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Abstract

Acute myocardial infarction (AMI) remains one of the most life-threatening diseases. In this thesis,
consisted of 13 original 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 pti¢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 nahld srde¢ni smrt. PfedevSim u pacientii se STEMI nabizi souc¢asna medicina
velmi rychlou a efektivni 1écbu formou reperfuze, tzn. zprichodnéni infarktové tepny. Ta
muze byt farmakologicka podanim fibrinolytické 1écby, ktera, co se tyCe poctu lé¢enych
mechanickd pomoci primarni perkutanni koronarni intervence (pPCI). Ve vSech piipadech je
reperfuzni 1é¢ba indikovana v prubéhu prvnich 12 hod od vzniku prvnich piiznaki s vyjimkou

pacientd 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 nepfiznivou aktivaci koagula¢ni kaskady. Teprve nedavno bylo zjiSténo, Ze ackoli se jedna o
velmi akutni a zivot ohrozujici pfihodu vyZadujici 1é¢bu v pribéhu nékolika hodin, stari

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

Obr. 1: Infarktova koronarni tepna s akutni tromb6zou na pficném fezu ziskaném z optické

koherentni tomografie
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Vedle dulezitého, prevazné 12-ti hodinového casového intervalu od vzniku obtizi je
svyjimkou kardiogenniho Soku primérni PCI indikovana u vSech pacientt se STEMI
Vv ptipadé€, Ze transport pacienta do katetrizacni laboratofe netrvd déle nez 120 min. Cilem je
vSak dosazeni jesté kratSich cast od prvniho medicinského kontaktu nebo stanoveni diagndzy
do zavedeni vodic¢e do infarktové tepny. Za optimalnich podminek by tento Casovy interval
mél Cinit maximalné 90 min u vsSech pacientd a 60 min u vysoce rizikovych pacientl s
rozséhlym infarktem pfedni stény a ¢asnou diagnoézou v pribchu prvnich 2 hod. V piipadé
delsich transportnich &asi, je indikovdno podani trombolytika. Cesk4 republika se svym
systémem péce o pacienty se STEMI fadi mezi nejlépe fungujici staty a je povaZzovana za
jednu ze vzorovych zemi pro ostatni. Vice nez 90% pacientti se STEMI je lé¢eno pomoci
pPCI a trombolytickd 1écba je aktudlné pouzita v méné nez 1% piipadi. Samoziejmé i
V soucasnosti se setkdvame s pacienty ptichazejicimi s velkym casovym odstupem, u kterych
neni indikovan ani jeden z reperfuznich postupt. Thned po stanoveni diagnézy STEMI je
indikovano podani kombinace z&kladnich farmak s antikoagulaénim a protidestickovym
ucinkem (heparin nebo Iépe enoxaparine (4) respektive kyselina acetylosalicylova a néktery
z blokéatort receptort desticek pro adenosindifostat). PredevSim v katetrizacni laboratofi je
mozné podani blokatorti glykoproteinovych receptori desticek IIb/Illa. Pfimy inhibitor
trombinu je v Ceské republice v souéasnosti komeréné nedostupny.

V regionech ¢i zemich, ve kterych chybi nebo neni dostatecné rozvinuta spoluprace
zdravotnické zéchranné sluzby, non-stop katetriza¢nich center pro 1é¢bu akutniho infarktu
myokardu nebo tam, kde jsou nepfiznivé geografické podminky s dlouhymi transportnimi
Casy, je moZné uplatnit tzv. farmako-invazivni strategii. Ta kombinuje akutni podani
prednostné fibrin-specifického trombolytika s naslednym transportem do katetriza¢niho centra
a bezpe¢nym provedenim invazivniho korondrniho vysetfeni (koronarografii) v prubéhu 3 —
24 hod od jeho aplikace. Koncept tzv. facilitované PCI zaloZené na podani trombolytika nebo
kombinace trombolytika a blokatorti desti¢ek IIb/Illa pied primarni PCI se klinicky

neosvedcCil a neni soucésti doporucenych postupti.

V roce 2008 byla scilem zlepSeni pée o pacienty s akutnim koronarnim syndromem a
pfedevS§im STEMI zalozena zajimavd a velmi uspéSnd iniciativa Stent for Life
(www.stentforlife.com). Ta byla iniciovana Evropskou asociaci  perkuténnich
kardiovaskularnich intervenci (EAPCI) jako soucasti Evropské kardiologické spolecnosti a

EuroPCR, organizujici vyroéni kongres EAPCI. V soucasné dob¢ se k této iniciativé pridalo



celkem 18 zemi nebo kardiologickych organizaci nejen z Evropy, ale z celého svéta. I pies
vyrazna zlepSeni v péci o pacienty se STEMI v prub&hu 4 — 5 let viak nadale existuji velke
rozdily v jejich 1é¢bé (5).

Tato prace je zaméfena predevSim na vysledky 1écby pacientii se STEMI pomoci primarni
PCI a na nékteré dulezité podskupiny pacientd. Dalsi dulezité otazky, jako je optimalné
vedend sekundarni prevence, prevence a lééba zavaznych arytmii a dal$i nejsou v této préci

rozebirany.

Vyhody priméarni PCI oproti trombolytické 1¢¢bé byly jasné prokazany v mnoha studiich, ze
kterych je tfeba zdtraznit ¢tyti pielomové — studii PAMI v ramci prosté priméarni PCI (6),
STENT-PAMI s vyuzitim implantace koronarnich stentti (7) a poté pak studie PRAGUE
(8,9) a DANAMI-2 (10), které ukazaly vyssi efektivitu i bezpecnost primarni PCI oproti
trombolytické 1é¢be 1 pti delSim transportu do katetrizacni laboratote. Oproti trombolytické
1é¢bé je primarni PCI spojena s vyznamné lepSimi vysledky ve vSech sledovanych
ukazatelich, kterymi jsou umrti (9,3% vs 7,0%), reinfarkt (6,8% vs 2,5%) i mozkové piihody
(2,0% vs 1%) (11). Rizikem mozkového krvaceni, které se vyskytuje aZz v 1,1% jsou zatiZeni
pouze nemocni 1éCeni trombolytikem. Primarni PCI je tedy v soucasnosti nejefektivnéjsi a
nejrychlejsi reperfuzni 1é¢bou. U nemocnych v kardiogennim Soku je PCI indikovana az do
48 hod od jeho vzniku a jedna se o jediny stav, pti kterém je v pribéhu STEMI doporuceno
provést primarni PCI nejen na infarktové tepné, ale v pfipadé trvajici hemodynamické
nestability i na tepnéch dalSich s kritickym nalezem. Ve vSech ptipadech je ¢asovy faktor ten
V optimalnim ptipad€ vypada organizace péce o nemocného nasledovné: 1. volani
nemocného na linku zdravotnické zachranné sluzby (telefonni ¢islo 155), 2. do 15-20 min
ptijezd zkuseného tymu rychlé Iékatrské pomoci vybaveného 12-svodovym EKG,
defibrildtorem, plicnim ventilatorem, monitorem vitalnich funkci a zevni kardiostimulaci, 3.
stanoveni diagn6zy v terénu a podani prvni medikament6zni lé¢by (prasugrel 60 mg,
ticagrelor 180 mg eventualné clopidogrel 600 mg, aspirin 125 - 250 mg, nefrakcionovany
heparin 70 — 100 IU/kg eventualn¢ 1épe enoxaparin), 4. kontaktovani nejblizsiho
katetrizacniho centra s non-stop (24/7) PCI provozem, 5. pfimy transport na katetrizacni sal a

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

Blokatory receptort desti¢ek pro adenosindifostat (ADP)

Nejdéle zndAmym blokatorem P2Y1, ADP- receptoru je tiklopidin, jehoZ podani v kombinaci
s kyselinou acetylosalicylovou (ASA) dramaticky snizilo riziko akutnich tromb6z po
implantaci koronarnich stentt (12). Nasledné byl tento preparat nahrazen ucinnéj$im a
vysledku studii COMMIT a CLARITY, které testovaly ptidani klopidogrelu k ASA (13,14).
Po tvodni sytici ddvce klopigorelu (dfive 300mg a nyni 600mg) je doporucena udrzovaci
davka 75mg denné po dobu 12 mésict. Lécba klopidogrelem vSak ma své limitace, kterymi je
nedostatecné snizeni reaktivity desticek u 20 — 40 % pacientd. Tento fakt byl jednim
Z hlavnich divodl pro hledani dalSich a uUc¢inngjSich molekul, kterymi jsou prasugrel,
ticagrelor a dalSi preparaty ve fazi vyzkumu. Prvnim novym a komeréné dostupnym
protidestickovym lékem je prasugrel. Jedné se o ,,prodrug®, tzn. latku, jejiZ ireverzibilni efekt
se dostavuje po rychlé jednostupniové metabolické pfeméné a tento efekt je vyraznéjsi oproti
klopidogrelu. Ve studii TRITON TIMI-38 bylo podéni prasugrelu porovnano s podanim
klopidogrelu pied pPCI. Prasugrel vyznamné sniZil riziko hlavnich kardiovaskuldrnich
komplikaci 0 32% resp. 21% v pribéhu 30 dni resp. 15 mésict. Zaroven byl pozorovan
vyznamné niz§i vyskyt infarktu myokardu a trombdzy stentu, a to bez zvySeni rizika velkych
nebo Zivot ohro¢ujicich krvacivych piihod. S vyjimkou pacientt s predchozi cévni mozkovou
ptihodou nebo transitorni ischemickou atakou, je podani prasugrelu u STEMI plné¢ indikovano
(15). Reverzibilnim, ale jesté vys$Sim uUcinkem blokady ADP receptorit desticek, disponuje
druhy novy Iék, ticagrelor (16). Jeho podani u pacientd se STEMI, a to bez ohledu na
eventualni piedléceni klopidogrelem, bylo ve studii PLATO spojeno s Vyznamnym snizenim
rizika infarktu myokardu, trombdzy ve stentu a celkové umrtnosti (o 20%; 34% resp. 13%)
Vv pribéhu 12-ti mési¢niho sledovani a zvySenim rizika cévni mozkové piihody. Vyznamného
snizeni hlavnich kardiovaskularnich pfihod jako primarniho ukazatele studie, nebylo

dosazeno. Podéni ticagreloru nezvysilo riziko vyskytu zavaznych krvaceni.

Podani prasugrelu nebo ticagreloru nebo klopidogrelu je indikovdno co nedfive po stanoveni
diagnézy STEMI, tzn. ve vétSin¢ piipadi pied provedenim invazivniho vySetfeni a pPCl.
V piipad€é pochybnosti o spravnosti zédkladni diagnézy a pfi vyraznému riziku krvéacivych

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 pacienti s klinicky
vysokym rizikem krvaceni.

Blokéatory glykoproteinovych receptoru desti¢ek 1Ib/I1la (GPI)

Ruznorodou skupinu GPI latek tvoti monoklonalni protilatka abciximab s ireverzibilnim a
Sirokym spektrem dlouhodobého uc¢inku az 72 hod a malé reverzibiln¢ G¢inné molekuly,
tirofiban a eptifibatide s kratkodobym efektem do 4 hod. Spole¢nou pro vSechny latky je
blokada cilovych receptorti agregace desti¢ek a vazby fibrinogenu na aktivovanou desticku a
tedy zamezeni tvorby bilého trombu. PfedevS§im u pacientti ptichazejicich ¢asné v prvnich 4
hod a spremorbidné¢ postizenou mikrocirkulaci, tzn. u diabetikli, zlepSuje podani GPI

vysledky pPCI.

Abciximab (i.v. bolus + infuze) v kombinaci s heparinem snizil 0 30% riziko ischemickych
ptihod 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 Géinek tirofibanu.

Z praktického hlediska je dilezité posuzovat rtizné davkovaci rezimy.

Podani GPI neni vzhledem K riziku krvaceni indikovano rutinng, ale jako tzv. bail-out 1é¢ba,
tzn. v ptipadé trombotickych nebo potencidlné trombotickych komplikaci (napt. tzv. no-

reflow fenomén) anebo inicialné pritomné rozsahlé intrakoronarni trombézy.

Vedle standardnich davkovacich schémat se zkousi i nové rezimy podani GPI s cilem zvyseni
intrakoronarni koncentrace 1éki a jejich vyssiho ucinku. Zajimavé jsou vysledky Gu et al.
(20), kteti aplikovali intrakoronarn¢ pouze bolus abciximabu bez nasledné infuze. Tato forma
podani specialnim katetrem byla spojena se zlepSenim myokardialni perfuze a mensSim

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 priméarni PCI
je mozné rozdélit na zakladni* zahrnujici prostou balonkovou dilataci (POBA = Plain Old
Balloon Angioplasty) a implantaci korondrnich stentt ,,holych* (BMS = Bare Metal Stent) i
»lékovych* (DES = Drug-Eluting Stent), ke které nyni fadime i katetry pro manualni aspiraci

~s 7

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

zdravotnickych technik.

Balonkova dilatace

Jedna se o techniku nejstarsi, které ale doznala velkého zlepSeni v pouzitém materialu
vlastniho balonku i téla katetru. V soucasnosti rozlisujeme tzv. semi-compliant katétry
vyuzivané pro predilataci 1éze a jako nosi¢ koronarnich stentl a tzv. non-compliant katétry
(NC katétry) pro vysokotlakou postdilataci. Pti feseni béznych infarktovych I1ézi se vyuZivaji
insuflaéni tlaky 12 — 16 atmosfér.

Prosta baldnkova dilatace se v soucasnosti samostatné vyuziva ve velmi malé mife a ve vice

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

Implantace koronérnich stentd

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

z nich byla akutni (do 24 hod) a subakutni (>1den — 30 dnii) trombdza stentu, ktera byla
urCitou dani za cizorody material ponechany v koronarni tepné. K jejimu dramatickému
snizeni ptispély predevsim dva faktory: 1) nutnost vysokotlaké postdilatace (>12 atmosfér) a
tim i dosaZeni optimalni apozice stentu v koronarni tepné, ktery vychazel z velmi piesnych
morfologickych nalezii na intrakoronarnim ultrazvuku (26) a 2) klinicky prukaz aditivniho
ucinku kombinované antiagregac¢ni 1écby pfidanim tiklopidinu ke kyseliné acetylosalicylové
(ASA) (27). Pti této kombinaci bylo minimalizovano riziko subakutni trombo6zy stentu —
komplikace, které se vsichni intervenéni kardiologové obavali, a ktera vznikala az v 15 % pti

1é¢be kumariny (28).

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

everolimus, biolimus, zotarolimus, tacrolimus a dalsi. Zajimavou koncepci s prvnimi
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ptiznivymi vysledky pak ptedstavuje plné resorbovatelny stent s everolimovym pokrytim jiz
druhé generace (30,31).

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

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

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

Obr. 4: In-stent akutni tromboza v piicném fezu ziskaném z optické koherentni tomografie

06/11i2011 11:12:04
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in-stent trombéza se zjevnou
Inecproliferativni tkéni ve stentu

easti stentu (struty)
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V ptipad€é DES prvni i druhé generace se jedna o riziko ptiblizn€ 1% v prib&hu prvniho roku
od implantace a toto riziko trva pouze v piipadé DES prvni generace i v nasledujicich letech
(ptiblizné v 0,6% rocné). Zaroven se zjistilo, Ze 1 po implantaci BMS toto riziko existuje, ale
dlouhodobé se nelisi od DES druhé generace (ptfiblizn€ 0,2% ro¢né). To, co je ale spolenym
efektem DES obou generaci, je vyrazné sniZeni rizika ISR i nutnosti ndsledné revaskularizace
oproti BMS, které vedlo k doporuceni implantace DES ve v§ech pfipadech, kde to je klinicky
moZzné (32,33). Pti rozhodovani o volb¢ stentu je vzhledem k nutnosti déletrvajiciho podavani
kombinované antiagrega¢né u¢inné 1é¢by nutné vzit v potaz nasledujici relativni
kontraindikace implantace DES: nedostate¢né anamnestické udaje nebo nedostatecna
spolupréce, zvysené riziko krvaceni, pfitomnost alergie ke kyseling acetylsalicylové nebo
clopigorelu/prasugrelu/ticagrelolu, nutnost ¢asného neplanovaného chirurgického zakroku

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* ukazateli myokardialni reperfiize (35) doloZen i efekt klinicky
spojeny s manualni tromboaspiraci pred implantaci stentu oproti konvenénimu ptistupu
balonek + stent (36,37). Nasledné bylo zjisténo, Ze GspéSnost této techniky je vazana pouze na

jednoduchou manualni tromboaspiraci pomoci specialnich tromboaspira¢nich katétri a

rutinni manualni aspirace nema klinicky piinos a tato technika by méla byt minimalné do
vysledku studie TOTAL (39) uzivana individualné, a to pfedevsim v pfipad¢ ptitomnosti

rozsahlé koronarni trombdzy.

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

vyznamné postiZzeni ramus interventricularis anterior a ramus diagnonalis (kruh)

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

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

Obr. 10: Optimalni vysledek po primarni PCI
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Obr. 11: Demonstra¢ni obrazek optimalné implantovaného stentu na pfi¢ném fezu koronarni

tepnou ziskany z optické koherentni tomografie

A Length: 3.47mm 11102/2010 12:17:29
B Length: 3.93mm 0001

stiny Eastic
implantovaného
stentu
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2. Soucasné moznosti a perspektivy 1é¢by pacienti se STEMI

(doprovodny komentai k publikacim)

2.1 Perspektivy doporucenvch postupi Evropské kardiologické spoleénosti

Soucasné doporucené postupy Evropské a Americké kardiologické spole¢nosti (1,40) v 1é¢be
STEMI ptedstavuji optimalné vedenou 1é¢bu pacientd, kterd vSak musi byt modifikovana na
zakladé rizikového profilu pacientti, zkusenosti jednotlivych tymt a take dostupnosti
doporucenych technik a technologii. Vedle zndmych indikaci reperfuzni 1é€by zamétené na
primarni PCI zminuji v publikaci i mozné perspektivy zjednoSujici praktické rozhodovani o
transportu pacientti do katetrizacni laboratote. Je zde téz zdliraznéna role zachranné sluzby,
ktera by méla v optimalnim ptipadé slouzit jako prvni kontakt pacienta se zdravotnim
systémem. Pouze tak je mozné zabranit ¢asto zbyteCnym tmrtim v pribé¢hu inicialni faze
STEMI. Samoziejmosti je pak doporuceni optimalniho vybaveni vozi zachranné sluzby ke
stanoveni diagndzy v terénu a zajisténi vitalnich funkci pacienta. Probirany jsou i nové

poznatky tykajici se vlastniho interven¢niho zékroku ve svétle neddvno publikovanych studii.

Cely text nize 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 trombozy, a to jak z
pohledu farmakoterapie, tak techniky priméarni PCI. Zaroven je zde ptehledné graficky popsan
algoritmus péce doporucené Evropskou kardiologickou spolecnosti, ktery je porovnan s
lokalnim postupem v centru s rozsahlymi, 15-ti letymi zku$enostmi s interven¢ni 1é¢bou
pacientii se STEML. V préci je zdiiraznéna nutnost individualné vedené 1é¢by v zavislosti na
posouzeni aterotrombotického a krvacivého rizika, koronarni anatomii a zkusenosti lé¢ebnych

tyma.
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Cely text nize uvedené publikace je uveden v ptiloze 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: SI, Pages: 378-387

2.3 Dlouhodobé vvsledky 1éby STEMI u pacienta ve vysokém véku

S rostoucim vékem populace minimalné ve vyspélych zemich, je stale aktudlngjsi otazka
1écby pacientl s akutnim infarktem myokardu (AIM) i ve vysS§im — vysokém veku. Z
vysledkd nasi multicentrické prace na souboru 3814 konsekutivnich pacientu pak vyplyva, ze
i v Ceské republice, ktera patii mezi nejlépe fungujici systémy péce o pacienty s AIM na
svété, bylo vyznamné méné starsich pacientti (>65 let) indikovano ke koronagrafii v prib&éhu
akutni hospitalizace oproti pacientim mladsim (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, ktefi nepodstoupili PCI a méli ob&hové znamky tézkého srdecniho selhani nebo
kardiogenniho Soku. VEk se tedy jevi jako samostatny diskriminacni faktor, ktery by vSak i ve

svétle soucasnych doporucenych postupli mél byt eliminovan.
Cely text nize uvedené publikace je uveden v ptiloze 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. (Priloha 3.3)

21



2.4 Problematika STEMI s postiZzenim pravé komory srde¢ni

Postizeni pravé srde¢ni komory v prubéhu STEMI je relativné ¢astou komplikaci postihujici
predevsim, ale ne vylucné, 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 odlisny terapeuticky
ptistup. Jako jednoduchy a pomérné specificky diagnosticky test miize poslouzit EKG
doplnéné o pravostranné hrudni svody, které mohou pomoci pti stanoveni optimalni 1é€by
véetné agresivnéjsich piistupt. V piipad¢ prekonani akutni faze onemocnéni, maji pacienti s
postizenim pravé komory piiznivou prognoézu. Nadale se fesi otazka rizika zdvaznych
srdecnich arytmii. V préci je celd problematika od patofyziologie po terapii a prognézu

podrobné a ptehledné probrana.
Cely text niZe uvedené publikace je uveden v ptiloze 3.4.

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

2.5 Lécba STEMI v Evropé a projekt Stent for Life

Evropska iniciativa ,,Stent for Life* (,,Stent pro zivot*) zaméfend na zlepSeni 1éCby pacientii

s infarktem myokardu v Evropé¢ ukazala obrovské rozdily v organizaci a kvalité 1écby

v naSem regionu. Widimskym et al. (41) bylo zjisténo, Ze nejlépe jsou lé¢eni nemocni

v zemich s fungujicim programem primarni PCI a naopak v priiméru nejhtife jsou na tom
nemocni v zemich, kde primarni PCI je provadéna minimalné. Tim byla relativné
zpochybnéna i role trombolytické 1éCby, jejiz podani je zdanlivé jednodussi, ale je spojeno S
reperfizni 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 vyuZziva prakticky u vS§ech nemocnych. V
préaci Kristensena a kol. (viz nize) jsou vysledky lé¢by STEMI z pivodni prace Widimského a

kol. porovnany s ¢asovym odstupem 3 — 4 let a rozSifeny o dalSich 7 zemi.

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

Initiative, je uveden v ptiloze 3.5.
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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
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.

2.6 Blokada pravého raménka Tawarova (RBBB)

Vedle zndmych indikaci reperfuzni 1é€by se jako vysoce rizikova jevi i ptitomnost nove
vzniklé kompletni blokady pravého raménka Tawarova. Tato EKG patologie se v nasi praci
na souboru 6742 konsekutivnich pacientd vyskytla v 6.3% ptipadd, a to bud’ samostatné
(2,8%) nebo v kombinaci s postizenim levého raménka Tawarova. V obou piipadech
kompletni blokady se jednalo o pacienty zatizené nejvyssi hospitaliza¢ni mortalitou a rizikem
vzniku kardiogenniho Soku. Nejen na zaklad¢ této prace, by pacientim s RBBB méla byt

poskytnuta maximalni mozna lécba vcetné emergentni revaskularizace.
Cely text nize uvedené publikace je uveden v ptiloze 3.6.

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
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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.

2.7 Porovnani vvsledkiu 1éby STEMI a NSTEMI

Na rozdil od pacientii se STEMI, je skupina s NSTEMI vyrazné star$i s cetnéjSimi
komorbiditami a take rozsahlejSim koronarnim postizenim. Na souboru 6602 konsekutivnich
pacientti jsme ve skupiné NSTEMI prokazali Castéjsi postizeni kmene levé koronarni tepny
(6,0% vs 1,1%; p<0,001), onemocnéni vsech ti koronarnich tepen (53,1% vs 30%; p<0,001)
a nevyznamné odliSnou nemocni¢ni tmrtnost. Nase vysledky déale podporuji volbu agresivni

invazivni strategie nejen u pacientll se STEMI, ale i NSTEMI.
Cely text niZe uvedené publikace je uveden v piiloze 3.7.

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.

2.8 Pacienti po srdeéni zastavé jako nejrizikovéjsi skupina nemocnvch

Srdec¢ni zastava predstavuje akutni ohrozeni pacienta na Zivoté a vzhledem ke zlepSujicimu se
systému resuscitacni péce se jedna o postupné narustajici skupinu pacientti. V nedavné dobé
bylo do praxe zavedeno n€kolik systému pro automatickou srdeéni 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 nagem pracovisti.

Cela komplexni problematika péce o pacienty po mimonemocni¢ni srdeéni zastavé byla nami

popséna jako konsensus expertti Evropské asociace PCI. Pacienti se STEMI by méli byt
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ptimo transportovani na katetriza¢ni sal s non-stop provozem, diagnosticka koronarografie by
vSak méla byt soucasti diagnosticko-1é¢ebného algoritmu u vSech pacientti po vylouceni
nekardialni etiologie. Interven¢ni kardiologové by nyni méli byt pfipraveni i na tyto pacienty,

u kterych je akutni rozhodovaci proces ¢asto mnohem komplikované;jsi.
Cely text nize uvedené publikace je uveden v ptiloze 3.8.

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

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

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

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

Initiative, je uveden v ptiloze 3.9.

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. Eurointervention. 2014 May 20;10(1):31-
7. doi: 10.4244/E1JV1011A7.

2.9 Opticka koherentni tomografie u STEMI

Cilem prace bylo posouzeni moZnosti vyuZiti optické koherentni tomografie (42,43) jako
V soucasnosti nejpiesnéjsi invazivni zobrazovaci metody s rozliSenim 10 — 15 um pro vedeni
techniky primarni PCI. Na souboru 100 pacientii bylo prokazéano, ze u 20% pacientii nebylo
nutné implantovat koronarni stent a proceduru bylo mozné ukoncit po provedeni manualni
tromboaspirace s angiograficky optimalnim vysledkem. Tato prace jako prvni demonstrovala
ptiznivé klinické vysledky po vyuziti této techniky v 1écb&€ STEMI v priibéhu 12-ti mési¢niho

sledovani.
Cely text nize uvedené publikace je uveden v ptiloze 3.10.

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
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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.

2.10 Koncept funkéni revaskularizace neinfarktovych tepen

U skupiny pacient se STEMI a onemocnénim vice koronérnich tepen je s vyjimkou pacientii
v kardiogennim Soku a trvajici nestabilitou, v soucasnosti doporuc¢ena pouze primarni PCI
infarktové tepny. Pfi znalosti relativné Casté pritomnosti dalSich nestabilnich koronarnich 1¢ézi
na neinfarktovych tepnach, ale i velmi G¢inné sekundarné-preventivni farmakoterapie, je
otazka optimalni diagnosticko-1écebné strategie neinfarktovych tepen jednou z velice
dulezitych a aktualnich otdzek. Jednou z moZnosti, vychazejici z nize uvedenych studii, je
vyuziti konceptu tzv. funkéni revaskularizace (44), ktery mize pacienty stratifikovat do dvou
skupin. Prvni skupinu tvoii pacienti, u kterych by méla byt v pfipadé technicke a jiné
schiidnosti indikovana revaskularizace, druhou skupinu s funkéné nevyznamnym koronarnim
postizenim je mozné bezpecné léCit konzervativné pomoci individualizované a optimalné
nastavené farmakoterapie. Vedle neinvazivnich testd se za zlaty standard nyni povaZzuje
invazivni posouzeni funk¢ni vyznamnosti koronarnich sten6z pomoci méteni frakéni
prutokové rezervy myokardu (FFR) zalozené na poméru stfednich tlaki pfed a za stenézou v
prubéhu maximalni, farmakologicky navozené hyperémie. Za normalnich okolnosti je
hodnota tohoto poméru v epikardidlnim korondrnim tecisti 1,0, hodnota <0,80 znaci funkéné

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

U stabilnich nebo stabilizovanych pacientti potvrdil De Bruyne a kol. studie FAME 2 (viz
nize) ptedpoklad lepsich klinickych vysledki u pacientd s funkéné vedenou revaskularizaci
pomoci PCI s implantaci 1ékovych stentl 2. generace oproti pacientiim lééenym
konzervativné. Vysledky od 1220 pacientti, z nichz 888 bylo randomizovano a 332 bylo
zatazeno do paralelné probihajiciho registru, ukazaly vyznamné niz$i riziko vyskytu hlavnich
kardiovaskularnich komplikaci ve skupiné PCI (4,4% vs 12,7%; p<0,001), které bylo
zpuisobeno vyssi nutnosti urgentni revaskularizace v konzervativni vétvi (11,1% vs 1,6%;

p<0,001).

Vedle hyperemického indexu FFR, ktery byl klinicky validovan, se v nedavné dob¢ zacal
pouZivat i dalSi index iFR (Instantaneous wave-Free Ratio) (48), ktery je indexem klidovym.

Préce Berryho a kol. (viz niZe) pak byla prvni, kterd na souboru 206 konsekutivnich pacientt
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prokazala nedostate¢nou korelaci iFR s FFR a tento index by mél byt zatim vyuZivan pouze
pro vyzkumné ucely, ale nikoli pro klinické rozhodovani. Ve srovnéni s cut-off hodnotou FFR
<0,80 byla diagnosticka ptesnost 60% v piipad¢é posouzeni vSech tepen a pouze 51% v
ptipad¢ hodnot FFR mezi 0,60 — 0,90.

Cely text nize uvedené publikace je uveden v ptiloze 3.11.

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.

Cely text niZe uvedené publikace je uveden v piiloze 3.12.

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 (VERIfication 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: Demonstra¢ni obrazek invazivniho posouzeni funk¢éni vyznamnosti koronarni
stendzy méfenim frakéni pratokové rezervy myokardu (FFR). Hodnota 0,74 zna¢i funkéné
vyznamnou stenozu vyzadujici revaskularizaci (zluta kiivka - FFR jako pomér stfednich tlakt
v pribéhu maximalni, farmakologicky navozené hyperémie, Cervena kiivka — krevni tlak v

aorté, zelena kiivka — krevni tlak v koronarni tepné distalné za stenézou)

(66)

Pd mean

0,74

FFR

Pa mean — stfedni tlak v aorté, Pd mean — stfedni tlak distaln¢ od stendzy, FFR — frak¢éni

pritokova rezerva myokardu

2.11 Navrh nové klasifikace akutniho koronarniho syndromu

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

STEMI a ostatni s probihajici koronarni nestabilitou, ale s nizsim rizikem.
Cely text nize uvedené publikace je uveden v ptiloze 3.13.

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
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ischemie.Nova klasifikace akutnich koronarnich syndromil by méla nahradit starou klasifikaci
zalozenou na pfitomnosti nebo neptitomnosti elevace tseku ST. Odborné stanovisko Ceske
kardiologické spole¢nosti. (2013) Cor et Vasa, 55 (3), pp. E225-E227.
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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.

fehledova prace — kvantitativni podil uchazede 100 %
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Prace byla publikovdna 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 Cardiclogy Department, Masaryk University and University Hospital Bmo, Breo, Czech Republic

Abstract

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 most 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 wery 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 most effective

reperfusion therapy.
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Patients suffering acute myocardial infarction with ST-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 to 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 mast recent Clinical
Practice Guidelines of the European Society of Cardiclogy 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 UFE public campaign as a
joint initiative of the European Association of percutaneous coronary
intervention (EAPCI} and European Percutaneous Cardiovascular
Rewvascularization Course (EuroPCR) 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 ongoing
myocardial ischaemia include:;

R RADCLIFFE CARDIOLOGY 2014

# |eft bundle branch block (LEEE);

» ventricular paced rhythm;

» patients without diagnostic ST-segment elevation but with
persistent ischaemic symptoms;

» isolated posterior myocardial infarction; and

+ ST-segment elevation in augmented vector right lead (aVR).'

The patients with ongoing ischaemic symptoms, even in the absence
of ST-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 ongoing 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 cathetersation laboratories
Icath 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 (PCI) centre bypassing any
other facility. Widimsky et al? defined the ACS w OMI as ongoing (or
recurrent) clinical signs of acute myocardial ischaemia (i.e. persistent
chest pain and/or dyspnoea at rest) plus at least one of the following:
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Figure 1: Timelines in the European Society of Cardiclogy and
American College of Cardiology/American Heart Association
S5T-segment Elevation Myocardial Infarction Guidelines

STEMI
BT o Emergency Medical Service
Non-primary P =
e PCI within

Coronary Angiography

Trarapert 1o the primary Pl carmre ESC, ACC/AHA
Comrary angograshy betvaen 334 hn % 30min

Pl

ACE = American College of Cardiology; AHA - Amenican Heart Associalion: CABG - coronary
artery bypass raming E5C - European Sodely of Carmsiogy; PO/ - peroutaneous cormnary
intenaention; STEMY = ST-sagment myocardial infarcion.

1. ST-zsegment elevations in 22 consecutive ECG leads (=2 mm
for leads V2-V3, =0.5 mm for leads V7-V9 and =1 mm for
other leads),

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

3. persistent 5T-segment depressions in =2 consecutive ECG leads
{22 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;

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

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

It is impartant to keep in mind that isolated findings as listed above
(e.g. malignant arrhythmias without any clinical or ECG sign of acute
ischaemial do not fulfil this definition. The high clinical suspicion for
acute myocardial infarction is important. Direct transport to the cath
lab (bypassing any other location, .. intensive care unit or emergency
room) is always reguired in groups 1-4. Patients from groups 5-7
should also be transported to a non-stop (24/7) primary PCl facility
(either directly to the cath lab or they may be primarily admitted 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 wuntil
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 90/120
minutes (min} in most patients and =60/%0 min in high-risk patients
with large anterior STEMI and early presenters within two hours. In
case of fibrinolysis, the recommended system 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 time 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
FemoralAccess for Coronaryintervention (RIVAL) STEM| subanabysis*" (1,958
patients) and Radial Versus Femoral Investigation in 5T Elevation Acute
Coronary Syndrome (RIFLE-STEACSF trial (1,001 patients) demonstrated a
significant martality 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 recenty
by De Luca et al.* and Karrowni et al.™® In the contrary, no survival benefit
was found in the 5T Eevation Myocardial Infarchion Treated by RADLAL
or Femoral Approach in a Multicenter Randomized Clinical Trial (STEMI-
RADIAL) in 707 patients.™ Although the direct association between the
radial access and mortality may still be doubtful, the significantly lower
rigk of vascular and bleeding complications should promote the TRA as
the preferred access site for most operators ™ Proper training and enough
experience are necessary to achiewe the optimal results that should
receive the sirongest 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
only randomised frial showing the clinical benefit of routine thrombus
aspiration wersus corventional primary PCL The mortality at one-
year, as the secondary and not pre-specified clinical endpoint, was
found less frequently in the manual thrombus aspiration group (3.6
versus 6.7 %, p=0.018).2* The concemns about the single-centre
experience and the technique of conventional PCI {balloon predilation

INTERVENTIONAL CARDIOLOGY REVIEW
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before stenting) seem to be even more relevant after the first large-
scale international multicentre randomised Thrombus Aspiration in
ST-Elevation Myocardial Infarction in Scandinavia (TASTE) trial published
by Frobert et al™ This trial reflects the realworld practice using a
unique enrolment of patients from the national comprehensive Swedish
Coranary Angiography and Angioplasty Registry (SCAAR registry) 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
(3.0 wersus 2.8 %; p=0.63). This finding was consistent across all
pre-specified subgroups and no difference was cbserved in the
rate of secondary endpoints obtained from the Swedish Websystem
for Enhancement and Development 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 allcause mortality or recurrent myocandial
infarction). Currently, the routine manual thrombus aspiration seems
to be not supporied by the ewvidence and should be used only
selectively The data from the ongoing Trial of Routine Aspiration
Thrombectomy With Percutanecus Coronary Intervention (PCI Versus
PCI Alone in Patients With ST-Segment Elevation Myocardial Infarction
(STEMI} Undergoing Primary PCl (TOTAL) with more than 10,000
patients (ClinicalTrials.gov: NCTO1149044) 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 adencsine diphosphate [ADP] receptor blocker) is recommended
together with parenteral anticoagulant as early as possible before
angiography' {Le. immediately after the diagnosis of STEMI is confirmed).
The novel agents, prasugrel or ticagrelor, should be preferred ower
clopidogrel™™™ in combination with bivalirudin® enoxaparird’ or
unfractionated heparin® The use of glycoprotein lIbflla inhibitors is
indicated only as bailout in high-risk clinical situations, like the presence
of large thrombus burden and no-fiow phenomenon after PCL The
potential advantage of intracoronary administration of abciximab has
been studied but the results have to be confimmed.® Combination of
the administration of potent drugs reguires an individualised approach
with respect to a patient’s risk profile {prothrombeotic wersus bleeding),
complexity of coronary pathology, selected interventional strategy and
a good clinical judgement ™ Recommendation of the ESC and ACC/AHA
are shown in Tables T and 2.

Revascularisation Strategy for ST-segment Elevation
Myocardial Infarction with Multivessel Disease
Culprit-only PCI 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*
Clopidogrel, 300 mg ioading NA
Clopidogrel, 600 mg ioading IC/E
Prasugrel ]
Ticagrefor I}

“When prasugrel or Cagrelor e Sliher No! SVEIRDIE OF CONETNAMEHEd. AA - 1O avataie.

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

Clopidogral (00 mg loading) IC for primary PCI
Trasugrel (&0 mg Ioading) TB Tor primary PLl
Ticagrelor (120 mg o=aing) 1B fOr primary Pol

TIOPIOOZTEl (i T OMbGIYICS)
CIOpIOOZral (WinoUt Trombolyics)
PTasLgrel (WHNOUE TrOmDoiyics)
PCI = percitanaous cornary nbervention.

IC Tor non-primary Pel
1B Er non-primary Pl
1B Er non-primary Pl

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 (PRAMIL= The patients were
randomly assigned to either preventive or no preventive PCl 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 gov: NCTO1399736).

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 modified in concordance with the
patients” risk profile, our experience and availability of medical
resources. The establishment of the STEMI network and cooperaticn
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 intervention is the
best treatment of patients with ST elevation myocardial infarc-
tion (STEMI). When managing a STEMI patient, our approach
must be rapid and aggresive in order to intermupt the patholog-
ical process of thrombus formation and stabilization. The
therapy must be initiated prior to angiography (pretreatment),
continued during the procedure (periprocedural), recovery
phase (m-hospital), and follow-up. The reatment strategics
resulting in thrombus dissolutionfextraction have focused on
optimization of both pharmacological and mterventional ther-
apies. At present, there is no optimal evidence-based approach
to all patients with STEML and the treatment of these
patients needs to be modified with respect to the risk
profile, availability of medical resowrces, 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 s <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 fibrnolytic therapy where PCI 1s
not available and/or the expected time delay to PCI is longer
than 120 min (our goal 1s to achieve the time-to-treatment
delay from first medical contact (FMC) to wire passage
=90 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 (heparin [2] or preferably enox-
aparine [3. 4]) and aspirin. The outcome of patients may be
improved both with the use of adjunctive antithrombaotic
medication—glycoprotein (GP) I[Th/TIla 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 trials 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) artenal 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 combined with mechanical

reperfusion.

Pharmacotherapy
ADP Receptor Blockers

Ticlopidine was the first P2Y 2 ADP- receptor blocker used in
combination with agpirin to reduce thrombofic events com-
pared with warfarin after stent implantation [5]. It had never
been tested n the setting of STEMIL Due to its side-cffocts
(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 aspinn reduced the combined cardiovascular
endpoint by 9 % and death by 7 % in the COMMIT (CIO-
pidogrel and Metoprolol in Myocardial Infarction Trial) tnial
[6]. When a loading dose of 300 mg and subsequent main-
tenance dose of 75 mg daily were administered prior to
fibrinolysis, the 20 % relafive nisk reduction was observed
within a 30-day follow-up in STEMI patients in the CLAR-
ITY (Clopidogrel as Adhunctive Reperfusion Therapy) trial
[7]. In concordance with other clopidogrel tnals, dual anti-
platelet therapy 1s 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 grmde 0 or 1 (odds ratio, 0.64; 95 % confidence
interval 0.43 to 0.96, p=0.03) and significantly less common
no-reflow phenomenon (odds ratio, 0.38; 95 % confidence
interval 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 m 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 I, 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 maintenance dose for
7 days further improves short-term outcome m 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-
ing 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 is 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 n Therapeutic Outcomes by Optimizing
Platelet InhibitioN with Prasugrel) TIMI 38 trial, prasugrel
given prior to primary PCI significantly 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=0.58, respectively). Unlike other sub-
groups, the STEMI patients profited from prasugrel therapy
with no mcrease of major and life-threatening bleeding. The
concomitant use of GP IIh/Ila inhibitors further improved
patients” outcome. In patients without prior stroke, aspirin+
fracionated unfractionated hepanin+prasugrel with'without
GP ITb/TITa blocker 15 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 n 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 infarction (HR=0.80), stent thrombosis
(HR=0.66), and all-cause mortality (HR=0.8T)at 12 months
when compared with clopidogrel in the PLATO (PLATelet
inhibition and patient Outcomes) trial [16]. There was no
substantial mcrease of major and hife-threatening bleeding
but notably higher incidence of stroke (HR=1.63). Reduc-
tion of the pimary composite efficacy endpoint was not
observed. The concomitant use of GP IIk/IIla mhibitors
did not further improve patients’ putcome.

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

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 in overall ACS population and STEMI sub-
group (HR=8.19), in patients where the diagnosis is doubt-
ful (Fig. 7 on the right) or therr nsk profile predisposes to
bleeding complications, we suggest preloading with clopi-
dogrel or ticagrelor. In centers prefernng prasugrel applica-
tion, this should be held until angiografic findings have
confirmed an acute thrombotic occlusion.

Glycoprotein ITh/TMa Inhibitors (GPT)

Platelet GP ITITla 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 inhibition achieved is selective, com-
petitive, and short-lasting (up to 4 h) for small molecules
(tirofiban, eptifibatide) and non-competitive, long-lasting (up
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to 72 h), and with affmity to several other receptors of which
the mhibition might be also beneficial (abciximab) [17]. Mare-
over, all these agents have been found to improve microcircu-
larory function, reduce platelet-released vasoactive molecules,
and improve short- and long-term outcomes, particularly in
early comers (<4 h) and diabetic patients.

Several randomized mals evaluated GPIs in the setting of
STEMI. The most profound evidence has been found for
abciximab in combination with hepann [18, 19]. A 30 %
odd reduction in the composite ischemic endpoint was
demontrated with the adjunctive use of abeiximab [18].
Recently, eptifibaide was compared with abciximab in the
pnmary 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 risk 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 climical trials, abciximab is usually administered as an
mtravenous bolis +12-h contimuous infusion on top of hep-
ann/bivalimdin. 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 mracoronary bolus of GPIB/Ia mhibitors in
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 increase of bleed-
g complications. With a rationale that more potent
ADP receptor blockers, bivalimudin, thrombus aspiration,
and primary stenting are available for most of the
STEMI patients and that the confinuous intravenous
nfusion might not be benefitial to further mprove out-
come but increase the risk of bleeding, Gu et al. [23]
applied intracoronary bolus of abciximab only with no
maintenance infiusion and found better blush grade and
reduced mfact size in those with mtracoronary applica-
tion of abciximab. The intracoronary application of
abciximab results in lower platelet reactivity in coronary
sinus blood samples when compared with intravenous
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 mtracoronary bolus
with/without subsequent infusion is gquestionable but
supported by several studies and also by our clinical
experience.

ﬂ Springer

Bivalinudin

The direct thrombin inhibitor bivalirudin has been studied in
various chnical 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 hepanin 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 heparin+abciximab) might have been responsible for
an overall morality benefit in several tnals. All these studies
used transfemoral access site where bleeding complications
are more frequent than when performing via radial artery.
Secondly, compansons of heparin+GPI versus bivalimudin
and pure unfractionated heparin versus bivalinudin provide
conflicting results. It seems that bivalinudin is as safe as
heparin concerning major bleeding events with a trend to
more frequent stent thrombosis and cardiovascular ischemic
events. On the other hand, when abciximab is administered
on top of heparn, this combination causes more major
bleeding that drves the met clinical benefit toward bivalir-
udin [17]. This serves as a rationale for a bail-out therapy
with GPIs in high-risk patients. Where the risk of bleeding is
an issue, intracoronary bolus of GPI and no infusion strategy
may be useful.

A recent study by Stone et al. demontrated a reduction of
infarct size after intracoronary 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 trial, 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 bivalimdin 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
nisk 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 pimary PCI 1s the preferred

reperfusion strategy in all patients with STEMI, if the time-
to-treatment delay is less than 90-120 min (Figs. 1 and 2).
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Fig. 1 Anterior STEMI with acute thrombotic occlusion of the left
mtenor descending artery (LADY), 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 Stents (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 peni- 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 Anmerior STEMI with acute thrombotic occlusion of the left
mtenor descending artery (LAD, as on Fig. 1), treated by thromboas-
piration and DES implantation, final result

Drug-Eluting Stents (DES)

The drug-ehluting 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 nsk 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
modem 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.

Dedicated Stents

Managing acute climical 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 (Fig. 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
(TRA) and the presence of thrombus may be the reason for
implanting the stents with progessive self-apposing after its
implantation. The interim analysis of 600 patients in the
APPOSITION I1I 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 mfarction, emergent bypass surgery,
or chimically driven target vessel revascularisation at 30 days.

Fig. 3 Optical coherent tomography ((CT) image of acute thrombotic
occlusion of LAD, showing large thrombotic mass
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Fig. 4 OCT image of LAD (as on Fig. 3) after thromboas piration 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 smgle-arm MAGICAL
mial (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 resoluion (STR>T70 %) at 60 and 90 mmn 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=0E1).

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 nisk of distal embolization,
no-reflow phenomenon, and waorse 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 pharmacological
regimens, it is important to know whether to use the
thrombectomy in all patients or selectively and whether
this adjunctive technique would have a clear impact on
mortality reduction.

ﬂ Springer

Manual Thrombectomy

The current Class ITa indication for manual aspiration throm-
bectony during primary PCIin ESC [1] and ACC/AHA [35]
Guidelimes is based on two major randomized trials 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 prnimary PCI alone m 1,071
patients, though as the secondary and not pre-specified
endpoint (mortality at 1 year 3.6 % versus 6.7 %, p=
0.018) [36, 37]. In 72 % of patients, some visible material
was refracted from the IRA, and the aspiration was possible
in 90 % of cases. Primary surrogate endpomt comprised 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 percutaneous cor-
onary mtervention) trial showed a significant improvement
in the pnmary endpoints of MBG=2 and complete STR in
175 patients (88 % versus 60 %, p=0.001; and 64 % versus
39 %, p=0.001)[3&]. 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 (PCI) versus PCT
ALone in Patients with STEMI Undergoing Primary PCT)
trial enrolling 4,000 patients.

Mechanical Thrombectamy

Currently, there are several devices available for mechanical
thrombectomy during prmary 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 AngioJet Rheolytic Thrombectomy (Medrad
Interventional Possis, Mnneapolis, MN) was studied n two
relatively large randomized trials. In both the ATMI (AngioJet
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Rheolytic Thrombectomy in Patients Undergoing Primary An-
goplasty 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] trals, the primary end-
points were not met. In 480 patients in the AIMI tal, 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 aze) 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:
Results of the X-Sizer in AMI for Negligible Embolization
and Optimal ST Resolution) Trial in 201 patients with occhided
[RA [41]. Primary end pomnt (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 surmo-
gate benefits did not result in any clinical improvement.

Manual Versus Mechanical Thrombectomy

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

Fig. 5 Inferior STEMI with
thrombotic leasions in proximal
nght coronary arery (RCA),
imitial TIMI 1T flow: @ large
thrombotic mass managed by
thromboaspimtion afterward; b
little thrombotic mass managed
by direct stenting afterward

more often successfully deployed Export catheter with a trend
toward better ST-segment resolution (56.6 % versus 44 %; p=
0.06) as compared with the X-sizer system. Burzotta et al.
performed a meta-analysis of 2,686 patients n 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 thrombectonmy (871 patients with the use of X-
Sizer, Angiojet, Rescue and TVAC devices) on an individual
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 analyss showed better survival rate after
thrombectomy also in patients treated with glycoprotein
ITb/Ma inhibitors (p=0.045), and this benefit was confined to
the manual aspiration. Selection of the mals 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 trials) 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 surrogate endpoints
(complete STR, final TIMI3 flow, and less no-reflow) [44].

Manual aspiration thrombectomy is currently the pre-
ferred method of thrombus extraction that 15 fast, broadly
applicable, relatively effective, and user-friendly. The more
complex mechanical extraction technigques might be useful
or even required to completely manage the large thrombus
burden. Nevertheless, the role of thrombectomy is less
established in scenarios where the TRA is patent with initial
or post-wiring 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
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Rheolytic Thrombectomy in Patients Undergoing Primary An-
goplasty for Acute Myocardial Infarction) [39] and JET-
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dural parameters as well as the occwrence of primary clinical
endpoint in 201 patients at 3 years were similar except for the

Fig. 5 Inferior STEMI with
thrombotic leasions in proximal
nght coronary arery (RCA),
imitial TIMI 1T flow: @ large
thrombotic mass managed by
thromboaspimtion afterward; b
little thrombotic mass managed
by direct stenting afterward
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dence of larger thrombus. Direct stenting seems to be the
best approach to such patients (Fig. 5).
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fibrinolysis. The general mitations of fibrinolysis were
well described at the beginning of the European Stent for
Life Initiative 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 countries with the “simple
and deliverable™ fibrinolysis as the preferred reperfusion
treatment strategy.

There are several different fibrinolytic drugs available—
from the fibrin-non-specific, least effective, but broadly avail-
able streptokinase for mtravenous (i.v.) infusion to the more
potent and fibrin-specific tissue plasminogen activator (fPA;
alteplase-i.v. bolus+infuson), reteplase (rPA-double 1.v. bo-
Ius), or tenecteplase (TNK-tPA-single 1.v. bolus). The major
hazard of fibrnolysis s the excess nsk of bleeding inchiding
the cerebral hemorhage. Moreover, with increasing time-delay,
particularly after 6 h, the overall efficacy of thrombolysis
decreases. Albeit the fibrinolytic facilitation of primary PCI
is not indicated, the routine transportation to coronary angiog-
raphy or PCT after its administration (respecting several contra-
indications) 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 algonithm recommended by current highly sophisticat-
ed guidelines (Fig. 6) and adjusted algonthms followed in
the daily practice. We provide an example of the STEMI
algorithm being used in our high-velume primary PCI cen-
ter situated in one of the European “best STEMI practice
countries” (Fig. 7).

Unanswered Questions

Despite the precise current data, some questions sall 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,
bivalirudin), (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 phammaco-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 15 a lack of data
showing therr potential when used m mutual combination.

The evidence-based approach needs to be modified to each
clinical sifuation based on the best clinical judgment.
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Abstract

Background: Older age, as a 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 ole of age in large groups of consecutive patients with POl as the
nearly sole method of revasaularization 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
twio 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; 747%, 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 01 (46; 2.6% ws. 78; 3.9%,
p=00232). A total of 217 patients (5.7%) died during hospitalization, ggnificantly more often in the older population
(46; 2.6% vs. 171; 8.5%, 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 IIHY) 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. 5.65, p=0030 for Kllip 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 angiography and
proceed to PCI If suitable regardless of age is crudial 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

Ower 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 outcomes 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 5T 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 ML 2) Clinical data, particularly
Killip class on admission; 3} 12-lead ECG regarding the
presence of ST segment changes and bundle branch block-
ades at the time of admission (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) descaribed
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 (WHO) 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 Dedaration. 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 differences 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 NA Number of patients 1800 2014 NA

Patients' characteristics Final TIMI flow

Males 1454 (B0.5%) 1132 (562% <0001 TIMIO-1 4 (260 78 (3.9%) 0022

History of DM 89 (21 6% TE3 (379w <0001 TIMIZ 54 (16%) 102 (5.1%) 026

History of previous MI 268 (149% 505 (25.1%) <0001 TIMI 3 1434 (FaFH 1343 {56 7%) <0001

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

| 1501 (83.4%) 1381 (67 6% <0001 13 T18 (o) 105 (5.2%) 0084

i 179 (9.9%) 410 (204%) <0001 03 655 {36.49%) 514 (25.5%) <0001

] 54 (3.0 131 (A5%) <0001 In-hospital mortality 46 (2.6%) 171 (8.5%) <0001

I 66 (3.7%) 112 (5.6%) 000G Humbers 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 is p < Q05.

STEMI+ new LBBB 1060 (S39%) 9% (47.5%) <0pm  CAG Coronary Angiography, PO Percutaneous Coronary Interention, T
Thrombaolysis In Myocardial infarnction.

NenSTEMI 0410 % 1058 (525% <0001

CAG years survival supplemented by 95% confidence interval:

CAG 1726 (95.99%) 1860 (9249 <0001 89.6% (87.9%; 91.2%) vs. 70.8% (68.4%; 73.2%) and 86.1%

N indication for CAG 74 {41%) 154 (7  <oom  (B37%; BB.4%) vs. 59.8% (56.4%; 63.2%) respectively, p

—— of  di B < (L001; log rank test) (Figure 1). Similar risk factors sig-

vessek nificantly influenced long term survival in both the

Single vessel dissase 717 (8% 463 (20w <o younger and older population with only a limited num-

Two vessel disease 506 (2B1% 36 (27.0%) 043

Three vessal disease 478 (266% BO7 (401%) <0001

Left mmain anery diseass 25 {1.4%) A (2.2%) 0069
IRA (by CAG or autopsy)
Left rrain 26 (1.4%) 42 (21%) 0143
LAG 660 (367%) 763 (37.5%) 0441
L 360 (200%) 293 (145%) <0000
RCA 585 (325%) 562 (27.9%) ooz
ACH T4 (0.8%) 25 (1. 2%} a7
Mot known 155 (B6%) 39 (163%) <0001
Initial TIMI flow
TIMI Q-1 877 (487% 781 (388%) <000
TIMI 2 288 (16.0%) 315 {15.6%) 0730
TIMI 3 480 (267%) 589 {20.2%) ory
Pl
POl total nurmber 1541 (B5.6%) 1505 (747% <0001
Na PO 259 {14 4%} 509 (253%) <0001
PC% of CAG 15411726 1505/1860 <0001
(59.3%) (B09%

Humbers in the second and third column represent absolute numbers of
patients and percentage of the related group. Statistically significant difference
is p < 0.5,

DM diabetes mellitus, M myocardial infarction, B0G elecirocardiogram, STEM
AT segment elevation myocardial infarction, LBER left bundle branch block,
NonSTEM! non-5T elevation myocardial infanction.

(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 ).

0 seeemnee B yoars (N=1368)
Overall [N=2847)
——— >B85years (N=1479)

Fmopartion of surviving

02

00

o 10 20 a0 40 50 1] T ED

Manths

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% Cl) P P
Age (10 years) 176{135 228 <10.001 203 (1.75; 235) = 0001 0458
Men 1116 118075 1.79) 0441 856 0.90 (0.76; 1.08) 0262 7
DM 303 191 {135 265) <10.001 574 141 (1.1 1.68) = 0001 0085
Previous MI 219 202 (142 257) <10.001 385 146 (1.2 1.76) <0001 0189
Killig | 114 Basal caregory 958 Beal category
Killip I 155 252 (167, 381) = 0001 334 1.80 (147, 223 = 0001 0298
Killips 1l 39 604 (3.48; 10.48) <0001 104 114 (236; 4.18) <0001 0051
Killip W 53 1224 (7.94; 18589) = 0001 75 5A5 (4.14; 7.70) = 0001 0030
Bal 1169 060 {042 088) 0,008 1109 046 (035 055 <0001 0202
Ne PO 199 166 (1.14; 241) 370 219 (1.8% 243
STEMI+ new onset of LBBB 948 102 (072 1.43) 0924 930 121 (1.0 1.47) 0056 0312
MNonSTEMI 430 098 (070 1.38) 459 083 (068 1.01)
Final TIMI flow 2-3 1162 020010 0.41) <10.001 1096 032 (022 047} <0001 0151
Final TIMI fiow 0-1 19 500 {243; 1018} 46 313 (217; 465)
Single vessel discasa 53z Basal category 339 Basal categary
Two vessel diseas 402 130 {0586 1.96) 0213 43] 153 (1.13; 206) 0ma 037
Three vessel discase 359 210 (143 3209 = 0001 504 234 (1.70; 295) = 0001 0508
Left mmain anery diseass 11 4.12(1.28; 13.28) 0018 8 585 (250 1367) = 0001 0564
IRA
Left rrain 18 452 (1.77; 11.57) 000z 28 526 (326, 845 = 0001 0995
LAD ind. its branches 440 177 (1.17; 266) 0006 556 1.10 (085 1.41) 0431 003
L inel its branches 263 136083 224) 02 m 1.09 (083 1.48) 0608 0546
RCA incl its branches St Basal categary 401 Basal categary
Bypass graft 12 005 (000 54531) 0524 ] 080 (030 217) 0662
IRA ot known 135 269 (1463 443) <10.001 253 237 (1.83; 305) = 0001 0815

N number of patients in given category.

HR hazard ratio based on Cox proportional hazards model supplemented by its statistical significance.
Influence of age category of patients on HR value within these age categories s analyzed wsing 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 unigque in such a
large group of consecutive, unselected patients having a
diagnosis of amte 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, risk factors and a worse
expected prognosis in the older patients [12], the mte of
diagnostic coronary angiography and PCI 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
prognoss 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 sgns of heart failure (Killip II-1V), 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
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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 AML 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 (14.4% in PCl-treated
patients vs. 17.6% in patients treated with thrombolysis).
Ishihara et al. [14] recently described the outcome of a large
cohort of patients with AMI divided acconding to the age
(= 70 years or = 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 0.6%, 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 MD, Tomas Movotny MD PhD, Irena Andrsova MD,
Jindrich Spinar MD CSe FESC, Petr Kala MD PhD FESC FSCAI

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

Right ventricle myocardial infarctions {RVMI:) accompany inferior wall
ischemia in up to one-half of cazes. The clinical sequelae of RVMI: vary
from no hemodynamic compromise to 1evere hypotension and cardiegenic
shock. Diagnoziz is based on physical examination, electrocardiopraphy,
echecardiography and coronary angicpraphy. Because the standard 12-lead
electrocardiogram is insufficient for the assessment of BV involvement,
right-sided precordial leads should always ke included. Adequate fluid
administration in combination with positive inotropic agents and early

coronary reperfusion are crucial component: of treatment, while diuretics
and nitrate: thould be aveided. Intra-sortic balloon counterpulsation and
right ventricle azist devices may be mzed with success in RVMI: anoci-
ated with medically refractory heart failure. Right ventricular involve-
ment appear: to be an independent prognostic factor that dramatically
increases in-hospital mortality, due, in part, te a significantly higher risk
of hemodynamically compromising arthythmias. Thus, wing right-sided
precordial leads and early RVMI identification to trigger an appropriately
aggressive treatment protocol may improve patient:’ prognosis.

Key Words: Arvhythmias; Fevasculsriation; Right ventricular myocardial
infarction; Treatment

ardiovascular dizease (CVD) continues to be the main cauze of

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

Patient: with acute coronary syndrome may prezent with either
acute myocardial infarction (MI) with or witheut 5T segment eleva-
tion, or unstable angina. These condition: share common patho-
physiclogical mechanisms related to coronary plague inscability
{erosion or rupture), thrombosi: and vaszosrpasm, resulting in either
mbendocardial or transmural ischemia.

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

INCIDENCE

RVMI is wsnally anociared with LVMI and, in practice, doe: not exist
in izolation {3). The cccurrence of RY impairment depends primarily
on the location of the MI, which ranpes from rare cazes in the anterior
heart wall (6) to more common location: (depending on the type of
diagnostic method uzed) 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 it: smaller muzcle mass and workload; increased bloed flow during
diastole and systole; more extenczive collaveralizazion of the RV, pri-
marily from the left coronary syitem; and diffusion of oxypen from
intrachamber blood through the thin wall of the RV and inte the
Thebesian veins (7-9).

The clinical :equelac of BVMI vary widely, and ranpe from no
hemodynamic comgpromize to zevers hypoteruion and cardiogenic

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

DIAGNOSTICS

Physical examination

It is important to conzider a diapnosis of RVMI, particularly in the pres-
ence of an inferior wall ML The typical triad observed on physical
cxamination iz hypotension occurring with jugular vein distention and
clear lungs. Preserved left ventricular (LV) function confirms the diag-
nosis (3). A tricuspid repurpitation murmur, Kusmmaols sign (an
increase in inspiratory central venous prezsure, visible a1 jugular vein
distention) and pulius paradoxus are sign: of significant hemodynamic
effects due to BV izchemia (11). In some cazes, these symptoms are not
prezent at admission and do not eccur until diuretics or nitrates are
administered.

Two-dimensional echocardiography

This 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 diagnosiz of
RV involvement, expecially in cazes of technically inadequare two-
dimensional images (17).

Radionuclide ventriculography and ***Tc pyrophosphate
myocardial scintigraphy

Theze noninvasive technique: may be uied to derect RV dysfunction.
A dilated right ventricle with hypokinesia, akinesia or dyskinesia of its
free wall aszociated with a depressed RV ejection fraction (EF) and a
normal or only mildly depressed LV EF are indicative of an RVMI (7).
A "% prrophosphate myocardial scintipraphy examination requires
proper timing, and the :cans are wsually not diagneostic until 72 h after
the onset of symptoms:. Excessive uptake of the radionuclide in non-
cardiac structures (chest wall, bone, cartilage) can lead to issues
reparding the interpretation of the acquired images (18).
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Figare 1) Right ventricle systolic dysfunction, estimated using tricuspid
anmular systolic plane excursion-method echocardiography

Hemodynamic examination

Hemodynamic examination wiing right-sided cardiac catheterization
may reveal a disproportionate elevation of right-sided filling presares
compared with left-sided filling pressures. The generally accepted cri-
teria for hemodynamically-zsignificant EVMI: originate from an
autopsy/hemodynamic study by Lopez-Sendon et al {19) and include
right atrial prezsure (RAP) =10 mmHg, a RAP to pulmonary capillary
wedge pressure (PCWP) ratio =0.8, or RAP within 5 mmHg of the
PCWP. However, with concemitant and significant LV dysfunction,
the cloze relationship between the RAP and the PCWP iz not pre-
served, although the RAP will continue to be elevated (18,19).

Coronary angiography

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

Electrm!arﬂiosmphv

Because VM are usually associated with an inferier wall MI, evalua-
tien using standard 12-lead clectrocardiopraphy (ECG) often reveals
corresponding ST sepment elevations in leads II, 11l and aVE
Disproportionate 5T segment elevation with greater ST elevation in
lead 111 than in lead II iz pathopnomonic for an RWMI, and RV
involvement should be fully and carefully considered (21). Becanse
standard 12-lead ECG images mainly assess the IV, right-sided precor-
dial leads should alway: be wsed. These can show ST segment eleva-
tien across the entire right precordium from V1R through V6R; a sole
ST sepment clevation in lead V4R =1.0 mm (Figure 3) iz a reliable
marker of an RV infarction, with 100% sensitivity, 87% :pecificity and
92% predictive accuracy (22,23). Purthermore, higher 5T sepment
elevation: in V4R have been found to be independent predictive fac-
tor: for more sipnificant BV dysfunction and higher mortality rates
(24,25).

ARRHYTHMIAS
BVMIs are more often complicated by all types of archythmias
compared with ‘simple’ inferior or anterior wall LVMI: (24,26-28).
Barrillon et al (29) were the first to recopnize the significantly higher
ik of zevere conducrion dizorder: in patients with BV involvement.
Complete atrioventricular {AV) or sinoatrial blocks cccurred in one-
half of cases in which ST sepment elevation or a QS pattern in V3R
and/or V4R were prezent. On the other hand, these complications

28

Figure 2} Angiogram showing critical stenosiz of the proximal right covonary
artery

were found in enly 14% of cases in which these sign: were absent. Ina
prospective study of 200 consecutive patients with acute inferior wall
LVMI, Zehender et al {24) demonstrated a higher incidence of sus-
tained ventricular tachyeardia {16% verzuz 8%; P=0.08) and ventri-
cular fibrillation (21% versus 9%; P=0.03) in patients with ECG signs
of BV involvement. Sipnificantly higher incidence: of complete AV
block (17% versu: 4%; P=0.06) and severe bradycardias (9% wverius
3%; P=0.09) with pacing requirements (18% versuz 3%; P=0.01) have
been reported in caszes of RWVMI (24). Mchta ct 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)
BV 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) wa: the highest in patients with inferior
LVMI with RV invelvement.

THERAPY

BRY 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 iz thuz crucial to maintain sufficient RY output velume and
LV function (30). Initial therapy, therefore, requires the administrazion
of sufficient volume to increase RV filling; at the same time, it is critic-
ally important to avoid drugs that cawse venodilation and a decrease in
RV filling {eg, nitrates, diuretics). Treatment iz penerally recommended
to bezin with a volume challenge of 300 mL to 600 mL normal saline
over 10 min to 15 min through a central line or through a larpe-bore
peripheral intravenous site (31). However, some studies have indicated
that volume loading may not increase cardiac cutput (7,32,33). This
may be due to variable initial volume starus amonp patientz. Some
patient: may be relatively volume-depleted and could benefit from a
veolume infusion, while others who prezent with a normal 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). Invasive hemodynamic monitoring i1,
therefore, recommended, becamse further infusion may be harmful i
additional increases in BV volume prevent sufficient LV filling via inter-
wentricular interaction: and intrapericardial pressure equalization. Based
on hemodynamic monitoring studies, exceeding 2 RAP or PCWP of
20 mmHp iz penerally not recommended (32).
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Figare 3) Electrocardiopram showing vight-sided precordial lead:s and
V3-V6 5T segment elevation in a patient with right ventricular myocardial
infarction.

1f initial volume loading fail: to improve arterial pressure and car-
diac outpur despite significant increases in RAP and PCWE, then
positive inotropic agent therapy can be effective in stabilizing parients.
Dell'ltalia et al (32) studied the effect of dobutamine in patient: with
BVMI after volume loading and concluded that dobutamine produced
a statistically significant increate in cardiac index, stroke wolume
index and RVEE

Restoration of sufficient coronary blood flow reprezent: the only
treatment thar addresses the underying problem, and early reperfusion
{Figure 4) improves BV performance as well as the clinical courie and
survival (4). Bower: et al (16) studied clinical outcomes and RV func-
tion wing two-dimensional echecardiopraphy in 33 patient: with acute
RVMI before and after reperfusion therapy. The author: reported dra-
‘matic recovery of RV performance and excellent clinical outcomes after
carly and complete reperfusion of the RCA winp primary percutansous
coronary intervention. In contrast, unsuccessful reperfusion was asoci-
ated with impaired recovery of BV function, persistent hemodynamic
compromize and high mortality rates. Early reperfusion was alio crucial
in preventing ventricular arthythmias, which were obzerved much more
frequently in patients with uniuccessful coronary reperfusion (16).

In patients with refractory hypotension and low cardiac output,
intra-aortic balloon counterpuliation (IABC) may be bencficial.
Although IABC doer not directly influence BV performance, it can
increase coronary perfusion pressure and thereby improve BV fune-
tien, 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 uzing TABC (4).

The limitarion: of medical management of BV failure mentioned
above have led to the development of 2 number of RV assist devices
designed to bypas: the impaired RV andfor pulmonary circulation to
allow the right ventricle to recover. The TandemHeart Percutaneous
Wentricular Assist Device (CardiacAssist Ine, USA) is an excracorporeal
centrifugal pump that penerater continuous flow with a minimal low
amplitude pul:atile componentF It can provide flow up to 5.0 Lfmin and
pump: the blood from the right atrium to the main pulmonary artery,
bypasting a poorly functiening RV, Kapur et al (34) studied nine patients
with medically refractory BV failure and found thar, although four
patients died early, the Percutaneous Ventricular Assict Device war asso-
ciated with significantly improved hemodynamics. Venoareerial extra-
corporeal membrane oxygenation systems can provide both cardiac and
tespiratory suppert. These can be fully establizhed through the cannula-
tion of a femoral vein and artery wing the Seldinger technique; chere-
fore, surgery iz not reguired. In conrast to BV asiist devices, this
technique allow: toral bypaszing of the pulmonary bed and, therefore,
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Figure 4] Angiogram showing the right covonary artery post-
revascularipation

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 oxygzenation method may be con-
sidered to be the only reazonable approach (33,36).

PROGNOSIS

BY involvement significantly increased mortality in patients with
inferior wall LVMIs, although it does net achieve the rame rates
observed in anterior wall LVMIs (26). Zehender et al (24) studied
200 consecutive patients admitted with acute inferior wall LVMI RV
involvement prezenting with an ST elevation in lead V4R wa: found
to be a highly nepative predictive factor of both in-hospital mortalicy
{31% versuz 6%) and all major in-hospital complicarions (64% veriuz
28%). These included swstained ventricular tachycardia, ventricular
fibrillation, myocardial rupture, second- and third-depree AV block
requiring cardiac pacing, reinfarction and cardiopenic shock. Jacobs
et al (37) evaluated 933 patients with acute MI presenting with
cardiogenic shock due to either predeminant RV (n=49) or LV failure
(n=884). Despite the younger age, shorter time to shock diapnosis,
higher prevalence of sinple-veszel coronary dizeaze, lower prevalence
of previous MI and similar revascularization cutcome: in patients with
B failure, there wa: no sipnificant difference in morality between
the proup: (33.1% versu: 60.8%; P=0.296), representing an unexpect-
edly high mortality rate amonp the BV shock patients.

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

CONCLUSION
BWMI often accompanie: an inferior wall LVMI presenting with eypical
clinical, ECG and echocardiographic findings. In the presence of hypo-
terion 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 treatment includes fluid loading and vazepressors, which
should be administered immediately. In addition, patients with BV
involvement require continuous eareful monitoring because they are at
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a significantly higher risk for ventricular fikrillation, sustained ventricu-
lar tachycardia and high-depree AV blockade, any of which would
worzen the overall prognosiz.
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S.D. Kristensen et al

Methods
and results

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 data from existing naticnalor
regional registries. In countries where no such registries exist, data were based on best expert estimates. Data were col
lected on the use of STEMI reperfusion treatmentand mortality, the numbers of cardiclogists, and the availability of PPCI
facilitiesin each country. Our survey providesa brief data summary ofthe degree of variation in reperfusion therapyacross
Eurcpe. The number of PPCI precedures varied between countries, ranging from 23 to 884 per million inhabitants.
Primary percutaneo us coronary intervention and thrombolysis were the dominant reperfusion strategy in 33 and 4 coun-
tries, respectively. The mean population served by a single PPCI centre with a 24-h service 7 days a week 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 PPCl utilzation were cbserved in 13 of these countries.

Conclusion 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.

Keywords Primary percutaneous coronary intervention  STEMI e Treatmentvariation ® Eurcpe

Introduction Furthermaore, we gained data on information on existing national

Guidelines from the Eurcpean Society of Cardielogy (ESC) call for
timely corcnary artery reperfusion in patients with 5T-elevation
myecardial infarction (STEMI) and stress that, if available, 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 STEMlare 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 studiessuggestthatclinicalfactors, 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 follow-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 on e affiliated ESC country. The collec-
tion of data was a substantial task, and consequently, one representative/
contact person from 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 information on the following
items: the number of STEMI patients per 1000 000 inhabitants treated
with (i) PPC, (i) thrombolysis, and (i) patients receivingno reperfusion
therapy. We also collected data on morality assessed as overall
in-haspital mortality according to the type of reperfusion therapy.

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 000inhabitants). 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 thrombalysis and the numbers of patients not
receiving reperfusion therapy were in 2007/2008 given as percentage
and can therefore notbe compared.

Since most of the countries in Europe at present do not have national
or regional registries on PPClor 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 af STEM| eapturing 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, Iretand, and Slovalda, data werebased on
surveys and snapshots. A full description of the data sources are given in
Table 1.Since mortality data are 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

W provided descriptive analysis of the type of reperfusion utilization in
201072011 for each country. For the 27 countries participating in both
surveys, we moreover included comparative numbers on the utilization
of PPCL. The use of reperfusion therapy is presented as numbers per
1000 000 inhabitants. Mumbers of available cardiologists are presented
per 1 000000 inhabitants and numbers of available PPC| 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®
Bosniaand
Herzegavira
Bulgaria

Croatia*

Cyprus

Cach Republic

Denmark

Egypt

Finland

Data
from
the
year

o1

o1

01

o1

201

o1

2009

m

2010

0on

0on

Existing
national PCI
registry

Austrian PCI
registry

Belgian PCI
registry

Started
Movember

20m

Mo

Mo

Yes

The Danish
Heart

Registry

Yes

Na

Existing regional PCI
registry

PCl registry
Wihelminen
Hospital Vienna

No

Yes

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

Yes

Existing
national
STEMI

registry

Mo

Belgian STEMI
registry

Started
November
012

Mo

Mo

The Danish
National
Patient
Registry

Mo

Existing Expert
regional estimates
STEMI only
registry

Vienra, STEMI

registry

Mo

Mo

Yes

Mo

Yes

The Danish
Mational
Patent
Registry

Yes—some

L=t fSTEMI

= to data content

capturing per period/
percentage of STEMI

population covered by the

registry

0% (estimate)

STEMI database 50%

PCl database 100%

7%

NA

ke

100%

36%, 31 million peaple

Near 100%

10 1508y 10 qrstaarm JArese 18 /A10-speumolpiorso-firesmaydim mog pepeofumoq

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

Croatian Institute for Public Health and regional
and in-hespital ACS/STEMI/PPCI 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 National
Congress, year 2012

Register + approximation based on current and
older data

Based on the 15t Phase of Egyptian Stent For Life
registry (9 manths). Four areas only: Cairo,
Alexandria, Delta and Canal Fourteen cath bs

PCI data based on registry da, STEMI data based
on expert estimates

Continued
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Table |

Country

Continued

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

Germarry

Greece

Hungary
leeland

Ireland

lsrael

fraly

20m

201

2011

201

2011

201

2010

2010

Mo

Mo

Mo

Yes

Tes

Mo

Yes

Tes

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

Mo

Yes

Berlin, Essen,
Hildesheim/
Association of
Clinical Cardiology
Directors (ALKEK)
Ludwigshafery ALKK

Record PCI

Mo

Mo

Mo

Partially

Mo

RICO, Cardio
AFRIF, OREL
Center
Registry,
FACCH
registry,

Alpine
registry
Mo x

Yes

Mo
Yes
Yes

Mo

1 Recode PCI

Yes

145%

S50%

Snapshot survey (2011) 92%
PCI 100%

STEMI95%

A

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

BLITZ 1 (2 weeks smapshot in
=90% Italian CClUs;
BLITZ -+ aweeks snapshot
representative of
approximately one-fifth of
total CCUs)
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Based on the FAST-MI survey data

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

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

Data based on Stent for Life Registry, Hellenic PCI
Registry

SWEDEHEART. Data on the use of thrombolysis
are based on expert estimates

(1) Heartbeat voluntary STEMI database of 20
participating hospitals (uly2011to June 2012)
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

Data are based on GISE database® dataon
thrombeolysis, and no reperfusion are based on
BLIZ-4
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Latvia®
Marcedonia®
Metherands

Portugal
Foland®

Romania®
San Marino
Saudi Arabia

Slovakia

Slovenia

Spain

Turkey
Uk

Ukraine

2011
201
201

2011
2011

201
201
201

2011

2011

201

2010

2011
2011

2011
2010

20m
201

2 different

Yes
Ma
Yes

Mo

Ma

Mo
Yes

Tes

MINAP

BCIS

Yes (covering
just 75%)

Yes Yes
Yes Yes
Yes Ma
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
Ma

Mo
Yes

Mo

Ma

Yes

Mo

Yes

Ineach CL

Yes

Mo

Mo
Yes

Mo

90%
B85%
Yes

A

700

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 Regioral
STEMI Metw orkes 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,
thrombaolysis, and number of patients not
receiving any 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 PPCI registry, Matioral
registry for ACS, Annual cath-lb reports ofall
PCl centres

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

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

Swedeheart, HIA

Information based on vo luntarily hospitals
participation in AMI5 Plus Registry

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

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

COU, Critical Care Unit; CL, County Leved: HIA, Healt Impact Asesment.
*Based on the same data sources as the survey published in 2010°.
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S.D. Kristensen et al.

Table2 MNumber ofavailable cardiologists, hospitals capable of performing acute and non-acute percutaneous coronary

intervention, and population per centre

Country Country Mean number of Numbers of Numbers of PCI Mean population
population 1 board-certified cardiologists PClhospitals hospitals with 247 per PPCl centre
January 2011 per million population PPCl service (2417 sarvice)
Austria 8404252 87 36 14* 600 300
Azerbaijan 92111078 022 7 4 2280000
Belgium 10951 665 730 36 36 304 000
Bosnia and Herzegovina 3843183 1A 5 2 1922000
Bulgaria 7504 858 Bo.6 33 33 2727 500
Croatia 4412137 MNA 12 9 490300
Cyprus 804435 165 4 0 &
Czech Republic 10513 209 73 22 22 478 000
Denmark 5560 628 58.4 7 5 1,112,000
Egypt* 82079 632 58 93 E)| 2,654.800*
Finland 5375376 47 23 3 1792000
France® 65821 B85 9.1 210 210° 313 000°
Gmrgia" 4469 150 EER) 9 4 1117 300*
Germany 81780 000 360 521 N MN&A
Greece” 10787 690 2438 49 15 754000
Hungary” 9985722 400 17 17 587 400
leeland 318452 78BS 1 1 318 500
Ireland 4480858 1 16 4 1120200
I1zl|y-n 60626 442 MNA 55 n 287 300
lsrael 7873052 n2 24 22 311400
Latvia 172739641 65.0 4 2 1114800
Macedonia 2077 328 178 4 4 519300
The Methertands 16 696 000 557 3 22 759000
Portugal 10636 979 545 29 21 506 500
Foland 38200037 5032 137 114 335100
Romania 19042 936 577 ) 12 1585911
San Marino 31269 e 1 1 31300
Saudi Arabia 26316 704 115 30 4 6533000
Serbia T2T6195 MNA 1 5 1455200
Slovakia 5404322 7B & 4 1351000
Slovenia 2050189 1nz 5 2 1025094
Spain 46152926 4.9 126 78 59700
Sweden 9415570 78. 29 12 784 600
Switzerand 7870134 126 32 26 302 700
Turkey™ 14283013 130 7 15 952200
UK 63141 700 A 17 57 1107 749
Ukraine 45134707 555 37 11 4103 200
“in Austria further 14 centres perform PPClin STEMI patient s for 1 up ta 3 days 24 h with orks that offer. Isystem of open catheter networks (&g STEMI netwarks in

Wienna, LINZ, Lower Austria South).
Based on survey data in sel ected parts ofthe countries—see ako Table 1.

Results

Utilization of primary percutaneous
coronary interventionin2007 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 PPCI per 1000000 were Austria, Bulgaria,
Germany, the Metherlands, and Poland. Azerbaijan, Cyprus, Egypt,
Georgia, Saudi Arabia, and Ukraine had the lowest utilization
(Fgurs 7). Most countries had PPCI rates around 400600 proce-
dures per 1000000 inhabitants (Figures 1 and 4). Twenty-seven of

the toral 37 conntries marticinated in the former suvey. Maioe
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Reperfusion therapy for ST elevation acute myocardial infarction 2010/2011

1963

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

Country STEMI STEMI treated with PPCI STEMI treated with thrombaolysis STEMI receiving no reperfusion
Bulgaria 12 &1 1 19
Dienmark ] 31 MNA 1
Hungary 10 & 135 15.5
leeland 55 MA MNA MNA
Ialy 4 25 25 62
Macedonia 43 12 65 87
Portugal 67 33 MA 85
Foland 30 44 15 115
Romania 99 44 83 17.1
Spain 63 5 MA 134
Sweden 71 48 59 26
LIk LA 44 MA M
Based on data from countries with access to anational PCland STEMI registry.
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Figure | Primary percutaneouscoronary interventions per 1000 000 inhabitantsin 37 ESC countries. Blue bars are data from 2007 and red bars

are data from 2010/2011.

increases in PPC utilization were observed in 13 countries: Austria,
Bulgaria, Croatia, Greece, Italy, Latvia, the Netherlands, Portugal,
Romania, Serbia, Turkey, and England™Vales (Figure 1). Countries
like Denmark, France, and Sweden on the other hand experienced
adecline in PPCl precedures.

Utilization of thrombolysis

The use of thrombolysis was highest in Bosnia and Herzegovina,
Cyprus, Greece, and Serbia (Figure Z). The use was below 100 per
1000 000 inhahitants in the maiarite of the cnontries
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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

1000000 inhabitants (Figure 3). A large number of countries were

unable to provide data on non-reperfusion

board-certified cardiclogists. the number of PPCl performine
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2600 PPCI/mill/year

400-<600 PPCI/millfyear
200-<400 PPCI/millfyear
<200 PPCI/millfyear
Data unknown

Figured4 MNumbersof Pimary Percutaneous Coronary Interventions per 1 000 000 inhabitants 2010/2011 in 37 ESC mem ber countries, grouped.

hospitals, the number of PPCI centres with a 24-h service 7 days a
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 PPCI procedures (R = —0.0013, P = 0.99).

The mean pepulation 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 percentre (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 2 displays the in-hospital mortality for STEMI patients cverall
and the in-hospital mortality for STEMI patients treated with PPCI,
thrombelysis, 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-cenfirmation of patient-specific mortal-
ity, the reported mortality in STEMI patients treated with PPCl was
3 1% (Denmark) and 4 8% (Sweaden) { Tahla 31

Discussion

Themain findinginour descriptive study of reperfusion therapy in 37
ESC countries is that large national variation in treatment strategies
for patients admitted with STEMI still exists. Despite the fact that
international 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 corenary intervention as the first-choice trea-
tment strategy is wel implementad 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 al? 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 countries 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, England™Vales 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 utilzation. 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 acress 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 goalin the development
ofa STEMI 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 differencesin the need for PPClis appar-
entacross Europe, where demographics vary highly and where death
rates from ischaemic heart disease (both sexes, all ages) are twice as
high in the UK as in Portugal.'"” For example, in Ireland, the ratio of
elderly persons given as the number of =65 year old divided by the
number of persons < 65 is 17.2%, wheneas in Italy this ratio is 30.9%
(2011, Eurostat, Population statistics}.mu:’ 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 (e.g existing
diabetes and hypertension) may vary, and influence the demand for
PPCL. For example, in Saudi Arabia the percentage of people with
acute corenary 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'? 22
Mewer studies have found that the numberof physicians is asseciated
with the level of PPCI utilization®™** In our study, we found no
comelation between the number of cardiclogist and the number of
PPCI utilization.

However, previous studies have not only 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 methods on technology utilization.”**” 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 affertad by the canahilite of farb and correct dizonoss

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
observed differences in PPCI utilzation is the definition of PPCIL
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 population, and thus, the
actual level of PPCI in the countries must be interpreted carefully.
For example, utilization 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 induded. 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 ke Denmark, Czech Republic, the Nether-
lands, and Sweden almost have stopped using thrombelysis in STEMI
patients. One plausible explanation for the existing widespread use of
thrombolysis is that several countries do not have the required infra-
structure and timely access to catheterization hboratories 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 str:!teg;.uf."‘rI

Thrembelysis should preferably be administered in the pre-
hespital setting and should be followed by transfer to a PCl centre
as soon as possible for urgent (rescue) or subacute coronary angiog-
raphy."** The optimal timing of routine angiography following suc-
cessful thrombelysis is not settled, but recent trials suggest a time
windowof2—12 h.' Awel-organized system of care with clear treat-
ment protocels and ceordinated transfer systems is necessary for
identifying trearment-eligible patients for on-site thrombolysis or
transfer for PPCI, as treatment is highly dependent on time. Studies
have shown that system delay (time from first medical contact to ini-
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 exceed 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.” Our survey demonstrates that a substantial proportion
of STEMI natients still are not receiving anv renerfiision therany
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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-
reperfused 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 201 07 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 economic 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. " Maniy 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 toincludealarge
number of countries that provided up-to-date information onthe 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 participationinthe survey changed or expandedtheirregis-
tration 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 narticinating inthe surves 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."54" The participating countries
already reportstrikingrises in PPCl utilization, reduction inmo 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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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 myocardial 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 Sockety of Cardiology. Al rights reserved. & The Author 2014. For permissions please email: journals permissions(@oup com
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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?

Petr Widimsky*, Filip Rohac?, Josef Stasek?, Petr Kala3, Richard Roleyta4,

Boyko Kuzmanov®, Martin Jakl?, Martin Poloczek?®, Jan Kanovsky?, Ivo Bernat?,
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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 (RBBB) is not listed as
an indication for reperfusion therapy. This study analysed patients with AMI 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 ether electrocardiographic (ECG) patterns. The aim was to describe angiographic pattems and
primary angioplasty use in AM| patients with REBB.

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

results teristics, ECG patterns, coronary angiographic, and echocardiographic data were correlated with the reperfusion
therapies used and with indaspital outcomes. Right bundle branch block was present in 63% 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-related
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 B0.1% of RBBB patients vs. 68.3% of LBBB patients (P < 0.001). In-hospital mor-
tality of RBBE patients was similar to LBBE (14.3 vs. 13.1%, P= 0.661). Patients with new or presumably new blocks
had the highest (LBBB 15.8% and RBBB 15.4%) incidence of cardiogenic shock fram 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 (mastly with LAH) on the admission ECG.

* Cameponding author. Teb +420 267163159, Fae: +420 267162621, Ermait widim(@hkvez
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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-haspital 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 LEBB.

Keywords
Reperfusion

Introduction

Left bundle branch block (LEBE) and right bundle branch block
(RBEB) in acute myocardial infarction (AMI) patients are wel
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 reperfusion ﬂwraq: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 S5T-segment
elevation (5TE) and LBBB of new or unknown onset It is not
well known whether also new or unknown onset RBEB 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 = Right bundle branch block » Left bundle branch block * Primary angioplasty

in-hospital outcomes of patients with AMI presenting with
REBE when compared with those presenting with LBEBBE or
with other ECG patterns.

Methods

Patients

A total of 6742 consecutive patients with AM routinely admitted to
eight participating tertiary hospitalk 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. BB% 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 LBEBB RBBB Other ECG Pvalue*  Pvalue®*

n= 6742 347 907 1 427 1670

Mean age (years) 645 (124) 895 (107)  T21(10.0) 698 (113) £5.6 (114) 0005 <000
Females (%) Nz 346 331 232 e <0001 =000
Dizbetes (%) 240 368 457 363 nr 0013 =000
Previous MI (%) 138 292 331 258 n7 <0001 <000
Killip dlass (mean) 144 (0.85) 147 (0.83) 186 (1.06) 171 (101) 123 (063) 0050 <0007
Killips | (%) Ti6 705 512 579 B45 0134 =000
Killip I (35) 170 160 246 241 99

Killip 111 (%) 37 91 111 69 33

Killip IV (3) &7 44 131 114 23

Old BB (%) - - 267 268 - 0508 -
Unknown BEB (%) - - 578 &08 -

New BBE (5) - - 158 127 -

QRS mean (ms) - - 1337 (19.6) 1334 (189) - 0811 -
BBE disappeared (%) - - 142 148 - 0193 -
Median duration of the hospital sty 5 L] 5 7 4 Q001 =000

Continuous data ane expressed 2= rmen values (standand deviation), e egorical data ame expressed as relative frequencies (percentage).
STEML 5T elevation myo cardial infarction: STDML 5T depression ryocardial nfarction; LBBB beft bundle branch block; RBBB, right bundle branch blodk; BCG. slectmcardiogran

ML mpocardil infaretion: BEB, bunde branch blode QRS. QRS complex on BCG.
*Povalue only applie to the comprizon of LBBB vs_ RBBE.

palues for the cormparison of all five groups (null hypothesis all five groups have the same charctedstics)
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Electrocardiographic patterns

Electrocardiographic reading was done by the treating cardiologist
Electrocardiograms from all patients with RBBE 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, e 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, ie 135%): horizontal or descending ST-segment depressions
in a least two corntiguous leads (=2 mm in the chest leads or
=1 mm in the extremity leads),

(iii) acute rmyocardial irfarction with LBBB, irespective of any
ST-segment deviations were present on ECG (LBBB-MI, n =291,
Le 43%); QRS =120ms and LBBB shape,

(iv) acute mmyocardial infarction with RBBE, irmespective of any
ST-segment deviations were present on ECG (RBBB-MI, n =427,
ie 6.3%) with subgroups of RBBE alone (18%), REBB + left
anterior hemiblock (LAH) (3.2%), RBEB + left posterior hemi-
block (LPH) ((.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-MI,
n=1670, ie 248%): any other ECG pattemns [negtive T
waves, small ST shifts not fulfiling the above criteria, non-
spedfic or even negative ECG)

The information whether any bundle branch block (BBB) is old, new,
or unknown orign and whether BBB persisted or disappeared
during the hospital stay was collected. Analyses in this manuscript
are done with all RBBB (including bifascicular blocks) as one 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
irfarct-related artery, and to analyse TIMI flow in the infarct-related
artery before and after percutanecus cororary intervention (PCL
whenever it was performed). Coronary angiography was described
by the interventional cardiclogist, 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 continuous 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 (REBB and LBBB) were compared The
analysis of variance was used for comparison of more than teo
groups. The Mann=Whitney test was used for the ordinal variables.
Categorical data were tested with the Fisher's exart test and Pear-
son's y-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 covarites were entered into model: age, gender, indicators of
diabetes, and previcus Ml Kilip chss. Odds ratio (OR), hazard
ratio (HR), and corresponding 95% confidence intervals (95% ()
are presented as effect estimates. All tests have been performed
as two-sided on the level of significance 0.05. Statistical software
Stata, release 92 (Stata Corp LP, College Station, TX, USA) was
used for the analysis.

Results

Coronary angiographic findings

TIMI flowe O (Figure 1) in the infarct-related artery was present in 51.7%
of RBBB patients vs. 39.4% of LBBE patients [OR = 164 (35% Cl
114-232), P=0023; adjusted OR 176 (95% Cl 131-153),

Figure | (A) Complete (100%) thrombaotic occlusion of the
left main cororary artery. Anterior view. (B) The same patient
after primary percutanecus coronary intervention with stert
implantation. Left inferior oblique (spider) view.
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Table 2 Angiographic findings, reperfusion therapy, and outcomes

STEMI STDMI

n= 6742 47 907
Mo signif. CAD (%) 08 a1
1D 373 172
VD 282 199
D 300 531
LM dizease 37 97
IPA—LMCA (% from |RAs) 11 &0
IPA-LAD 450 s
IPA-LCX 140 s
IPA-RCA 391 22
IRA-bypass 08 38
Mo PCI done (% of all) 108 382
Pre-PCl TIMI flow O (% from PCls) 573 25
TIME1 84 59
TIME2 188 247
TIMEZ 1558 469
Post-PCI TIMI flow 0-1 (% from PC) 4.4 38
TiME2 64 17
TIMEZ 892 945
Reperfusion—nane (%) 109 302

TL (%) 04 ils]

Primary PCI (%) 881 &18

Acute CABG (%) 04 a0
Mean EF (%) 463(120) 501 (135)
In-hospital mortality (%) 54 63

LEBB RBBB Other ECG  P-value*  Pvalue*™*
Pl 427 1670
232 212 26 0214 = 000"
23 78 w1
83 30.1 75
419 355 351
6.3 44 57
58 35 13 0ze1 <000
438 485 417
prR| 171 40
%58 189 s
15 19 i5
nz 199 s <000 <000
394 517 05 Q023 <000
80 86 &7
19 193 195
86 204 533
95 70 432 Q409 =000
75 100 24
a9 830 934
»no 177 B9 00z <0001
03 as 0o
683 801 &7 5
24 17 36
WE(127) 424 (142) 534(13.1) <0001 <0001
131 143 29 0661 =000

Continuous dats are expressed a5 men values (sandand devistion), et egorical dats ane expressed as relative frequencies (percertage)

STEML ST ehevation rry

STDML ST dep

rripescardial infarstion; LBBE. ek bundle branch block; REBE, right burdle bmnch blod: BCG,

CAD, coronary artery disesce 1-VD, singhe vessel disease: 1.V0, two veme disease: 3D, three vesse] diseace: | M, left rrain: IRA, infurct relsed antery: LMCA_left main coronany
aneary: LAD, left anterior deseending: LCX left cireurnfles: RCA, right eo renary antery; PCL perautanss us corenary intervention: TIML thre mbolyss in myocardial infarction; TL

thrombolysic CABG, coronary artery bypass grafting: EF, ejection fraction.

"hane of CAD (no signif. 1.2 3-vessel) and LM diense cxtegories differs sgnificanly (2l P> 0.05) in the comparisen of LBBE ve REBB: all cxtegories difler sgnificantly (2l P <

000T) amaong five compared groups.
*Palue anly applies to the comparison of LBER v=. RBBE.

FPovalues for the comparison of 2l five groups (null hypothesic all five groups have the same characterstics).

F=0005]. Mearly 80% of RBBE patients had a complete or sub-
total occlusion of the infarct-rebted artery (TIMl flow 0-2 was
present in 79.6% of RBBB AM| patients). Furthermore, the distri-
bution of TIMI flow grades among RBBB patients closely resembled
the pattern seen among 5T elevation group and this angiographic
similarity between STEMI and RBBB was more distinct than
between STEMI and LBBB (Table 2).

Left main coronary artery occlusion
Minety-seven patients (1.4% of the entire study population) had left
rain, as the infarct-related, artery (Figure 2). In 35 of them, the left
main coronary artery (LMCA) was functionally occluded (TIMI
flow 0-2): most frequent ECG presentation pattern for LMCA
occlusion was 5TE (n=17), followed by REBB [n= % with LAH
in six patients (Figures 3 and 4) and without LAH in three patients],
LBBB (n = 6), and ST-segment depression (n = 3). In other words,
acute LMCA, occlusion presents in 26% with RBBB, without STEs
(Figure 5).

Reperfusion therapies

Prirmary PCl was performed in 80.1% of RBEB patients vs. 68.3% of
LBBE patients [OR—188 (95% Cl 133-264), P=0.001:
adjusted OR =171 {95% €| 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 PC| (see Table 2 for details). In
STEMI patients primary PCl was performed in B8.1%.

In-hospital outcomes

Despite the fact that RBEE patients were younger, had less fre-
quent diabetes, less severe CAG findings, and less previous
AMls than LEBE patients, RBEE was related with a similar mor-
tality as LBBB [14.3 vs 13.1%, HR = 117 (55% Cl 0.72-1.50),
P=0630; adjusted HR =133 (95% Cl| 0.80-2.21), P =0268]
and was more than twice the mortality of STEMI [54%,
HR =211 (95% Cl 1.45-307), P < 0001 adjusted HR = 1.80
(95% Cl 1.21-268), P=0004] and STDMI [63 % HR= 249
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Figure 2 (A) Subtotal (%9%) left main coronary artery occlu-
sion. Anterior view. (B) The same patient after primary percuta-
neous coronary intervention with two stents (kissing technique)

implantation. Right inferior oblique view.

(95% CI 170-364), P< 0001 adjusted HR=144 (95% CI
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 con-
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 =< 0.001). The com-
parison RBEB ws. LEBB yields P = 0.6B6, so the adjustment 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 RBBB group are RBBB vs. STEMI P 0.001, RBBB vs
STOMI P =0014, RBBE 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 LBBE), confirming
the clinical ecperience that vast majority of fatalities occurs
within initial 48=72 h after hospital admission.

Bundle branch block onset time

Fatients with BEBs 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)
ws. BEB known to be old. Group of patients with new or presum-
ably new RBEBBE (despite having the lowest mean age from all BEB
subgroups) had high Killp clss on admission (154% presenting
with cardiogenic shock). TIMI flow O in the infarct-related artery
was found in significantly more patients with new or presumably
new RBBB (55%) than in other three subgroups (old REBB
349%, old LBEB 28%, new or presumably new LBBB 41.1%). Per-
cutaneous coronary intervention was performed in B48% of
patients with new or presumably new RBBB, more than in other
three subgroups (old REBE 66%, old LBBB 62.3%, new or presum-
ably new LBBE 73%). The most striking are mortality differences
between these four subgroups in-hospital mortality was highest
(18.8%) among patients presenting with new or presurmably new
REEEB, followed by new or presumably new LBBB (13.2%), old
LBBE (10.1%), and old REBE (6.4%).

Disappearence of bundle branch block
during the hospital stay

In 87 patients, the BBB (present an the admission ECG) disappeared
during the hospital stay. Almost all these patients had BEB of new or
unknown onset and they mostly presented to hospital with acute
heart failure (mean Kilip class was 1.93, cardiogenic shock was
present in 19%, B6% were treated by primary PCl, which was suc-
cessfulin 98%). Left bundle branch block disappeared in 32 patients
and their mortality was 6.2%. Right bundle branch block disappeared
in 35 patients and their mortality was 12.7%

Bifascicular blocks

Patients, in whorm RBBE was combined with either LAH or LPH
tended to be older, 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 mortality (Table 4).

Right bundle branch block and
ST-segment elevations

ST-segment elevations (as defined in the methods section) were
recognizable on dectrocardiograms of 226 (53%) RBBB patients,
while in 201 (47%) of patients presenting with AM| and
RBBB no STEs could be found. TIMI flow 0-2 was found on
emergent coronary angiography among 135 (67%) patients
with REBE and no STEs and 205 (91%) of those who had
RBEE and STEs.

PLOT ¢ iEndny uo A iaanum plsEp B S0 s Eumolpuo o g, Gl W papee| o]

78



Primary angioplasty in AM with RBBB

M

o =
IEEE

X ;- 8 I h peiml |
-_____a-._._i'_ﬂ. i IJ_n.—-!f.-_..v_n. ._f_‘,n._l.._J‘L‘,__. S B USRI SRR, K SRS, U

m

.

A el e e L T
B2

.

i

T o e _4fﬁ_~%'_d.J!r_qu..Lﬁ

S e S s e L e T e

SN AT e
] ¥ ]

e e e e L o w-u‘—\_.--:‘ —4,1---'_11"“- — :—u‘"‘—“.—n_:—-|1f‘-r"'_‘-‘ll"—"'_'l Ly
1]

LS

l

=

Pt i

i

o

{ =]

iR L el
! i |
S PSRRI TS
Iq | % F i HI“’ 1 k Py,

- 17 e et e L-— i

Figure 3 Electrocardiography from two patients admitted in illip class -l with acute 100% ocdusion 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 mertality of patients with AM| and RBEB before
the thrombolytic era reached 77%5 A more recent study from
Denmark still revealed the highest mortality of AMI| among patients
with BBB (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 more complications and higher Killp
class on admission. Both in-hespital mortality (32 vs. 10%, P <
0.001) and 3-year mortality (37 v 18%, P < 0001) were higher
among patients with complete BBB. In one study of 1238 consecu-
tive patients with AML® RBBE was found in 10.5% of patients. It
was newly diagnosed in 37.8%, was known to be old in 34.1%,
and in 28.1% the time of RBEB origin could not be established.
Right bundle branch block patients had 1-year mortality 407 vs.
176% mortality in patients without RBBB (P < 0.001). Martality
was significantly higher for new RBBB (43.1%, P < 0.001) than
for old (155%) and indeterminate (15.3%) RBBB. For isolted
REBBE vs bifascicubr block, eardy mortality was 144 vs. 406%,
and 1-year mortaliy was 302 ve 54.2% (P< 005 for boath).

Multivariate analysis showed an independent prognostic value of
REBB for early 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 informatian about previous
ECG are described 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 AHA/ACC guidelines™® were discussed in the
introduction part. These guidelines surprisingly do not st new
{or unknown) onset RBBB as an indication for reperfusion
therapy. Interestingly, the guidelnes of the American College
of Emergency Physicians for the management of patients with
suspected AM| or unstable an;ginag recommend reperfusion
therapy in presence of any type of BBB This recommendation
is based on the GISSI' and ISI5-2 studies!’ Also the Czech
Society of Cardiology guidelines from 2009 recommend
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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, ST-segment elevation in ¥4-V35 is not typical and can easily be overlooked, while the dominant
feature of this Bectrocardiography is wide QRS complex deformed by RBBB 4 LAH,

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

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

Bundle branch blocks and thrombolysis

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

anterior STE (—3.7%), ST elevation ‘other (-28%), ST
depression (—1.4%), and ST elevation inferior (—09%)." The
analysis of the GUSTO 1 and TAMI 9 coherts' found that left
anterior descending (LAD) artery infarcts account for 54% of all
new BBBs and among anterior infarcts RBBB was more comman
(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 etal ¥ in patients with anterior myocardial infarction found
significantly higher 30-day mortality in patients with RBBB com-
pared with those without RBEB (14.0 vs. 1.9% P < 0.01). The
study of Kleeman et al'® found that patients presenting with
RBBE had higher inhospital (26 vs 11%, P < 0001) and post-
discharge (19 vs. 92%, P<0001) morality than patients
without RBBB. After adjustment for differences in baseline charae-
teristics, REBE remained an independent predictor of increased
mortality. Sakakura et o' retrospectively analysed a group of 25
patients with AM caused by the LMCA acclusion. The in-haspital
mortality was 80%. Logistic regression analysis found RBBE as an
independent predictor of mortality, Hirano et al. ™ found that
7% of patients with AM| caused by the LMCA occhsion
present with RBBB, while only 3% with LBBE. 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 occlusions 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 enset time

LBBB old LEBB new or RBBE old RBBB new or Pvalue
unknown onset unknown onset

% from all patients 11 32 17 46
Mean age (years) 711 (10.0) 714 (10.1) 722 359) 693 (115) 0004
Killip class (mean) 168 (0.98) 1.94 (110 145 (077) 188 (1.10) 0001
Killip IV (3) 848 158 43 154 Q011
BBA disappeared (%) 16 194 &8 232 <0001
Pre-PCl TIMI flow O (% from PCls) 80 411 349 550 =000
Nao PCl done (% of all) w7 wo 340 152 =000
Reperfusion—nane (%) 33 43 e 125 =000

Primary PCI (%) 623 730 &60 848
Mean EF (%) 73 e 434 415 Q003
In-hospil mortality (%) 101 132 [-E] 188 Q015

Povalue refers 1o the comparison of all four groups (null ypothesis: all four groups have the ame dhancerstics). Continuous dats are exprssed = memn values (standand

deviation ). el dista ane
Abbrevistions same as in Tables 1 and 2.

s relative frequencies (percentage).

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

I the PAMI trials,™ patients with LBEB (1.6%) on presenting
electrocardiogram were compared with patients who had RBBB
{3.1%) or no BBB (95.3%). In-hospital morality was highest with
LBBE 14.6%. follbwed by RBBB 7.4% and no BBB 28% (P<
0.0001).

Right bundle branch block and
ST-segment shifts/Q waves
Some authors™' request for the diagnosis of AIM with RBEB
other ECG changes (eg. ST-segment elevations) to be present,
while this is not the case for LBBB (where it is generally
accepted that LBEBE 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 diagnesis of AIM
However, others™ warn before this ‘clear-cut’ opinion point-
ing out that minor 5T elevations in the anterior leads (V1=
¥4) can be missed due to compensation by pseudo-
normmalization of the negative T waves. Our experience
showed that even in lrge infarcts (caused by left main or
proximal LAD coronary artery occlusion) bifascicular block
(REBB + LAH or rarely RBBB + 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
symptams and new aor 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

REBE after myocardial infarction shortened Q wave duration,
thus enabling false-negative diagnosis of inferior myocardial
infarction.  Also  the term ‘RBBB-dependent O-wawve’ was
introduced by Rosenbaum et ol who described appearance
of new O waves in leads ¥1-V2 that disappeared after restor-
ation of normmal conduction. Thus fake-positive and  false-
negative diagnosis of myocardial infarction can be made
when describing ECG with RBBB in suspicion of myocardial
infarction.

Study limitations

The main study limitation is 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 kb and by blinded manner. However,
we have analysed ‘real life' data similar to other registries pub-
lished and this & not a comparison of different treatment
approaches.

Conclusions

Acute myocardial infarction with new or presumably new RBBBE on
the admission ECG is frequently rebted with complete occlusion
of the infarct-relsed artery and with primary PCl treatment
when compared with AM| + LBEB. In-hospital mortality of patients
with AMl 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 REBB on the discharge ECG.

Mew or presumably new RBBBE (+ 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 LBBE ie.
irrespective  of the presence or absence of ST-segment
denivelations.
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Table 4 Right bundle branch block with/without left anterior/posterior hemiblock
RBBB alone RBBB + LAH RBBB + LPH Povalue
% from all patients 28 12 03
Mean age (years) &84 (11.8) 710 (112) 708 (5.0) 0119
Female (%) 14 54 235 087
Disbetes (%) 309 361 294 0588
Previcus Mi (%) 24 250 47.1 0089
Killip class (mean) 169 (0.598) 1.59 (0.93) 141 (0.80) 0414
Killip | (%) 576 389 704 0754
Killip 11 (3) %5 1.1 235
Killip 111 {3%) 53 72 00
Killip IV (3) 10.6 7.8 59
e signif. CAD (3) 2.1 25 00 0535
1VD 85 5 177
VD 305 2632 294
VD 347 394 529
LM disease 41 44 00
IRA—LMCA (% from IRAs) 38 50 00 0006
IRA-LAD 9.4 514 385
IRA-LCX 167 00 230
IRA-RCA 40.1 193 385
IRA-typass 00 43 00
Pre-PCI TIMI flow O (% from PCE) 535 485 445 0870
TIMH 85 97 00
TiME2 17.1 216 223
TiME3 09 032 333
Post-PCI TIMI flow 01 (% from PCE) 64 17 223 0305
TiME2 88 1.1 00
TiME3 848 8532 778
Ne PCl done (% of all) 18.7 0.1 529 0008
Reperfusion—none (%) 180 177 47.1 0014
TL %) 00 0.0 00
Primary PCI (%) 813 799 47.1
Acute CABG (%) 07 24 58
Mean EF (%) 49 (135) 421 (134) 412 (180) 0189
In-hospital mortality (%) 105 148 177 0438

Povalue refers to the comparizon of 2l three groups (mull hypothess: all three proups fave the same charxteritics).

LAH, beft antedar hemiblock: LPH, left posterion herribloc k.
Abbreviations others same as in Tables 1 and 1
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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
myocardial infarction) or non-STEMI myocardial infarction.
This classification is historically related to the use of throm-
baolytic 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.
Objectives: To compare the outcomes of patients with STEMI
and ST-depression myocardial infarction (STDMI) who were
treated with emergency PCI.

Methods: This multicentre regisiry enrolled a total of 6 602
consecutive patients with AML. Patients were divided into the
Tollowing subgroups: STEMI (n = 3446), STDMI (n = 907),
left bundle branch block (LBBE) AMI (n = 241), right bundle
branch block (RBBB) AMI (i = 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 im 29.5% of the
STDMI vs 27.4% of the STEMI patients (p < 0.001). STDMI
patients had more extensive coronary atherosclerosis tham
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 plague 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 ocelusion. The thrombus may completely occlude
the major epicardial coronary artery in cases of STEMI,® or
cause partial or intermittent vessel occlusion in cases of non-ST-
elevation myocardial infarction (NSTEMI).

This traditional classification of patients with acute myocardial
infarction (AMTI), based on baseline electrocardiographic (ECG)
recordings, has practical implications for gwdelines and in
clinical practice especially, as it refers to the use of reperfusion
therapy. The separation of STEMI from other types of acute
myocardial infarction has its historical roots in the thrombaolytic
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 Cardiology (ESC) for myocardial
infarction in patients presenting with persistent ST-segment

85



496 CARDIOVASCULAR JOURNAL OF AFRICA - Vol 23, No 9, October 2012 _

elevation,” indicate that pPCI 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
modality 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 risk 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-amalysis” it has
been shown that the greatest benefit of early invasive treatment
was found in patients with elevated cardiac enzymes and
ST-segment changes, i.e. in patients with STDMI.

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 angiographic
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 M1 as well as in
ST-segment depression M1

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
period (except for the centre in Bulgana, where the recruitment
period 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 STEMI, 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 (n = 907; 13.7%), LBBB AMI (1 = 241;
3.7%), RBBB AMI (n = 338; 5.1%), other baseline ECG AMI
(n=1670; 25.3%). STEMI was defined as new ST-elevation at
the J-point in two contiguous leads with cut-off points of 2 0.2
mV in men or = 0.15 mV in women in leads V2-3 and/or 2 0.1
mV in other leads. STDMI was defined as a new horizontal
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 RBEB.

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 1 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 origin) 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. Revasculanisation
strategies used during the index hospital stay were studied.
Patients were followed until transfer to a referral hospital
or hospital discharge/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 risk 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 > 1 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
69.5 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 IV 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 > | on admission (pulmonary rales or third heart sound and
pulmonary oedema) was present in 29.5% of STDMI vs 27.4%
of STEMI patients (p < 0.001) {Table 1).
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TABLE |. BASELINE CHARACTERISTICS IN
STEMIAND STDMI PATIENTS

STEMI STIMT p-value
Age in years + 5D 52124 &5E10T < D01
Apge < 75 years (%) T45 [x ¥ < (001
Females (%) 313 4.6 0.055
Previous myocardial infarction (%) 13.8 %3 < 0001
Diabetes mellitus (%) 241 6.8 < 0.001
Killip class = I (%) 174 9.5 < 0.001
Killip class IV (%) 6.7 4.4 < 0.001
STEMI: ST-elevation myocardial infarction; STDMI: $T-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 PCL
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
meortality 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 (STEMI) and
ST-segment depression (STDMI) myocardial infarctions.
All values are percentages (p < 0.001). CABG: coronary
artery bypass graft.

TABLE L ANGIOGRAPHIC CHARACTERISTICS AND

PROCEDURAL OUTCOMES IN STEMI AND STDMI PATIENTS

STEMI STIME pvaiie
Mumber of involved vessels (%)

Ome-vessel disease 373 172 < 0.001

Two-vessel disease 282 199

Three-vessel disease 0.0 53.1
Infarct-related artery (%)

Left main L1 6.0 < 0.001

Left anterior descending 45.0 3.5

Left circumilex 14.0

Right coronary 391
CABG 08 38
Pre-PCIHTIMI flow (%)

TIMI flow O 572 271 < 0.001

TIMI flow 1 BE 7.7

TIMI flow 2 18.5 245

TIMI flow 3 15.5 406
Post-PCITIMI flow (%)

TIMI flow 3 0.8 4.5 <0012
LVEF (%), mean £ 5D 4632120 5002135 <0.001
STEMI: ST-elevation myocardial infarction; STDMI: ST-depression
myocardial infarction; TIMI: thrombolvsis in myocardial infarction Aow;
CABG: coronary artery bypass grafi; PCI: percutaneous 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 regarding 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 < 0001); there was a 1.03-fold increased nisk for every
additional year of age. Killip class = I 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
gjection fractions (OR 0,982, 95% CI: 0.967-0.997, p < 0.024).

Patients presenting with MI and any bundle branch block
(left or mght 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
STEMISTDMI: ST-segment elevation/depression myocar-
dial infarction. LBBB/RBBB: leftright bundle branch block.
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martality more than double compared to patients who presented
with STDMI (risk ratios 2.03, 95% CI: 1.46-2.83, p < 0.001)
or STEMI (risk matios 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
meortality 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,
LBBE, RBEB).

Dlscusslon

STEMI and STDMI have a common pathogenesis: vulnerable
plague 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 M1 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 STEMIL.

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 characteristics 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 MI and‘or diabetes mellitus. Cardiogenic shock
was also found to be more commeon in STEMI patients.

Rosenberger et al.® investigated whether risk factors were
related differently to STelevation 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 MI
patients without ST-clevation.

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
MI 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 NSTEML, log-range p = 0.09).

Cox et al® showed (in the Comparative early and late
outcomes after primary percutaneous 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 risk of
death with each worsening class. Age was associated with nearly
the same prognostic significance, with a 1.7-fold increased nsk
for every 10 years’ increase in age.

The next most important variables were systolic blood
pressure, resuscitated cardiac arrest and initial serum creatinine
levels. The strongest predictors of one-year mortality in the
Opera study were heart fallure 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 risk factors.

There is no doubt that timely reperfusion of STEMI patients
is cntical. The current guidelines of the European Society of
Cardiology appropriately recognise acute myocardial infarction
with ongoing or recurrent chest pain and ST-segment depressions
as the highest-nsk subgroup and an indication for emergency
coronary angiography. followed by revascularisation 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 | 974 patients were classified as having STEMI, and
2 413 patients as having NSTEMIL 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 NSTEML p = 0.22),

The Fragmin and Fast Revascularisation during 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 ML The
Treat Angina with Aggrastat and Determine Cost of Therapy
with an Invasive or Conservative Strategy (TACTICS-TIMI)
tnal revealed that the greatest benefits of invasive treatment were
achieved in patients presenting with cardiac enzyme elevation
and ST-segment changes,™ i.e. 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 NSTEML 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 PCI compared to STDMI  patients in our study had comparable in-hospital mortality and
patients who went without revascularisation. Moreover, the  were much closer, relative to treatment strategies and outcomes,
PCI success rate was significantly higher in STDMI compared  to STEMI patients than to AMI patients without ST-segment
to STEMI patients (p = 0.012). All these factors indicate that  shifts. Therefore, in the ‘post-thrombolytic’ era, emergency CAG
emergency CAG and PCI, when appropriate, should be used in and PCI. when appropriate, should be considered for high-risk
all STDMI patients. patients with STDMI.

Early versus delayed 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 outcome, but it did reduce  References
the rate of the composite secondary outcome of death, MI or
refractory ischaemia, and was superior to delayed intervention

This work was supported by the Charles University Prague, research project
UNCEZ4010.
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Vyuziti automatickeé zevni
srdecni masaze p¥i primarni PCI
Petr Kala, Radim Karlik, Otakar Bogek, Petr Neugebauer, Martin Poloczek, JIfi Pafenica, Miroslav Vytiska,

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

Kardiopulmonalni resuscltace Je b&Znou soucasti prace na katetrizatnim séle, a to pfedeviim u paclentd s akutnim Infarktem myokar-
du. Valice problematickou je viak péte o paclenty vyZadulici srdecni masa? v prabéhu zakroku, doneddvna nuticl k pferutend vipkonu
a manualni zevni srdefni masa#l. V kazuistice uvddime vyuzitl relativné nové techniky, automaticks zevnl srdecni masaze LUCAS (Lund
University Cardlac Arrest System) s vysokym hemodynamickym efektem. V prab&hu této masdze Je, | pfes urcité technické limitace,
moiné pokratovat v provedeni katetrizatniho zakroku.

Klitova slova: PCl, korondrni Intervence, automaticka srdeénl masa?, obshova zastava.

The use of automated external cardiac massage during primary PCl

Cardiopulmonary resuscitation especially In patients with acute myocardial Infarction Is a commaon part of the cathlab work. Really
problematic can be the need for cardlac 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 technigue - automated external
cardlac massage LUCAS (Lund University Cardiac Arrest Systam). Despite some tachnical imitations it Is possible to continue with the

procedure during the massage.

Key words: PCl, coronary Intarvention, automatic cardiac massage, cardiac arrest.

Popis pripadu

Sestatedesitiletérmu mudi bez anamnézy ischemicke choroby srdecni
byl zalatkem srpna pfi prvnim kontakiu s tymem Zdravotnicke zadhran-
né sludoy (Z75) diagnostikovan akutni infarkt myokardu s ST-elevacemi
v oblasti delnl st&ny. Po franstelefonnim pfencsu EKG kfivky na koronarnil
jednotku Intern( kardiclogicke Kiniky FN Brna byl pacient letecky transpor-
tovan a vezen pfimo na katetrizatnl s4l. Po pfevzet! pacienta do kardiolo-
gické péde jettd na heliporiu dodlo k mahlému vzniku atrio-ventrikul&mi
blokady lll. stupné provazend ztratou védomi a dechowou zastavou nutkcl
k intubad 2 umélé ventilaci pacienta. Na katetrizaénl sl pfiji#dl pacient
135 minut od vzniku cbtl2, po aplikad atropinu se sinusovod tachykandil
117/min a s hemodynamickym obrazem kardiogenniho Soku s prakticky

Obrdzek 1. Pneumaticky systém Lucas ve chvili maximdIni komprese
hrudniku
u

Intervencni a akutni kardiologie | 2010; 3(4) | www.iakardiclogiecz

Intarv Akut Kardiol 2010; 94): 204207

nemefitalnym krevnim tiakemn nereagujidm na aplikad masivnlch davek
katechclamind a volumoexpanzi. Dodatetnd byla dopinéna anamnéza,
zahmujid hospitalizaci pro schizoafektival poruchu, diabetes mellitus
Il. typu na dieté, hypofunkci Stitnice na substituénl |8¢bé, prodélanou
plicnl embolizaci pooparatné v r. 1984 a chybénl daltich rizikevych faktond
ischemicka choroby srdetnl & jejich pflznaki.

Po naslepo provedené punkci femordlnl tepny byl invazivn& méteny
systolicky krevnl tlak 40—45 mm Hg a pacientovi byl nasazen pneumaticky
systém automaticks zewnl srdednl masd#e LUCAS (Lund University Cardiac
Arrast System) {obrdzek 1) lhned po nasazenl systému bylo dosa2ano
systolického tlaku 100-110mm Hg pli standardnl frekvenci kompres!
100¥minutu a jefich hloubce 5cm. Systém zajidfuje automaticky i opti-
malnl pomér aktivnl komprase a dekomprese hrudnilku 1. Akutns byl
proveden pouze nastfik pravé wandité tepry s ndlezem jejiho trombotic-
kého uzdwsru ve stfednl &4st nad pravou ventrikuldrmil watwl (obrdzak 2).
Echokardiograficky byla vyloutena srdednl tamponada s ozfejmenim
dilatace a t&#ké systolické dysfunkee obou srdadnich komaor. Ani ples
opakovanou manudlni katétrovou tromboaspirad se zdchytem trombo-
tickéhio materiilu a balonkovou dilataci se nepodafila infarktovou tepnu
zpriichodnit [pbrazek 3). Nasledné byla dopinéna angiografie levé koro-
narnl tepry s ndlezem jiZ vyznamnsho postizenl kmene lave vBntité tep-
ny a proximalnl &sti ramus intarventricularis anterior (obrizek 4). Toto
hodnocanl viak mide byt vyrazné ovlivndno spastickou reakd a tedy
zatt#eno velkou chybou. Kontrolnl echokardicgrafie pfi dofasném zasta-
wenlzevnl masde pak doplnila pdvodnl informaci o kritickém stavu obou
srdecnich kemor ndlezem pravdépodobné ruptury zavésného apardtu
mitrdlnl chlopné a wwznamné mitrdInl regurgitace {obrdzek 5). Tento
stav byl wietnd opakovand nutnosti defibrilatnich vwbojl se Fivotem ji2
neslutitelny a katetrizatnl vitkon byl, podobné jako zevn| srdetnl masdz,
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Obrdrek 2. Akutné uzaviensa prava vénditd tepna (M) na mmiatu

i na konci vykonu

ukondeny. Autopticky nalez v celém rozsahu
potvrdil nade klinicka pozorowanl, tzn. rozsahly
akutni srdednl infarkt stémy leve i prave srdednl
komory a ruptury Zavésndho apardtu mitrat-
ni chiopné u premorbidné siiné paikozaneho
3 dilatovaného srdedniho svalu.

| ptesto, a nebo pravé proto, je viak nutno
zdlraznit, 22 paclent v kritickém stavu pfe#il
celyich 120 minut na kentinudind zevnd srdeéni
masd?, kterd umacinila provedend viedh vite
wvedenych Zakrokd a vySatfenl Viastni nasazenl
2 spudténl popsaného systému je velmi jedno-
duché a u rénovaneho tymu thvd mené neZ
30 sekund, béhem kierych je z wat3 &dst prova-
déna masa? manuding. V pribshu viastnl sdednl
masdo jo nutnd poditat i = ndkterymi Jimitacemi’,
kiarymi jsou vyTazné omezend maonost pohybu
rig lamgy, siiné exkurze hrudniku 2 doprovodny

Zvukowy efekt. Daliim problémem, kierym ja kon-
trastnl strukiura podkladowve Casti rusid angiogra-
ficky obraz koronarnich tepen (obrazek &), byl jiz
techinologicky vyfedan Tménou materidly.

V plipadé, fe by nalez na srdd skytal urlitou
sand na pFefitl, pfichazelo by v Uvahu napajent
pacienta na néktery z pokrodilejiich systémd
mechanické podpory obéhu a nasledné de-
finitivnl kardiochirurgicke fefenl Velmi dobré
Zutenosti Z katetrizatnich laboratoll jsou po-
psany s perkutidnnim zavedenim axidin pumpy
Impella (Abiomed, Inc, USA} do lové komory,
kterd je v idedinich podminkach schopna ple-
Cerpat a2 2.5 & 451 krve za minutu v Zdvislost
n2 zvoleném typu katdru'pumpy. Tento systém
wyuHva nidkolik let | pracowisté autord. Dali po-
tendadlinl monost], kterou viak autof nedisponu-
i, J2 napajent pacienta na veno-artarialnl systém

Intervenéni a akutni kardiologie | 2010; 94) | www.iakardiclogiecz

Obrdzek 5. Echokardiografie s ndleremn susp. uptury papildrniho svalu
a téike systolické dysfunkoe obou srdecnich komor
e T

Obrdzek 4. Postizena levd venditd tepna

ECMIC faxtracorporeal mambrane oxygenation)
docasné zajisfujicim a2 75% srdedniho obéhu.

Diskuze

Obehovy kolaps je stav vyiadujic ckamdity
iebny zasah, kam vedle defibrilace, umala
plicnd ventilace a farmakoterapie nepochybné
patfi | optimalné wvadena a nepteruovand sr-
dednl masadZ (T). | pro doble trénovany tym je
velmi obtling dosshnout doponstens frekvence
a hloubky kompress, a to nijen pfi délatrvajicl
resusctad, ale i pfi t kratkodobéd, v trvanl mé-
né ne 10 minut. Snaha o vytvolen! systému
pro bezpednou a efektivil automatickou zevnl
srdednl masdt se datuje hluboko da 20. stolet!
(2, z praktickéha hladiska wyuZitalng vysladky
5 popsanym systémem ale byly publikoviny
aZ porace 2002, kdy byl systém poprvé pledsta-



Obrdzek 6. Atg cbraz standardné dodévané Sdsti systému Lucas, ktery
sa umisfuje pod pacienta — inovavany systém jiZ rig obraz nerudi

wen (2).V Ceske republice se tento systém zafal vyu2ivat teprve v nedawvng
dobé zkubenosti ze zahranitl viak vyzyvajl k jeho nasazenl pfedeviim pfi
prvnim kontaktu s nemocnym v ob&howé zistaws, tzn. wa vozech ZZ5(3,
4). ¥ ramci nemocnitnl péce by jako optimalinl modelowy piiklad mehla
posloudit nate nemocnice, kde stejnym systémem automatické zavni
srdedfnl masdZe LUCAS disponujl tymy urgentniho pfjmu, komondmi
Jednotky i katetrizatnlho centra. Mase viastnl, vice nez rotnl Zkudenost,
pak mohou jen potvrdit literdml Gdaje o chybénl zava2mich komplikad,
kterd se poméamé béfné vyskytujl u masdie manudlni.

Z pohledu interventnl kardiclogie je velice cennou inovacl zmé-
na materidlu podkladové Casti systému, kierd na roedll od standardné
doddvané nerudl rtg obraz. Vedle popsaného pneumatického systému
ommnatovaného jako typ 1 LUCAS™ 1, je nove dostupny i typ 2, tzn. systém
elektricky pohdnény na baterie.

Zavér

V kazuistice je popsano bezpeéns a dlouhodobé efektivnl poufitl
preumaticksho automatizovaného systému pro zevnl srdednl masd? upa-
cienta v kardicgennim %oku z ddvodu komplikovaného akutniho infarktu
s ST-glavacami. | pfes urtitd technické limitace, bylo v pribéhu srdedni
miasd¥e maoknd provést primarni korondrnl intarvend a dalsl vySatfenl.
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Invasive coronary treatment strategies for out-of-hospital 2
cardiac arrest: a consensus statement from the European
Association for Percutaneous Cardiovascular Interventions
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Abstract
Due to sigmificant improvement m the pre-hospital treatment of patients with out-of-hospital cardiac arrest
it (OHCA), an increasing number of mmitially resuscitated patients are bemg admitted to hospitals. Because of
o the hmited data available and lack of clear guideline recommendations, experts from the EAPCT and “Stent
angiography for Life™ (SFL) groups reviewed existing literature and provided practical gmdelines on selection of patients
«PCl for immediate coronary angiography (CAG). PCI strategy, concomitant antiplatelet/anticoagulation treat-
ment, haemodynamic support and use of therapeutic hypothermia. Conscious survivors of OHCA with sus-
pected acute coronary syndrome (ACS) should be treated according to recommendations for ST-segment
elevation myocardial infarction (STEMI) and lugh-risk non-ST-segment elevation -ACS (NSTE-ACS) with-
out OHCA and should undergo immediate (if STEMI) or rapid (less than two hours if NSTE-ACS) coronary
imvasive strategy. Comatose survivers of OHCA with ECG criteria for STEMI on the post-resuscitation ECG
should be admitted directly to the catheterisation laboratory. For patients without STEMI ECG criteria,
a short “emergency department or mtensive care unit stop” is advised to exclude non-coronary canses. In the
absence of an obvious non-coronary cause, CAG should be performed as soon as possible (less than two
hours), in particular in haemodynamically unstable patients. Immediate PCI should be maimly directed
towards the culpnt lesion if identified. Interventional cardiologists should become an essential part of the =
“survival chain”™ for patients with OHCA. There is a need to centralise the care of patients with OHCA to -
experienced ceniTes. 2
e
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Introduction

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

cause of death in developed coumtnes with an annual incidence of

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

“chain of survival” which inclodes the early recognition of symp-

toms. bystander cardiopulmonary resuscitation, early defibnllation

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

“chain of survival” in Europe, an increasing mumber of mmtially

resuscitated patients are being admitted to hospitals.

According to autopsy and immediate coronary angiography
(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 European Society of Cardiology
(ESC) gmdelines on ST-segment elevation myocardial infarction
(STEMI) mncluded recommendations on the management of survi-
vors of OHCA*: “In patients with resnseitated cardiac arrest, whose
electrocardiogram (ECG) shows STEMI immediate CAG with
a view to primary percutanecus coronary intervention (PCT) is the
strategy of choice, provided that the gindelines mandated times can
be met (class I 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 considerad
in survivors 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 gmdelines could not address several imper-
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

admussion, prognostc cntena such as the duration of no-flow,

initial thythm, age and pre-arrest comorbidities?

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

3)Which anticoagulation and antiplatelet treatment should be
administered before, dunng and after PCI?

4) Should PCT be performed only on the culprit artery or on all
lesions dunng the mitial procedurs or subsequently, and what
stents should be used?

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

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

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

cardiclogists based on the lmited 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 15 now well known that, in the presence of STEMI, 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 thrombetic lesions, such as those usually apparent in acute
coronary syndromes (ACS) without preceding cardiac arrest, may
be found mn up to 90% of cases™*. However, the absence of STEMI
on the ECG performed i 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’ ™"
These ECG pattermns include i1schaemic ST-T changes, bundle
branch block, non-specific intraventricular delay and non-specific
ST-T changes®™.

There are no randomised trials mvestigating the possible bene-
fits of an immediate mvasive 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 demonstrated the benefits of
primary PCI in STEMI" and early PCI in non-5T-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-
tional references within the text identified. If patients undergong
urgent coronary angiography and PCI were identified, they were
mnchuded in the pooled analysis (Table 1). Forty-two studies with
3.663 patients confirmed the high prevalence of =1 obstmuctive
coronary lesion and the feasibility and safety of an immediate
mvasive coronary strategy®*'*'*¢ The fact that seven of these
studies with a total of 1,110 patents have been published smce
2012 pomnts to the growing utihsation of an invasive coronary
strategy in patients with OHCA*-.

Fecently, Larsen and Eavkilde*” performed a meta-analysis of 10
observational studies comparing the survival of patients with resus-
citated OHCA m relation to an immediate invasive coronary strat-
egy. In 3.103 patients, an immediate invasive strategy was
associated with mproved survival (pooled vmadjusted OR. 2.78;
95% CIL: 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, mvestigators from the United States analysed
3,981 patients with OHCA admitted after ROSC of whom 19% and
17% underwent coronary angiography and PCI within 24 hours,
respectively*®. There was very wide vanability among 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;
93% CI: 1.15-3.04) and reperfusien (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 amrest.
STEMI (%) PClisuccess (%)| MM | Sunival (%) | CPC1or2(%)

Kahn® 1995 1 T(64) 11711 {100) 11(100) 7111 (64) N &/11 (55) /11 (55]
Spaulding® 1957 ) NA 3E4 (40) 37 144) 2837 (76) N 32784 (38) 30684 (36)
Lin®* 1958 10 NA 110 {1000 10 {100) 10V10 (100) N S/10 (90} NA
Bulut 2000 10 NA 110 (100) 10 (100) &/10(80) N 410 (40) NA
McCallough™® 2002 2 NA 222 (100 22 (100) 22722 (100) N 922 141) NA
Kaalant? 2003 15 13 (&1 15715 (100) 15 (100) 14715 (53) N 1115(73) 9715 (0]
Bendz* 2004 40 36 (30) 4040 (100 A0 (100) 38/40 (85) N 2940(73) NA
Quintor-Moran™ | 2006 ki) NA 21T (100) 27 (100) 23727 (B5) HA 1827 (67) NA
Sunde’® 2007 a NA NA 30 (64) NA Y NA NA
Gorjup® 2007 135 Bi (64 135 (100) 109 (B1) 1021109 (94) Y 90/135 (67) T4/135 (35)
Garot® 2007 186 NA 186 (100) 186 {100 1611186 (87) Y 1031186 (70) B0/186(48)
Richling™ 2007 4 NA 45 (100 46 (100) NA NA 24045 (52) 22046 (48)
Markusahn® 2007 5 18(12) 25 (100 25(100) 2225 (B8) b 19/25 (76) 17725 (68)
Werling™ 007 o NA NA 13 (54) NA NA 16/24 (67) NA
Hovdenss™ 2007 48 45 (100 NA 36 (73) NA Y 4149 (B4 34445 (69)
Valente™ 2008 3l 31 (100) 31 (100 31(100) NA NA 2331014 NA
Mager® 2008 2 NA 21 (100 21 (100) NA NA 18/21 (B6) NA
Wakium™ 2008 16 16 (100} 16 (100) 16 (100) 16/16 (100) ¥ 12/16 (T5) NA
Plaskot® 2008 0 NA NA 19 {35) 1719 (&%) NA NA NA
Paals™ 2008 4 NA 44 {100 44 (100) 38744 (26) NA 22/44 (50) NA
Merchant™ 2008 0 NA 13 143) 30 (20) 17719 (B9) HA 22130 (BD) NA
Hosmane® 2009 98 1374 98 (100) £4 (65 B2/64 (97) Y £3/93 (B4) S7/98 (58)
Anyfantakis™ 2009 2 NA 23130 27 (38) 24727 (B9) NA 3572 (49 3372 (46)
Reymolds™ 2009 9% NA 42144) A NA Y 5296 (54) NA
Lattieri™ 2009 99 NA 99 (100) 99 (100) 79/99 (B0 NA 1799 (78) 7299 (73)
Par® 2010 48 NA 48 (1000 49 (100) 4249 (86) NA 3149 B3 NA
Batista™ 2010 0 NA 10 (30} 20 (100) NA Y &/20 140) 620 (30)
Dumas’ 2010 435 NA 13431 202 (46) 1771202 (88) ¥ 171435 (39) 160v435 (37}
Shut® 2011 62 G2 (100 27 144) 31 {300 2931 (34) i NA NA
Tomte® 2011 252 NA NA KA NA NA 1401252 (56) NA
Radsef 2011 212 171 {81} 158 (75) 165 (78) 1500165 (91) ¥ 154212 (73) 108212 (51}
Mooney™ 2011 101 NA B8 I67) 56 (55 NA NA NA NA
Cronier™ 2011 a1 NA 50 (55) 46 (51} 43746 (23) Y E0/91 (B6) NA
Moelimann™ 2011 [ NA 36 (55) 65 (100) B4/65 (58) NA 4665 (T1) NA
Nanjayya" 2012 35 35 (1000 31890 21 {60} NA Y 20035 (57) 14435 (400
Bro-Jeppasan®! 012 360 360 (100) 116 {32) 198 (55) 100122 (83) Y 2197360 (61) 2077360 (58]
Zanutfini® 2012 93 93 (100 324 A NA Y 50093 (54 3693 (39)
Lin® 2012 8l 2430 E1(100) 43 (50) 42149 (86) N JG/EL (44) NA
Timmarmann® 2013 48 48 (100 48 (100 44 (92) 3744 (B4) ¥ 32148 (67) 16/ME (33)
HoBanback™ 2013 269 269 (100) 0 122 45) NA Y 151/269 (56) NA
Velders® 2013 m 108 (48] 224 (100} 217 (97) NA Y 183/218 (84) 168218 (77}
Toal 3655 (149971 804 (B3%) | 2 012/3,263 (62%) | 2,253/3,179 (T1%) | 1,373/1,553 (88%) 2,036/3,384 (60%) | 115872 241 (52%)
CPC 1 or 2- cernbral performance category | or 2 indicating survival with good naunslogical outcome; MIH- mild induced hypathermia for post-resuscitation coma; N number of patients in the
study. PCI: percutangous coronary intereention

Selection of patients for immediate coronary different hospitals and countries. In this context, it is also fmportant
invasive strategy to notice that there are two very different populations of resusci-
Because of the lack of appropriate trials and unequivecal guide-  tated patients at hospital admission. Because of typical delays in the
line recommendations, there 1s considerable vanability in the selec-  pre-hospital “chain of survival”, up to 80% of resuscitated patients
tion of patients for immediate invasive coronary strategy among — present in coma despite ROSC, which indicates post-resuscitation
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brain mjury, the seventy 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 minonty of
fortunate patients regain consciousness immediately after ROSC
if chest compression and defibrillation have been mitiated imme-
diately, which is usnally 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 survivers of OHCA, in
contrast to comatose survivers 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 mvasive coronary strategy, 117 out of
119 (98%) patients survived to hospital discharge with good neuro-
logical outcome? #5131,

Based on the described observational studies and by extrapola-
tion from “ACS-no cardiac amest” interventional trials, we suggest
recommendations for mterventional cardiologists for decision mak-
ing regarding selection of patients for immediate coronary mvasive
strategy in a hospital with an immediately available cathetenisation
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-nisk
NSTE-ACS which also includes life-threatening ventricular
arthythmias* . Accordingly, patients with ST-segment elevation on
the post-resuscitation ECG should undergo mmmediate CAG and
patients without STEMI rapid CAG m less than two hours.
Comatose survivors of OHCA with ECG criteria 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 Spnificant
comarbidities AND p— YER or
favourabla cardiac mﬂn o] CUIiCy
SRS NON-COMNa stop” for
cause, no significant diagnostic
comarbidities, AND work-up
favourahle cardiac || Additional histary
amest setting Ecmwrggg“rapm
+* head tharax
Immediate Labaratory values
comnary
angiography

Figure 1. Salaciion of patients for immediate coronary imvasive
strategy. CICU: specinlised cardiac intensive care unit; CT scan:
compted tomography scanner; ECG: electrocardiogram; ER:
emergency room; ICU: intensive care unit; STEMT; ST-segment
elevation myocardial infarciion. See text for the definition of
Sfavourabls cardiac arvest setting.

STEMI ECG cnteria, whilst coronary disease is hikely, there are
many other possible causes of cardiac amrest. We advise a short
“emergency department or intensive care umt stop” to exclude non-
coronary causes, such as respiratory failure, shock of non-cardio-
gemic aeticlogies, cerebrovascular event, pulmonary embolism and
imtoxication, by performng 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 aortic 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 behieve that selective
diagnostic tests rather than a routine total bedy CT scan are cur-
rently more validated and are a cheaper way to appreach the cause
of cardiac arrest. In the absence of an obvious non-coronary cause,
CAG should be performed as soon as possible, within two hours
according to the suidelines for high-risk NSTE-ACS". This 1s par-
ticularly important in haemodynamically unstable patients and
patients with recurrent malignant ventricular arrhythmias™. Coma
on admission should not automatically represent a contraindication
for immediate coronary angiography. However, unfavourable pre-
hospital settings related to cardiac arrest and matial resusertation
indicating a remote likelihood for neurclogical recovery should be
strongly considered and argue against an invasive coronary strategy
regardless of postresuscitation ECG. These include imwitnessed
cardiac amest, late arrival of a pre-hospital team without lay basic
hfe support (=10 munutes). presence of an mitial non-shockable
rthythm and more than 20 minutes of advanced life support without
ROSC*. As we already mentioned, there 1s currently no parameter
which can adequately predict neurological cutcome at hospital
admission when the decision for immediate nvasive coronary strat-
egy is taken. Also, severe pre-amrest 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 nage and regional networks ameng hospitals for the
management of OHCA should be encouraged. Referral centres for
OHCA with at least an imtensive 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 15 adoutted to a hospital without an interventional car-
diclogy department, and the expected “time to reperfusion by PCI™
is less than two hours®, transfer decisions to a catheterisation labo-
ratory should be taken immediately with the refemal centres, based
on the same critena as described previcusly. If the patient is more
than two hours from a referral centre, transfer decisions are taken
on a per patient basis. Thrombolytic therapy should enly be consid-
ered if the patient cannot be transported within the appropriate delays
for PCL presents with climeal evidence suggestive of STEMI withm
12 hours of symptom onset, and if there are no contraindications
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to thrombolytic therapy, such as prolonged and traumatic CPR*.
However, one should keep in mind that assessment of contraindica-
tions to such therapy is often difficult after an OHCA. If thrombaly-
sis 1s administered, the patient should then be transported to a centre
with PCI capability and a CAG performed three to 24 hours after the
admimstration of thrombolysis*.

Cardiac arrest PCI (CA-PCI)

CAG after resuscitated OHCA may reveal very heterogensous find-
ings particularly in patients without ST-elevation These meclude
angiographically normal coronary arteries, non-obstructive disease
(=50% diameter stenosis), nfermediate disease (50-70%), obstruc-
tive disease with angiographically stable appearance, and presence
of typical culpnt “ACS” lesion (TIMI 0 or 1 flow with an abrupt
closure, or TIMI 2 or 3 flow with angiographic images suggesting
thrombus or ulcerated plagques). The aim of CA-PCT 1s to reduce the
incidence of recuarent cardiac arrest, to reduce infarct size in case of
an acute occlusion and thereby to improve the haemodynamic sta-
tus. In comatose survivers, who represent a major subgroup of
resuscitated OHCA patients, stabilised haemodynamic status may
allow enough time for possible neurological recovery dunng the fol-
lowing days.

There is a lack of studies addressing different revasculansation
strategies in relation to anglographic charactenstics, completeness
of revasculansation and outcome. Again, we are left mainly with
extrapolation of interventional “ACS™ studies to this much higher-
risk population of patients with resuscitated OHCA. We suggest an
algonthm which mfegrates 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 Non-obstructive
lesion is (no ACS lesion) CAD/Mo CAD
clearly
identified N A 1
COMATOSE CONSCIOUS S
rch for
Mo immesdiate Consider non-cardiac
revascularisation | | revasculanisation | | cayse of amest
immedate PCiof | [, if patient | PCICABG —
culprit lesion only ”m“ft;'ﬁemm Iy coronary artery
Mon-culprit PCI - spasm if no
only i patient mgﬂlglf'ies;tim ol cause
haemodynamically if patient
unstable | {aemodynamically
unstable

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

PCT: percutaneous coronary intervention
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Clear “ACS” lesions obviously represent the cause of cardiac
arrest, and successful CA-PCILis likely to decrease the incidence of
recurrent cardiac arrest, reduce infarct size and improve haemody-
namic stability. Immediate CA-PCI should therefore be performed
in clear “ACS” lesions and, n the absence of data, non-culpnt PCT
should probably be postponed despite very recent evidence mdicat-
ing possible benefit in STEMI without OHCA®. Index CA-PCI of
additional non-culpnt but ebvicusly obstructive lesions with stable
angiographic appearance may be beneficial if the patient is haemo-
dynamically unstable®'. Immediate coronary artery bypass grafting
(CABG) is a realistic option only in conscious survivers of OHCA
on hospital admission with severe mmlfivessel disease and not mn
comatose patients in whom the ultimate neurolegical outcome is
difficult to predict.

Significant obstuctive disease with angiographically stable
appearance may also be the cause of cardiac amrest even though
the cause-effect relationship is much less certain. Possible mecha-
nisms include transient ischaemia caused by plaque thrombosis -
spontanecus reperfusion, coronary spasm of decrease I perfusion
pressure across the lesion or collaterals i case of sudden drop m
artenial 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 pregnosis. We suggest that immediate
CA-PCI of obviously obstmuctive “stable™ lesion(s) be performed
only in haemodynamically unstable patients™. If, on the other hand
a comatose survivor is haemodynamically stable, the decision for
revasculansation, either by PCI or CABG, should be postponed
and planned if the patient survives with no or minimal neurologi-
cal sequelae.

Anglographic absence or presence of non-ohstructive disease
(=70%) 1s also important becanse a negative result should immedi-
ately tnigger a search for altemnative causes of OHCA. For example,
if am acute cerebrovascular event or a massive pulmonary embolism
15 suspected, CT of the head and thorax should be performed on the
way from the catheterisation laboratory to the intensive care umt. If
an alternative cause of OHCA 1s not identified, coronary artery
spasm should be considered, since several studies have shown that
spasm may trigger lethal arrhythmias 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 is no other obvious cause of amest, a coromary
artery spasm provocation test may be performed dunng a second
coronary angiogram by an expenienced operator using either intrac-
orenary 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-
lihood of good neurological recovery. This includes conscious and
selected comatose survivors of OHCA with favourable predictive
factors for survival with no or mimimal neurological sequelae
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(presence of imitially shockable rhythm and short delays to advanced
cardiac life support and ROSC).

There are no randommsed data comparing the radial and femoral
approaches for coronary procedures n survivers of OHCA. Radial
access reduced mortality in the subgroup of patients with STEMI
without OHCA*. We suggest using the radial approach as the
default strategy i survivors of OHCA if the operator is experienced
and if the radial pulse 1s 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 procedurs to monitor blood
pressure in the mtensive care umt. There are no data on the use of
femoral arterial closure devices in the setting of CAG or CA-PCLin
survivors of OHCA.

Periprocedural anticoagulation and antiplatelet
therapy
PCT with stenting is obvieusly 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 gmdelines*'®. No randomised studies are
available for comatose survivors of cardiac arrest. Furthermore,
these patients are often at high nsk for bleeding complications due
to chest compression and mtubation before admussion and often
develop renal failure. Based on expert consensus, the following
strategy is suggested for comatose patients:-

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

2) While acetylsalicylic acid, UFH and GP IIv/IIla inhibitors may
be administered by an intravenous route, P2Y12 inhibitors are
available only in tablets. Since comatose survivors are intubated
and mechanically ventilated during and after PCI when hypo-
thermua 1s also imitiated, admimistration of crushed tablets via
a nasogastric tube remains the only option™. Early post-resusci-
tation state and ongoing hypothermia may sigmificantly affect
P2T12 absorption and metabolism leading to delayed cnset of
action not only after clopidogrel leading™* but also in case of
newer agents such as prasugrel and ticagrelor™ which result in no
or suboptimal platelet inhibition. In cases with a high thrombotic
burden, complex stenting, or “bail-out™ situations, GP ITh/Tlla
inhibitors may therefore be considered. There is very recent evi-
dence that admimistration of eptifibatide in these settings results
in profound platelet inhibition measured by both the VenifyNow
ITb/Tila and the Multiplate TRAP tests for at least 22 hours™.
Even a bolus of GP IIb/IIa without additional mfusion might be
sufficient to bridge the delayed effect of P2Y12 mhibitors, as
demonstrated in patients with STEMI without cardiac arrests!4.

Cangrelor may represent an attractive pharmacological solution
to inhibit platelet reactivity temporarily in these patients but further
studies are needed™. However, profound inhibition m platelet reac-
tivity should always be weighed against the increased risk 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 stemt
thrombeosis after PCI in survivors of OHCA. A recent observational
study suggests no increase compared to STEMI patients™, while
other mvestigators found a 10.9%¢ mcidence of acute and subacute
stent thrombosis in comatose survivors 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 in 30 fo 40% of survivers of
QHCA, most often four to six hours after the arrest. The mecha-
misms are multifactonial and include vasoplegia and myocardial
stunning. Immediate PCI seems to reduce the rate and intensity of
post-resuscitation shock®. The role of haemodynamic suppert mm
patients with resuscitated OHCA and haemodynamic compromise
has not been specifically stadied. Feasibality and safety of the infra-
aortic balloon pump (IABF) have been demonstrated mn comatose
survivors of OHCA with cardiogemic shock®. Such support was
beneficial only in small and uncontrolled studies, while the SHOCK
IABP trial. which included around 40% of patients with resusci-
tated cardiac arrest and cardiogenic shock®, and the CRISP AMI
trial®” did not demonstrate any benefit of IABP. In the absence of
proven benefit, routine peniprocedural implantation of IABP cannot
therefore be recommended in this setting and should be decided on
an individual basis. This is true alse for haemodynamically more
effective devices mecluding 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 hikeli-
hood for survival with no or minimal neurological sequelae and
absence of severe pre-arrest comerbidities.

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 15 Increasing.
Since there are only case reports or small case senes of successful
PCI performed dunng ongoing chest compression (which are
clearly biased by mainly reporting survivers®™), this strategy cannot
be recommended as a universal climcal routine. However, it may be
used in selected patients by experienced interventional cardiolo-
gists with a skilled resuscitation team taking care of the ongoing
resuscitation. VA ECMO™ or Impella™™ have been successfully
implemented m refractory cardiac amest to restore perfusion
promptly, to allow for subsequent CAG and PCT and to bndge unfil
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recovery of cardiac fimction. The potential 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 erther assessed m tmals or appled 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 randomised trials showing a marked increase in
survival ™™ A recent randomised trial, however, demonstrated that
maintaining a target core temperature at 36°C may be sufficient to
facilitate neurological recovery™. While the debate regarding the
optimal temperature is stll engomg, we suggest measuring the
body temperature of survivors of OHCA when they are admitted to
the catheterisation laboratory. 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 during the “emergency depart-
ment or intensive care 1mit stop”. Interventional cardiologists may
facilitate induction and mamtenance of hypothermia by infusion of
cold saline or the use of ice packs. The use of endovascular cooling
catheters through the femoral vein into the infenior vena cava with
the fip 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 ongeing hypothermia® "7,

Call for interventional cardiologists to become
members of the “post-resuscitation team”
Interventional cardiologists should become an essential part of the
“survival chain” for patients with OHCA which includes bystander
cardiopulmonary resuscitation, pre-hospital emergency medical
units, emergency departments, acute cardiac care umits and electro-
physiology departments. Because immediate CAG and PCT 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 hugh-volume “24-77 interventional cardiclogy
service, an intensive care unit. on-site cardiac and vascular surgery
with a cardiac assist programme, and an integrated electrophysiel-
ogy department. Indeed, there is evidence that patients with resus-
citated OHCA admutted to such specialised cardiac ammest centres
have better outcomes™®.

Organisation of hospital “post-resuscitation team"
Because of the involvement of different specialists, it is 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 vares significantly among
hospitals and countries. Our general recommendation is that an
intensive care (ICU)cardiac intensive care (CICU) physician or

EAPCI/SFL consensus statement on OHCA

anaesthesiologist who ultimately admits the patiemt should take
the lead. Since monitoring 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. Uncontrolled
movements of arms and legs (which may occur in some patients)
can be managed by mcreasing 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-PCT
optimal conditions. The interventional cardiologist together with
ICUVCICU 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 I[CU/CICU discharge, the patient can be transferred to
a cardiology unit. A “Heart Team™ approach is necessary to discuss
further revasculansation (PCI or CABG), spasm provocation stud-
ies, and diagnostic precedures such as MPI. The electrophysiology
specialist is an essential part of the team to discuss electrophysiol-
ogy testing, arthythmia ablation or the implantation of an mternal
cardiac defibnllator.

Further research

Closer involvement of the nferventional commumity is essential to
stimulate approprate randomised studies which will provide defin-
itive answers about optimal patient selection for immediate CAG
and guidance for optimal revascularisation strategy. While ran-
domusation of patients with clear STEMI in post-resuscitation ECG
does not seem to be ethical, there 1s undoubtedly a great need for
a tmal in 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 versus
staged procedure should be addressed. Penprocedural pharmacol-
ogy including antiplatelet effects of newer P2Y12 inlubitors and
cangrelor in these settings 1s largely unknown. More reliable mfor-
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 balleon angioplasty and stenting during primary percutaneous
coronary intervention.

Methods: One hundred patients with 5T-se gment 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 meostly 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 S9-4month 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 percutancous coronary intervention (PCI) with stent
implantation s currendy the most effective method of treat-
ment for patiens with ST-segment elevation  myocardial
infarcion (STEMI).'” Although drup-clunong senes (DES)
represent a breakrhrough technology in interventional cardi-
ology because of their reducton of restenoss, concerns have
recently been raised concerning possible higher rate of lae
stent thrombosis in parients with STEMI treated with DES,
especially when a large burden of thrombus is present.™” It
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RESUME

Intreduction : L'objectif de notre étude état d'évaluer si la tomographie
par cohérence optigue (TCO) pourrait guider |'intervention afin d'éviter
l'angioplastie par ballonnet et l'implantation d'endoprothése vasculaire
au cours de lintervention coronarienne percutanée primaire.
Meéthodes : Cent (100) patients ayant subi un infarctus du myocarde
avec sus-decalage du segment ST et ayant une lesion thrombotique
participaient A cette étude. L'aspiration du thrombus était réalises
dans tous les cas et suivie d'une etude TCO. Aprés la thrombectomie,
aucune endoprothése n'était implantée dans le cas de sténose
résiduelle importante (> 50 %) si I'examen par TCO montrait que
locclusion était surtout d'origine thrombotique, et ce, pourvu que le
patient n'ait pas de symptames 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 'angiographie et la
TCO aprés 1 semaine et aprés 9 mois. Les patients ayant une lésion
importante ou ceux chez qui la thrombectomie ' avait pas pu rétablir
le debit subissaient le traitement standard.

has also been previously shown that stent implantation might
result in slow or even no-reflow phenomenon in the infarct-
related artery with an increase in short- and long-rerm mor-
ality.”* Acure thrombotic occlusion of a coronary artery due
m plaque rupture or erosion of thincap fAbroatheroma
(TCFA; fibrous cap thickness < 65 pim) are thought to be the
most important mechanisms leading to STEML ™ Moreaver,
most clinical evenes do mot occur in plagques that produce
high-grade stenosis'''; therefore, routine plain old balloon
angioplasty (POBA) or sent implantagon uld eventually be
obviated in these cases. Dpr'u:al coherence mmngraph}' (DC']']
is the imaging techmique available for dinical use with the
highest aaal resolurion, hence, enabling unprecedent=d
detailed assessment of plaque and thrombus. Several studies
have recently demonstrated the potential of OCT to dennfy
TCEA."™" However, data are lacking on the clinical role of
OCT in patients with STEMI. The aim of this pilot study was

OB28- 282308 - see Front matter & 2014 Canadian Candiovascular Sodety. Published by Ekevier Inc. All rights reserved.
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detected “high-grade stencsis.” Angiogram and OCT performed at 1
week and 9 months showed a “normal 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-
manth follow-up.

Concluslons: The results of our pilot study suggest that 5T 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 add ition
to optimal medical therapy might benefit only from thrombus aspiration
without plain old balloon angioplasty/stenting during primary percuta-
neous coronary intervention. Validation of these preliminary data in
larger randomized studies is wamanted.

to assess whether OCT could guide intervention o avoid
balloon angioplasty and stenting during primary PCL in
STEMI patients with single vessel disease and larper burden of
thrombus (at least Thrombolysis in Myocardial Infarction
[TIMI] 3 mrdi.ng to definition of TIMI thrombus grm:l:].l i

Methods

Betwern January 2011 and Junc 2012, 536 patients were
treated with primary PCI for STEMI at the Department of
C.ardinlng‘v, Masaryk hospiral in Usi mad Labem. Among
these, 100 consecutve patiants with zngingrar.-hically deteced
lvesmel disease and thrombus formation > TIMI 3 according
to the TIMI thrombus smle were enrolled in thes stedy. The
pacicnt How and trearment Aow is shown in Fiygure 1. STEMI
wias defined as chest pain lasting longer than 20 minuts and
less than 12 hours and ST-segment elevation > 0.1 mV in = 2
contiguous leads on 12-kead electrocardiogram. The inclusion
criteria were as follows: (] ) STEMI a.ccnrding tor the prcvi.nusly
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 si.gn the inform consent. Exclusion
criteria were as follows: (1) reference diamerer > 4 mm; (2) kefr
main disease; (3) cardiogenic shock; and (4) ostial lsions. A
radial approach using a 6-French sheath and g.li.ding catheter
were wed in all panents. The smdy was approved by a local
ethical commitree and all patients signed the informead consent
before the procedure. Al panenes ware prareaed with aspirin
500 mg inravenously, heparin 5000 U intravenously, and
clopidogrel 600 mg orally. If the duration of the entire pro-
cedure exceadad 30 minures, the acovaed clnrri.ng rime Wi
measured and additional heparin was given to keep it within
250-300 seconds. Glycoprotein 1lb/llla recepror anmgonises
(double bolus of eprifibatide, followed by an infusion) were
administered in all panens. Pre- and paost-procedural anglog-
raphy was performad at least ac 2 onhogonal projections with
quantimtive coronary analysis wsing Quantcore software (Pie
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Resultats : Selon linformation obtenue par la TCO, 20 patients (20 %)
avalent ete traites par ['aspiration seule méme en présence d'un
« degré de sténose élevé » détectd al'angiographie. L'angiogrmamme et
la TCO realises aprés 1 semaine et aprés 8 mois montraient un
« valsseau normal » sans sténose importante pour l'ensemble des 20
cas. Il n'y avait aucun cas dévenement cardiovasculaire indésirable
majeur (incluant la mort, linfarctus du myocarde et la revascularisa-
tion de la lésion cible) au cours de |la pérode d hospitalisation ou au
suivi aprés 12 mois.

Concluslons : Les résultats de notre étude pilote montrent que les
patients ayant subi un infarctus du myocarde avec sus-décalage du
segment 5T dont le debit selon la TIMI est de 23 a I'angiogramme et
le rétrécissement coronarien n'est pas significatif selon l'examen par
TCO (méme en présence d'un « degre de stenose eleve » detecte par
langiographie), et chez lesquels I'aspiration du thrombus est réalisée
en plus du traitement medical, pouraient bénéfider de I'aspiration
seule du thrombus sans avoir recours a l'angioplastie traditionne lle par
ballonnet et a l'implantation d'endoprothése vasculaire au cours de
lintervention coronarienne percutanée primaire. La validation de ces
données préliminaires au cours de plus vastes etudes aléatoires est
Justifiee.

Medical, The Netherlands). Furthermore, the wse of an aspi-
ration catheter (Export, Malmonic) before each procedure was
mandated in all patients. If the thmmbectomy catheter did not
aoss the mrget lesion, predilamtion was allowed with the use of
a small baloon (< 1.5 mm) a;u:nrdi.ng w discretion of the
phy.dcian. Afrer the thrombus aspration, the OCT sl:ucl_v Wik
performed in all parients. After thrombecomy, no stent was
imphntad in residual signibcant lesion stenosis (> 50%) if
OCT suﬁr_m:d that the occusion was mmrly thrombaotic,
provided thar parients were sympmm-free and the TIMI Aow
was = 2. In case of a significant lesion (= 50%) or in patients
in whom I:hmmbu:rnmy faled to re-esmblish fow, balleon
angioplisty with seendng was performed. All padents were
scheduled for 30-day, and 6-, 9-, and 12-month chnical follow-
up with major adverse cardiovascular event (i.nd.ud.i.ng death,
myccardial infarction, and rarger lesion  revascularizaton)
(MACE) assessment. Death was reported as cardiac or
noncardiac dath, Q-wave myocardial infircoon was definad as
the development of new, pathologic () waves in 2 or more
dectrocardiogram leads, with postprocedural creatine kinase
(CK) levels of 3 dmes the upper limit of normal (< 2.9 pearalf
L) and CE-MB = 10% CK levek. Nnn—l}—waw: rn_\-mrdi.a.l
infarction was defined & an elevarion of postproeedural CK
levek of 3 times the upper limit of normal, with CR-MB level
above normal and no-Clwaves targer lesion revascularizadon
was definad as revasculanzanon within 5 mm to slrnrcdgr_s fin-
segment) on angingmphy. All target esion revasculirizatons
required a significant stenosis and objective evidence of
ischemia rebited m the restenotic arery before treatment.
Swoke was definad as clinical evidence of cerebral injury based
on symptoms persising > 24 hours or until death.

An cxercise stross st was patormed at the 9-month follow-
up in all patients. Patimis treated only with thrombus aspira-
gon were alse scheduled for 1-week and 9-month follow-up
angiography and OCT imaging, Standard landmarks (bifurca-
ton, clcification) were used for serial OCT analysis. The OCT
images were obtained wsing a C7-XR intravascular imaging
system (Lighdlab lmaging, St Jude Medical Company, 5t
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I} Symptoms >20 minutes and <12 hours
1) ST-segment elevation™) ImV in =2 contguousleads
3} Prmary PCI was planed

| Angiography |

h

I} Single vessel disease

2} Thrombus containg lesson at least TIMI 3 accarding TIMI
thrombus scale

3} Vessel diameter 2540 mm

4} Patient signedthe informed consent

Aspiration
plus
IGPIINIIIa

Angiographically significant but
mostly thrombotic lesion
with
1) Patientwas symptoms-free
2) 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

Fligure 1. Patiort and treatment flow. iGPIB /IIA, inhibitors glycoprotein [IB/1I14; OCT, optical coherence tomography ; PCI, percutansous coronany
intanention; POBA, plain old balloon angioplasty; STEMI, 5T-segment e levation myocardial infarction; TIMI, Thrombaolysis in Myocardial Infarction.

Paul, MN) using a C7 Dragonfly intravascular imaging cath-
cter. Before introducing the OCT cathetar, 0.1 mg of so-
sorbide dinitrate was given intracoronary. A nonocclusive
technique was used in all patients with contnuous Aushing of
the artery with contrast dye (otal amount of 15 cc) through the
guiding catheter using a injector with the speal of 4 ods
Mowrzed 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 immediately by 2 observers with
gnnd interoberver rcprnducibiliry (r = 0.84) for chara.d'cri.zing
TCFA from a previous smdy."; The presence of TCFA, plgue
rupmure, and inmacoronary thrombus was nowed. TCFA was
ddined as a lipid-rich plagque with a fbmous cap < 65 pim. The
size of plaque was quantified as the number of quadrants dis-
phlying the lipid pool on the cmss-secoonal OCT image. When
lipid was present in > 1 quadrant in any of the images within a
phoue it was comsidered a lipid-nch plaque. The covering
Abrous cp was measured at its thinnest part 3 times and the
average value repreented the thidiness of the fhmous cap. A
phgue rupmue was defined as a plaque conmining a cavity that
was in contact with the lumen that had any overlying residual
Abrous cap fragment. Thrombus was defined as inmaluminal

mass > 200 Pm, with no direct continuity with the surface of
the vessel wall or a highly badkscattered luminal promusion in
wntinuity with the vessel wall and resuling in signal-free
shadowing.'™'" In patents with significant stenosis, PCT was
performed according w standard pracrice with stent implanta-
don at low pressure E 10 arm) with hi.gh—prr_isu.rc (2 15 atm)
noncompliant balloon afier dilatanon intrastent Either bio-
limus A%-eluring (BioMarrix, Biosensors International, Bio-
sensors Furope, Morges, Swizerlind) or evemlimus-cluting
(Promus, Boston Scentific, Nanck, MA) stents were used.
Dual anoiplateler thempy (aspinn and clopidogrel) was recom-
mended for 12 months in both groups. Low—molecularweight
heparin was given for 1 week after the index procedure (primary
PCL + index OCT) to 1 week follow-up OCT study.

Statistical analysis

Statstal analysis was performed using NCSS 97 program
(NCSS, Kaysville, UT). Discrere data are presented as fre-
quencies, numbers and percentages, whereas congnuows var-
iables are presented as median values and corresponding 25th
and 75th percentiles, as is smndard for nonparamemic data.
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Conanuous varables were compared using } Mann-Whitney 2-
_G.lT]PLE test, 'Cal:cglncal variahles were cnmpamd h'( usmg the
I test (or the Fisher exact test, when an expeced cell count
was < 3). A Z-railed value of P < 0.05 was considered sra-
tistically significant.

Results

No procedural-relared complicarions wore seen in this study.
Basline, angiographic, and procedural characteristics are pre-
sented in Tables 1 and 2. Based on the OCT imaging, 20 pa-
tients (20%) were treatad only with thrombus aspiraton. TIMI
23 was observed in all these pabenis 4 pabenis had TIMI 2
and 16 padents had TIMI 3 How). Moreover, 5T-segment
resolunon > 50% immadi.atcly after pmcu:|urc was alo
observed in all 20 patinis vs 66 pabents (83%) (2 < 0.001) in
the POBASstent group. At the end of procedure, various d.:grcus
of thrombus was apparent in all 20 patents bur with a good
How, as previously mamdonal. Man cjecnon fracion on
discharge was 48% withour differences berween groups. No
differences in the mean pak of troponin level was found be-
oween boch groups, In the mbrcerehted/oulprr kesion, TCFA
was found in 100% of cass. The mean thickness of the Aibmus
cap was 50 £ 9 pm. Furthemnore, thrombus was abo apparmt
in all casss, Plague rupmre was mcngn'mnd in 75% (15 parients)
in the aspiration thrombecomy group vs 78% (62 patients) in
the POBASstent group (I = not signiicant). The mean thick-
nes of the fibrous cap of the kesions of patients weaed with
thrombo-aspiranon was 48 + 8 pm One-week angiogram
showed 2 “normal vessel” without significant stenosis in all 20
cases. Furthermom, the l-wede OCT study presentad non-
obstrucove TCFA dso in all cases. \u.rpn_imgl_\n no thrombus
was revealed in any patient, and plhque ruprure was still present
in all patienms. Ninc-month angmgraphv and OCT follow-up
examinations showed nnnngnLﬁcznt (< 5'0%] soft plagues
without thrombus or plague rupture (Figs. 2, 3. and 4) in the
thrombus-aspiration group. ikness of the fibrous @p
increasad nnml.gmﬁcam:l_v to 59 £ 11 pm. No MACE oqural
at 30 days, or at the %-month and 12-mont follow-up n bach
groups (= not significant). However, during the hospital sty,
there were 2 cases of heart filure in the POBA/sent group with
a anmpt rﬂctm ca) I:['IE Phamlflglcﬂ.l freatment. mfﬂ Was
1 case of paroxysm of arrial Abrilladon in the aspiration group
with spon@neous conversion to sinus rythm. Between the G-
and %-month rnl[nw—up. 1 panent from the POBA/seent group
was hospitaleed for bronchopneumaonia

Discussion

To the best of our Lmrlwlnclge, this 15 the first prospective
study using OCT as guidance for primary PCI in patients
with evolving STEMI. The present study revealed thar OCT
during primary PCI is safe and usehul. Based on the OCT
study, 20% of patients were mam.gnd only with thrombus
aspiration without cither balloon dilamrion or sent implan-
tation even in the presence of angiographically detected “high-
grade stenosis,”

It is well known that angiography isclf has limied capa-
bility to differentiate berween real stenosis and  thrombus
formation. In conmast, OCT represents a tool that cnables
unprecedented detalled assessment of plague and thrombous.
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Table 1. Baseline characteristics

Chamcteristic Aspiration POBA sent P
n 20 B0
Age, years 47.5 [35-60] 49 [36-64] 045
Male sex 15 (75) 62 (78) 0.25
Smoking 15 (75} b (83) .42
Dk 6 (28) 26 (33) 0.32
HY 15 (75) 62 (78) 0.25%
Previows M 0 0
Localization
AS 10 (50) 30 (38) 0.0
Lateral 5 (25) 25 (31) 100
Inferior 5 (25 25 (31) 100
Killip dam 1 20 ( 10:0) B0 (1000 L
Trestel vessels
LADY 10 (50) 30 (38) 0.0
RCA 5(2%) 25 (31) 1.
LCx 5 (25) 25 (31) 1.0

Dotz are presented 2s 0 (%) excepr where otherwise noted. Valees in
square brackets represent quartiles 1-3.

AS, amterosepral; DM, dishetes mellines; HY, hypertensicn; LAD, left
anterior descending LCx, left cmumflex; M1, myocndial inbrotion; POBA,
plein okl balleon angiopbety; RCA, nght comnary artery.

In the present smdy, all patiens were event-free ar the 12-
month follow-up. OCT performed 1 week after primary
PCl showed the vessel withour signs of thrombus ar the site of
the previous culpre lesion. However, the plague ruprure was
apparent in all parients. Ar the 9-month follow-up, the
angiography showed nonsignificant (< 50%) stenosis in all
patients, OCT showed Gbrous plaque with nonsignificanc
stenosis (< 50%) and minimal lumen area > 5 mm® in all
patients. All plaque ruptures were healed at this dme point
Oher results are in agreement with data very recendy pre-
sented by Prati et al. In their arocle, fully 40% of patients with
STEMI were treated using aspiration thrombectomy with
dual anoplateler therapy withour percuranecus revasculariza-
non. All patients were asymptomanc at a median follow-up of
753 clavs " Further more, a meg- Analvsls of 5 nonrandomized
studies and 1 randomized trial (n = 590) on deferred stenting
has recently been prr_a:ntnd shnwmg that awndmg

Table 2. Angiographic and procedural characteristics

Charcteristic Aspirtion only POBASs tent P
20 (200 B0 (BO)

TIMI Hemwr

-1 [] [} 1.0

II-T0 20 (100) /0 (100) 1.0
ML}, mm 2.2 [1.83-267] 36 [3.15-4.1] QL0003
GP MhiTlla-i 20 (100) B0 (100) 1.0
D5, % 48 [35-61] 10 [1-19] 00001
Aspiration 20 (1) B0 [100) 1.0
5T resohution = $0% 20 (100) 66 (83) < (i
Tnl maximum (ng/ml) *)R'i[lﬁél'?ﬂ'_)] £9.5 [12.3-170.5] 012
EF, % 32-54] 44 [33-56] 0.25%
TCFA (tm) ‘13 [3‘) 58] 51 [40- 'r‘_)] 0.
Thrombaes 20 (1) B0 [100) 1.0
Plasuue napture 15 (75) 5% (69) [IXI1]

Dtz are presemted = n (%) except where otherwise noted. Values in
square brackets represent quartiles 1-3.

D5, dizmeter stenosis; EF, ejection fraction; GP, geoproteing MLD,
minimal lumen diameter; POBA, plain old balkon angioplasty; TCFA, thin
cp fbratherema; TIMI, Thrombelyis in Myocasdial Infarctien; Tal,
trxponin L
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Figum 2. Laft coronary angiography in a patient with antarior 5T-2 levation myocardial infarction showing a langa 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 comesponding optical coharance tomaography image) located downstream to the plaque ruptura. OCT, optical

coharance tomagraphy.

immediar senting across the whole acue coronary synd rome
specrum might lead to fewer periprocedural complicanons.
However, the rar of MACEs in our study was subsmnnally
lower than in the previously mentioned meta-analysis in
which the rate of MACEs varied widely from 5% m 43% in
the delayed stenting group and 15% to 66% in the immediae
stenting group, Whether the low rate of MACEs in our trial is
because of selection bias or it is just play of chance because of
the small population of patients enrolled is unclear. Our
Andings also support data very recently published by Escaned
and colleagues.”™ They clanified the role of thrombectomy
without addinonal angoplasty or senting as an adequate
treatment for STEMI in carefully selected cases. Among 1737
consecutive patients treated wing primary PCI for evolving
STEMI, 757 (44%) underwent rhmrrjl')l:{_'mrn:,r 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 thar the most important mechanism
leading to STEMI is an acute thrombotic occlusion of a
coronary artery etther due to plague rupture or erosion of thin
cap fbroatheroma.™ Davies and Thomas" and Fuser
et al.'' have lately shown that clinical events can ocar at
plagues without high-grade stemosic. In contrast, routine
stenting is thought w bea “gold standard” du.ringpri.ma.ry]'(".]'l'l
without consideration oflesion severity or thrombus o curence
However, some wials have shown that seent imphn@tion mighte
even worsen flow of the infarce-relaed artery with an increase of

short- and long-term mortality.™ Although the introduction of
DES in clinical practice reprosents a revolution in interventional
ardiokgy becanse of their reduction in resenosis, there are
some possible concerns linked to this technology, such as high
races of late stent thrombods in pad e with STEMI, especially
when a large burden of thrombus is presene™’ Although the
rsuls of the Thrombus Aspiragon in ST-Elevation Myocardial
Infarction in Scandinavia f]'.'%S]'h'] srurj_',' publi_-;hﬂcl r:cmd_\'
shed doubt on the role of routine thrombectomy during
STEMLI, there is a cohort of patients (with a large burden of
thrombus) who could banefit from this treatment.™

However, untl recently it was very difficult w clearly
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
plagque and thrombus assessment.' ™' Recently, many studies
have also shown that the OCT modalicy might be the best
imaging technique for the identification of TCFA/plaque
rupture. " In the present study, OCT dlowed clear
differentation between real lesion and thrombus formation in
the serring of STEMI and led to the avoidance of POBA and
seenting in 20 out of 100 patienes (20%). These patients were
weated only with thrombus aspiration with good TIMI fow at
the end of the procedure and without adverse events. One can
argue that OCT does not bring any further clinical informa-
non needed for treamment and increases the cost of the pro-
cedure when compared with arronary angiography. However,
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Figure 3. A 1-week follow-up angiography and OCT study. Angiography showed good lumen diamater. Plague rupture was still presant (A with
corresponding OCT image). However, the thrombus was completely resohed (B with comesponding OCT image). OCT, optical coherence

tomaogra phy .

we believe thar at this early period, in-depth undersmnding of
the patmt cohort who might derive the greatest benehin or
the abiliy m identfy nsk markers for vessel revaclusion, re-
quirss the use of an invasive imaging modalicy with the
highest resolution.

DeWood at al.” have shown that the rate of vessel occlu-
sion decreases with the time 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 culprit lesion.
Whether this i a result of acovity of the inminsic thrombo-
lytic system or potent antiplateletfantcoagulant treatment is
unclear. However, plaque ruptures were seen in all 20 patiens
at the 1-week OCT follow-up. The Aindings might validawe
the role of potent dual antiplateler therapy after acute coro-
nary syndrome to improve outcomes as shown in large clinical
trials. Interestingly, 9-month OCT and angiography follow-
ups showed nonsymificant lesions ar the culprir spoc
Moreover, the OCT smdy showed thar all plagues became
“stabilized”—ruptures were healed and the thickness of pla-
ques increased. Moreover, 30-day, 6-month, 9-month, and
12-month follow-up were uneventful in our smdy and all
patents were asymptomatic. The explanation is only specu-
lative. 1t might also be that intensive pharmacological medi-
cation after the procedure stabilized ininally unstable plaques.
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 senial OCT smdy and long-
wrm follow-up.
Limitations

There are limimtions of our smdy. First, this was a small
pilot study underpowered for clinical end points. Second,
balloon predilatation could modify the morphology of the
culpritlesion in some patents. Third, only miderm follow-up
was available for patents involved in this study. The long-
Erm Fnllnw—up I:bc}'nnf] 1 year) is essential to confirm that
avoidance of POBA/stenting is safe in some padents with
STEMI. One should also take into account the low-risk
profile of our cohort of patients because all patients were
Killip class 1. Fourth, it is also possible that the presence of
thrombus formation itself might also affect 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 study.

Conclusions

In conclusion, our pilot sudy documents the safety and
usefulness of OCT guidance during primary PCI in patients
with STEML Based on our data, avoiding POBA/stennng
while performing manual aspiration thrombectomy is safe in
some patients with STEMI despie the presence of “angio-
graphically significant” stenosis. Because not all STEMIs are
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Figure 4. A Smonth Bllow-up angiography and optical cobarenoe tomography study. Left coronary angingarphy shows a nomal wessal without a
significant lesion. Optical coherence tomography analysis shows a healed and hemodynamically nonsignificant fibrotic plague with good minimal
luman area {latters A and B, respactivaly).

alike, it s likely thar a uniform therapeunc approach con- 3
sisting of coronary stenting in this complex disease might not
necessarily always be appropriate. Larger mndomized studies
with serial QCT study and long-term follow-up are needed o
confirm our findings.
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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 (FER),
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<(.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-
Ptiun (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.?10:1417

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 revascu-
larization among patients with stable coronary
artery disease.

METHODS

STUDY DESIGN AND OVERSIGHT
The Fractiona! 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-
it 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 freguently,

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 PressureWire 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 (hereinafier
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 [F-receptor
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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 m combination with ezetimibe, to
reduce the low-density-lipoprotein [LDL] level to
less than 70 mg per deciliter [1.8 mmol per litet]).

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 cholestero! 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 putcomes 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 ANALYSIS

The trial was powered to determine whether PCI
with the best available medical therapy was supe-
tior 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 18.0% in the medical-therapy group,® corre-
sponding to a relative risk reduction with PCI of
30%, and that with £16 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 ocourred 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 (i.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 Valuef
PCI 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 63.58£9.75 0.90
Mala sex— no. [%) 356 (79.6) 338 (76.6) 113 (68.1) 0.005
Body-mass indexj 28.29+4.27 28.44+4 55 2783+3.94 0.14
Family history of coronary artery disease — no. (%) 216 (48.3) 207 (46.9) 76 (45.8) 0.65
Current smaking — no. (%) 20 (10.9) 90 (20.4) 35 (21.1) 0.79
Hypertension — no. (%) 347 (77.6) 343 (77.8) 136 (81.9) 013
Hypercholesterolemia — no. (%) 330 (73.8) 348 (78.9) 118 (71.1) 0.15
Diabates mallitus — no. (%)
Any 123 (27.5) 117 (26.5) 47 [25.3) 0.65
Insulin-dependent 39 (8.7) 39 (8.8) 10 (6.0) 0.24
Renal insufficiency — no. (%)§ B (L) 12 (2.7) 7(42) 0.14
Peripheral vascular disease — no. (%) 43 (9.6) 47 (10.7) 8 (4.8) 0.03
History of stroke or transient ischemic attack — no. (5¢) 31 (7.4) 28 (6.3) 10 (6.0) 0.69
History of myocardial infarction — no.ftotal no. (%) 164442 (37.1) 165436 (37.8) 60y 164 (36.6) 0.83
History of PCI in target vessel — no. (%) 20 (17.9) 76 (17.2) 34 (20.5) 037
Angina— no.total no (%)9 0.64
Asymptomatic 53/447 (119)  46/440 (10.5) 17166 (10.2)
CCSclass | B2/447 (18.3) 98/440 (22.3) 42/166 (25.3)
CCSclass i 204/447 [45.6)  197/440 (44.8) 74/166 (44.6)
CCS class 1l BO/447 (17.9) 65/440 (14.8) 23/166 (13.9)
CCS class IV, stabilizad 28)447 (6.3) 34/440 [7.7) 10/166 (5.0)
Silent ischemia — no. %) 73 (163) 73 (16.6) 77 (16.3) 0.96
Left ventricular ejection fraction <508 — no.total no. (%) 83/423 (19.6) 56/410 (13.7) 27/150 (18.0) 0.69
Angiographic findings
Angiographically significant lesions — no. per patient 187+1.05 1.73+0.94 1.372+0.59 <0.001
Vessels with at |east one significant lesion <0.001
— no. of patients (%)
1 251 {56.2) 261 (59.2) 136 (31.9)
2 156 (34.9) 146 (33.1) 26 (15.7)
3 40 (2.9) 34 (1.7) 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 152+0.78 1.42:0.73 0.03£0.17 <0.001
Vessels with at least ene significant lesion — no. of patients (%) =0.001
1 331 74.0) 343 (77.8) 5 (3.0)]
2 102 (22.8) 85 (19.3) 0
3 14 (3.1} 13 (2.9) 0
At least one significant lesion in proximal or middla left anterior 279 (62.4) 263 (59.6) 1 {0.6) <0.001
descending artery — no. (%)
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Table 1. (Continued.)

Variable

Lasion charactaristics
Total no. of lesions
Angiographic findings
Lesions with stenosis of >50% of diameter — no. (%)
Stenosis — no. (%)
<50% of diameter
50-69%. of diameter
70-90% of diameter
=80% of diameter
Total occlusion
FFR findings
Lesions with FFR =0.80 — no. (%)
Maan FFR in lesions with FFR <0.80

Randomly Assigned Groups Registry Cohort
PCI plus Medical ~ Medical Therapy
Therapy Alone
&850 815 241

£37 (34.0) 764 (93.7) 219 (90.9)

53 (6.0 51 (6.3) 22 (9.1)
317 (35.6) 331 [40.6) 176 [73.0)
333 (43.0) 331 (40.6) 38 (15.8)
101 (11.3) 80 (9.8) o

36 (4.0) 22 (2.7) 5(2])
679 (76.3) 625 (76.7) 52|
0.68£0.10 0.682£0.15 0.500.00

P Valuej

0.13
<0.001

=0.00L
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 |:lerc.utaneuus coronary intervention.

1 The P values are for the combined groups that underwent randomization (the group assigned to PCI pl
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 more than 0.80) and were enrolled in a registry. In patient-level analyses, the Pvalues
were calculated with the use of a chi-square tast except whan cell numbers were small (<15 patiants), in which case Fisher's exact test was
used. In lesion-level analyses, mixed maximumdlikelihood logistic-regression modals were used for between-group comparisons of dichoto-
mous variables, and mixed maximum-likelihood linear-regression models were used for comparisons of continuous variables, to account for

the correlation of multiple lesions within patients.

4 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 level of more than 2.0 mg per deciliter (176.8 pymol per liter).

1Anﬁina was classified according to the Canadian Cardiovascular Society (CCS) functional classification, in which classes range from | to IV,
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

witl

us the best available medical therapy

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 Eern, 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

N ENGL | MED 367,11

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 206£119 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 registry. 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 29% of
the patients had diabetes, and 68% of the patients
had angina of class I to IV on the Canadian Car-
diovascular Seciety (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, 4.32; 95% CI, 175 to 10.66; P=0.001) (Table
$2 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 52 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 to urgent revascularizaton. Corresponding
Kaplan—Meier curves are presented in Figure 53 in
the Supplementary Appendix. Stratified analyses
according to patient characteristics are shown in
Figure 84 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 among 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% CI, 0.19-0.53); P=0.001
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Figure 1. Cumulative Incidence of the Primary End Point and Its Components.

Kaplan—Meier curves are 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, nene 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.

ease and hemodynamically significant stenoses.
FFR-guided PCI with drug-eluting stents plus the
In the FAME 2 trial, we compared the treatment best available medical therapy, as compared with
strategy of PCI, performed according to current the best available medical therapy alone, resulted

DISCUSSION

quality standards, plus the best available medical
therapy with the best available medical therapy
alone in patients with stable coronary artery dis-

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 ne?:l?l%:}hm
PCl plus Medical ~ Medical Therapy Hazard Ratio
Therapy Alone with PCI
(N=447) [N=441) {95% CI) PValue
no. (%) no. (%)
Primary end point 19 (4.3) 56 {12.7) 032 (0.19-053)  <0.001 5(3.0)
Compaonents 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 3.3) 1.05 (0.51-2.19) 0.89 3(18)
Urgent revascularization 7(Le) 49 (11.1) 0.13 (0.06-0.30) <0.001 4 (2.4)
Death or myocardial infarction 15 (3.4) 17 3.9) 0.61 (0.28-1.35) 0.2 3(18)
Cardiac death 1(0.2) 1{0.2) 0.96 (0.06-15.17) 0.98 0
Revascularization
Any 14 (3.1) 26 (19.5) 0.14 (0.08-026)  <0.001 6 (3.6)
Monurgent revascularization 7{L6) 38 (8.6) 0.17 (0.08-0.35) <0.001 2(L2)
Stroke 1{0.3) 2 {0.5) 0.49 (0.04-5.50) 0.56 1(0.6)
Definite or probable stent thrombasis 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 85% 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 PCL2 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 thatwere 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 oaly in
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Medical P Value for
End Point PCl Therapy Relative Risk [95% CI) PValue Interaction
no. of eventsftotal no. (%)
Primary end point E <0001
=7 days 0447 (20}  4/441 (0.9) H{H 2.24 {0.69-731) 017
8 days to maximum followup  10/427 (23)  52/428 (12.1) 4 H 017 {0.08-035)  <0.001
Death or myocardial infarction i 0003
<7 days 8447 (1B)  1j441 (0.7) —l 700 (090-6457) 004
8 days to maximum follow-up  7/428 (16}  16/431 (3.7} |—|:|—| 042 (0.17-1.04) 0.053
Dieath ! —
<7 days Of447 0/441 !
8 days to maimum follow-usp  1/436 (02)  3/432 [0.7) —{}F— 033 {0.03-3.17) 037
Myocardial infarction i 0007
<7 days S/447 [LB)  1j441 (0.7) —a 700 [0.00-6457) 004
8 days to maximum follow-up  7/428 (16} 13/431 (3.0} -+ 052 {0.21-132) 016
Urgent revascularization E 0.09
=7 days 2447 (04) 4441 0.0) —T ] 0.48 (0.00-2.70) 0.45
8 days to maximum follow-up  5/434 (13)  45/428 (105} A : 010 {0.04-026)  <0.001
}

T T L—
0102 051020 50100

PCl Better  Medical Therapy

Bether

Figure 2. Landmark Analysis of the Primary End Point and Its Components.

The relative 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 randomizatien (7 days or less vs. & days or more). The solid boxes represent relative-
risk estimates for 7 days or less after randomization, and the open boxes represent relative-risk estimates for 8 days to the maximum fol-
low-up. Arrows indicate that the lower end of the confidence interval is lass than 0.1. {The lower end of the confidence interval for urgent
revascularization at & 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, ecept for the following, which were calculated with the use of Fisher's exact test: death or myocardial infarction at
7 days or less; 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 respact to the end points were calculated with the use of the Mantel-
Cax 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-
pguided 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.'s2® 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-

N ENGL | MED 367,11

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
Nao. 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.

The 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 0.80 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 arc available with
the full text of this article at NEIM.org.
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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
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Objectives This study sought to compare fractional flow reserve (FFR) with the instantanecus wave-free ratio (iFR) in pa-

tients with coronary artery disease and also to determine whether the iFR s independent of hyperemia.

Background FFR is a validated index of coronary stenosis severity. FFR-guided percutaneous coronary intervention (PCl) im-
proves clinical cutcomes compared to angiographic guidance alone. iFR has been proposed as a new index of

stenosis severity that can be measured without adenosine.

‘We conducted a prospective, multicenter, international study of 206 consecutive patients referred for PCl and &
retrospective analysis of S00 archived pressure recordings. Aortic and distal coronary pressures were measurned
in duplicate in patients under resting conditions and during intravenous adenosine infusion at 140 pg kg/min.

Compared to the FFR cut-off value of =0.80, the diagnostic accuracy of the iFR value of =0.80 was &0% [95% confi-
denca interval [C1]: 53% to &7%) for all vessels studied and 51% (85% Cl: 43% to 50%) for those patiants 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) Recaiver operating characteristics confirmed that the

diagnostic accuracy of iFR was similar to resting Pd/Pa and trans-stenotic pressure gradient and significantly inferior
to hyperemic iFR. Analysis of our retrospectively acquired dataset showed similar resubts.

iFR comelates weakly with FFR and is not independent of hyperemia. iFR cannot be recommended for clinical deci-
sion making in patients with coronary artery disease. (Comparison of Fractional Flow Resenie Versus Instant Wave-
Free Ratio for Assessment of Coronary Artery Stenosis Severity in Routine Practice; NCT01559493) () Am Coll Car-
diol 2013:61-1421-7) © 2013 by the American College of Cardiclogy Foundation

Results

Conclusions

Fractional flow reserve (FFR) is a pressure-derived index of
coronary stenosis severty 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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Abbreviations compared to treatment based on
angiography alone (8-10). As a =
P R result, FFR guidance during PCI Age iy -
Cardi has received a class 1A recom- mals 148 (71)
e Sacisty of mendation from the Euwropean Miean body mass index (kgm) 27T 248
Cardiology Society of Cardiology (11) and a A
e class 1IA recommendation from garette smoker sapEL)
PR = fmctional o the American College of Cardiol- Dimbetes 0 24)
Hypercholestsmismia 137 (82)
R = imstontaneous wave. ogy (12). FFR measurements re- e —— =
fee ratio quire that myocardial resistance Famaty history 74038)
Pa = nortio preasure is minimal and constant. In clin- Mean % of beft veniroular ejection fraction 56 =41
Pd = distal ical practice, intravenous adeno- Stable angna 140 (58]
— sine mfusion is used to establish Unstabie angina a8 (2
PCI = pescutancous these conditions. Although most No. of previous s In the: oulprit artery teritory |14
cosnnary intsrvention patients experience some breath- naex anery
lessness and chest tightness dur- ::':D J':E:::
ing adenosine infusion, these s w522
symptoms are generally well tolerated (13). The instanta- Mo significant diszase 1505
neous wave-free ratio (iFR) has been proposed as an index Singlevesss disese B[]
of stenosis severity that is independent of hyperemia and can Two-vessel sexse B4 (31)
be measured without the need for adencsine (14). The Threesessel dicase 41(20)
concept of iFR is based on the hypothesis that there is a N
diastolic “wave-free” period (WFP) when microvascular Aspirin 1B (58]
resistance is already constant and minimal. An iFR value xm:mm"m 1:;::
of =0.83 has been suggested as having diagnostic accu- e 1678
racy comparable to the commonly used FFR cutoff of — P
=0.80. We studied consecutive unselected patients re- P—— 4528)
ferred for angiography with or without PCI to compare Long-scting nitrate a5[22)
FFR to iFR and to determine whether iFR is indepen- Insasin 19(3)
dent of hyperemia. Solm e 2A[16)
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Vialios 3 mean = 50 o n %L

Methods

The study protocal was approved by the institutional review rere e

board or ethics committer at cach participating center, and
all patients provided written informed consent. This study =
registered at the National Institutes of Health Clinical

ACE = anglotenskscomarting orayme; ARS = anglobansin roceplor biocker; Cx = cloumian
ooeonany ariary; LAD = kaft anterior desconding cosonary ariary; Ml = myncardial Infarchion: ACA -

Triale website (NCT01559493). 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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Pressure Tracings of 2 Sequential Heartheats at Rest and During Hypermia Inducad by Adenosine

Both the systolic pressure gradient (ight shade) and dissiolic pressure gradient (dark shade) increase substantially duning yperemis.

The wam-free period (WFH) begins 255 into disstole and ands 5 ms before $he end of disstols. Aortio pressune i inosed and distal coronany arteny pressume is in gresn.
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were inchided. Exclusion aiteria were a history of coronary
artery bypass surgery, extremely tortuous coronary arteries,
an occluded coronary artery, severely caleified lesions, or a
history of acute myocardial infarction within 5 days. Retro-
spective analysis was conducted using archived pressure
recordings from 500 unselected patients from three of the
participating centers.

FFR was measured in one coronary artery in each patient
after the operator had identified potential targets for PCL
The RadiAnalyzer Xpress instrument (5t. 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

Dizgnostic 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 cyeles, 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 vahe of FFR was established,
the adenosine infusion and pressure recording were stopped.
Following a 2-min rest period, the sequence was repeated to
test reproducibility of all indices. Finally a pullback record-
ing was performed to exclude wire drft.

iFR was measured as the ratio of mean distal coronary
pressure to mean aortic pressure during the diastolic WFP

Diagnoss % of FFR = 0.80 in) "% of Semsitivity {95% CI} % of Specificity (5% CI} % of PPV (95% CI % of NPV [95% CI} % of & 195% CI
Prospecthve study
All FFAs n = 206) 55 [134) 40 (31-48) 99 (33-100) 58 (50-100) 47 (35-55) &0 [53-E7]
FFRs 0.6-0.9 (0 = 160) 54 [103) 25 (17-38) 98 [31-100) 56 (E1-100) 42 (34-51) 51 [43-53)
Retrospective stuty
All FFRs n = 437} 58 (333) 40 (35-48) 99 [37-100) 59 (56-100) 44(38-48) 58 [54-63)
FFRs 0.6-0.9 (n = 332) 70 [2T5) 28(22-33) 99 [35-100) 59 (53-100) 37 (3143 49 [44-54)

Cl = ponfidenca ntenel NFY = negative prdiotive waile: PPV = positve predictive valie
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Dizgnostic Performance and Accuracy of IFR =0.83

JALCC Vol B4, Mo. 13, 213
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Dixgmosis % of FFR =080 (n] % of Semsitivity (95% C1} % of Specificity {95% CI) % of PPV (95% CI) % of NPV [95% CI} % of A 195% CI
Prospecthve study
All FFAs n = 206) 65 [134) 54 [45-62) 95 [E8-99) 96 (89-89) 53[44-52) &8 [81-T5)
FFRs 0.6-0.9 (0 = 160) B4 (103 41 {3151} 95 [B5-98) 93 (a2-89) 47 [38-5E) &0 [52-E8)
Retrospective stuty
Al FFRS n = 437) 66 (333 55 [45-50) 98 [35-98) 9E [95-100) 50 [44-5E) BB [B4-TZ)
FFRs 0.6-0.9 (0 = 332 TO (275 45 (3352 57 [33-99) 9 [33-100) 43 [37-43) &1 [56-E8)

Cl = ponfidenca ntenel NFY = negative prdiotive waile: PPV = positve predictive valie

as described by Sen etal. (14) (Fig. 1). In order to determine
whether iFR was independent of hyperemia, mean Pd/Pa
during this pericd was also measured during adenosine
infusion (“hyperemic” iFR). All analyses were performed in
a fully automated manner without manual selection of data
time points.

Data 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 acouracy of iIFR compared to FFR from a null
hypothesis value of 20%. 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

1.01

DLB_ D&+ 016
.I_l 0,84 2 018
0.6
o
L

0.4

0.21

0.0

REST HYP
iFR During Rest and Hypermia

Fgurs 3 wmuaﬁznsummm
Mean difference: DUAE {055 C: 047 to 0.2, p < DUOO0L.

Engineering, University of Technology, Eindhoven, the
Netherlands). Coronary pressure recordings were exported
from RadiView software (version 2.2, 5t Jude Medical, Upp-
sala, Sweden) and analyzed using Matlab (Mathworks, Inc,
Natick, 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
predictive value (PPV), negative predictive value (NPV), and
diagnostic acouracy (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 chanctenistics (ROC) area
under the curve (ATC) analysis using the method described by
Delong ot al. {15). Analyses were performed with the entire
dataset and with the subgroup of patients with an FFR in the
range 0L60 to 0.90. Statistical analysis was pedformed by an
independent statistician (VL) with IBM 5PSS version 19.0
(IBM Corp.. Armonk, Mew York), Minitab version 16.0

1.0
—FR
— Fhie
o =P
D'E = Foirs prosdel
= 0.6
=
E 0.4 AuC
IFR 0.8
Restgrad. | 0.B75
021 Pd/Pa | 0880
iFRmyp | 0588
0.0~ T T T T
0.0 02 0.4 0e 08 1.0
1 - Specilicity
ROC Curves for iFR (AUC = 0.87), Hyperemic iFR
Fgurs 4 (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 Aartic
and Distal Coronary Pressures (AUC = 0,87, p = O.TT)

Al p valees are comparisons with FR.
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{Minitab Inc., State College, Pennsylvania), and B (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 cut-off value of =0.80, the diagnostic perfor-
mance of iFR of =080 is shown in Table 2. Owerall
accuracy was 60% (95% ClI: 53% to 67%) for all vessels
studied and 51% (93% CI: 43% to 59%) for those with FFR
in the range of 0.60 to 0.9 Scn ct al. (14) proposed that
iFR of =0.83 has diagnostic performance 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.
Owerall acouracy was 63% (95% Cl: 61% to 75%) for all
vessels studied and 60% (95% Cl: 52% to 68%) for those
with FFR in the range of 0.60 w0 0.9%0. iFR decreased
significantly with hyperemia: mean = 53D 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/P'a (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
ermor (iIFR — 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 llustrated 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. &). In Figure 6A (as
in Fig. 2A), in addition to the simple linear regression
shown (solid black line), 2 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 0.78 {y-axis), and a slope
below it of 1.19.

Discussion

Char results show o moderate overall correlation between
FFR and iFR but only 3 weak correlation in the clinically
important range for dedsion making of 0.60 to 0.90. Sen et
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syndromy s pokracujici ischemii myokardu versus akutni koronarni syndromy bez pokracujici
ischemie. Nova klasifikace akutnich koronarnich syndromii by méla nahradit starou
klasifikaci zaloZenou na pritomnosti nebo nepritomnosti elevace useku ST. Odborné

stanovisko Ceské kardiologické spolecnosti. (2013) Cor et Vasa, 55 (3), pp. E225-E227.
(ptehledova prace jako konsensus expertii Ceské kardiologické spole¢nosti — kvantitativni

podil uchazece 20 % - koncept, text publikace)

Prace byla publikovana v ¢eském recenzovaném Casopise v r. 2013.
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Uvod

Soucasnad klasifikace akutnich korondrnich syndromi
(AKS) ve dvou hlavnich kategoriich (akutni infarkt myo-
kardu s elevacemi Useku ST [STEMI] a akutni koronarni
syndromy bez elevaci Useku 5T [non-STE AKS]) historicky
vychazi z potieby definovat pacienty indikované k trom-
bolytické I1&Cbé. Je prokazano, Ze trombolyticka 1éfba je
sice ucinna u STEMI, ne viak u non-5TE AKS [1,2]. V sou-
casnosti je viak trombolyticka 1écba u STEMI ve vEtiing
evropskych zemi a stale vice i jinde ve svété nahrazovana
uéinnéjiim |léféebnym postupem — primarni perkutanni
koronarni intervenci (p-PCl) [3,4]. Na rozdil od trombo-
lyzy je akutni PCI uZiteéna u Sirifho spektra AKS. Dilema
v prvni linii rozhodovani tak dnes jiZ nezni, ., zda provést
trombolyzu” (toto rozhodnutl se fidilo pfitomnosti nebo
nepfitomnosti elevaci aseku ST), ale spise ,zda odeslat
pacienta pfimo na katetrizaéni sal”. Pfi tomto rozhodo-
vanl se nesmi vychazet z prfitomnostifnepfitomnosti ele-
vaci Useku ST, ale spie ze znamek probihajici ischemie
nebo hemodynamické nestability bez ohledu na vstupni
EKG zdznam.

Podle nedavno publikovanych doporudeni Evropské
kardiologické spolefnosti [5,6] se emergentni invazivni
strategie (podobné p-PCl) indikuje nejenom v pfipadé
STEMI, ale i u nejrizikoveéjsich podskupin pacientd s non-
-5TE AKS. Navic se u fady pacientd s kritickym (Zivot ohro-
zujicim) angiografickym nalezem ¢asto neohjevuji elevace
Useku ST (kritické 1éze 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 5T) by provedeni emergentni koro-
narografie (coronary angiography — CAG) a PCl [7] bylo
bezpochyby pfinosné. Odkladani koronarografie kvl
nepritomnosti elevaci useku 5T v téchto kritickych situa-
cich mize v bézné praxi vést ke zhorieni klinického stavu
(wéetné zbytednych pfipadd amrti).

Ceska kardiologickd spolecnost se na zékladé téchto
skuteénosti rozhodla navrhnout novou klasifikaci akutnich
koronarnich syndromi vychazejicl z pfitomnosti nebo ne-
piitomnosti probihajici ischemie v dobé prvniho kontaktu
5 lékarem nebo pfi prijezdu na jednotku neocdkladné péde.
Tato klasifikace je zaméfrena na prvni projevy (véetné nut-

A: Soucasnd klasifikace akutnich
korondrnich syndromii

nosti ckamzitého rozhodnuti, zda pacienta (ne)prevézt na
katetrizacni sal pro provedeni p-PCl), a ne na konefnou
diagnézu - a proto primarné neni soucasti pofatecniho
rozhodovaciho algoritmu stanoveni biomarkerd. Néktera
¢eska pracovisté terciarni péde iz do swych |&éCebnych pro-
tokold tuto klasifikaci zaradila [8].

Navrhovana nova Klasifikace
akutnich korondrnich syndroma (obr. 1)

Akutni korondrni syndromy je nutno klasifikovat podie
rozhodnuti, kam je treba prevézrt padenta jiZ pfi prenim
kontaktu s Iékafem: (a) bezprostfedné (béhem < 2 ho-
din od prvniho kontaktu s |ékafem) na katetrizacni sal
nejblizsi nemocnice s vybavenim pro PC, nebo (b) na
nejbliZsi koronarni jednotku (véetné nemocnic bez vyba-
veni pro PCI). 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 zaznamu (elevace nebo depre-
se 0seku 5T, blokada raménka Tawarova, nebo dokonce
nediagnosticky vysledek EKG vyietfeni pfi vazném klinic-
kém podezfeni, napf. uzavéru r. circumflexus) a pacien-
ti s jakoukoli formou akutniho koronérniho syndromu
komplikovaného hemodynamickou nebo elektrickou
nestabilitou (Killipova tfida II-IWV nebo maligni arytmie
- samoziejmé pouze v kombinaci s klinickymi symptomy
moZného 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 nejspiie nebude pro pacien-
ta znamenat Zadné riziko.

a) Akutni koronarni syndrom s probihajici ischemii
myokardu je definovan jako probihajici (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 ST ve = 2 po sobé jdoucich EKG svo-
dech (z 2 mm u svodd V-V, 2 0,5 mm u svodd V—
WV, a = 1 mm u ostatnich svodd);

2. nové vznikla blokada raménka Tawarova (pravého
nebo levého);

B: Nové navrZenad klasifikace akutnich
korondrnich syndromi

Diagndza pfi prvnim
kontaktu s lékafem

Koneéna diagnodza (pri
propuiténi pacienta)

Diagndza pfi prvnim
kontaktu s lékafem

Koneéna diagnodza (pfi
propuiténi pacienta)

Mestabilni
angina
pectoris

STEMI Non-5TE AKS Q-1M Non-0-IM

AKS s ANS bez Naskabiai
T o o n
ppkmcu;_lfl plokra-tu!lcl QM | Noncin | angina
ischiemii ischemie pectorls
myokardu myokardu

Obr. 1 - Schéma staré (&) a navriené nove (B) klasifikace akutnich koronarnich syndromd. Zkratky jsou uvedeny textu.
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3. piretrvavajici deprese useku 5T ve = 2 sousednich
EKG svodech (= 2 mm u svodd na hrudniku a = 1
mm u svodd na konéetinach);

4. kardiogenni Sok nebo _pfediokovy” typ hemody-
namické nestability (nizky aZ normalni krevni tlak
+ tachykardie + studené kondetiny) pfi podezieni
na ischemii;

5.  maligni arytmie véetné resuscitované zastavy srdce
s obnovou spontanniho krevniho obéhu;

6. klinické znamky akutniho srdeéniho selhani (Killi-
pova tfida [-IV);

7. abnormalni pohyb srdeéni stény nové zjistény zob-
razovacimi metodami.

Je tieba mit na paméti, Ze izolované nalezy situaciistavi
uvedenych vyie v bodech 1-7 (napf. maligni arytmie bez
jakychkoli klinickych nebo EKG znamek akutni ischemie)
uvedenou definid nesplnuji. Je tfeba mit vysoké klinicke
podezfeni na akutni infarkt myokardu. Pacienty ze skupin
1-4 je vidy nutno dopravit pfimo na katetrizaéni sal (bez
ztraty casu kdekoli jinde v fetézd zdravotni péfe, napf. na
jednotce intenzivni nebo neodkladné péce). Padenty z ka-
tegorii 5-7 je rownéZ nutno prevézt do zafizenl s vybave-
nim pro p-PCl s nepietrzitou sluzbou (24/7) (bud pfimo na
katetrizacni sal, nebo nejdfive na kardiologickou jednotku
5 naslednym okamzitym pfevozem na katetrizaéni sal).

b) Akutni koronarni syndrom bez probihajic ischemie
myokardu zahrnuje viechny ostatni akutni koro-
narni syndromy. Konkrétné jde o nemocné s nesta-
bilni anginou pectoris @ malym akutnim infarktem
myokardu (zvyieni troponinu) bez viie uvedenych
znamek probihajici ischemie v dobé prvniho kon-
taktu s Iékafem.

Hlavni prednost této nové navrzené klasifikace spociva
v moZnosti okamzitého rozhodnuti, zda pacienta prevézt
pfimo na katetrizaéni sal (nemocnice s dostupnosti PCl
v nonstop rezimu) jako neodkladny pfipad (, strategie pri-
marni PCI*), nebo zda odlozit provedeni koronarografie
na dalii (pracovni) den. Tato klasifikace bude mit prak-
ticky wyznam pro |Ekafe viech specializac, ktefi pfichazeji
jako prvni do styku s pacienty s AKS. Ceska kardiologicka
spoleénost predstavila ¢asteéné podobnou klasifikaci jiZ ve
swych doporudenych postupech pro lédbu STEMI publiko-
vanych v roce 2002 [9]. V téchto doporucenych postupech
z roku 2002 byl akutni infarkt myokardu s depresi Gseku
ST povaZovan za urgentni stav s odpovidajicim postupem
(tzn. indikaci k okamzitému invazivnimu vyietieni a lécbé
v zafizeni s vybavenim pro PCl v nonstop rezimu) jako pfi
STEMI.

Vyznam stanoven( srdecnich troponind je pro konedné
potvrzeni diagnozy akutniho infarktu myokardu i nada-

le velky. Tato klasifikace neni s definicl akutniho infarktu
myokardu v rozporu. Smyslem této klasifikace je nabid-
nout jasny a jednoduchy prakticky doporudeny postup pro
rozhodovani pfi prenim kontaktu s lékafem.
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4. Zavér

Soucasna lécba pacientii se STEMI je pii spravné volené farmakologické a mechanické
strategii velmi sofistikovand, bezpe¢na a vysoce efektivni. Primarni PCI jako metoda prvni
volby by méla byt dostupna co nejvétsi ¢asti populace, a to bez ohledu na jeji vek. 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 pacientt, a to nejen se STEMI, ale i NSTEMI, pacientiim s kompletni blok&dou
pravého raménka Tawarova a po srde¢ni zastavé, kde ¢asna invazivni diagnostika eventualni
revaskularizace mize vyraznym zpisobem zlepsit prezivani i jeho kvalitu. Pozornost je
napfena i na praktické zjednoduSeni selekce pacienti indikovanych k casnému -

emergentnimu invazivnimu vySetfeni event. revaskularizaci.
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