69% of

patients were still receiving a combination of aspi-
rin, beta-blockers, and statins (Table 84 in the
Supplementary Appendix).

SERIOUS ADVERSE EVENTS

At least one clinical event or other serious adverse
event was reported in 151 patients (33.8%) in the
PCI group and in 232 patients (52.6%) in the med-
ical-therapy group (hazard ratio, 0.55; 95% CI,
0.44 to 0.67; P<0.001) (Table 1, and Table 85 in the
Supplementary Appendix). The same percentage

of patients in the two groups (17.2%) had noncar-
diovascular serious adverse events, including clin-
ical events (hazard ratio, 1.00; 95% CI, 0.73 w
1.38; P=0.98), whereas serious cardiovascular ad-
verse events (defined as death from cardiac causes,
myocardial infarction, stent thrombosis, any re-
vascularization, or any other cardiovascular seri-
ous adverse event) were reported in 110 patients in
the PCI group as compared with 204 patients in
the medical-therapy group (24.6% vs. 46.3%; haz-
ard ratio, 0.45; 95% CI, 0.36 to 0.57% P<0.001).

DISCUSSION

In our study involving patients with stable coro-
nary artery disease and stenosis, the rate of the
primary end point (death, myocardial infarction,
or urgent revascularization at 2 years) among
those who underwent FFR-guided PCI with con-
temporary drug-eluting stents was less than half
the rate among patients who received medical
therapy alone. Urgent revascularizations trig-
gered by a myocardial infarction or ischemic
changes on electrocardiography were half as fre-
quent in the PCI group as in the medical-therapy
group. Although there was no significant be-
tween-group difference in the overall rate of
death or myocardial infarction, patients who un-
derwent PCI, as compared with those who re-
ceived medical therapy alone, had a significant
reduction in the rate of death or myocardial in-
farction after the initial 7 days following ran-
domization.

More than 25% of patients with stable coro-
nary artery disease who were scheduled to un-
dergo PCI on the basis of clinical and angio-
graphic data had no stenosis with an FFR value
of 0.80 or less and were thus unlikely to have
had ischemia. These patients had a favorable
clinical outcome at 2 years with medical therapy
alone, a finding that is similar to results in pa-
tients with at least one clinically significant
stenosis who were treated with PCI plus medical
therapy. The degree of angina at 2 years was
significantly lower in the PCI group than in the
medical-therapy group, even though almost 50%
of patients who were initially assigned to the
medical-therapy group had died, had had a myo-
cardial infarction, or had undergone revascular-
ization.

In daily clinical practice, less than half of
patients undergo noninvasive stress testing be-

N ENGL ) MED 37113 NEJM.ORG SEPTEMRBER 25, 2014

The New England Journal of Medicine
Downloaded from nejim.org on September 30, 2016. For personal use only. No other uses without permission,
Copyright © 2014 Massachusetts Medical Society. All rights reserved.

199



FRACTIONAL FLOW RESERVE-GUIDED PCI

fore elective PCI,** and the decision to perform
revascularization is based primarily on the an-
giographic appearance of a stenosis. There is a
growing awareness of the poor accuracy of coro-
nary angiography for identifying lesions respon-
sible for myocardial ischemia and the inaccuracy
of noninvasive stress testing in patients with
multivessel coronary artery disease.?22% [n our
randomized trial, we enrolled only patients with
an FFR of 0.80 or less in at least one large epi-
cardial artery. In contrast to all previous trials
comparing PCI with medical therapy in patients
with stable coronary artery disease, this FFR-
driven selection process excluded patients with-
out clinically significant ischemia, who are
known to be at lower risk than are those with
ischemia. The inclusion of these low-risk pa-
tients in previous trials limited the potential for
showing any benefit from PCI. In our study, the
measurement of FFR in patients with multivessel
coronary artery disease allowed for the determi-
nation of which lesions were hemodynamically
significant. Such lesions were shown to benefit
from PCI, as compared with hemodynamically
nensignificant stenoses, for which PCI is unnec-

essary or even harmful.®'® The resolution of

ischemia in the patients treated with FFR-guided
PCI probably explains the similar event rates
among registry patients who had coronary artery
disease and similar baseline characteristics but
who received medical therapy alone because they
had no ischemia-producing lesions,

Multiple studies have suggested that peripro-
cedural infarctions rarely have an effect on the
long-term prognosis for patients undergoing
PCL2*?> whereas spontaneous infarctions are
predictive of an increased risk of death. In our
study, the rate of death or myecardial infarction
was significantly higher in the medical-therapy
group than in the PCI group after the initial 7
days following randomization because of a
higher rate of spontaneous myocardial infarc-
tion in the medical-therapy group.

The primary end point of our study included
not only death and myocardial infarction but
also unplanned hospitalization for urgent revas-
cularization. The definition of urgent revascu-
larization was stringent in order to distinguish
urgent from nonurgent procedures. Severe an-
gina was present in more than 90% of patients
who underwent urgent revascularization, and in
more than 40% of these patients, there was an

increase in biomarkers or dynamic changes on
electrocardiography, which are criteria for per-
forming PCI according to both American and
European guidelines.?®#’ Therefore, urgent re-
vascularization in our study should be consid-
ered a failure of the treatment to which the pa-
tient has been assigned.

In contrast to previous trials comparing PCI
with medical therapy,** we used second-genera-
tion drug-eluting stents.™®2° This factor may
partially explain the improved outcome in pa-
tients with stable coronary artery disease who
were treated with PCI as compared with the
outcome in the medical-therapy group,2829

Our trial has several limitations. First, enroll-
ment was interrupted early after interim analy-
ses by the data and safety monitoring board
disclosed a large excess of primary end-point
events in the medical-therapy group. Second,

patients and treating physicians were aware of

study-group assignments. It is possible that the
awareness of the presence of a functionally sig-
nificant stenosis influenced the decision of the
physician or the patient during follow-up. Yet,
the fact that the group of registry patients with
angiographically significant coronary artery dis-
ease had a lower number of events than those in
the medical group suggests that the awareness
of having an unstented coronary blockage can-
not explain the high event rates among patients
in the medical-therapy group. Moreover, the
significantly higher rates of death and myocar-
dial infarction that occurred more than 7 days
after randomization in the medical-therapy
group than in the PCI group and the registry
group cannot be explained by the lack of blind-
ing. Third, stenoses were located in large coro-
nary arteries and the mean FFR value was (.64,
which suggests both profound and extensive
ischemia. Thus, these results should not be ex-
tended to patients with smaller vascular areas
at risk.

In conclusion, among patients with stable
coronary artery disease and ischemia, as shown
by the presence of at least one stenosis with an
FFR of 0.80 or less in a large epicardial artery,
the clinical outcome at 2 years was improved by
FFR-guided PCI with second-generation drug-
eluting stents plus the best available medical ther-
apy, as compared with medical therapy alone. In
patients without hemodynamically significant
stenosis, the best available medical therapy alone

NENGL] MED 371713 NEJM.ORG  SEPTEMBER 25, 2014

The New England Journal of Medicine
Downloaded from nejm.org on September 30, 2016, For personal use only. No other uses without permission,
Copyright © 2014 Massachusetts Medical Society. All rights reserved.

1215

200



1216

The NEW ENGLAND JOURNAL of MEDICINE

was associated with an excellent 2-year clinical
outcome, regardless of the angiographic appear-
ance of the stenoses.
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VERIFY (VERification of Instantaneous Wave-Free Ratio
and Fractional Flow Reserve for the Assessment of
Coronary Artery Stenosis Severity in EverydaY Practice)

A Multicenter Study in Consecutive Patients

Vol £1, Mo 13, 2013

Colin Berry, MBCHE, PHD,* Marcel van 't Veer, M5c, PHD,& Nils Witt, MD, PuD,§
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Objectives This study sought to compare fractional flow resarve (FFR) with the instantaneous wave-free ratio (iFR) in pa-

tients with coronary artery disease and also to determine whether the iFR is independent of hyperemia

Background FFR is a validated index of coronary stenosis severity. FFR-guided percutansous coronary intervention (PC) im-
proves clinical outcomes compared to angiographic guidance alone. iFR has been proposed as a new index of

stenosis severity that can be measured without adenasine.

‘We conducted @ prospective, multicenter, imternational study of 206 consecutive patients referred for PCl and a
retrospective analysis of 500 archived pressure recordings. Aortic and distal coronary pressures were measwuned
in duplicate in patients under resting conditions and during intravenous adenosine infusion at 140 pg kg min.

Results Compared to the FFR cut-off value of =0.80, the diagnostic accuracy of the iFR value of =0.80 was 60% [95% confi-
dence interval [C1]: 53% to 67%) for all vessels studied and 51% (95% Cl: 43% to 59%) for those patients with FFR in
the range of 0.60 to 0.90. iFR was significantly influenced by the induction of hyperemia: mean = 50 iFR at rest was
082 + 016 versus 0.64 = 018 with hyperemia (p = 0.001) Receiver oparating characteristics confirmed that the
disgnostic accuracy of iFR was similar to resting Pd,/Pa and trans-stenctic pressure gradient and significantly inferior
to hyperemic iFR. Analysis of our retrospectively acquired dataset showed similar results.

Conclusions

iFR comelates weakly with FFR and is not independent of hyperemia. iFR cannot be recommended for clinical dec-

sion making in patients with coronary artery diseasa. (Comparison of Fractional Flow Resene Versus Instant Wave-

Free Ratio for Assessment of Coronary Artery Stenosis Severity in Routine Practice; NCTO1559403)

{J Am Coll Car

dicl 2043:61-1421-7) © 2013 by the American College of Cardiclogy Foundation

Fractional flow reserve (FFR) is a pressure-derived index of
coronary stenosis severity and represents the ratio of maxi-
mal blood flow in a stenotic artery to maximal flow in the
same artery in the absence of any stenosis (1-4). It has been
well validated (5-7), and in patients with multivessel coro-
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Abbreviati
and Acronyms

BCC = Amencan College of

compared to treatment based on
angiography alone (8-10). As a
result, FFR guidance during PCI

has received a class 1A recom-

Cardiology
- o mendation from the European
m “ Society of Cardiclogy (11) and a
e cass 11A recommendation from
o mctional flo the American College of Cardiol-

ogy (12). FFR measurements re-
quire that myocardial resistance
is minimal and constant. In clin-
ical practice, intravenous adeno-
sine infusion is wsed to establish

iFR = mstantaneous wave-
free ratio

Pa = aorisoc pressurs
Pd = distal coronary

pressane
PCI = pevcutancous these conditions. Although most
comnary ibervention patients experience some breath-

lessness and chest tightness dur-

ing adenosine infusion, these
symptoms are generally well tolerated (13). The instanta-
neous wave-free ratio (iFR) has been proposed as an index
of stenosis severity that s independent of hyperemia and can
be measured without the need for adenosine (14). The
concept of iFR is based on the hypothesis that there is a
diastolic “wave-free” period (WFP) when microvascular
resistance is already constant and minimal. An iFR value
of =0.83 has been suggested as having diagnostic accu-
racy comparable to the commonly used FFR cutoff of
=0.80. We studied consecutive unselected patients re-
ferred for angiography with or without PCI to compare
FFR to iFR and to determine whether iFR is indepen-
dent of hyperemia.

Methods

The study protocol was approved by the institutional review
board or ethics committee at each participating center, and

all patients provided written informed consent. This study is
registered at the National Institutes of Health Clinical

JALC Vol 62, Mo. 13, 2013

Bpril 2, 334427
Baseline Charactaristics (n = 206)
Age (yrs) 5.2 * 102
Male 145(T1)
Mzan body mass Index [Kgm®) 7T T 4B
Risk factors
Cigarstte smaker B4 [31)
Dlabetes D [(24)
Hyperchalestemiemia 127 (82)
Treated bypertension 137 [87)
Family Bistory T4 [35)
Mean % of keft ventricular ejection traction BE =11
S1able angina 140(88)
Urestaitde angina 45 (229
Mo, of peesious MIS In the culprit artery termtory 28 [14)
Index artery
Lan 133(84)
cx 28 (14)
ACA 45(23)
Mo significant dissass 15 8§
Singlevessel disease ES[41)
Twn-vessel disease B4 (31)
Threesessel disease 4120
Medication
Aspiin 1B4 (B8]
Caopldogrel or tieagrelon o prasugrel 94 [4E)
ACE InhibRor or ARE 133 (B8]
Beta-hiocher 164 [TE)
Statin 163 (82)
Caiclum antagonist 43 [24)
Long-acting nitrate 45 [22)
Insulin 123y
Orall amtidlabetes medication 33(1E)

Walues aro moan = 50 oen (K]

ACE = angiolensi-oormvaring erayme; ARS = anglobensin recepior biodker; Cx = clhoumiias
CoeTnany arany; LAD = kit anierior desoending cosonary artary; Ml = myncandial Infarction; RCA -
vight conanary artary.

Trials website (NCT0155%493). All consecutive patients
referred for FFR-guided angiography with or without PCI
during a 5-week period from January 4 to February 10, 2012,

]
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Scatterplots and Bland-Altman Plots of FFR Versus iFR for the Prospective Dataset (n = 206)

(A and C} All vessel; (B ond D) vessels with FRR0UBD 1o D.90. Lines of identity are shown os dashed red Bnes. In addition to the near regression shown (A, salid
black lme}, 2 hinged regression line (not shown] was fitted by l=ast squares and gave 2 slope of 0UET above the hinge point of FFR = [LED [x-amis) and 0.75 {y-as)
and a slope bedow it of L8E; r is Spearman’s comelation. Limits of agreament, —0.0E 1o 0.27 (B) and —0.0E 1o 0.4 (D), ar= chown = deshed linss, and aversge dif-
ferences are shown as solid Enes. When FRR is low [20.60), the 55% mean = 5D limits of agreement (=1.9E) are wide {—0.36, 0230

04 a . . .
08 06 of 0B o8 1
average IFR and FFR [ - |

were inchided. Exclusion criteria were a2 history of coronary
artery bypass surgery, extremely tortuous coronary arteries,
an occluded coronary artery, severely calcified lesions, or 2
history of acute myocardial infarction within 5 days. Retro-
spective analysis was conducted using archived pressure
recordings from 500 unselected paticnts from three of the
participating centers,

FFR vwas measured in one coronary artery in cach patient
after the operator had identified potential targets for PCL
The RadiAnalyzer Xpress instrument (St. Jude Medical,
Uppsala, Sweden) and a coronary pressure wire {Certus, St
Jude Medical, Uppsala, Sweden) were used in all cases.
After the coronary angiogram was obtained, the pressure
wire was zeroed, equalized, and positioned with the sensor

Diagnostic Performance and Accuracy of IFR <0.80

in the distal third of the target artery. Two minutes after the
last injection of contrast medium, pressure recording com-
menced. After approximately 10 cardiac cycles, an intrave-
nous infusion of adenosine (140 pg/kg/min) was adminis-
tered through a large antecubital or central vein. The
response to adenosine was confirmed by changes in heart
rate and blood pressure and development of typical symp-
toms. After a stable minimum value of FFR was established,
the adenasine infusion and pressure recording were stopped.
Following a 2-min rest period, the sequence was repeated to
test reprodudbility of all indices. Finally a pullback record-
ing was pedformed to exclude wire drft.

iFR was measured as the ratio of mean distal coronary
pressure to mean aortic pressure during the diastolic WFP

Diagnosis % of FFR = 0.80 {n) % of 5 ivity {95% CIi % of Specificity (95% CI} % of PPV [95% CIl % of WPV (95% CI % of A [95% C1)
Prospecthve study
Al FFAs jn = 206) 55 [134) 40(31-48) 39 (33-100) 58 (30-100) 47 (32-55) B0 [53-E7)
FFRs 0.6-0.9 [n = 160} 54103) 25(17-35) 38 [31-100) 96 (B1-100) 42 (34-51) 51 [43-59)
Reirospeciive study
Al FFAs [n = 497} 58 [339) 40 (35-48) =5 (37-100) 54 (56-100) 44 (38-45) 58 [54-E3)
FFRs 0.6-0.9 (n = 332) 70 [275) 28(22-33) 39 [35-100) 59 (33-100) 37(31-42) 49 [44-54)

€l = confldence inlenal; NFY = negative predictive valee; FPY = poslive pradictive valie
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Comparisen of FFR Versus ifR Bpril 2, 31347
Diagnostic Performance and Accuracy of iFR =0.83
Diagnosis % of FFR =080 i) % of (95% Cl) % of Specifioity (95% CI) % of PPV {95% CI) % of NPV (95% CIl % of (95% ¢

Prospecthe study

Al FFAS jn = 206) 65 [134) 54 (45-52) o5 [B8-99) 96 (89-89) 53 (44-52) B8 [61-T5)

FFRs 0.6-0.9 (n = 160) 64 (103) 41 (31-51) 95 [B5-99) 93 (82-89) 47 (38-5E) 60 [52-68)
Retrospective study

Al FFAS jn = 457) BB [339) EE (45-50) o8 [B5-93) ELTELRT 50 (44-5E) BB [B4-TZ)

FFRs 0.6-0.9 (n = 332) T0(275) 45 (39-E2) o7 (93-99) 98 (93-100) 43 (37-43) 61 [56-E6)

€l = confldence inlenal; NFY = negative predictive valee; FPY = poslive pradictive valie

as described by Sen et al. (14) (Fig. 1). In order to determine
whether iIFR was independent of hyperemia, mean Pd/Pa
during this period was also measured during adenosine
infusion (“hyperemic” iFR). All analyses were performed in
a fully automated manner without manual selection of dara
time points.

Dama management and statistics. For the prospective
study, a sample size of 189 subjects provided 90% power at
the 5% significance level to confirm a difference of 10% in
the diagnostic accuracy of iIFR compared to FFR from a null
hypothesis value of 80%. We planned to recruit 200 patients
to account for any missing data. Clinical data without
patient identifiers and coronary pressure recordings were
submitted to a core laboratory (Department of Biomedical

1.0

D.g 0.&2 & 0.18
.I_l 0.84 £ 018
06
nd
L

0.4

0.2

0.0

REST HYP
iFR During Rest and Hypermia

Figure 3[Rt ied = SD for Each Group
Mean difference: 0U1E (055 C 04T to 0L20), p < OLODOL.

Engincering, University of Technology, Eindhoven, the
Metherlands). Coronary pressure recordings were exported
from RadiView software (version 2.2, 5t Jude Medical, Upp-
sala, Sweden) and analyzed using Matlab (Mathworks, Inc,
Matick, Massachusetts). The relationship between FFR and
iFR was quantified with a coefficient of determination ().
Agreement between the methods was assessed by Bland-
Altman plots and 95% limits of agreement. The performance
of iFR was assessed using sensitivity, specificity, positive
predicive value (PPV), negative predictive value (NPV), and
diagnostic accuracy (the percentage of patients correctly diag-
nosed by iFR), together with their 95% confidence intervals
(Cls). iFR was compared to hyperemic iFR and other mea-
sures by using receiver operating characteristics (ROC) area
under the curve (AUC) amalysis using the method described by
Delong et al. (15). Analyses were performed with the entire
dataset and with the subgroup of patients with an FFR in the
range 0.60 to 0.90. Statistical analysis was performed by an
independent statistician (JML) with IBM SPSS version 19.0
(IBM Corp., Armonk, New York), Minitab version 16.0

1.0
—FFR
—L
o PP
0A (=== Firit il ¥l
= 0.6
3
g 0.4 AUC
IFR 067
Restgrac. | 0878
024 Pd/Pa | 0.880 |
iFRhyg | 0.858
oo~ T T T T
00 02 04 0B 08 10
1 - Spesifisity
ROC Curves for iFR (AUC = 0.8T7), Hyperamic iFR
SHRP (iFRhyp; AUC = 0.99, p < 0.000001), Distal Coro-

nary,Aortic Pressure Ratio at Rest (Pd/Pa; AUC =
0.88. p = 0.52). and Resting Gradient Between Aortic
and Distal Coronary Pressures (AUC = 0.87, p = 0.7T)

Al p walu=s are comparisores with FR.
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Scatterplots and Bland-Altman Plots Showing the Reproducibility of FFR and iFR
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(Minitab Inc., State College, Pennsybvania), and R (R Foun-
dation, Vienna, Austria) software.

Results

The clinical characteristics of the patients in the prospective
study are shown in Table 1. The relationships between FFR
and iFR are shown in Figure 2. Compared to the commonly
used FFR cur-off value of =0.80, the diagnostic perfor-
mance of iFR of =0.80 is shown in Table 2. Overall
accuracy was 60% (95% Cl: 53% to 67%) for all vesscls
studied and 51% (95% Cl: 43% to 59%) for those with FFR
in the range of 0.60 to 0.90. Sen et al. (14) proposed that
iFR of =0.83 has diagnostic perfformance equivalent to an
FFR of =0.80. The diagnostic performance of iFR at =0.83
in our prospectively acquired dataset is shown in Table 3.
Orverall accuracy was 68% (95% Cl: 61% o 75%) for all
vessels studied and 60% (95% Cl: 52% to 68%) for those
with FFR in the range of 0.60 to 0.90. iFR decreased
significantly with hyperemia: mean + 5D iFR at rest 0.82 =
0.16 versus 0.64 = 0.18 with hyperemia (95% CI for
difference 0,17 to 0.20; p<0.0001) (Fig. 3). ROC con-
firmed that the diagnostic performance of iFR was similar to
that of resting Pd/Pa (p = 0.52) and trans-stenotic pressure
gradient (p = 0.77) and inferior to that of hyperemic iFR
(p = 0.0001) (Fig. 4). Both iFR and FFR showed excellent

reproducibility (Fig. 5). However, FFR had significantly
better reproducibility (p < 0.000) with the iFR differences
having between 2.5 and 4.4 times larger variance than FFR
differences (95% CI and F-test to compare two variances).
The FFR 95% limits of agreement were —0.04 to 0.04; iFR
95% limits of agreement were wider (—0.07 to (0.08),
particularly when iFR <0.8 (—0.08 to 0.14). The relative
cmor (iFR — FFR/FFR) for heart rate (p = 0.032) and
pressure rate product (p = 0.032) indicated that iFR was
susceptible to varations in heart rate and blood pressure
during resting conditions. This is illustrated by the wider
spread of points in the iFR scatter plot than in the FFR
scatter plot (Fig. 5). Results of the analysis of our retrospec-
tively acquired dataset were consistent with those of the
prospective study (Table 2 and 3, Fig. 6). In Figure 6A (as
in Fig. 2A), in addition to the simple lincar regression
shown (solid black line), a hinged regression line was fitted
by least squares and gave a slope of 0.62 above the hinge
point of FFR = 0,63 {x-zxis) and (.78 (y-axis), and a slope
below it of 1.19.

Discussion

Qur results show a moderate overall correlation between
FFR and iFR but only a weak comrelation in the clinically
important range for decision making of 0,60 to 0.90. Sen et
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Uvod

Soufasna klasifikace akutnich koronarnich syndromid
(AKS) ve dvou hlavnich kategoriich (akutni infarkt myo-
kardu s elevacemi dseku 5T [STEMI] a akutni koronarni
syndromy bez elevaci useku ST [mon-STE AKS]) histaricky
vychazi z potfeby definovat pacienty indikované k trom-
bolytické 1&Cbé. Je prokazano, ze trombolyticka lécba je
sice ucinna u STEMI, ne viak u non-5TE AKS [1,2]. V sou-
casnosti je viak trombolyticka 1é¢ha u STEMI ve vétiiné
evropskych zemi a stale vice i jinde ve svété nahrazovana
ucinnéjiim lééebnym postupem — primarni perkutanni
koronarni intervenci (p-PCI) [3,4]. Na rozdil od trombo-
lyzy je akutni PCl uziteéna u Sirilho spektra AKS. Dilema
v prvni linii rezhodovani tak dnes jiz nezni, ,zda provést
trombolyzu” (toto rozhodnutl se fidilo pfitomnosti nebo
nepfitomnosti elevaci useku 5T), ale spiie _zda odeslat
pacienta pfimo na katetrizacni sal”. Pfi tomto rozhodo-
vanl se nesmi vychazet z pritomnosti/nepfitomnosti ele-
wvacl useku ST, ale spie ze znamek probihajici ischemie
nebo hemodynamické nestability bez ohledu na vstupni
EKG zdznam.

Podle nedavno publikovanych doporudeni Evropskeé
kardiologické spolecnosti [5,6] se emergentni invazivni
strategie (podobna p-PCI) indikuje nejenom v pfipadé
STEMI, ale i u nejrizikovéjSich podskupin pacientd s non-
-5TE AKS. Navic se u fady pacientd s kritickym (Zivot ohro-
Zujicim) angiografickym nélezem £asto neobjevuji elevace
useku ST (kritické l1éze kmene levé véndité tepny, uzavér
r. circumflexus atd.), i kdyZ u téchto pacientd (stejné jako
u fady daléich s probihajicim akutnim infarktem myokar-
du bez elevaci useku ST) by provedeni emergentni koro-
narografie {coronary angiography — CAG) a PCI [7] bylo
bezpochyby pfinosné. Odkladani koronarografie kil
nepfitomnosti elevaci Gseku 5T v téchto kritickych situa-
cich mize v bézné praxi vést ke zhorieni klinického stavu
(wéetné zbytecénych pfipadd amrti).

Ceska kardiologickad spolefnost se na zakladé téchto
skutecnosti rozhodla navrhnout novou klasifikaci akutnich
koronarnich syndroma vychazejid z pfitomnosti nebo ne-
pritomnosti prabihajici ischemie v dobé prvniho kontaktu
s lékafem nebo pii prijezdu na jednotku neodkladné péde.
Tato klasifikace je zaméfena na prvni projevy (wéetné nut-

A: Soucasnd klasifikace akutnich
korondrnich syndromii

nosti okamzitého rozhodnuti, zda pacienta (ne)pfevézt na
katetrizacni sal pro provedeni p-PCl), a ne na konednou
diagnézu — a proto primarné neni soucasti pofatednino
rozhodovacino algoritmu stanoveni biomarkerd. Méktera
ceska pracovisté terciarni péce jiz do swych l&€ebnych pro-
tokold tuto klasifikaci zaradila [8].

Navrhovana nova klasifikace
akutnich koronarnich syndroma (obr. 1)

Akutni koronarni syndromy je nutno klesifikovat podle
rozhodnuti, kam je tfeba pFfevézt padenta jiZ pfi prenim
kontaktu s lékafem: (a) bezprostiedné (béhem < 2 ho-
din od prvniho kontaktu s IEkafem) na katetrizaéni sal
nejblizii nemocnice s vybavenim pro PCl, nebo (b) na
nefblizii korondrni jednotku (véetné nemocnic bez vyba-
veni pro PCl). Do kategorie (a) spadaji v podstaté viichni
pacienti s probihajicimi {rozvijejicimi se nebo recidivujici-
mi) znamkami akutni ischemie myokardu bez ohledu na
vysledek vstupniho EKG zéznamu (elevace nebo depre-
se Useku ST, blokada raménka Tawarova, nebo dokonce
nediagnosticky wysledek EKG vyietfeni pfi vazném klinic-
kém podezfeni, napf. uzévéru r. circumflexus) a pacien-
ti s jakoukoli formou akutniho koronarniho syndromu
komplikovaného hemodynamickou nebo elektrickou
nestabilitou (Killipova tiida II-IV nebo maligni arytmie
- samozfejmé pouze v kombinaci s klinickymi symptomy
moznéhoe akutniho koronarniho syndromu). Kategorie
(b) zahrnuje viechny ostatni formy akutnich koronarnich
syndromd, tedy situace, kdy odklad rozhodnuti o prove-
deni CAG/PCI 0 24-72 hodin nejspite nebude pro pacien-
ta znamenat Zadné riziko.

a) Akutni koronarni syndrom s probihajici ischemii
myokardu je definovéan jako probihajicl (nebo reci-
divujici) kiinické znamky akutni ischemie myokardu
(tzn. pretrvavajici bolest na hrudi a/nebo dyspnoe
v klidu) plus alespon jedna z nasledujicich situaci:

1. elevace Useku 5T ve = 2 po sobé jdoucich EKG svo-
dech (= 2 mm u svodd V;-V;, 20,5 mm u swodd V—
WV, a = 1 mm u ostatnich svodd);

2. nové vznikla blokada raménka Tawarova (pravého
nebo levého);

B: Nové navriend klasifikace akutnich
korondrnich syndromii

Diagnodza pfi prvnim
kontaktu s lékafem

Koneéna diagndza (pri
propusténi pacienta)

Koneéna diagndza (pri
propuiténi pacienta)

Diagnodza pfi prvnim
kontaktu s lékafem

Mestabilni
angina
pectoris

STEMI Non-5TE AKS o-1m Non-0-1M

AKS 5 AKS bez ———
pokraéujici | pokraéujici eetabiin
ischemii ischemie Q-1 Non-C-iM ::;:5
myokardu myokardu

Obr. 1 - Schéma staré (A) a navrZenéd nowé (B) klasifikace akutnich koronarnich syndromd. Zkratky jsou uvedeny textu.

211



292 AKS s pokracujicl ischemii myokardu vs. AKS bez pokracujici ischemie

3. pretrvavajic deprese Gseku 5T wve = 2 sousednich
EKG svodech (= 2 mm u svodd na hrudniku a = 1
mm u svodd na konéetingch);

4. kardiogenni ok nebo ,pfediokovy”™ typ hemody-
namické nestability (nizky az normalni krevni tlak
+ tachykardie + studené konéetiny) pfi podezfeni
na ischemii;

5. maligni arytmie véetné resuscitované zastavy srdce
s obnovou spontanniho krevniho obéhu;

6. klinické znamky akutniho srdeéniho selhani (Killi-
powva tiida [-IV);

7. abnormalni pohyb srdeéni stény nové zjistény zob-
razovacimi metodami.

Je tfeba mit na paméti, Ze izolované nalezy situaci/stavd
uvedenych vyie v bodech 1-7 (napf. maligni arytmie bez
jakychkoli klinickych nebo EKG znamek akutni ischemie)
uvedenou definici nesplfuji. Je tfeba mit vysoké klinické
podezieni na akutni infarkt myokardu. Pacienty ze skupin
1-4 je vidy nutno dopravit piimo na katetrizacni sal (bez
ztraty casu kdekoli jinde v fetézci zdravotni péce, napf. na
jednotce imtenzivni nebo neodkladné péce). Pacienty z ka-
tegorii 5-7 je rovnéZ nutno pfevézt do zafizenl s vybave-
nim pro p-PCl s nepretrzitou sluzbou (24/7) (bud pfimo na
katetrizacni sal, nebo nejdfive na kardiologickou jednotku
s naslednym okamzZitym prevozem na katetrizacni sal).

b) Akutni koronarni syndrom bez probihajici ischemie
myokardu zahrmmuje viechny ostatni akutni koro-
narni syndromy. Konkrétné jde o nemocné s nesta-
bilni anginou pectoris @ malym akutnim infarktem
myokardu (zvyieni troponinu) bez vyie uvedenych
znamek probihajicl ischemie v dobé preniho kon-
taktu s Iekafem.

Hlavni pfednost této nové navrzené klasifikace spodiva
v moZnosti ckamZitého rozhodnuti, zda pacienta prevézt
pfimo na katetrizacni sal (nemocnice s dostupnosti PCl
v nonstop refimu) jako neodkladny pripad (,strategie pri-
marni PCI™), nebo zda odloZit provedeni koronarografie
na daldl {(pracovni) den. Tato klasifikace bude mit prak-
ticky vyznam pro lékare viech specializaci, ktefi pfichazeji
jako prvni do styku s pacienty s AKS. Ceska kardiologicka
spolednost predstavila Castecné podobnou klasifikacdi jiz ve
swych doporufenych postupech pro lécbu STEMI publiko-
vanych v roce 2002 [9]. V téchto doporucenych postupech
z roku 2002 byl akutni infarkt myokardu s depresi Gseku
5T povaZovan za urgentni stav s odpovidajicim postupem
(tzn. indikaci k okamzitému invazivnimu vysetreni a léché
v zafizeni s vybavenim pro PCl v nonstop refimu) jako pfi
STEMI.

Vyznam stanoveni srdeénich troponind je pro konecné
potvrzeni diagnozy akutniho infarktu myokardu i nada-

le velky. Tato klasifikace neni s definici akutniho infarktu
myokardu v rozporu. Smyslem této klasifikace je nabid-
nout jasny a jednoduchy prakticky doporudeny postup pro
rozhodovani pfi prenim kontaktu s lékafom.
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Abstract

Background: The introduction of primary percutaneous coronary intervention (PPCI) has modified
the profile of ST elevation myocardial infarction (STEMI) patients. Occurrence and prognostic
significance of hypotension episodes are not known in PPCI treated STEMI patients. It is also not
known whether and/or how the hypotension episodes correlate with the degree of myocardial damage
and whether there are any sex differences.

Methods: Data of 293 consecutive STEMI patients (189 males) treated by PPCI and without
cardiogenic shock were analyzed. Blood pressure was measured noninvasively. A hypotensive episode
was defined as a systolic blood pressure below 90 mmHg over a period of at least 30 minutes.

Results: A hypotensive episode was observed in 92 patients (31.4 %). Female sex was the strongest
independent predictor of hypotension episodes (p < 0.0001), while there was no relationship to
electrocardiographic STEMI localization. Hypotensive patients had significantly higher levels of
troponin T and BNP; hypotensive episodes were particularly frequent in women with increased
troponin T. Treatment with angiotensin-converting enzyme inhibitor (ACEI), angiotensin receptor
blocker (ARB) and betablockers was less frequent in hypotensive patients. After a mean 20-month
follow-up, all-cause mortality did not differ between hypotensive patients and others. However,
mortality in hypotensive patients who did not tolerate ACEI/ARB therapy was significantly higher
compared to other hypotensive patients (p=0.016).
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Conclusion: Hypotension episodes are not uncommon in the sub-acute phase of contemporarily
treated STEMI patients with a striking difference between sexes. Hypotensive episodes may lead to a
delay in pharmacotherapy which influences prognosis.

Keywords: hypotension; sex differences, ST elevation myocardial infarction.
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INTRODUCTION

Avrterial hypotension is an important complication in ST elevation myocardial infarction (STEMI).1
The majority of existing data and experience with hypotension in STEMI patients were mainly
obtained prior to the introduction of primary percutaneous coronary intervention (PPCI). In particular,
hypotension has long been recognized as a complication of streptokinase administration to STEMI
patients.2 Compared to the thrombolytic treatment, PPCI improved the prognosis of STEMI patients
substantially.3,4 Consequently, PPCI is presently the standard treatment of choice in all acute STEMI
patients. This change of clinical practice has modified the sub-acute profile of STEMI patients.
Among others, occurrence and prognostic significance of hypotension episodes are not known in PPCI
treated STEMI patients. It is also not known whether and/or how the hypotension episodes correlate
with the degree of myocardial damage and whether there are any sex differences. Having this in mind,
we monitored the incidence of hypotension episodes in a consecutive population of STEMI patients
hospitalized between December 2012 and April 2015.

METHODS
Patients

From total of 300 patients enrolled in the bilateral Holter-ECG project, data of 293 consecutive
STEMI patients (189 males) were analyzed (7 patients were excluded from the analysis because of
very short period of blood pressure monitoring). All the patients were referred to our coronary
catheterization laboratory with the diagnosis of acute STEMI fulfilling the criteria for PPCI according
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to guidelines.5,6 Localization of infarction was categorized as anterior (leads V,-V,), inferior

(1L, 11aVF), lateral (1,aVL and/or Vs-V), posterior (V+-V,), and septal (V1-V,). Patients in cardiogenic
shock and/or unconscious on admission and/or unable to sign an informed consent were excluded. The
time to reperfusion was defined as the interval between symptom onset and the wire passage in the
culprit artery. Time of acute MI onset was defined as that of first chest pain symptoms. After the PPCI
procedure, the patients were hospitalized in the coronary care unit for at least 72 hours. An attempt of
an initiation of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker
(ARB) and/or betablocker therapy was done immediately after transfer of a patient to coronary care
unit (in the absence of contraindications). The project was approved by the local Ethics committee, all
patients signed an informed consent.

Clinical measurements

Noninvasive blood pressure monitoring was performed automatically (Dash 4000 Patient Monitor, GE
Medical Systems, Milwaukee, WI, U.S.A.) at least every 30 minutes. A hypotensive episode was
defined as a systolic blood pressure below 90 mmHg over a period of at least 30 minutes when criteria
for cardiogenic shock were not fulfilled.5 If a patient suffered from repeated hypotension episodes,
only the timing of the first episode was considered. The decision of therapeutic intervention was based
on individual opinion of a particular physician on duty.

Troponin T levels were measured 24 hours after the chest pain onset (Troponin T high sensitivity
assay, Roche Diagnostics, Basel, Switzerland). Brain natriuretic peptide (BNP) levels were assessed in
the morning of the second hospitalization day (Architect BNP assay, Abbott Laboratories, Chicago,
IL, USA). Left ventricular ejection fraction (LVEF) was measured by echocardiography before
discharge. Body mass index (BMI) was calculated as the body mass divided by the square of the body
height. Data on all-cause mortality were retrieved from the Nation-wide health insurance registry.

Statistics

Absolute and relative frequencies were obtained for categorical variables; meantstandard deviation
and median with minimum to maximum range were used to characterize continuous variables.
Differences between patients with and without hypotension were tested using Fisher’s exact test for
categorical variables and non-parametric Mann-Whitney U test for continuous variables. To associate
hypotension episodes with age, troponin T levels, and BNP levels, the incidence of the episodes was
compared between patients above and below median of the respective variables. The tests were also
repeated separately for female and male patients with median cut-offs obtained separately in females
and males. Incidence of hypotension episodes and all-cause mortality were evaluated by Kaplan-Meier
survival event-free curves and compared by the log-rank test. Multivariable backwards stepwise
regression analysis of prediction of hypotension episodes was performed in two modes: using original
values of numerical variables and dichotomizing non-binary variables at population medians.
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0.0.1, and in
Statistica package, Version 6.1. P level <0.05 was considered statistically significant.

RESULTS

Table 1 shows clinical characteristics of the population and the principal results. The PPCI procedure
of infarction artery was successful in all investigated individuals. No patient developed cardiogenic
shock during hospitalization.
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During the 72 hours a hypotension episode was observed in 92 patients (31.4 %). In 17 (18.5 %) of
them, hypotensive values were present immediately after the transfer from catheterization laboratory.
Approximately two thirds of the episodes occurred during the first 24 hours compared to fewer than
10% during the third hospitalization day (Figure 1A).

Univariable correlates

Hypotension episodes were significantly more frequent in females (Figure 1B). Simple statistical
comparison (Table 1) suggested that hypotension was also more frequent in elderly patients. However,
(Figure 1C) only a non-significant trend towards more frequent episodes was observed in patients aged
above and below 62.1 years (complete population median). Moreover, female patients were
significantly older than males (68.0+10.4 vs. 59.9+11.8 years, p < 0.0001) and when distinguishing
women and men above and below median age of 67.5 and 58.8 years, respectively, no trend towards
more frequent hypotension episodes in older patients was visible (Figure 1D).

Occurrence of hypotension was not related to electrocardiographic STEMI localization. There was no
relationship to the time to reperfusion.

Hypotensive patients had significantly higher levels of troponin T (population median of 2.39 ng/ml,
Figure 2A) and BNP (population median of 284 pg/ml, Figure 2B), and lower LVEF. Women had
troponin T levels similar to those in men (3.33+£3.17 vs. 3.41£3.43 ng/ml, p=NS). Nevertheless, when
distinguishing women and men above and below the sex-specific medians of troponin T (2.38 and
2.41 ng/ml, in women and men, respectively) the separation of the hypotension incidence became
more apparent (Figure 2C). In particular, there was no difference in hypotension incidence between
women with lower and men with higher troponin T levels. Such a distinction was not observed for
BNP levels that were much higher in women than in men (550+392 vs. 338+405 pg/ml, p<0.0001).
While there was a difference in the incidence of hypotension episodes in men with BNP levels above
and below sex-specific BNP median of 212 pg/ml, the incidence did not differ between women with
BNP levels above and below 510 pg/ml (median in women) (Figure 2D).

Hypotensive individuals had also a lower BMI. However, separating patients with lower and higher
BMI did not show any significant difference in hypotension incidence (the same was true for the
separate sex-groups; women and men did not differ in BMI). Of the medical history data, the only
difference between patients with and without hypotension episodes was a less common dyslipidemia
in hypotensive patients.

Multivariable analyses

The multivariate regression analysis considered sex, age, BMI, hypertension, troponin T, BNP, and
LVEF values as predictors of hypotension episodes. Dichotomized analysis used the following
population medians for age, BMI, troponin T, BNP, and LVEF: 62.1 years, 28.1 kg/m?, 2.39 ng/ml,
283.9 pg/ml, and 55%, respectively.

With both analysis models, only sex and troponin T levels were significant predictors of hypotension
(p < 0.0001). In both models, sex differences were stronger predictor (F statistics of 27.9 and 28.3 for
continuous and dichotomized models, respectively) than the troponin T levels (F of 14.9 and 19.2,
respectively).

Treatment effects

In 29 (31.5%) patients with hypotension, the event required therapy by volume expansion and/or
vasoactive drugs (Table 1). Of all 92 hypotension patients, 28 (30.4%) suffered from repeated
episodes.
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The proportion of ACEI/ARB and betablocker therapy was lower in hypotensive individuals during
hospitalization. At discharge the difference remained significant in ACEI/ARB. A trend for lower use
of ACEI/ARB in women at discharge was non-significant (86.4% vs 92.1%, p=NS). However, when
distinguishing hypotensive and non-hypotensive patients, the proportions of ACEI/ARB and
betablocker therapy did not differ between women and men. However, prior ACEI/ARB treatment
was more frequent in women compared to men (p=0.036 and p=0.048 for patients without and with
hypotension, respectively). Consequently, the difference in discharge versus prior ACEI/ARB
treatment in women with hypotension (30%) was much lower compared to men with hypotension
(54.2%) (Figure 3).

Follow-up

After an average 20-month follow-up, the all-cause mortality was similar in patients with and without
hypotension episodes (Figure 4A). Nevertheless mortality of hypotensive patients who did not tolerate
ACEI/ARB was significantly higher compared to other hypotensive patients (Figure 4B).

DISCUSSION

STEMI patients with impaired hemodynamics are at increased risk of life-threatening complications
and their prognosis is uncertain.5,6 Although hypotension is a well-recognized risk factor in the early
stage of STEMI, its significance in the subacute phase is much less known.1

In our population of PPCI treated STEMI patients, hypotension episodes were not uncommon and
occurred in approximately one third of all patients. Increased levels of troponin T and BNP suggested
higher amount of damaged myocardium,7 as further supported by lower LVEF at discharge.

The female sex was found to be the strongest independent predictor of hypotension episodes. The
reasons for this striking sex-related difference are not immediately obvious. It has been hypothesized
that the stiffer and thicker ventricles in women tolerate less the volume shifts often occurring during
early STEMI phases.8 While women were substantial older than men, age had no influence on the
incidence of the episodes in sex-separated sub-groups.

Troponin levels after STEMI correlate with myocardial performance by echocardiography.9 Not
surprisingly, increased troponin levels were also independently predicting hypotension episodes. In
healthy population or stable coronary disease, women have generally lower troponin T levels.10,11
There are no such data in PPCI treated STEMI patients. In our study, troponin T levels were similar in
both sexes suggesting similar myocardial damage. However, women with higher troponin T levels had
markedly higher incidence of hypotension episodes. Levels of BNP in women were significantly
higher but the incidence of hypotension was not different with values above and below median. On the
contrary this difference was apparent in men. There are limited data on sex-specific BNP differences
during acute coronary syndromes. In a large registry, women had higher BNP at admission due to
heart failure than men, when stratified by LVEF.12 These observations suggest that women develop
more pronounced heart failure (measured by BNP levels) compared to men with similar amount of
myocardial damage (measured by troponin T levels) and these women are also more prone to
hypotension.

Apart from the observations of greater myocardial damage, there are no clear mechanistic explanations
for these findings as there was no difference in time to reperfusion and no relationship to Ml
localization although it would be plausible to expect higher occurrence of hypotension particularly in
anterior M, traditionally indicating increased infarction size. It could be speculated that such
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paradigms are changing with PPCI therapy. Often assessed comorbidities of hypertension, diabetes,
previous MI, previous PCI, and coronary artery bypass surgery, did not differ between hypotensive
and normotensive patients (Table 1). The observation of less frequent dyslipidemia among
hypotensive patients was likely only a collateral chance finding.

Numerous studies have demonstrated a benefit of early initiation of betablocker and ACEI/ARB
therapy in STEMI patients.13,14 In our study, episodes of hypotension prevented early administration
of ACEI, ARB and betablockers in a substantial sub-group of patients. With decreasing occurrence of
hypotensive events during the first 72 hours after Ml, the proportion of treated patients was increasing.
At discharge, more than 90% of hypotensive as well as normotensive patients were treated by
betablockers. However, the proportions of ACEI/ARB treated patients were different. In the
hypotensive group, a proportion of ACEI/ARB treatment reached 79.1 % at discharge. Although this
percentage was not particularly low, it was significantly lower compared to the normotensive group
(95%). Multiple studies have shown that women with acute coronary syndrome are less likely to be
treated with guideline-directed medical therapies.15, 16 In our study, a simple statistical assessment
showed a similar trend for lower use of ACEI/ARB treatment in all women at discharge.

The all-cause mortality was low. After a mean 20-months follow up, it did not differ between
hypotensive and normotensive patients. Nevertheless in the hypotensive patients without ACEI/ARB,
the mortality was significantly increased despite relatively short follow-up. These findings emphasize
the necessity for efforts to initiate ACEI/ARB therapy even in hypotensive patients.

Limitations

This is a single center experience, the number of investigated patients was relatively small preventing
many sub-group analyses. Blood pressure was not measured continuously. No distinction of how deep
systolic blood pressure decreased below 90mmHg was considered but none of the patients suffered
from a newly developed cardiogenic shock. Durations of the hypotensive episodes were not
considered. The averaged follow-up was only 20 month. The incidence of hypotension was measured
from M1 onset although the regular blood pressure measurement started only after hospitalization.
Multivariable regression models do not consider the time between index MI and the hypotension
episodes. Nevertheless, we also calculated proportional hazard Cox regression models and obtained
the very same results.

Conclusion

In spite of these limitations, the study permits to conclude that hypotension episodes are not
uncommon in the sub-acute phase of PPCI treated STEMI patients. Striking gender specific
differences in hypotension incidence and its relationship to troponin levels were observed. Episodes of
hypotension may delay the start of pharmacotherapy. Patients in whom hypotension prevented
administration of ACEI/ARB had a significantly poorer prognosis.
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Figure legends

Fig 1. Probability of hypotension episodes in 92 patients (Panel A). Panel B - differences between
females (grey line) and males (black line). Panel C - the differences in patients above (continuous line)
and below (dotted line) median age in the complete population. Panel D - the age-related analysis
shown separately in females (grey lines) and males (black lines). Continuous and dashed lines show
patients above and below age median, respectively. AMI — acute myocardial infarction.

Fig 2. Panel A - probability of hypotension episodes in patients above (continuous line) and below
(dashed line) troponin T median of the complete population. Panel B - the differences according to
BNP values above (continuous line) and below (dashed line) median of the complete population. Panel
C - troponin T-related analysis shown separately in females and males. Panel D - BNP-related analysis
shown separately in females and males. In panels C and D, grey and black lines show female and male
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subgroups, respectively, the continuous and dashed lines show patients above and below sex-specific
median values, respectively. BNP - brain natriuretic peptide, AMI — acute myocardial infarction.

Fig 3. Proportions of patients treated with ACEI/ARB and betablockers are shown before the

admission due to acute STEMI (previous treatment), during first and second day of hospitalization,
and at discharge separately in women (top panels) and men (bottom panels). Statistically significant
differences between patients with and without hypotension are marked with asterisk. STEMI - ST
elevation myocardial infarction, ACEI - angiotensin-converting enzyme inhibitor, ARB - angiotensin

receptor blocker.

Fig 4. Kaplan-Meier analysis of probability of death in study patients. Panel A - comparison of
patients without (grey line) and with hypotension episodes (black line). Panel B - a comparison of
hypotension patients with (grey line) and without ACEI/ARB treatment (black line) at discharge.
ACEI - angiotensin-converting enzyme inhibitor, ARB - angiotensin receptor blocker.

Table 1 Comparison of patients with and without hypotension

: Hypotension
Parameter Ti)tal No hyriotensmn P
(N =293) (N =201) (N = 92)
Sex Men 189 (64.5%) 148 (73.6%) 41 (44.6%)
<0.001
Women 104 (35.5%) 53 (26.4%) 51 (55.4%)
Age 62.8+12.0 61.6 £11.7 65.5+12.1
(N =293) 0.015
62.1(30.7; 89.5) 61.2(30.7;88.4) 65.6(35.5;89.5)
BMI 286146 29.0+4.3 276+5.1
(N =292) 0.002
28.1(19.5;51.0) 28.6(21.1;48.4) 27.3(19.5;51.0)
Previous Ml 27 (9.2 %) 17 (8.5 %) 10 (10.9 %) 0.519
Previous PCI/CABG 27 (9.2 %) 19 (9.5 %) 8 (8.7 %) 0.999
Hypertension 173 (59.0 %) 123 (61.2 %) 50 (54.3 %) 0.306
Dyslipidemia 163 (55.6 %) 123 (61.2 %) 40 (43.5 %) 0.005
Diabetes 64 (21.8 %) 47 (23.4 %) 17 (18.5 %) 0.366
AMI localization” Anterior 127 (43.3%) 88 (43.8%) 39 (42.4%) 0.899
Inferior 144 (49.1%) 95 (47.3%) 49 (53.3%) 0.379
Lateral 48 (16.4%) 33 (16.4%) 15 (16.3%) 0.999
Septal 6 (2.0%) 6 (3.0%) 0 (0.0%) 0.182
Posterior 11 (3.8%) 8 (4.0%) 3 (3.3%) 0.999
Troponin T max. (N =290) 3.4+33 29+3.0 44+3.6 <0.001
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Hypotension

Total No hypotension
Parameter P
(N =293) (N =201) (N = 92)
(ng/ml)
2.4 (0.0; 20.9) 1.8 (0.0; 20.9) 3.5(0.0; 18.1)
BNP (pg/ml) 412.6 £412.8 358.5+ 396.9 524.0 £ 4245
(N=275) 283.9 233.3 388.0 <0.001
(27.5; 3 129.0) (30.8; 3129.0) (27.5; 2 313.0)
tTh'me tor eﬁfrfus'o” 6.9+4.2 50+45 49+34
erapy(in hours) (N = 292) 0.261
3.4 (1.0; 24.6) 3.3(1.1; 24.6) 3.7 (1.0; 23.0)
Hypotension therapy None - - 63 (68.5%) -
Volumotherapy - - 10 (10.9%) -
Vasocative ) ) 6 (6.5%) )
agents
Both - - 13 (14.1%) -
LVEF (%) at discharge 52.1+10.0 53.3+10.1 49.7+95
(N =291) 0.004
55.0 (25.0; 79.0) 55.0(25.0; 79.0) 50.0 (30.0; 70.0)
Length of follow-up 20.2+8.1 19.7+8.2 21177
(in months) (N =293) 0.194

18.9 (0.7; 34.6)

18.7 (0.7; 34.6)

19.8 (0.7; 34.5)

Categorical variables are described by absolute and relative frequencies; mean (£ SD) and median (min; max)
are shown for continuous variables. P-value of Fisher’s exact test and P-value of Mann-Whitney U test are

shown for categorical and continuous variables, respectively.

“Multiple localizations are possible.

AMI = acute myocardial infarction, BM

coronary artery bypass surgery, LVEF

intervention.

Body Mass Index, BNP = brain natriuretic peptide, CABG =
eft ventricular ejection fraction, PClI = percutaneous coronary
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4. Zavér

Soucasna lécba pacientii se STEMI je pii spravné volené¢ farmakologické a mechanické
strategii velmi sofistikovana, bezpec¢na a vysoce efektivni. Primarni PCI jako metoda prvni
volby by méla byt dostupna co nejvétsi ¢asti populace, a to bez ohledu na jeji vék. Stavajici
technika bude do budoucna pravdépodobné doplnéna o morfologické a funkéni posouzeni
infarktovych i neinfarktovych tepen. Stale vétsi pozornost pak musi byt vénovana rizikovym
podskupinam pacientd, a to nejen se STEMI, ale i NSTEMI, pacientim s kompletni blokadou
pravého raménka Tawarova a po srdecni zastave, kde ¢asna invazivni diagnostika eventualni
revaskularizace mtze vyraznym zpusobem zlepSit prezivani i jeho kvalitu. Pozornost je
napfena i na praktické zjednoduSeni selekce pacientli indikovanych k ¢asnému -

emergentnimu invazivnimu vySetfeni event. revaskularizaci.
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