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MB-LATER skor kao koristan predictor
ponovne pojave aritmija posle
radiofrekventne kateter ablacija
atrijalne fibrilacije - klinička primena
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prediction of arrhythmia recurrence
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of atrial fibrillation – clinical application
„Prave“ bifurkacije koronarnih arterija
u akutnom koronarnom sindromu su
povezane sa dužinom trajanja
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perkutane koronarne intervencije, ali
ne utiču na klinički ishod
„True“ coronary artery bifurcations in
acute coronary syndrome are
associated with longer PCI, but do not
influence clinical outcome
The year in cardiology: cardiovascular
prevention
The year in cardiology: imaging

U ovom broju se nalazi radovi nagrađenih autora na XXII
Kongresu Udruženja kardiologa Srbije, Zlatibor 17-20 oktobar,
2019. godine.

Prenessa je indicirana za pacijente sa arterijskom hipertenzijom, srčanim popuštanjem, stabilnom koronarnom srčanom bolesti, te
kao prevencija rekurentnog moždanog udara u pacijenata s CV bolestima. Kod hipertezije početna doza je 2-4 mg dnevno, a doza
održavanja 4-8 mg. Kod srčanog popuštanja početna doza je 2-4 mg, doza održavanja 4 mg dnevno. U stabilnoj koronarnoj bolesti
početna doza je 4 mg perindoprila, doza održavanja 8 mg. U prevenciji rekurentnog moždanog udara početna doza je 2-4 mg, doza
održavanja 4 mg, uz preporuku uvođenja indapamida.
Prenessa je dostupna u dozama od 2 mg; 4 mg i 8 mg.

Prenewel je indiciran za liječenje arterijske hipertenzije koja nije adekvatno kontrolisana sa monoterapijom. Prenewel 8 mg/2,5 mg
je indiciran za nadomjesno liječenje esencijalne hipertenzije kod bolesnika čiji je krvni pritisak već odgovarajuće kontrolisan
istovremenim davanjem perindoprila i indapamida u jednakoj dozi. Za bolesnike na dijalizi (klirens kreatinina manji od 0,25 ml/s),
preporučena doza je 2 mg na dan dijalize, nakon dijalize. Nije potrebno prilagođavanje doze u pacijenata sa jetrenim oštećenjem.
Prenewel je dostupan u dozama od: 2 mg/0,625 mg; 4 mg/1,25 mg i 8 mg/2,5 mg.

Amlessa je indicirana kao zamjenska terapija za liječenje hipertenzije i/ili stabilne koronarne bolesti u bolesnika u kojih je već
postignuta kontrola bolesti istovremenom primjenom odvojenih preparata perindoprila i amlodipina, u odgovarajućim dozama.
Preporučuje se uzeti jedna tableta dnevno, ujutro prije jela.
Amlessa je dostupna u dozama: 4 mg/5 mg; 4 mg/10 mg; 8 mg/5 mg i 8 mg/10 mg.

BA 2/2018, 2018-0033134, Avery.

Amlewel je indikovan kao supstituciona terapija za liječenje esencijalne hipertenzije kod pacijenata kod kojih je postignuta
odgovarajuća kontrola istovremenom primjenom perindoprila/indapamida i amlodipina, datih u istim dozama, kao kombinacija.
Preporučuje se uzeti jednu tabletu dnevno, ujutro prije jela. Maksimalna preporučena doza lijeka Amlewel je 8 mg/2,5 mg/10 mg
dnevno.
Amlewel je dostupan u dozama od: 2 mg/5 mg/0,625 mg; 4 mg/5 mg/1,25 mg; 4 mg/10 mg/1,25 mg; 8 mg/5 mg/2,5 mg i
8 mg/10 mg/2,5 mg.
Kontraindikacije: U slučajevima: preosetljivosti na perindopril ili bilo koji drugi ACE inhibitor, angioedem povezan s prethodnom terapijom ACE inhibitorima, nasljedni ili idiopatski angioedem, drugo i treće
tromjesečje trudnoće, teška hipotenzija, preosjetljivost na amlodipin ili bilo koji drugi dihidropiridin, šok (uključujući kardiogeni), opstrukcija izlaska krvi iz lijeve komore, hemodinamski nestabilno zatajenje
srca nakon akutnog infarkta miokarda. Prenewel i Amlewel su kontraindicirani kod bolesnika s teškim oštećenjem funkcije bubrega (klirens kreatinina manji od 30 ml/min (0,5 ml/s), kao i kod teškog jetrenog
poremećaja, te kod laktacije ); 8 mg/5 mg/2,5 mg i 8 mg/10 mg/ 2,5 mg su kontraindicirane kod teškog i umjerenog zatajenja bubrega (klirens kreatinina ispod 60 ml/min), kod hepatičke encefalopatije i teškog
jetrenog oštećenja.
Interakcije: Diuretici koji štede kalijum, suplementi kalijuma ili supstituti soli koji sadrže kalijum, litijum, nesteroidni antiinflamatorni lijekovi, drugi antihipertenzivni agensi i vazodilatatori, antidijabetici,
acetilsalicilna kiselina, trombolitici, triciklični antidepresivi, antipsihotici, anestetici i simpatomimetici
Neželjeni efekti: U česte neželjene efekte spadaju: glavobolja, omaglica, vrtoglavica, parestezija, poremećaji vida, poremećaji spavanja, tinitus, kašalj, dispneja, hipotenzija, mučnina, povraćanje, bolovi u
trbuhu, promjena okusa, dispepsija, proljev, zatvor, osip, svrbež, astenija i mišićni grčevi. U povremene neželjene efekte ubrajaju se: bronhospazam, suhoća usta, angioedem, oštećenje bubrežne funkcije,
impotencija, znojenje. U rijetke i veoma rijetke neželjene efekte spadaju: pankreatitis, hepatitis, multiformni eritem, rinitis, eozinofilna pneumonija, trombocitopenija, leukopenija/neutropenija, agranulocitoza,
pancitopenija, hemolitička anemija, poremećaji ritma, angina pektoris i infarkt miokarda, akutna bubrežna insuficijencija.
Način izdavanja lijeka: Lijek se izdaje samo na ljekarski recept.
Reference: 1. Annual report 2013. Krka, d. d., Novo mesto, Slovenia [internet]. 2014 [cited 2014 Oct 1]. Available from: http://www.krka.biz/media/doc/en/for_investors/2014/KRKA_annual_report_2013.pdf
2.SmPC Prenessa,Prenewel, Amlessa, Amlewel.
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* Data pismena saglasnost za članstvo u odborima.
Uredništvo ostaje otvoreno za sve promene i dopune uređivačkih odbora.

UPUTSTVO AUTORIMA
„Srce i krvni sudovi” je časopis Udruženja kardiologa Srbije koji objavljuje originalne radove, prikaze bolesnika, kardiovaskularne slike (“cardiovascular
images“), pregledne i specijalne članke. Uz rukopis obavezno priložiti pismo koje su potpisali svi autori, a koje treba da sadrži:
•
izjavu da rad prethodno nije publikovan i da nije istovremeno podnet za objavljivanje u nekom drugom časopisu,
•
izjavu da su rukopis pročitali i odobrili svi autori.
Rukopis rada i sve priloge uz rad dostaviti elektronskim putem na adresu: sloba.d.obradovic@gmail.com, naslovljeno na: prof. dr Slobodan Obradović, glavni
urednik časopisa „Srce i krvni sudovi”. Prispele rukopise uređivački odbor šalje recenzentima radi stručne procene. Ukoliko recenzenti predlože izmene i
dopune, tada se recenzirani rukopis dostavlja autorima s molbom da tražene izmene unesu u tekst ili pak u protivnom da argumentovano izraze svoje neslaganje sa datim primedbama recenzenta. Konačnu odluku o prihvatanju rada za štampu donosi glavni i odgovorni urednik zajedno sa uređivačkim odborom.
Za objavljene radove se ne isplaćuje honorar, a autorska prava se prenose na izdavača.
Časopis se štampa na srpskom jeziku, sa kratkim sadržajem prevedenim na engleski jezik. Inostrani autori mogu svoje članke, u celini, poslati na engleskom
jeziku.
Molimo saradnike da svoje radove za časopis „Srce i krvni sudovi” pišu jasno, koncizno, racionalno, gramatički ispravno i u skladu sa sledećim uputstvima.

UPUTSTVA ZA PISANJE RADA
Tekst rada kucati u programu za obradu teksta Word, latinicom, fontom Times New Roman i veličinom slova 12 tačaka (12pt). Sve margine podesiti na 25 mm,
veličinu strane na format A4, sa levim poravnanjem i uvlačenjem svakog pasusa za 10 mm. Ukoliko se u tekstu koriste specijalni znaci (simboli), koristiti font
Symbol. Stranice numerisati redom u okviru donje margine desno, počev od naslovne strane. Podaci o korišćenoj literaturi u tekstu označavaju se arapskim
brojevima u običnim zaokruženim zagradama, i to onim redosledom kojim se pojavljuju u tekstu. Rukopis rada dostaviti urađen po sledećem redosledu:
•
naslovna strana,
•
sažetak na srpskom jeziku,
•
sažetak na engleskom jeziku, sa naslovom i institucijom odakle dolazi rad takođe na engleskom jeziku,
•
tekst rada,
•
tabele,
•
opisi slika,
•
posebno slike (grafikoni) ili fotografije.
Naslovna strana. Na posebnoj, prvoj stranici treba navesti sledeće:
•
naslov rada bez skraćenica
•
puna imena i prezimena autora (bez titula)
•
kratak naslov rada
•
zvaničan naziv i mesto ustanova u kojima autori rade: ukoliko su u radu autori iz različitih institucija, indeksirati autore iz raličitih institucija
arapskim brojevima
•
na dnu stranice navesti kontakt osobu, odnosno ime i prezime, adresu, broj telefona, faksa i e-mail adresu radi korespodencije
Kratak sadržaj na srpskom i engleskom jeziku. Na sledećoj strani priložiti kratak sažetak rada obima do 250 reči. Za originalne radove kratak sadržaj rada treba
da sadrži: uvod, metod, rezultati i zaključak.
Prikazi bolesnika, pregledni i specijalni članci treba da imaju nestrukturisan sažetak obima do 150 reči.
Na kraju sažetka dostaviti i 2-4 ključne reči.
Svaki sažetak, sa naslovom i institucijom, mora biti preveden na engleski jezik.
Tekst rada. Tekst treba da sadrži sledeća poglavlja: uvod, metodi, rezultati, diskusija, zaključak, literatura. Svi podnaslovi se pišu malim slovima i boldovano.
U radu koristiti kratke i jasne rečenice. Za nazive lekova koristiti isključivo njihova internacionalna nezaštićena imena. U radu se mogu koristiti određene
skraćenice, ali samo kada je to neophodno. Za svaku skraćenicu koja se prvi put javlja u tekstu treba navesti i pun naziv. Sve rezultate navoditi u metričkom
sistemu prema Međunarodnom sistemu jedinica (SI).
Originali rad ne treba da prelaze 4000 reči.
Prikaz bolesnika čine: uvod, prikaz bolesnika, diskusija, literatura. Prikaz bolesnika ne treba da prelazi 1500 reči.
Kardiovaskularne slike (cardiovascular images) ne treba da budu struktuirane i ne treba da prelaze 500 reči.
Pregledni i specijalni članci ne moraju da budu struktuirani po prethodnom modelu. Pregledni i specijalni članci ne treba da prelazi 5000 reči.
Literatura. Reference numerisati rednim arapskim brojevima prema redosledu navođenja u tekstu. Broj referenci ne bi trebalo da bude veći od 30, a broj
citiranih originalnih radova mora da bude najmanje 80%. Izbegavati korišćenje apstrakta kao reference. Reference članaka koji su prihvaćeni za štampu označiti kao ,,u štampi“ (in press) i priložiti dokaz o prihvatanju rada. Reference se citiraju prema Vankuverskim pravilima, koja su zasnovana na formatima koja
koriste National Library of Medicine i Index Medicus. Naslove časopisa takođe treba skraćivati prema načinu koji koristi Index Medicus (ne stavljati tačke posle
skraćenice).
Ukoliko rad koji se navodi ima više od 6 autora, onda navoditi tako što se posle trećeg autora staviti: et al. Stranice se citiraju tako što se navode početna i
krajnja stranica (npr. 134-138).
Primer za navođenje reference iz časopisa: Leal J, Ramon Luengo-Fermnandes R, Gray A, Petersen S, Rayner M. Economic burden of cardiovascular diseases
in the enlarged European Union. Eur Heart J 2006;27:1610-1619.
Primer za navođenje reference iz knjige: Nichols A, Rourke MH. Aging and hypertension. U knjizi: Hypertension. Urednici: Nichols A, Rourke MH. Lea and
Febiger; London/Melbourne, 1990:257-299.
Tabele se označavaju arapskim brojevima po redosledu navođenja u tekstu. Tabele raditi u programu Word, koristiti font Times New Roman, veličinu slova
12 pt, sa jednostrukim proredom i bez uvlačenja. Tabela mora da ima naslov i ukoliko se u tabeli koriste skraćenice, iste treba objasniti u legendi ispod tabele.
Svaku tabelu dati na posebnom listu papira.
Slike (grafikoni) se označavaju arapskim brojevima po redosledu navođenja u tekstu. Na posebnom listu dati naslov sa opisom slika (grafikona) i ukoliko se
koriste skraćenice, iste treba objasniti u nastavku. Svaki grafikon treba dati na posebnom listu papira. Slike (grafikone) dati u formatu ppt, ai ili eps.
Fotografije se označavaju arapskim brojevima po redosledu navođenja u tekstu. Primaju se isključivo originalne fotografije (crno-bele ili u boji) na sjajnom,
glatkom (a ne mat) papiru. Na poleđini svake fotografije treba napisati redni broj. Fotografije moraju da budu u tif, eps ili ai formatu, najmanje rezolucije
300dpi.
Napomena. Rad koji ne ispunjava sve gore navedene tehničke uslove neće biti poslat na recenziju i biće vraćen autorima da ga dopune i isprave.
Glavni urednik i uređivački odbor zadržavaju pravo da radove, za koje smatraju da ne zadovoljavaju osnovne kvalitete i interesovanja publikovanja u časopisu, ne pošalju recenzentima i vrate autorima.

INSTRUCTIONS FOR AUTHORS
Heart and Blood Vessels is the official journal of the Serbian Cardiology Society and publishes Original articles, Case reports, Cardiovascular images, Review
articles and Special articles. It is mandatory to enclose, along with the manuscript, a letter to the Editor-in-chief stating that the manuscript:
•
has not been previously published or is currently submitted for review to another journal
•
was read and approved by all authors
The manuscript with all appendices should be addressed to:
Prof. Slobodan Obradovic, MD, PhD
Editor-in-Chief, Heart and Blood Vessels
and mailed to sloba.d.obradovic@gmail.com
The Editorial Board will send it to reviewers for evaluation. Reviewers’ comments will be forwarded to the author to either correct the original manuscript in
accord with the suggestions or to express their opinion with adequate arguments in a letter to the Editor-in-chief explaining why they refrained from doing
as reviewers deemed appropriate. The final decision will be made by the Editor-in-Chief together with the Editorial Board whether to accept the manuscript
for publishing or not. For published manuscripts authors don’t get fees, while copyright is transferred to the publisher. The journal is published in Serbian
with summaries in English. Foreign authors can submit their manuscripts entirely in English.
We kindly request authors to keep their manuscripts for Heart and Blood Vessels clear, concise, rational, grammatically correct and in accord with the following instructions.

GENERAL INSTRUCTIONS
Manuscript text should be prepared using a Word processing package, in Times New Roman font size 12. All margins set at 25mm of an A4 page, with no
alignment and 10mm tab at the beginning of each paragraph. In case special signs are used, please use Symbol font. Keep page numbering in the footer,
starting from the Title page. References should be marked by order of appearance in the text in Arabic numerals in round brackets. The manuscript should
be submitted in the following order:
•
Title Page,
•
Abstract,
•
Body of the text,
•
Tables, Figures’ descriptions,
•
Figures or photographs.
Title page. A separate, first page should encompass the following:
•
the title
•
the name(s) of authors,
•
the institution(s) and location of all authors (Please, index in Arabic numerals the different Institutions by order of appearance),
•
short title,
•
at the bottom of the page cite the corresponding author with his contact address, phone, fax number and email address.
Abstract. Next page should contain a 250 words abstract. Original papers should encompass: Introduction, Methods, Results and Conclusion. Structured form
of abstracts is not mandatory for case reports, review and special articles, but should not exceed 150 words.
The text should encompass: Introduction, Methods, Results, Discussion, Conclusions, and References. Subtitles should be typed in regular font and bold.
Short and simple sentences are advised. For medication, it is recommended not to use trade names, but their generic names. Abbreviations can be used in
the text, but only when necessary and properly introduced. All results should be cited in standard SI units.
An original paper should be up to 4000 words.
A Case Report consists of an Introduction, Case presentation, Discussion and References. A Case Report should be up to 1500 words. Cardiovascular Images
shouldn’t be structured and should be up to 500 words.
Review and Special Articles don’t have to be structured and shouldn’t exceed 5000 words.
References. References should be marked in order of appearance in Arabic numerals. The number of quoted references shouldn’t exceed 50 out of which
80% should be original articles. It is advised to avoid abstracts as references. When quoting papers that are accepted for publishing, however, not yet published, mark them as in press and enclose a printed proof of the manuscripts’ acceptance. References are quoted according to Vancouver style based on the
formats used by National Library of Medicine and Index Medicus. Journals’ titles should be shortened in accord with Index Medicus (no full stops after the
abbreviation). If the paper quoted has over 6 authors, after the third one, et al. should be used Pages are quoted as first and last (i.e. 134-136).
Article citation example: Leal J, Ramon Luengo-Fermnandes R, Gray A, Petersen S, Rayner M. Economic burden of cardiovascular diseases in the enlarged
European Union. Eur Heart J 2006;27:1610-1619.
Book citation example: Nichols A, Rourke MH. Aging and hypertension. In: Hypertension. Editors: Nichols A, Rourke MH. Lea and Febiger;London/Melbourne,
1990:257-299.
Tables are marked in order of appearance in Arabic numerals. Tables should be prepared using a Word processing package, Times New Roman font size 12,
single spaced with no indent. Each Table should have a title. If abbreviations are used in the Table, they should be defined in the explanatory footnote below.
Each table should be presented on a separate page.
Figures are marked in order of appearance in Arabic numerals. Please, provide on seprate page Figure legends. Each Figure should be prepared on a separate
page using following format: ppt, ai or eps.
Photographs are marked in order of appearance in Arabic numerals. Only original photographs are accepted (black and white or color) on glossy paper. The
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Abstract

Atrial fibrillation (AF) is most frequent sustained cardiac arrhythmia in general population. It is well
established that crucial task for management of these patients is prevention of AF‐related complications. One of the most important management strategies represents catheter ablation in order
to reduce AF burden, to achieve symptomatic and functional improvement, and in some patient
(e.g. heart failure) to reduce overall mortality. Several prognostic scores were developed for AF
recurrence prediction after catheter ablation of AF. Role of these scores might be better optimization of long-term follow-up and deciding on discontinuation of oral anticoagulant therapy and
stopping of antiarrhythmic drugs after the procedure, thus identification of patients at risk for arrhythmia recurrence may be extremely important. Numerous clinical factors are associated with
arrhythmia recurrence and some of those are used for developing rhythm-outcome specific scores.
MB-LATER score was retrospectively derived for prediction of arrhythmia recurrence after catheter
ablation of AF, and in this article, we are going to discuss its utilization in clinical practice.

Key words

atrial fibrillation, catheter ablation, prognostic scores, arrhythmia recurrence

Introduction

A

trial fibrillation (AF) is the most common arrhythmia diagnosed in general population and
is associated with increased morbidity and
mortality.1 Radiofrequency catheter ablation
(RFA) represents well established and effective method
for invasive treatment of AF, that provides better quality
of life compared to antiarrhythmic therapy.2 Today we
have more data on the importance of RFA of in AF patients with heart failure (HF), where it significantly contributes to the reduction of the risk of rehospitalization
due to HF, HF progression and reduction of overall mortality.3 Furthermore, it seems that RFA of AF might have
important role in risk reduction for thromboembolic
events in patients with AF shown in some observational
studies, but we currently lack randomized studies powered to prove this.4-6 Given these potential benefits, approach to invasive treatment must be balanced due to
potential complication of the procedure and relatively
high arrhythmia recurrence rate after RFA of AF that
ranges from 20-40%.1
Identification of patients at risk for arrhythmia recurrence may be extremely important in terms of anticoagulant therapy and appropriate rhythm monitoring

strategy after RFA. Numerous clinical factors are associated with arrhythmia recurrence after RFA of AF, most
commonly older age, non-paroxysmal AF, left atrial (LA)
size, gender, coronary artery disease (CAD), hypertension (HTA), diabetes mellitus (DM), metabolic syndrome
(MS), chronic kidney disease (CKD), HF and early recurrence of AF (ERAF) after procedure.7 Several prognostic
scores have been developed to predict individual risk of
recurrence of AF after catheter ablation.8 Some of them
are rhythm-outcome specific scores like: ALARMEc,
BASE-AF2, APPLE, CAAP-AF, and MB-LATER.9-14 MB-LATER
score is derived by our group and validated in several
external cohorts.15 We found that our score has significant clinical implications, since it was initially developed
to predict very late recurrences of AF - VLRAF (more
than 12 months post AF ablation), but also it has been
externally validated and showed a significant but modest predictive ability for late recurrence of AF (more
than 3 months post-AF ablation).12,15 Therefore MB-LATER score could be used for adequate discussion of the
expected results of RFA before procedure with our patients as well as to develop an adequate follow-up strategy for these patients after the procedure.
The purpose of this paper is to summarize available tools
for risk stratification for arrhythmia recurrence after RFA

Author for correspondence: Milan Marinković, MD, Cardiology Clinic, Clinical Center of Serbia, Višegradska 26, 11000 Belgrade, Serbia.
Phone: +381 11 361 6322, Fax: +381 11 361 6318, E-mail: marinkovicm86@gmail.com

of AF. Here we discuss the clinical implementation of MBLATER score in two cases from our practice and so far,
published data on other rhythm-outcome specific scores
for the purpose of more comprehensive understanding
and adequate managing of these patients.

Case presentation
CASE 1. A 68 year-old Caucasian male with history of
HTA was evaluated at our department for highly symptomatic palpitations. First episode of arrhythmia was
registered three years before admission to our department, at that time he was examined at emergency room
and 12-lead ECG showed AF with fast ventricular response. Rhythm control was achieved by administration
of propafenone i.v. (1.5 mg/kg). Propafenone was advised for long-term rhythm control, and also dabigatran
(150 mg, bid) was introduced for stroke prevention
(CHA2DS2-VASc = 2). Further, coronary angiography was
performed and revealed no significant coronary artery
disease. Propafenone was transiently effective, and in
the past 12 months before the procedure he had 4 episodes of AF, longest duration up to 12 hours.
Physical examination at admission revealed normal findings. Echocardiography showed no structural heart disease; LA diameter was 45 mm and ejection fraction (EF)
was preserved. Chest X-ray was unremarkable. Baseline
laboratory investigations including serum electrolytes,
complete blood count, liver and renal function tests
were normal, except dyslipidaemia. There was a history
of smoking up to 20 cigarettes per day and no history of

alcohol or drug abuse. Family history revealed that his
brother suffered from stroke of unknown cause.
Given the previous history of the disease, resistance to
medical therapy and highly symptomatic episodes of AF
catheter ablation was performed. Propafenone was discontinued ≥5 half-lives before the procedure. Dabigatran
was omitted 24 hours before the procedure. RF catheter
ablation was performed under conscious sedation. The
quadripolar catheter was inserted into the distal coronary
sinus as electroanatomical landmark. Via the right femoral vein three sheets were introduced, transseptal puncture (TSP) was carried out with a long needle and sheath
(BRK1/BRK1-XS, Swartz SL0/SL1, St Jude Medical, MN,
USA) and navigation of the ablation catheter was performed with a long steerable sheath (8.5 Fr Agilis NXT, St
Jude Medical, MN, USA). Pulmonary vein (PV) activity was
assessed with a circular 20-polar catheter inserted
through the long non-steerable sheath. Anatomical LA
map was created, and fusion with the CT scan was performed (Ensite Precision, St Jude Medical). Ablation was
performed using RF energy (TactiCath Quartz catheter, 7
Fr, St Jude Medical, MN, USA). Strategy of ablation was
ipsilateral circumferential antral pulmonary vein isolation
(PVI, Figure 1A). RF application were delivered 1–2 cm
outside from the ipsilateral PV ostia (30W, 43C, flow rate
17 ml/min). Electrical PVI was achieved as endpoint of
this procedure, and patient was observed in the lab for
the 30 min after the last RF application (standard protocol
in our electrophysiology lab as previously published).12
Patient was discharged two days later, without any postprocedural complications during hospital stay.

Figure 1. Panel A displays PVI ablation lesion set as ablation strategy in patient presented as Case 1 (PV isolation
circumferential lines, encircling the ipsilateral PV pairs). Panel B displays ablation lesion set as ablation strategy in
patient presented as Case 2 (PVI + additional substrate ablation). Panels A and B showing the posterolateral and
posterior view of the LA model fused with computed tomography image. Radiofrequency lesions were tagged as
the 4-mm diameter red balls. On panel B additional substrate ablation is presented (roof line connects the most
cranial points of the left-sided and right-sided PVI circles; mitral line extends from the lateral mitral annulus to
anteroinferior segment of left PVI, adjacent to left inferior PV ostium). Panel C presents the intracardial signals
and a moment of left sided PVI (yellow arrow) in patient presented as Case 1. Panel D points the moment of AF
termination during procedure in patient presented in Case 2.
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Figure 2. Chest X-ray of patient presented as Case 2. A – on admission before therapy;
B – at discharge after correction of medical therapy and RF ablation of atrial fibrillation
MB-LATER score for this patient was 1 (for male gender).
During the first three months after RFA therapy with
propafenone and dabigatran was continued and thereafter stopped. Patient had scheduled follow-up visits
consisting of physical examination, 12-lead ECG and 24hour Holter-recording at discharge, 1, 3 and 6 months
after the procedure, and every 6 months thereafter.
During two years of follow-up no arrhythmia recurrence
was registered, patient was symptom and drug free during that time, which could be expected based on the
predictive ability of MB-LATER score.
CASE 2. A 71-year-old woman with a history of paroxysmal AF was admitted at our department due to first episode of congestive HF. She complained of reduced exercise tolerance over the past two months. ECG at
admission showed AF with ventricular response of 120
bpm and presence of left bundle brunch block (LBBB) as
new finding. Baseline laboratory findings were normal
except slightly elevated liver and renal parameters. Thyroid hormones were in reference range.
The physical examination revealed a continuous arrhythmia, silent heart sounds, bilateral pretibial edema.
The X-ray showed enlargement of the heart with a reduced transparency of lung parenchyma and left sided
pleural effusion, Figure 2. Echocardiogram revealed LV
dilatation (EDD=59 mm, ESD=44 mm) with global hypokinesia (EF=35%) and markedly enlarged LA=51 mm.
Immediately intensive parenteral therapy was started
after admission including digitalis, beta blocker, amiodarone and diuretics. Likewise, low molecular weight heparin was induced instead of warfarin and anti-Xa level
was monitored. After initial clinical improvement CAD
was excluded after coronary angiography. Despite comprehensive therapy, patient remains symptomatic and
decision was made to refer for RF catheter ablation of
persistent AF during same hospitalization.
Catheter ablation was performed in the same fashion as
previously described except that in this patient, after
the isolation of the PV, additional ablation of the substrate was performed. Endocardial LA roof and mitral
isthmus ablation was performed using 30 W, with the
applications lasting 60–120 s in the same location. Endpoint that involved achieving linear conduction block on
both lines and PV isolation was reached (Figure 1B

– lesion set during RF ablation). Patient was discharged
on amiodarone as adjuvant therapy.
One month after the procedure ERAF was registered on
scheduled Holter ECG monitoring (persistent AF). We
performed electrical cardioversion due to ERAF during
“blanking” period. Considering clinical characteristic of
this patient we realize that this patient had the value of
MB-LATER score of 4 (persistent AF, LBBB, LA>47 mm,
ERAF), which does not necessarily mean failure of interventional treatment but in these situations, we are committed to discuss success rate and potential risk with the
patient, and also to closely monitor these patients. Three
months after the procedure patient reported significant
symptomatic and functional capacity improvement.
Echocardiogram confirmed reduction of LV dimensions
(EDD=56 mm, ESD=39 mm) and increase of EF=50%. At
the end of the first year of follow-up amiodarone induced
hyperthyroidism was established, so amiodarone was
suspended. Two months later she suffered from late recurrence of AF, which is why the procedure was repeated.
In the redo procedure reconnection of left PVs was found,
and PVs were reisolated. During additional two years of
follow-up there were no registered episodes of AF.

Discussion
In this paper, we have presented two cases from our
clinical practice that reflect the applicability of the MBLATER score in everyday clinical work. Our experience
and available data indicate that the application of such
scores could be important in the treatment of these
patients.
PVI represents a cornerstone of RFA for AF. The main
limitations of procedure are its invasive nature with potential serious complications and the achievement of
durable PVI lesion. PVI alone may be insufficient for successful rhythm control in approximately a third of patients who underwent CA of AF. As a result, relatively
high rate of recurrent atrial arrhythmias post-CA is registered and repeat CA procedures are often necessary
to achieve optimal treatment success.1,16 The reliable
application of prediction models of post-ablation AF recurrence might improve the pre-procedural selection of
patients which are the most suitable candidates for CA
and planning of the optimal rhythm monitoring strategy
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Table 1. The score components included in prediction model
HF* HTA AGE DM CVA CAD
Rhythm specific
scores
BASE-AF2
ALARMc
APPLE

✓
✓

CAAP-AF
MB-LATER

✓

✓
✓

✓

Enlarged AF type/
COPD/ CKD Metabolic AADs
ERAF SEX Smoking
LA
history
sy/ BMI

✓
✓
✓
✓
✓

✓
✓
✓
✓
✓

✓

✓
✓
✓

✓
✓ ✓

✓
✓
✓

HF, heart failure; HTA, hypertension; DM, diabetes mellitus; CVA, cerebrovascular accident; CAD, coronary artery disease; LBBB, left bundle
branch block; LA, left atrium; AF, atrial fibrillation; ERAF, early recurrence of atrial fibrillation; COPD, chronic obstructive pulmonary disease;
CKD, chronic kidney disease; BMI, body mass index; AAD, antiarrhythmic drug;
* HF included cardiomyopathy, congestive HF, reduced left ventricular ejection fraction and LBBB.

and drug therapy during post-CA follow-up.16 These
models should not represent limiting factor for the
treatment of these patients, but should indicate what
to expect from the intervention and how to monitor and
manage these patients during follow-up after RF
ablation.
To our knowledge, so far five rhythm specific scores are
identified (ALARMEc, BASE-AF2, APPLE, CAAP-AF, and
MB-LATER score). Each of these scores encompasses
components which are significantly associated with increased risk of arrhythmia recurrence after RF ablation
of AF (Table 1).
The ALARMEc score (NPAF, normalized LA area >10.25,
eGFR <68 ml/min, metabolic syndrome and cardiomyopathy) had a good predictive ability of AF recurrence during
a 2-year follow-up after redo procedure (AUC: 0.657)17.
Original score included a nonstandard definition of NPAF,
renal failure, metabolic syndrome and LA enlargement,
and was applied to the patients undergoing the first RF
ablation. Further studies added presence of cardiomyopathy to this score, and externally validated the score.18 All
four studies found that arrhythmia recurrence rate is increased with higher ALARMc score. The main remark was
related to the normalized LA area cut-off.18-21
The BASE‐AF2 score was derived to predict recurrences
in AF patients after cryoballoon ablation. A BASE‐AF2
score ≥3 points was significantly associated with AF recurrences (AUC: 0.94). Variables included in the score
were: BMI > 28 kg/m2, LA diameter >40 mm, current
smoking, early AF recurrence post‐CA, duration of AF history of >6 years, and non‐paroxysmal type of AF. One of
the objections is the use of ERAF as a score component,
bearing in mind that ERAF is post festum phenomenon,
and therefore cannot be used for baseline assessment.9
The APPLE score includes age ≥ 65 years, persistent AF,
impaired eGFR (<60 mL/min/1.73 m2), LA diameter ≥ 43
mm, EF < 50%. This score was derived and validated for
first (AUC: 0.634) end repeated procedure (AUC:
0.557).10,14 It has been shown that the score not only predicts arrhythmia recurrence but also can provide additional information about the presence of low-voltage
areas in the LA, as a valuable marker of negative electrophysiological remodeling as substrate for AF initiation

and perpetuation.22 APPLE score has been validated in
several external cohorts showing similar results. In one
external validation APPLE score was compared with the
MB‐LATER score, and both scores showed good predictive ability in the ROC curve analysis (AUC 0.716, P = 0.002
vs AUC 0.782, P < 0.001) for the prediction of VLRAF.12
The CAAP-AF score was developed to predict AF freedom after RF ablation of AF. CAD, LA diameter, age, presence of persistent, or long‐standing persistent AF, antiarrhythmics failed and female sex were included in to
this predictive model. Score was initially derived in large
cohort of patient (n=1125) of which majority was referred for first RFA. The score is than internally validated
(n=937), with similar results as in the derivation cohort
(2-year Kaplan-Meier AF-free rates by CAAP-AF scores
were as follows: 0 = 100%, 1 = 87.0%, 2 = 89.0%, 3 =
91.6%, 4 = 90.5%, 5 = 84.4%, 6 = 70.1%, 7 = 71.0%, 8 =
60.7%, 9 = 68.9%, and ≥10 = 51.3%)(11). The score has
been recently evaluated in two external cohorts, and it
showed a good predictive ability for LRAF.15,23
The MB-LATER score has been developed to predict VLRAF after CA. Male sex, bundle brunch block, LA diameter ≥47 mm, clinical type of AF (0 point for paroxysmal,
1 point for persistent, and 2 points for longstanding persistent AF), and early recurrent AF (ERAF) were included
in the MB‐LATER score. Each variable except clinical type
of arrhythmia scores 1 point (maximum points is 6).12
The MB-LATER score showed good predictive ability for
VLRAF (AUC = 0.782, p < 0.001. MB-LATER score of ≥2
had the best predictive value for VLRAF with 75.0% sensitivity, 72.6% specificity.12 After derivation, the score
has been validated in an internal cohort of patients and
compared to other scores providing better predictive
accuracy for VLRAF than the other scores. The score was
externally validated in four studies, and MB‐LATER
showed the largest net benefit compared to the other
scores.15,21,23,24 MB-LATER is the first score specifically
designed for patients free of arrhythmia recurrence at
1 year after ablation. Those patients are often subjected
to a less intensive clinical follow-up beyond 1-year post
ablation, and some of them are at increased risk for cardiovascular events, most commonly due to discontinuation of anticoagulant therapy.
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Important component of MB-LATER score is ERAF, which
was found to be independent predictor for LRAF also in
external validation cohorts.15,23 Although ERAF is not
suitable for baseline risk stratification due to postprocedural appearance, MB-LATER score is very suitable in
routine clinical practice because of its simplicity owning
to readily available variables.12,15,16
Besides ERAF, some of the MB-LATER score components, such as AF clinical type and LA enlargement, have
been already identified as independent predictors of AF
recurrence following ablation and were incorporated in
other scoring models.9,10,18,25-27 HF is also one of the most
common components of these clinical scores (Table 1).
This does not mean that these patients are not good
candidates for RF ablation of AF, on the contrary those
patients might have significant benefit from the procedure.(3) Simplicity is what each prediction model should
provide with the aim to facilitate implementation in everyday practice. Some components of other scores (for
example normalized LA volume) require additional preprocedural work-up (CT, appropriate software and complex mathematical model for calculation), thus limiting
its applicability.12,16
These clinical scores have also significant role reflected
in decision-making regarding the use of anticoagulant
and antiarrhythmic therapy. Although recurrence of the
arrhythmia carries only nonsignificant trend for increased thromboembolic risk,28 current recommendations suggest to continue long-term oral anticoagulation
therapy in all patients with CHA2DS2-VASc ≥2, regardless
of the AF ablation outcome.1 Interestingly, in one observational retrospective multicenter study has been
observed that that all thromboembolic events following
AF ablation occur in patients who experienced arrhythmia recurrence in contrast to patients who did not have
arrhythmia recurrence (4% vs. 0%, p < 0.001).29

Conclusion
Despite we have interesting tools for risk stratification
for AF recurrence after RF ablation, one should make
final decision about procedure in agreement with patient after consideration of all potential benefits and
harms of the procedure. Adequate patient selection for
the procedure is of great importance considering high
arrhythmia recurrence rate after ablation, significant
costs, availability of medical care, long radiation exposure time and potentially serious complications that
may occur during AF ablation procedure.
Since the strategy of AF ablation and follow-up management differ significantly among EP centers,1 we need
additional studies to prospectively validate and compare all these scores in independent external cohorts in
order to determine their relative predictive ability for
post-CA recurrence and achieve clinical utility.
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MB-LATER skor kao koristan predictor ponovne pojave aritmija posle radiofrekventne kateter
ablacija atrijalne fibrilacije - klinička primena
Milan Marinković1, Aleksandar Kocijančić1, Vladan Kovačević1, Miroslav Mihajlović1, Jelena Simić1, Nikola
Isailović1, Anja Radunović1, Vera Vučićević2, Tatjana Potpara1,3, Nebojša Mujović1,3
1
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Atrijalna fibrilacija (AF) je najčešća dugotrajna aritmija u opštoj populaciji. Dobro je poznato da je jedan od osnovnih
zadataka u lečenju bolesnika sa AF prevencija komplikacija povezanih sa aritmijom. Kateterska ablacija AF predstavlja
važnu strategiju u lečenju ovih bolesnika sa ciljem eliminacije aritmije, odnosno redukcije vremena provedenog u
aritmiji. Nakon intervencije kod značajnog broja bolesnika se registruje unapređenje simptomatskog i funkcionalnog
statusa, a u podgurpi bolesnika sa srčanom insuficijencijom dolazi i do redukcije ukupnog mortaliteta. Razvijeno je
nekoliko prognostičkih skoring sistema za predikciju pojave recidiva aritmije nakon kateterske ablacije AF. Uloga ovih
modela je u eventualnoj boljoj optimizaciji dugoročnog praćenja ovih bolesnika kao i odlučivanju vezanom za obustavljanje antikoagulantne i antiaritmijske terapije nakon intervencije. Brojni faktori su definisani do sada kao prediktori
recidiva aritmije, a neki od njih su korišćeni za razvoj skorova specifičnih predikciju recidiva aritmije nakon kateterske
ablacije. MB-LATER skor je kreiran u retrospektivnoj studiji sa ciljem predikcije recidiva aritmije nakon kateterske
ablacije AF. U ovom radu ćemo prikazati njegovu primenu u kliničkoj praksi.
Ključne reči: atrijalna fibrilacija, radiofrekventna kateter ablacija, prognostički skor, recidiv aritmija
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„True“ coronary artery bifurcations in acute coronary
syndrome are associated with longer PCI, but do not
influence clinical outcome
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Abstract

Introduction: Percutaneous coronary interventions (PCI) in bifurcation lesions with more than
50% stenosis of both main and side branch remain challenging. These “true” bifurcation lesions
(TBL) causing acute coronary syndrome (ACS) could pose an additional challenge for adequate
treatment since there are no recommended strategies. We investigated the influence of the presence of TBLs as culprit lesions for ACS on the clinical outcomes after PCI.
Methods: The study was retrospective and conducted in a high-volume university PCI centre.
Study included 256 consecutive patients with native coronary artery bifurcation lesions causing
an ACS. Patients with ACS caused by stent thrombosis were not included in the study. All patients
underwent PCI of the culprit bifurcation lesion and afterwards were treated according to the appropriate guidelines.
Results: Most of the bifurcations were located in left anterior descending 152/256 (59.3%), then
in circumflex 66/256 (25.9%) and right coronary artery 38/256 (14.8%). The initial clinical presentation was STEMI in 144/256 (56.2%), then NSTEMI 59/256 (23.1%) and unstable angina in 53/256
(20.7%) patients. TBLs were present in 146/256 (57.0%) patients. TBLs were associated with longer PCI procedural time 48±24min vs. 31±28min (p<0.05) and greater contrast volume 177±73 vs.
149±48 ml (p=0.01), but not with larger myocardial infarction in terms of magnitude of troponin
I release 47.35±73.73 vs 31.07±38.05 ng/ml (p=0.164) and LVEF 40±13 vs 42±13% (p=0.439), as
compared to other bifurcations. The patients were followed for 405±377 days. MACCE (major adverse cardio-cerebral events: death, myocardial infarction, repeated revascularization and stroke)
occurred in 55/256 (21.5%) patients. In univariate regression analysis, provisional PCI strategy
was associated with fewer MACCE [OR 0.283 (95 % CI 0.089–0.898)]. However, in the multivariate
regression analysis, that included recognized predictors of MACCE (diabetes, LVEF, chronic kidney
disease, multivessel disease, provisional PCI strategy, use of ticagrelor, TBLs) only the presence of
the multi-vessel coronary artery disease remained an independent predictor of MACCE [OR 5.147
(95 % CI 1.859–14.248)].
Conclusions: TBL in acute coronary syndrome are associated with longer PCI duration, but were
not associated with larger myocardial infarction and adverse cardiovascular outcomes. The extent
of the CAD at presentation is associated with future cardiovascular events.

Key words

true bifurcation lesion, acute coronary syndrome, percutaneous coronary intervention

Introduction

A

bifurcation lesion (BL) is an atherosclerotic lesion formed at or near the junction of two significant epicardial coronary arteries1 ,,True’’
coronary bifurcation (TBL) includes stenosis
more than 50% of both main branch (MB) and side branch
(SB). Medina classification is based on lesion greater than
50% in bifurcation branches, while TBL have a significant

narrowing of both MB and SB2-4. The complex morphology of TBL is manifested in MB and SB diameters’ difference, angle between the arteries and plaque characteristics (calcification, presence of the inflammatory cells and
lipid content)5. Atherosclerosis frequently develops in
areas adjacent to branching points of coronary arteries.
Almost 15-20% of patients undergoing a percutaneous
coronary intervention (PCI) have BL as a target lesion. PCI
procedures involving TBL are complex and challenging for
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interventional cardiologists. They are frequently associated with complications such as restenosis, stent thrombosis and worse clinical outcomes.6-8. Data on clinical outcomes of TBLs in the acute coronary syndrome (ACS) are
limited. TBLs are usually treated with provisional stenting
strategy that includes MB stent implantation across the
ostium of the SB. SB should be treated in a case of unfavourable angulation of SB or its significant stenosis leading to critical ischemia after MB stent implantation. These
procedures carry potential high risk of residual myocardial ischemia. The clinical success of PCI depends mainly
on the optimal treatment of MB, which should be the
main goal of PCI in any bifurcation lesion including TBL.9
Since there are no recommended strategies for TBL causing ACS, they could pose an additional challenge for adequate treatment. In this study we have investigated the
influence of TBLs compared to other bifurcation, causing
an ACS on the clinical outcomes after PCI.

Methods
This was a retrospective, observational study conducted
at Department of Cardiology, University Clinical Hospital
Centre Zemun, Belgrade, Serbia. A total of 256 consecutive patients with native coronary artery BL causing an
ACS, admitted to our hospital between December 2016
and September 2018, were included in the study. Patients with ACS caused by stent thrombosis, previously
revascularized and patients in cardiogenic shock were
excluded from the study. Coronary angiograms were visually assessed for coronary lesions in two orthogonal
planes by an experienced interventional cardiologist
blinded to all other data. TBL were assessed by a Medina
classification and based on the presence of a lesion> 50%
on both MB and SB. All patients underwent PCI procedure of the BL using a technique selected according to the
operator’s preference, and afterwards were treated in
accordance with current recommendations. The choice
of a vascular approach, guiding catheters, coronary
guidewires, balloons and stents was left to the interventional cardiologist who performed the intervention. Second generation drug eluting stents were implanted according to the catheterization laboratory shelf availability. Puncture site haemostasis was done manually or using a haemostatic device. Patients were followed using
telephone interview or an office visit and the clinical
status, occurrence of major adverse cardiovascular and
cerebral events (MACCE) and use of dual antiplatelet
therapy (DAPT) were recorded. The study was approved
by the Institutional Ethics Committee.

Statistical analysis
Continuous data were expressed as means with standard deviations and compared between groups using
unpaired and paired T-test. Categorical data were summarized by proportions and compared by using a Chi
square and Fisher’s exact test. Univariable and multivariable logistic regression analyses were performed to
determine patient’s and procedural characteristics associated with outcomes – cardiovascular events. The
multivariable regression model was done using “step-

wise selection model”. The stepwise selection iteratively selected the most significant variable with multivariate p-value <0.25, to start the model. At each step, another significant variable is added and after running the
model, a check was performed to remove the variable
with a multivariate p-value >0.10. This was repeated
with the complete set of variables until no more variables could be entered and no variables could be
dropped. All statistical tests were two-tailed, and p value <0.05 was considered significant. Statistical analysis
was performed using PASW Statistics software version
19 (SPSS, Inc., Chicago, IL).

Results
The study included 256 consecutive patients with ACS
caused by a bifurcation coronary artery lesion, of which
146 were TBL (57.0%). Characteristics of the study population are summarized in Table 1. Patients with TBL were
more frequently male, had a higher body mass index
(BMI) and more frequently underwent previous PCI. Traditional risk factors for cardiovascular disease were present in both groups at similar rates. Most of the bifurcations were in left anterior descending 152/256 (59.3%),
then in circumflex 66/256 (25.9%) and right coronary
artery 38/256 (14.8%), while the most common clinical
presentation was ST elevation myocardial infarction in
both groups (Table 2). TBLs were associated with longer
PCI duration 48±24min vs. 31±28min (p<0.05) and contrast agent consumption 177±73 vs. 149±48 ml (p=0.01),
but not with greater myocardial infarction in terms of
magnitude of troponin I release 47.35±73.73 vs
31.07±38.05 ng/ml (p=0.164) and LVEF 40±13 vs 42±13%
(p=0.439), as compared to other bifurcation lesions. Patients were followed for 405±377 days by either office
visit or telephone contact. MACCE (Major adverse cardiocerebral events: death, myocardial infarction, repeated
revascularization and stroke) were noted in 58/256
Table 1. Clinical characteristics of patients
Variable

,,True
Other
p
bifurcation’’ bifurcation
n = 146
n = 110
Age (years)
61±10
57±16
0.070
Male sex (%)
73.9
85.4
0.050
Family history of CAD
49.1
0.750
46.6
(%)
Smoking (%)
59.6
60.9
0.878
Hypertension (%)
88.3
77.2
0.049
Dyslipidemia (%)
75.3
71.8
0.605
Diabetes mellitus (%)
25.3
29.1
0.605
PAD (%)
4.8
0.0
0.193
Previous IM
26.1
14.5
0.129
Previous CVI (%)
4.1
1.8
0.676
Previous PCI (%)
34.2
16.3
0.005
27±4
26±3
0.028
BMI (kg/m2)
CKD (%)
7.5
16.3
0.170
BMI - body mass index; CVA - cerebrovascular event; CKD – chronic
kidney disease IM - myocardial infarction; PAD - peripheral arterial
disease; PCI - percutaneous coronary intervention
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Table 3. Incidence of outcomes

Table 2. Clinical and angiographic characteristics
Variable
Location (%)
LAD–D
Cx–OM
RCA PD–PL
Medina class.
n (%)
1.0.1
0.1.1
1.1.1
0.0.1
1.0.0
0.1.0
STEMI (%)
NSTEMI (%)
Unstable
angina (%)

,,True’’
bifurcation
n = 146

Other
bifurcation
n = 110

p

83 (56.8)
38 (26.0)
25 (17.2)

67 (61.0)
26 (23.6)
17 (15.4)

0.645
0.862
1.000

19 (13.1)
25 (17.1)
102 (69.8)
0 (0)
0 (0)
0 (0)
79 (54.1)
39 (26.7)
28 (19.2)

0 (0)
0 (0)
0 (0)
6 (5.5)
49 (44.5)
55 (50)
71 (64.5)
14 (12.7)
25 (22.8)

------------------------0.368
0.086
0.700

LAD – left anterior descending artery; D - diagonal artery; Cx - circumflex coronary artery; OM - obtuse marginal artery; RCA - right
coronary artery; PD – posterior descending artery; PL – posterior
olateral artery; STEMI - ST elevation myocardial infarction; NSTEMI
– non ST elevation myocardial infarction

(22.6%) patients. Patients with TBL had a higher incidence
of angina symptoms and recurrent percutaneous revascularization, but the overall incidence of MACCE was
similar in the study groups (Table 3). In univariate regression analysis, only ,,provisional’’ PCI strategy was associated with lower MACCE [OR 0.283 (95% CI 0.089–0.898)],
while in the multivariate regression analysis, including
recognized predictors of MACCE (diabetes, LVEF, chronic
kidney disease, multivessel disease, ,,provisional’’ PCI
strategy, use of ticagrelor, TBLs), only presence of multivessel coronary artery disease remained an independent
predictor of cardiovascular events [OR 5.147 (95 % CI
1.859–14.248)]. (Table 4)

Discussion
In this study, we have investigated the association of true
bifurcation lesion causing an acute coronary syndrome
with PCI complications and significant adverse cardiovascular events. Our study demonstrated that the presence

Variable
Death n (%)
Myocardial
infarction n (%)
Repeated PCI
n (%)
CABG n (%)
CVA n (%)
Angina pectoris
n (%)
MACCE n (%)

“True”
bifurcations
n = 146
11 (7.5)
3 (2.1)
21 (14.3)
0 (0)
5 (3.4)
32 (21.9)
41 (28.1)

Other
bifurcations
n = 110
8 (7.2)
1 (0.9)

p
1.000
0.561

6 (5.4)

0.862

0 (0)
2 (1.8)
12 (10.9)

----1.000
0.146

17 (15.4)

0.238

CABG- coronary artery bypass grafting; CVA – cerebrovascular event;
MACCE - major adverse cardiovascular and cerebral events; PCI –
percutaneous coronary intervention

of TBL responsible for ACS, has been associated with a
longer duration of the PCI procedure, as well as an increased amount of contrast given during the intervention. However, the presence of TBL was not associated
with a decrease in left ventricular systolic function (LVEF)
and the size of the myocardial infarction measured as
troponin I release compared to uncomplicated BL responsible for the development of ACS. After approximately one year follow-up period, association between
the presence of TBL and the occurrence of adverse cardiovascular events was not found in by a multivariate
regression analysis. On the other hand, multivessel coronary artery disease has been shown to be strongly associated with adverse cardiovascular events. 7
The presence of TBL involving significant lesions of both
MB and SB is associated with the higher occurrence of
PCI complications, especially if more than one stent was
implanted or complex interventional strategy was employed4,10,11. At the same time, the interventional treatment of a BL in ACS presents an additional challenge12.
In our study, the presence of diabetes and decreased
LVEF were not associated with the occurrence of adverse cardiovascular events. On the other hand, large
registries of BL, as well as acute myocardial infarction,
identified these clinical features as significant predictors
of adverse clinical outcomes11,13,14. The potential reason
for this finding could be a small sample size in our study.
A favourable signal could be the univariate association

Table 4. Univariable and multivariable predictors of MACCE

Diabetes mellitus
LVEF
Multivessel disease
„Provisional“ PCI strategy
CKD
„True“ bifurcation
Ticagrelor in DAPT

Univariable
OR [95% CI]
1.287 [0.596 – 2.782]
0.965 [0.940 – 0.992]
6.821 [2.536 – 18.346]
0.283 [0.089 – 0.898]
2.333 [0.854 – 6.375]
1.745 [0.747 – 4.079]
1.893 [0.897 – 3.994]

P value
0.521
0.010
<0.001
0.032
0.098
0.199
0.094

Multivariable
OR [95% CI]
--0.977 [0.948 – 1.007]
5.551 [2.004 – 15.376]
2.543 [0.736 – 8.778]
0.556 [0.183 – 1.692]
--1.865 [0.825 – 4.218]

P value
--0.139
0.001
0.140
0.556
--0.134

CI – confidence interval; CKD - chronic kidney disease; DAPT – dual antiplatelet therapy; LVEF – left ventricular ejection fraction; OR – probability ratio; PCI – percutaneus coronary intervention.
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in the MB (proximal optimization - POT). All this could
lead to increased procedural time and use of contrast16.
Multivessel coronary artery disease is a relatively common finding in patients with ACS and is associated with
greater cardiovascular events rate in the first year after
initial hospitalization17. Large registry of BL showed that
the multivessel disease was an important clinical predictor of adverse cardiovascular events14,17. Our study also
showed that the presence of multivessel disease was associated with adverse cardiovascular events. The reasons
for this finding should be sought in the prevalence of
coronary artery disease, which is growing despite interventions and drug therapy17,18,19. On the other hand, complex interventional treatment which includes BL, carries
the risk of specific manifestations of coronary artery disease like stent thrombosis and in-stent restenosis15.

Study limitations
Figure 1. True coronary artery bifurcation in LAD-D territory with large thrombus burden causing an acute
coronary syndrome is presented.
of LVEF with adverse cardiovascular outcomes, which
did not stand comparison to multivessel coronary artery
disease in multivariable analysis. On the other hand, our
study included only patients with ACS, in contrast to
previously mentioned registries of BL, which may also
affect clinical outcomes.
The presence of a TBL was not significantly associated
with adverse cardiovascular outcomes, and this is in accordance with a study by Zimarino et al. which included
more than 5,000 treated BL14. The reason for this finding
could be sought primarily in the presence of strong
clinical predictors of outcomes like multivessel coronary
artery disease, LVEF, diabetes and ACS that might obscure the potential effect of TBL on cardiovascular
events. Importantly, most patients, regardless of the
presence of TB, were treated with a “provisional” strategy - implantation of stent in the bifurcation’s MB which “equalizes” the treatment of TBL and other bifurcations, thus bringing them into similar position in relation to outcomes. This conclusion stems from studies
that have shown that complex strategies with implantation of two stents were associated with increased incidence of adverse cardiovascular events14,15. Our study
showed that the “provisional” stent implantation strategy was associated with better outcomes in univariate
analysis, but this was not maintained in multivariable
model. We’ve demonstrated that TBLs are associated
with a longer PCI duration and greater contrast consumption, which pointed towards the complexity of the
procedure. The reason for this should be sought in several features of a bifurcation lesion with significant disease of the SB where an operator could experience difficulty to pass the coronary gudewire into the SB. Also,
a suboptimal result in the SB after stent implantation in
the MB could be the reason to perform additional procedures like SB ostial angioplasty, stent implantation
and/or repeated postdilatation of the stent implanted

Our study is limited by its single centre, retrospective,
observational design. Further, data on angiographic
findings and interventions were obtained from the registry instead directly from the angiograms. Finally, in
some cases, patient’s data were obtained by telephone
and patient’s self-assessment of their own health and
prescribed medications which may cause certain inaccuracy in reporting.

Conclusion

True bifurcation lesions responsible for an acute coronary syndrome are associated with prolonged PCI procedures, but were not associated with larger myocardial infarctions and adverse cardiovascular outcomes
compared to uncomplicated ones. The extent of CAD at
presentation remains one of the most important clinical
factors in prediction of the future cardiovascular events.

References
1.	Gwon HC. Understanding the coronary bifurcation stenting. Korean Circ J 2018; 48(6):481-91.
2.	Louvard Y, Medina A, Stankovic G. Definition and classification
of bifurcation lesions and treatments. EuroIntervention 2010;
6(J):J31–5.
3.	Medina A, Suárez de Lezo J, Pan M. A new classification of coronary bifurcation lesions. Rev Esp Cardiol 2006;59(2):183.
4.	Chen X, Zhang D, Yin D, et al. Can “true bifurcation lesion” actually be regarded as an independent risk factor of acute side
branch occlusion after main vessel stenting? A retrospective
analysis of 1,200 consecutive bifurcation lesions in a single center. Catheter Cardiovasc Interv 2016;87 554-63.
5.	Giannoglou GD, Antoniadis AP, Koskinas KC, Chatzizisis YS. Flow
and atherosclerosis in coronary bifurcations. EuroIntervention
2010;6:16–23.
6.	Colombo A, Moses JW, Morice MC, et al. Randomized study to
evaluate sirolimus-eluting stents implanted at coronary bifurcation lesions. Circulation 2004;109(10):1244–9.
7.	Routledge HC, Lefèvre T, Colombo A, et al. Three-year clinical
outcome of percutaneous treatment of bifurcation lesions in
multivessel coronary artery disease with the sirolimus-eluting
stent: insights from the Arterial Revascularisation Therapies
Study, part II (ARTS II). EuroIntervention 2009;5(2):190–6.
8.	Sharma SK, Sweeny J, Kini AS. Coronary Bifurcation Lesions: A
Current Update. Cardiol Clin 2010;28(1):55–70.
9.	Lassen JF, Holm NR, Banning A. Percutaneous coronary intervention for coronary bifurcation disease : 11th consensus document

183
from the European Bifurcation Club. EuroIntervention 2016;
12(1):38-46.
10.	Park JJ, Chun EJ, Cho YS, et al. Potential predictors of side-branch
occlusion in bifurcation lesions after percutaneous coronary intervention: a coronary CT angiography study. Radiology 2014;
271(3):711-20.
11.	Song PS, Song YB, Lee JM, et al. Major Predictors of long-term
clinical outcomes after percutaneous coronary intervention for
coronary bifurcation lesions with 2-stent strategy: patient-level
analysis of the Korean Bifurcation Pooled Cohorts. JACC Cardiovasc Interv 2016;9(18):1879-86.
12.	Hahn JY, Chun WJ, Kim JH, et al. Predictors and outcomes of side
branch occlusion after main vessel stenting in coronary bifurcation lesions: results from the COBIS II Registry (COronary BIfurcation Stenting). J Am Coll Cardiol 2013;62:1654-9.
13.	Hall TS, von Lueder TG, Zannad F, et al. High-Risk Myocardial
Infarction Database Initiative investigators. Relationship between left ventricular ejection fraction and mortality after myocardial infarction complicated by heart failure or left ventricular
dysfunction. Int J Cardiol 2018;272:260–6.
14.	Zimarino M, Briguori C, Amat-Santos IJ, et al. Mid-term outcomes after percutaneous interventions in coronary bifurcations. Int J Cardiol 2018 Dec 2. pii: S0167-5273(18)34855-1.

15.	Zimarino M, Corazzini A, Ricci F, Di Nicola M, De Caterina R. Late
thrombosis after double versus single drug-eluting stent in the
treatment of coronary bifurcations: a meta-analysis of randomized
and observational Studies. JACC Cardiovasc Interv 2013; 6(7):687-9.
16.	Lassen JF, Burzotta F, Banning AP, et al. Percutaneous coronary
intervention for the left main stem and other bifurcation lesions:
12th consensus document from the European Bifurcation Club.
EuroIntervention 2018;13(13):1540-53.
17.	Sorajja P, Gersh BJ, Cox DA, et al. Impact of multivessel disease
on reperfusion success and clinical outcomes in patients undergoing primary percutaneous coronary intervention for acute
myocardial infarction. Eur Heart J 2007;28(14):1709–16.
18.	Widimsky P, Holmes DR. How to treat patients with ST-elevation
acute myocardial infarction and multi-vessel disease? Eur Heart
J 2011;32(4):396–403.
19.	Cavender MA, Milford-Beland S, Roe MT, Peterson ED, Weintraub WS, Rao SV. Prevalence, predictors, and in-hospital outcomes of non-infarct artery intervention during primary percutaneous coronary intervention for ST-segment elevation myocardial infarction (from the National Cardiovascular Data Registry). Am J Cardiol 2009;104(4):507–13.

Conflict of interest: None declared.
Ethical standards: All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Funding sources: None

Sažetak

„Prave“ bifurkacije koronarnih arterija u akutnom koronarnom sindromu su povezane sa
dužinom trajanja perkutane koronarne intervencije, ali ne utiču na klinički ishod
Aleksandra Maksimović1, Branko Suđecki2, Vladimir Jovanović1, Srđan Kafedžic1, Milivoje Cerović1, Dušan
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1
3

Uvod: Perkutane koronarne intervencije (PKI) na bifurkacionim lezijama (BL) sa suženjem glavne i bočne grane
većim od 50 % predstavljaju izazov. Ove ,,prave“ bifurkacione lezije (PBL) predstavljaju dodatni izazov kada su
uzrok akutnog koronarnog sindroma (AKS), zato što nema preporuka za njihovo adekvatno lečenje. Cilj studije je
ispitati uticaj PBL odgovorne za AKS na klinički ishod nakon PKI.
Metode: Studija je retrospektivna, sprovedena u univerzitetskom centru i uključila je 256 konsekutivnih pacijenata
sa AKS uzrokovanim BL na nativnoj koronarnoj arteriji. Pacijenti sa AKS usled stent tromboze nisu uključeni u
studiju. Svi pacijenti su podvrgnuti PKI odgovorne arterije, a zatim lečeni prema odgovarajućim preporukama.
Rezultati: BL su najzastupljenije na prednjoj descedentnoj grani leve koronarne arterije 152/256 (59.3%), zatim
na cirkumfleksnoj 66/256 (25.9%) i desnoj koronarnoj arteriji 38/256 (14.8%). Klinička prezentacija bila je STEMI
kod 144/256 (56.2%) , zatim NSTEMI 59/256 (23.1%) i nestabilna angina pektoris kod 53/256 (20.7%) pacijenata.
PBL su nađene kod 146/256 (57.0%) pacijenata. PBL su povezane sa dužim trajanjem PKI 48±24 min naspram
31±28 min (p<0.05), većom potrošnjom kontrasta 177±73 naspram 149±48 ml (p=0.01), ali ne i većim infarktom
prema nivou troponina I 47.35±73.73 naspram 31.07±38.05 ng/ml (p=0.164), i vrednostima ejekcione frakcije leve
komore (LVEF) 40±13 naspram 42±13% (p=0.439). Pacijenti su praćeni 405±377 dana. Neželjeni kardiovaskularni
događaji (smrt, infarkt miokarda, ponovna revaskularizacija, moždani udar) registrovani su kod 55/256 (21,5%)
pacijenata. U univarijantnoj regresionoj analizi, ,,provizorna’’ strategija PKI je povezana sa manjom učestalošću
kardiovaskularnih događaja [OR 0.283 (95 % CI 0.089–0.898)]. U multivarijantnoj regresionoj analizi koja uključuje
poznate prediktora za značajne kardiovaskularne događaje (dijabetes, LVEF, hronična bubrežna insuficijencija,
višesudovna koronarna bolest (VKB), ,,provizorna’’ strategija PKI, upotreba tikagrelora, prisustvo PBL), utvrđeno
je da je samo VKB nezavisni prediktor nastanka kardiovaskularnih događaja [OR 5.551 (95 % CI 2,004–15,376)].
Zaključak: ,,Prave” bifurkacione lezije u akutnom koronarnom sindromu su povezane sa dužim trajanjem PKI i
većom potrošnjom kontrasta, ali ne i sa veličinom infarkta i kardiovaskularnim događajima. Opsežnost koronarne
bolesti predstavlja najbolji prediktor budućih kardiovaskularnih događaja.
Ključne reči: bifurkaciona lezija, akutni koronarni sindrom, perkutana koronarna intervencija
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Preamble

A

dvances in genomics, understanding of the
effects of cumulative exposure and various
environmental risk factors have moved us closer to better models of care focused at early
risk assessment and treatment to prevent cardiovascular (CV) disease. We review relevant contributions in
2019 to the field of CV disease prevention, with a focus
on epidemiology, lipids, diabetes, and hypertension.

Evolving concepts in prevention
Current concepts for risk assessment for the primary
prevention of atherosclerotic cardiovascular disease
(ASCVD) are based on assessments of multiple risk factors and global risk when one high-risk condition such
as diabetes, genetic dyslipidaemia, or hypertension is
absent. These are usually measured at a specific time
point and predict short-term risk (10 years) upon which
life-long interventions including lifestyle and pharmacotherapy are then based. Advances in genomics may help
identify individuals with genetic vulnerability to ASCVD
and the recognition of the importance of duration of
exposure to risk factors such as low-density lipoprotein
(LDL)-cholesterol (LDL-C), blood pressure1 or number of
cigarettes ( pack-years) are helping to reshape the paradigm of risk assessment with greater precision (Take
home figure). These are likely to move the approach of
health systems from ones treating disease to ones which
aim to preserve health (Figure 1). Central to this aim is
the move from shortterm risk assessment to lifetime risk
and earlier implementation of preventive strategies.2 In
this article, we highlight some of the key scientific observations in the field of prevention in 2019 from risk
assessment, epidemiology with an additional focus on
lipids, diabetes, and hypertension.

A recurring observation is that conventional risk assessment is imprecise and the addition of information from
imaging consistently helps to correctly reclassify individuals. As a result, the use of imaging and in particular
coronary artery calcification (CAC) has been shown to
be superior to other modalities and is therefore encouraged among those at intermediate risk and the presence
of subclinical atherosclerotic disease supports earlier
and more targeted CV prevention strategies in the new
ESC/EAS and ESC/EASD 2019 guidelines.3,4 Moreover,
absence of CAC may also reclassify risk down and that
should be considered in a shared decision environment.
Imaging modalities which lend themselves to machine
learning such as evaluation of perivascular fat in cardiac
computer tomography may well allow imaging to be
scaled up, become reproducible and cost-effective as
part of the risk assessment tool.5
Whilst imaging is clearly important its use is likely to be
useful after decades of exposure to risk factors and still
provides assessment for shortto intermediate-term risk.
Recently, a lifetime-perspective CardioVascular Disease
(LIFE-CVD) model for the estimation of treatment-effects
of cholesterol-lowering, blood pressure lowering, antithrombotic therapy, and smoking cessation in apparently
healthy people has been developed. This freely accessible
on line calculator (www.U-Prevent.com) estimates risk
and treatment-effects in terms of improved 10-year risk,
lifetime risk, and life-expectancy free of CVD and is designed to facilitate doctor–patient communication.6
Large trials of pharmacological intervention assessing
outcomes over a time horizon of 50 years will never occur.
However, the importance of early and sustained reduction in risk factors notably LDL-C and blood pressure were
highlighted in analyses from UK Biobank where a 1
mmol/L lower LDL-C and a 10 mmHg lower blood pressure were associated with an 80% lower risk of CV disease.1 Put more simply small differences maintained over
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Smoking
Recent data from the Framingham Heart Study provide
quantitative information on the positive health effects
of smoking cessation based on >25 years of follow-up
showing that quitting within 5 years was associated with
39% lower risk of incident CVD compared with current
smokers. Also, among heavy smokers, smoking cessation was associated with lower risk of CVD relative to
current smokers.23 The health effects of e-cigarettes (
so-called ‘vaping ’) are still uncertain, recent case reports suggest potential emerging clinical syndromes
that are not yet completely understood.24

Exercise
Increased physical activity, at any intensity and less time
spent sedentary, is associated with substantially reduced risk for premature mortality.25 However, translation into patient care and individualized training recommendations remain a challenge. A randomized controlled trial showed that endurance and interval training
but not resistance training-induced effects on circulating blood cells that are important for cellular senescence and regenerative capacity showing that different
training modalities exert differential cellular and vascular effects contributing to vascular health.26

Noise, pollution, and workplace
There is increasing awareness of associations between
our environment and health. For instance, ambient air
pollution has been linked to an excess annual mortality
rate of 659 000 in the European Union (EU-28), with the
majority attributable to CV causes.27 Estimates put attributable per capita annual mortality rate in Europe at
133/ 100 000, but considerable uncertainty around this
estimate remain.27 In this regard, a nationwide cohort
study from Switzerland modelled long-term exposure
to noise levels as well as environmental pollutants for
each address of four million adults.28 The data suggest
that road traffic, aircraft, and railway noise are each associated with excess mortality from myocardial infarction (MI), independent of air pollution. The authors suggest that air pollution studies not adequately adjusting
for noise exposure may overestimate the attributable
burden of risk from air pollution.28,29
Finally, large cohort studies from Sweden and Denmark
reveal that 9% reported being bullied at work and 13%
recorded exposure to workplace violence during the preceding year. After adjustment, being bullied at work was
associated 59% increased risk of ASCVD. The population
attributable risk was dose-dependent and overall 5.0%
for workplace bullying and 3.1% for workplace violence.30

more effective and targeted strategy for management of
lipoprotein-related risk in the future (Figure 2).

Low-density lipoprotein-cholesterol
ATP citrate lyase is an enzyme in the cholesterol-biosynthesis pathway upstream of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR), the target of
statins. Genetic variants that mimic the effect of ATP
citrate lyase inhibitors and statins appeared to lower
plasma LDL-cholesterol levels by the same mechanism
of action and were associated with similar effects on the
risk of CV disease per unit decrease in the LDL-cholesterol level.31 Bempedoic acid, an inhibitor of ATP citrate
lyase, reduced levels of LDL cholesterol by 16.5% when
added to maximally tolerated statin therapy,32 and a
clinical outcomes study is ongoing.
Recent data from trials of ezetemibe and PCSK9 monoclonal antibodies demonstrating consistent evidence of
benefit with the achievement of lower risk among patients with lower LDL-C levels have now been incorporated into the new ESC/EAS treatment guidelines in
2019 with 55 mg/ dL the new goal for very high-risk
patients.3

Triglyceride-rich lipoproteins
In a genetic study, it was observed that triglyceridelowering lipoprotein lipase variants and LDL-C-lowering
LDL-receptor variants were associated with a similar
lower risk of coronary heart disease per unit difference
in ApoB, suggesting that the clinical benefit of lipid lowering per se is proportional to the absolute change in
ApoB.33 Icosapent ethyl, a highly purified eicosapentaenoic acid ethyl ester, lowered triglyceride levels, and
reduced ischaemic events by 26% in the recent REDUCEIT trial in patients with elevated triglyceride levels compared to mineral oil.34 The magnitude of benefit was
greater than that expected by ApoB changes alone suggesting mechanisms beyond ApoB lowering.34,35

Lipoprotein (a)
A recent analysis of > 65 000 subjects suggested that
lipoprotein(a) levels >93 mg/dL (199 nmol/L; 96th–
100th percentiles) vs. <10 mg/ dL (18 nmol/L; 1st–50th
percentiles) was associated with a 50% excess risk for
CV mortality and of 20% for all-cause mortality.36 The
authors hypothesize that elevated lipoprotein(a),
(through corresponding low LPA KIV-2 number of repeats) rather than through Lp(a) cholesterol content
were the drivers of this excess risk.36

Hypertension

Dyslipidaemia and lipids

Epidemiology

Several clinical trial programmes have studied novel
treatment options for modification of lipoprotein-related
risk of ASCVD that are described below, e.g. new options
for lowering LDL-cholesterol and triglyceride-rich lipoproteins. These novel therapeutic approaches will allow a

Hypertension is a very important risk factor for CV disease and five decades of trials have demonstrated the
benefits of pharmacotherapy in reducing CV morbidity
and mortality. However, contemporary data reinforce
the need for improvement in hypertension healthcare
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Figure 2 Developments in lipid-targeted therapies. Genetic studies have provided important insights into causal
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spectively) 3 years post-radiofrequency ablation with no
safety signal and preserved renal function in 1742 patients.47 Furthermore, the RADIANCE-HTN SOLO investigators have now shown that the effects of endovascular ultrasound RDN in patients with mildmoderate hypertension are preserved at 6 months with less medication burden compared with sham control.13,48 It is unclear which, if any, of the technologies to achieve RDN
is superior: radiofrequency (RF) vs. ultrasound (US) vs.
alcohol chemical ablation. However the RADIOSOUNDHTN investigators have shown in patients with resistant
hypertension, endovascular US-based RDN achieved
similar BP reduction to RF ablation of the main arteries,
accessories, and side branches but was superior to RF
ablation of the main renal arteries only.49 Furthermore,
whilst the search for marker of procedural success and
predictors of response to RDN is on-going, the SPYRAL
HTN-OFF MED investigators have demonstrated that RF
RDN in patients with mild-moderate hypertension resulted in significant heart rate reduction compared to
sham and that hypertensive patients with higher heart
rates may be more likely to respond.48

Diabetes
The prevalence of diabetes is increasing, with >425 million already affected globally potentially growing to 629
million by 2045.4 As diabetes doubles the risk of CVD, the
increase in prevalence will increase the population attributable risk disproportionately in lowmiddle income
countries where the disposable income and economic
growth coupled with sedentary lifestyle are seeing the
greatest rise in diabetes prevalence. Novel therapeutic
options now offer a chance to move away from prior
glucose centric approaches in diabetes care to those
aimed at preventing cardio-renal complications as evidenced by the 2019 ESC guidelines on diabetes, prediabetes, and CV diseases developed in collaboration with
the European Association for the Study of Diabetes
(EASD).4 A key premise of these is the classification of
absolute CV risk as the first step, into Very high, High, and
Moderate risk. Based on the results of recent trials, using
both GLP1RAs and SGLT2 inhibitors, in the 2019 guidelines, these drug classes are recommended as first-line
therapy in patients with T2DM and established ASCVD or
at high/very high CV risk, such as those with target-organ
damage or multiple risk factors instead of metformin.4
Among those already on metformin GLP1-RAs and SGLT2
inhibitors should be added for CV risk reduction with the
aim of moving away from a HbA1c centric approach to
one which prevents CV disease.
Notable contributions from several large trials in 2019
include the REWIND trial50 assessing the effect of once
weekly subcutaneous dulaglutide vs. placebo on threepoint major adverse cardiac events (MACE) in 9901 patients with T2DM, who had either a previous CV event
or multiple risk factors. Over 5.4 years of follow-up, the
primary composite outcome occurred in 12.0% of participants in the dulaglutide group and in 13.4% in the
placebo group reflecting a significant 12% relative risk
reduction. The DECLARE-TIMI 58 trial51 investigated the

effect of dapagliflozin vs. placebo in 17 160 patients
with DM and established CVD or multiple risk factors.
After 4.2 years of follow-up, the pre-specified criterion
for non-inferiority for the composite MACE was met by
dapagliflozin compared with placebo. In two primary
efficacy analyses, dapagliflozin did not significantly reduce 3P-MACE but resulted in a lower rate of the combined endpoint of CV death or HF hospitalization by 17%
(4.9 vs. 5.8% absolute difference). The benefit on heart
failure was similar in patients with CVD as well as those
with multiple risk factors only. A recent meta-analysis of
the SGLT2i trials suggested consistent benefits on reducing the composite of HF hospitalization or CV death, as
well as on the progression of kidney disease, regardless
of presence of established CVD, while the reduction in
MACE was only apparent in ASCVD patients.52 Previous
CVOTs with SGLT2 inhibitors demonstrated renal benefit
as a secondary endpoint, but the CREDENCE trial53 was
the first dedicated study assessing renal preservation
with SGLT2i in chronic kidney disease and diabetes (estimated glomerular filtration rate 30 to <90 mL/
min/1.73 m2). Individuals randomized to canagliflozin
had a relative reduction in the primary renal outcome
of 30% compared to placebo. In addition, canagliflozin
significantly reduced the prespecified secondary CV outcomes of 3P-MACE by 20% and hospitalization for heart
failure by 29% compared with placebo. More recently,
there is now compelling evidence that SGLT2 inhibition
reduces heart failure in populations with heart failure
and reduced ejection fraction equally among those with
or without diabetes in the DAPA CHF trial.54

Inflammation and thrombosis
The CANTOS trial provided the first evidence that targeting inflammation reduced CV outcomes in those with
established disease. Ultimately cost, questions regarding duration of therapy and efficacy vs. safety ‘trade off
’ with increased infections have not seen the development of IL-1beta antagonism. Targeting inflammation
indirectly, with low-cost safe alternatives have been
sought with methotrexate showing no benefit. Among
patients with a recent MI low-dose colchicine reduced
a broad composite CV endpoint including revascularization by 23% (1.6% absolute benefit) in the COLCOT trial.55 Colchicine use was associated with an absolute
excess of 0.8% in diarrhoea (NS) and 0.5% in pneumonia
(P = 0.03).
Finally, aspirin clearly has net benefit (more CV events
voided than significant bleeds caused) in the setting of
established CV disease or secondary prevention. However, the observation that in over 100 000 patients in
primary prevention trials of aspirin demonstrated an
excess of about 2.5 excess major bleeds for each nonfatal MI averted and no mortality benefit over 5 years.56
As such aspirin is not routinely recommended in the ESC
guidelines in the setting of primary prevention.57

Summary and conclusions
The present article summarizes important advances in
the field of CV prevention in 2019. We have highlighted
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the increasing role of considering lifetime CV risk for
maintaining CV health, as well as the need for risk assessment in patients with established ASCVD or diabetes, for which novel and more targeted preventive therapies have been developed and proven effective.
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Introduction

M

ultimodality imaging and artificial intelligence applied to imaging techniques have
been a major interest in this year. The pathophysiological insights that various imaging modalities have provided in numerous clinical scenarios (heart failure, coronary artery disease, and
valvular heart disease) influence the way we evaluate
and manage patients. Conventional imaging to assess
cardiac structure and function is still the first approach
to evaluate patients and decide the management.
However, advanced echocardiography with strain imaging techniques, tissue characterization with cardiovascular magnetic resonance (CMR), and assessment of
biological processes with nuclear imaging techniques
have helped to understand that early intervention may
be needed in order to prevent or halt the progression of
the disease.By applying machine learning techniques to
all these imaging modalities, we are able to generate
algorithms that can identify certain patterns of disease
or risk and develop decisions in a morepersonalized way.
This Year in Cardiology review articles summarize the
most relevant studies in the field of imaging published
in the last year.
This year, artificial intelligence and machine learning applied to cardiac imaging has been one of the main novelties. Other advances in non-invasive cardiac imaging
published in 2019 are summarized inthis Year in Cardiology review article (Take home figure).

Echocardiography
Early detection of left ventricular (LV) dysfunction in various populations has been the focus of numerous publications in 2019. Left ventricular diastolic function usually
precedes LV systolic dysfunctionand is associated with
cardiovascular morbidity and mortality. Fromthe Copen-

hagen City Heart Study, a population-based study including 6238 individuals, Lassen et al.3 evaluated the association between LV filling pressures measured on tissue
Doppler imaging (E/E0)and speckle tracking echocardiography (E/E0sr) with the occurrenceof cardiovascular death,
admission for incident heart failure or myocardial infarction (MI). Of 1238 participants, 140 (11.3%) reached the
primary endpoint during a median follow-up of 11 years.
After adjusting for various clinical and echocardiographic
parameters, E/E0sr was independently associated with the
endpoint [hazard ratio (HR) 1.08,95% confidence interval
(CI) 1.02–1.13 per each 10 cm increase;P = 0.003] whereas E/E0 was not. In addition, E/E0sr provided incremental
prognostic value over the SCORE risk chart, currently
usedto evaluate the risk of cardiovascular morbidity and
mortality in thegeneral population. Increased LV filling
pressures may reflect the ageing process of the heart characterized by increased fibrosis. This fibrosis may lead to
conduction abnormalities that influence the contractile
function of the LV. Modin et al.4 evaluated in 1138 participants of the Copenhagen City Heart Study the prognostic
value ofLV mechanical dispersion which is measured as
the standard deviation from time to peak longitudinal
strain of the three LV apical views. The mean value of LV
mechanical dispersion in the generalpopulation was 45
± 38 ms and increased with age, hypertension, body mass
index, and presence of MI. Large LV mechanical dispersion
was associated with worse LV systolic and diastolic function. Each10 ms increase in LV mechanical dispersion was
independently associated with increased risk of cardiovascular death (HR 1.04, 95% CI1.01–1.06; P = 0.004).
Despite the growing evidence on the diagnostic and
prognostic
value of strain derived measures of LV systolic and diastolic function,LV ejection fraction (EF) remains the mainstay
parameter for risk stratification in clinical practice. The
association between physicianreported LVEF and sur-
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Figure 3 Hazards for cardiac death with early revascularization compared to medical therapy based on global myocardial blood flow reserve by
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33
and may guide statin therapy. Mitchel et al. assessed
therelative impact of statins on adverse cardiovascular
events stratifiedby CAC scores in 13 644 patients (mean
age 50 years; 71% men)who were followed-up for a median of 9.4 years. Patients without CAC had an excellent
prognosis irrespective of statin therapy whereas in patients
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with CAC > 0 statin therapy was associated withreduced
risk of major adverse cardiovascular events (adjusted
subHR 0.76; 95% CI 0.60–0.95; P = 0.015). The effect of
statin use on major adverse cardiovascular events was
significantly related to theseverity of CAC (P < 0.0001 for
interaction), with a number needed to treat to prevent 1
initial major adverse cardiovascular events over10 years
ranging from 100 (when CAC was 1–100) to 12 (if CAC
>100). A recent post hoc analysis of the SCOT-HEART trial
demonstrated that coronary heart disease death or nonfatal MI was threetimes more frequent in patients with
high-risk plaque features (positive remodelling or low
attenuation plaque) and was twice as frequent in those
with obstructive CAD.34 However, these associationswere
not independent of CAC score, a surrogate measure of atherosclerosis burden.
The investigators of the PROMISE Trial assessed the prevalenceand clinical predictors of high-risk CAD (defined as
_50% stenosis or >
_70% stenoleft main stenosisor either >
sis of 3 vessels or 2-vessel CAD involving the proximal left
anterior descending artery).35 Highrisk CAD was identified
in 6.6% (>
_50% stenosis) and 2.4% (>
_70% stenosis) of
patients. Variables predictive of high-risk CAD included
family history of premature CAD, age, male sex, lower glomerular filtration rate, diabetes mellitus, elevated systolic blood pressure, andangina. High-risk CAD was associated with more frequent invasiveinterventions and
adverse events as compared to non-high-risk CAD.
An intriguing study has investigated the prognostic value
of combined information of lesion-specific ischaemia
(FFR) and adverse plaque features by CCTA.36 The authors
evaluated 772 vessels (299 patients) by both CCTA and
invasive FFR measurement.Interestingly, the presence of
>
_3 high-risk plaque features was independently associated
with clinical events in the FFR > 0.80 group, butnot in the
FFR <
_0.80 group. It seems that the integration of both lesion-specific ischaemia and CT plaque features may provide betterprognostic stratification than either individual
component alone, especially in patients with n FFR >0.80.
Using computational fluid dynamics simulations CT is now
capable to provide non-invasive FFR measurements. A
study by Norgaard et al.37 assessed real-world clinical outcomes following a diagnostic strategy including first-line
coronary CTA with selective FFRCT testing. The study reviewed the results of 3674 consecutive patients with stable chest pain evaluated with CTA and FFRCT testing. The
presence of intermediate-range CAD and FFRCT >0.80 was
associated with favourable clinical outcomes similar to the
prognosis in patients without or with minimal evidence of
CAD. Beyond FFRCT simulation stress CT perfusion has
emerged as a potential strategy to acquire anatomic and
functional evaluation of CAD. Whole heart coverage CT
scanners have become readily available, which allow a
more robust stress CT MPI (CTP). The diagnostic accuracy
of latest scanner generation was tested by Pontone et al.38
in 100 intermediateto high-risk symptomatic patients with
suspected CAD. CCTA alone demonstrated a sensitivity,
specificity, negative predictive value, positive predictive
value, and accuracy of 98%, 76%, 99%, 63%, and 83%, respectively. Combining CCTA with stress CTP, these values
were 91%, 94%, 96%, 86%, and 93%, respectively, with a

significant improvement in specificity, positive predictive
value, and accuracy. The mean effective radiation dose for
CCTA and stress CTP were 2.8 ± 1.4 mSv and 2.5 ± 1.1 mSv.
Patients with diabetes are a high-risk patient cohort for
adversecardiovascular outcomes. The PROMISE Trial investigators assessedwhether a diagnostic strategy based
on CCTA is superior to functional stress testing in reducing cardiovascular death or MI amongsymptomatic patients with diabetes [n = 1908 (21%)] vs. patients without
diabetes [n = 7058 (79%)].39 Patients with diabetes who
underwent CCTA had a lower risk of cardiovascular
death or MI compared with functional stress testing
[CCTA: 1.1% (10 of 936) vs.stress testing: 2.6% (25 of 972);
adjusted HR 0.38; 95% CI 0.18–0.79; P = 0.01]. Another
study including also individuals with diabetes,investigated
the rate and extent of plaque progression, changes in
plaque features, and clinical predictors of plaque progression.40 A totalof 1602 patients who underwent serial CCTA
(median scan interval 3.8 years) were enrolled and
analysed from the PARADIGM (Progression of Atherosclerotic Plaque Determined by ComputedTomographic
Angiography Imaging) trial.41 Diabetes was an independent risk factor for plaque progression (OR 1.526, 95% CI
1.100–2.118; P = 0.011).
A more precise risk assessment that incorporates the detection ofcoronary inflammation would allow personalized medical interventions. Novel analytical techniques
such perivascular fat attenuationindex or plaque-based
radiomics may facilitate the detection and quantification
of pericoronary inflammation and atherosclerotic plaque
activity.42,43 An innovative study by Oikonomou et al.44
demonstrated that artificial intelligence powered pericoronary fat radiomicprofile (FRP) analysis significantly
improved major adverse cardiovascular events prediction
beyond traditional risk stratification that included risk
factors, CAC, coronary stenosis, and high-risk plaquefeatures on CCTA in the SCOT-HEART trial (Figure 4). The authors conclude that FRP leads to a significant improvement of cardiac riskprediction over and above the current
state-of-the-art, which mighthelp to identify patients with
elevated residual risk for cardiovascularevents.

Advanced imaging, fusion imaging, and
applied artificial intelligence in imaging
Cardiovascular (invasive and non-invasive) imaging is
developing atultrafast pace and the clinician of today gets
daily confronted with different imaging modalities, with
major technological developments,but also fusion imaging and introduction of artificial intelligence andmachine
learning. From a clinical perspective, the cardiovascular
imager of tomorrow needs to be familiar with the different modalities, when to apply which technique in
which clinical scenario.A dedicated task force of The European Association ofCardiovascular Imaging (part of the
ESC) has published a statementon the organization of
multimodality imaging services in cardiology,the use of
the different modalities as well as training and research
inthe multimodality era.1
Ramos et al.45 used an animal (mice) model to study
myocardialhealing after infarction using serial imaging (7
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approach may enable early detection of patients with potential ACS.
Massera et al.47 performed CT calcium score of the mitral ysis to demonstrate automated assessment of LV (hyperannulus, as well as PET with 18F-fluoride (calcification ac- trophy) inresponse to aortic valve stenosis from echotivity) and 18F-FDG (inflammation activity) in 104 patients. cardiographic images. Finally, Zhang et al.51 published
Mitral annular calcification was noted in 35 patients who original research on the use of deeplearning to analyse
exhibited increased 18F-fluoride uptake and FDG uptake, echocardiographic data (n = 14 035 echocardiograms), in
suggesting increased local calcification and inflammation. a fully automated fashion, including (i) view identifica-
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tion, (ii) image segmentation, (iii) quantification of structure and function,and (iv) disease detection. Specifically,
convolutional neural networkswere trained to detect hypertrophic cardiomyopathy, cardiac amyloidosis, and pulmonary arterial hypertension with respective C statistics of
0.93, 0.87, and 0.85.
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