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Fibrilacija atrija
KliniËka istraæivanja

U posljednje dvije godine objavljen je niz vaænih kli-
niËkih istraæivanja koje produbljuju naπe razumijevanje i
kliniËko lijeËenje pacijenata s fibrilacijom atrija (FA). Dva
glavna cilja lijeËenja, smanjenje progresije ili ponavljanja
aritmije te smanjenje rizika kardiovaskularnih dogaaja,
imaju za cilj poboljπanje kvalitete æivota i smanjuje smrt-
nosti. PrateÊi mnoπtvo dokaza iz predkliniËkih studija, ma-
njih kliniËkih studija i meta-analiza koji ukazuju da bloka-
da renin-angiotenzinskog sustava ima korisne uËinke na
patofiziologiju FA,1 dvije velike multicentriËne, placebom-
kontrolirane, randomizirane studije su provedene kako bi
se utvrdili uËinci blokatora receptora angiotenzina II (ARB)
na FA.

Prva od ovih studija, objavljena 2009. godine, testirala
je hipotezu da bi valsartan, lijek iz skupine ARB, pored uo-
biËajene terapije, mogao smanjiti ponavljanje FA kod pa-
cijenata s veÊ prisutnom kardiovaskularnom bolesti, dija-
betesom ili poveÊanjem lijevog atrija te s anamnestiËkim
podacima o prethodno dokumentiranoj FA.2 Ukupno 1.442
pacijenta bilo je ukljuËeno u studiju — 722 je dodijeljeno
u skupinu s valsartanom (ciljna doza 320 mg) i 720 u sku-
pinu na placebu. IstraæivaËi su ustanovili da lijeËenje val-
sartanom nije imalo znaËajan uËinak na ponavljanje FA
(51,4% u valsartan skupini i 52,1% u placebo skupini,
p=0,73) tijekom relativno kratkog razdoblja praÊenja u tra-
janju od jedne godine. 

Druga velika randomizirana studija sa sartanima, ob-
javljena ove godine, procjenjivala je smanjuje li irbesartan
rizik od kardiovaskularnih dogaaja kod pacijenata s FA.3

Pacijenti s anamnezom riziËnih Ëimbenika za moædani
udar i sistoliËkim tlakom od najmanje 110 mmHg bili su
randomizirani na primanje ili irbesartana (ciljna doza od
300 mg jednom dnevno) ili placeba. Ispitanici ove studije
bili su veÊ ukljuËeni u jednu od druge dvije studije s FA
koje su analizirale uËinak klopidogrela i acetilsalicilne ki-
seline (ASK) naspram same ASK ili naspram oralnih anti-
koagulansa. IstraæivaËi su ustanovili da irbesartan nije sma-
njio kardiovaskularne dogaaje ili uËestalost hospitali-

Atrial fibrillation
Clinical trials

In the past two years, a number of landmark clinical
trials have been published which further our understanding
and clinical management of patients with atrial fibrillation
(AF). Two of the major goals in the treatment of this condi-
tion include reducing progression or recurrence of the ar-
rhythmia and decreasing the risk of cardiovascular events,
thereby improving quality of life and decreasing morbidity.
Following on from a large body of evidence from preclini-
cal studies, small clinical trials and meta-analyses suggest-
ing that blockade of the renin-angiotensin system has ben-
eficial effects on the pathophysiology of AF,1 two large
multicentre, placebo-controlled, randomised trials were
conducted to determine the effects of angiotensin II recep-
tor blockers (ARBs) on AF. 

The first of these trials, published in 2009, tested the
hypothesis that the ARB valsartan could reduce the recur-
rence of AF in patients with underlying cardiovascular dis-
ease, diabetes or left atrial enlargement and a history of do-
cumented AF, in addition to established treatments.2 A to-
tal of 1,442 patients were enrolled into the study-722 as-
signed to the valsartan group (target dose 320 mg) and 720
to the placebo group. The investigators found that treat-
ment with valsartan had no significant effect on AF recur-
rence (AF recurrence 51.4% in the valsartan group and
52.1% in the placebo group, p=0.73) over a relatively short
follow-up period of one year. 

The second large ARB randomised controlled trial
(RCT) published this year evaluated whether irbesartan
would reduce the risk of cardiovascular events in patients
with AF.3 Patients with a history of risk factors for stroke
and a systolic blood pressure of at least 110 mmHg were
randomly assigned to receive either irbesartan (target dose
of 300 mg once daily) or placebo. Patients for this study
were already enrolled in one of two other AF trials looking
at clopidogrel plus aspirin versus aspirin alone or versus
oral anticoagulants. The investigators found that irbesartan
did not reduce cardiovascular events or hospitalisation ra-
tes for AF (total of 9016 enrolled with a mean follow-up of
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zacije zbog FA (ukupno 9.016 ukljuËenih sa srednjim pra-
Êenjem od 4,1 godine) te da je, πto nije iznenaujuÊe, viπe
pacijenata u irbesartan skupini imalo simptomatsku hiper-
tenziju i renalnu disfunkciju od onih u placebo skupini. 

Iako su glavni nalazi iz oba velika randomizirana is-
traæivanja bili negativni, trebalo bi napomenuti da su to
bile studije sekundarne prevencije, odnosno, pacijenti su
veÊ imali ustanovljenu FA te su takoer imali naprednije
stupnjeve bolesti (preko 80% pacijenata u obje studije je
imalo anamnestiËke podatke o perzistentnoj ili permanent-
noj FA), πto ukazuje da je podloga za FA veÊ bila dobro
utemeljena u obje skupine ispitanika. Moglo bi se razmi-
πljati da blokada renin-angiotenzinskog sustava moæe biti
uËinkovitija strategija ako se zapoËne ranije tijekom bole-
sti ili Ëak prije no πto se FA razvije (tj. primarna prevenci-
ja), buduÊi da ACE inhibitori i ARB mogu sprijeËiti, no ne
nuæno neutralizirati, elektriËno i strukturalno remodelira-
nje koje dovodi do razvoja i progresije aritmije. Kao potpo-
ra ovoga, manja randomizirana studija s ukljuËenih 62 pa-
cijenta iz jednog centra koji su imali FA bez anamnestiË-
kih podataka o hipertenziji ili srËanim bolestima, a bili su
zaprimljeni u hitnu sluæbu, je izvijestila da su pacijenti koji
su lijeËeni ramiprilom (5 mg/dan) imali znatno rjee po-
novno javljanje FA tijekom razdoblja praÊenja od tri go-
dine od pacijenata koji su primili placebo.4

ZnaËajan novi dodatak farmakoloπkim opcijama do-
stupnima za lijeËenje FA je pojava dronedarona, multika-
nalnog blokatora sa sliËnim strukturalnim i elektrofizioloπ-
kim svojstvima amiodaronu uz glavnu iznimku uklanjanja
joda i dodatka metan-sulfonil skupine.5 Ove strukturalne
promjene rezultiraju smanjenom lipofilnosti, skraÊenim
poluæivotom (na otprilike 24 sata), smanjenom akumulaci-
jom u tkivima i teoretski manjim brojem nuspojava u uspo-
redbi s amiodaronom. 

Istraæivanje ATHENA (placebom kontrolirana, dvostru-
ko slijepa, studija s paralelnim skupinama za procjenu uËin-
kovitosti 400 mg dronedarona dva puta dnevno u svrhu
prevencije hospitalizacije ili smrti od bilo kojeg uzroka
kod pacijenata s fibrilacijom/undulacijom atrija) je bila
vaæna studija objavljena 2009. godine koja je procjenjiva-
la uËinak dronedarona na kardiovaskularne dogaaje kod
pacijenata s FA.6 U toj studiji, 4.628 pacijenata s FA (pa-
roksizmalna ili perzistentna) ili undulacijom atrija koji su
imali dodatni Ëimbenik rizika za smrtni ishod (dob ≥70 go-
dina, dijabetes, anamnestiËki podatak o moædanom uda-
ru/tranzitornoj ishemijskoj ataci, sistemska embolija, pro-
mjer lijevog atrija ≥50 mm i ejekcijska frakcija ≤40%) bili
su randomizirani na dronedaron (400 mg dva puta dnev-
no) ili placebo. Tijekom srednjeg vremena praÊenja od
21±5 mjeseci, istraæivaËi su ustanovili da su pacijenti u
dronedaronskog skupini imali znatno manju uËestalost pri-
marnih ishoda (prva hospitalizacija zbog kardiovaskular-
nog dogaaja ili smrtnog ishoda) od skupine na placebu
(734 (32%) nasuprot 917 (39%), p<0,001). Mortalitet od
srËanih aritmija je bio znaËajno niæi u dronedaronskoj sku-
pini, iako nije bilo razlike u ukupnoj smrtnosti. Interesant-
no je da je doπlo do malog, no statistiËki znaËajnog sma-
njenja akutnih koronarnih sindroma u dronedaronskoj sku-
pini, a toËan razlog za ovo ostaje nejasan. Pacijenti koji su
lijeËeni dronedaronom imali su viπu uËestalost bradikardi-
je, prolongacije QT-intervala, muËnine, proljeva, osipa i
poviπene vrijednosti serumskog kreatinina od onih koji su

4.1 years) and that, not surprisingly, more patients in the
irbesartan group had symptomatic hypotension and renal
dysfunction than those in the placebo group. 

Although the main findings from both of these large
RCTs were negative, it should be noted that they were se-
condary prevention studies-that is, patients already had es-
tablished AF, and also had more advanced stages of dis-
ease (over 80% of patients in both studies had a history of
persistent or permanent AF), implying that the substrate for
AF was already well established in both study groups. It
might be argued that blockade of the renin-angiotensin sys-
tem may be a more effective strategy if performed earlier
during the natural history of the disease or even before AF
develops (ie, primary prevention), since ACE inhibitors and
ARBs may prevent, but not necessarily reverse, the electri-
cal and structural remodelling that leads to the develop-
ment and progression of the arrhythmia. In support of this,
a smaller randomised single-centre study of 62 patients
with lone AF, with no history of hypertension or heart dis-
ease, presenting to the emergency department reported
that patients given ramipril (5 mg/day) had significantly
fewer AF relapses during a 3-year follow-up period than
patients given placebo.4

A significant new addition to the pharmacological op-
tions available for treating AF has been the emergence of
dronedarone, a multichannel blocker with similar structur-
al and electrophysiological properties to amiodarone with
the main exception being removal of iodine and the addi-
tion of a methane-sulphonyl group.5 These structural chan-
ges result in decreased lipophilicity, shortened half-life (to
approximately 24 h), reduced tissue accumulation and the-
oretically fewer side effects than associated with amio-
darone. 

The ATHENA (A placebo-controlled, double-blind,
parallel-arm Trial to assess the efficacy of dronedarone 400
mg twice daily for the prevention of Hospitalisation or
death from any cause in patients with Atrial fibrillation/flut-
ter) trial was a ground-breaking study published in early
2009 evaluating the effect of dronedarone on cardiovascu-
lar events in patients with AF.6 In this trial, 4.628 patients
with AF (paroxysmal or persistent) or atrial flutter who had
an additional risk factor for death (age ≥70 years, diabetes,
history of stroke/transient ischaemic attack (TIA), systemic
embolism, left atrial diameter ≥50 mm and ejection frac-
tion ≤40%) were randomly assigned to receive drone-
darone (400 mg twice daily) or placebo. Over a mean fol-
low-up of 21±5 months, the investigators found that pa-
tients in the dronedarone group had significantly lower pri-
mary outcome of first hospitalisation due to cardiovascular
events or death than the placebo group (734 (32%) vs 917
(39%), respectively, p<0.001). Mortality from cardiac ar-
rhythmias was significantly lower in the dronedarone
group, although there was no overall difference in all-
cause mortality. Interestingly, there was also a small but
statistically significant reduction in acute coronary syn-
dromes in the dronedarone group-the exact reason for this
remains unclear. Patients taking dronedarone had higher
rates of bradycardia, QT-prolongation, nausea, diarrhoea,
rash and increased serum creatinine than those receiving
placebo. There were no significant differences in rates of
thyroid- and pulmonary-related adverse events between
the two groups, although, as acknowledged by the investi-
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primali placebo. Izmeu dvije skupine nije bilo znaËajne
razlike u uËestalosti neæeljenih dogaaja koji su se odnosili
na πtitnjaËu i pluÊa, iako je, sukladno onom πto su potvrdili
istraæivaËi u svojem razmatranju, razdoblje praÊenja od 21
mjesec moæda bilo prekratko kako bi se otkrili takvi πtetni
uËinci, za Ëiju manifestaciju treba i do dvije godine, kao
πto se to Ëesto opaæalo s amiodaronom. 

U originalnoj studiji ATHENA te takoer u naknadnim
post hoc analizama,7 nije bilo dokaza o πtetnosti kod paci-
jenata sa zatajivanjem srca (ZS) ili onima s niskom ejekci-
jskom frakcijom i simptomima koji odgovaraju NYHA II. ili
III. stupnju. Ovo nije u skladu s rezultatima ranije studije
ANDROMEDA (antiaritmijska studija s dronedaronom kod
umjerenog do teπkog kongestivnog ZS u kojoj se procjenji-
valo smanjenje morbiditeta), koja je prekinuta ranije zbog
viπe smrtnosti u skupini s dronedaronom.8 Razlika je nasta-
la zbog iskljuËivanja pacijenata sa simptomima NYHA IV.
stupnja u studiji ATHENA i Ëinjenici da je studija ANDRO-
MEDA takoer ukljuËivala pacijente s nedavnim pogorπa-
njem ZS. No ipak, u pogledu rezultata studije ANDRO-
MEDA, autori su bili protiv koriπtenja dronedarona kod pa-
cijenata s teπkim stupnjem ZS i disfunkcijom lijeve klijetke.
Ovo se odraæava u najnovijim europskim i ameriËkim
smjernicama koje predlaæu da se dronedaron koristi kao
farmakoloπka opcija na prvoj liniji kod pacijenata sa simp-
tomatskom FA, ukljuËujuÊi one sa strukturalnom bolesti sr-
ca, koronarnom bolesti srca, hipertenzivnom bolesti srca i
stabilnim ZS sa simptomima NYHA I. ili II. stupnja, no ne
bi se trebao koristiti kod simptoma NYHA III. ili IV. stupnja
ili kod nedavnog nestabilnog ZS.9,10 Objavljen je niz post
hoc analiza studije ATHENA koje su dale dokaze o neko-
liko korisnih uËinaka dronedarona. Meu njima su smanje-
nje rizika od moædanog udara s 1,8% godiπnje na 1,2%
godiπnje11 te pozitivni uËinci na kontrolu ritma i frekvenci-
je.12

Joπ jedan novi lijek koji bi mogao imati ulogu u farma-
koloπkoj kardioverziji FA je atrioselektivan antiaritmijski li-
jek vernakalant (RSD1235).13 Vernakalant je jedan od
nekoliko novih lijekova koji su dizajnirani da ciljaju na at-
rijski specifiËne ionske kanale te pri tome teoretski smanju-
ju ili ograniËavaju rizik od ventrikularne proaritmije. U
otvorenoj studiji koja je procjenjivala uËinkovitost verna-
kalanta u kardioverziji FA, pokazalo se da je intravenozni
lijek konvertirao u sinusni ritam 50,9% pacijenata s FA (od
ukupnih 236) sa srednjim vremenom konverzije kod paci-
jenata koji su reagirali na lijek od 14 minuta.14 Nije bilo
epizoda ventrikulskih aritmija i lijek je bio relativno dobro
podnoπljiv, osim kod 10 pacijenata (4,2%) koji su morali
prekinuti lijeËenje zbog nuspojava (najËeπÊe hipotenzije).
U novijoj manjoj randomiziranoj studiji sa 254 pacijenta s
novonastalom FA (trajanje 3-48 sati), vernakalant (10 min-
utna infuzija 3 mg/kg nakon Ëega je slijedila druga 10 min-
utna infuzija od 2 mg/kg ako je pacijent, nakon 15 minuta
razdoblja praÊenja, joπ uvijek bio u FA) je usporeen s in-
travenoznim amiodaronom (5 mg/kg tijekom 60 minuta
nakon Ëega je slijedila infuzija tijekom 60 minuta).15 VeÊi
broj pacijenata u skupini koja je uzimala vernakalant u us-
poredbi sa skupinom na amiodaronu (60/116 (51,7%)
naspram 6/116 (5,2%), p<0,0001) je ostvario primarni is-
hod konverzije u sinusni ritam unutar 90 minuta. Srednje
vrijeme kardioverzije kod pacijenata koji su primali ver-
nakalant i koji su regirali na terapiju je iznosilo 11 minuta,

gators in their discussion, the follow-up period of 21
months might have been too short to detect such adverse
effects, which may take more than two years to develop, as
is often observed with amiodarone. 

In the original ATHENA trial and also a subsequent
post hoc analysis,7 there was no evidence of harm in pa-
tients with heart failure (HF) or those with a low ejection
fraction and New York Heart Association (NYHA) class II
or III symptoms. This contrasts with results from the earlier
ANDROMEDA (ANtiarrhythmic trial with DROnedarone
in Moderate to severe congestive heart failure Evaluating
morbidity DecreAse) study, which was terminated early
owing to excess mortality in the dronedarone group.8 The
reason for this difference may be attributed to the exclusion
of patients with NYHA class IV symptoms in the ATHENA
study and the fact that the ANDROMEDA study also in-
cluded patients with a recent exacerbation of HF.
Nonetheless, in view of the results from the ANDROMEDA
study, the authors warned against use of dronedarone in
patients with severe HF and left ventricular dysfunction.
This is reflected in the latest European and American gui-
delines, which propose that dronedarone can be used as a
first-line pharmacological option in patients with sympto-
matic AF, including those with structural heart disease,
coronary artery disease, hypertensive heart disease and sta-
ble HF with NYHA class I or II symptoms, but should not
be used in patients with NYHA class III or IV symptoms or
recently unstable HF.9,10 A number of post hoc analyses of
the ATHENA trial have been published providing further
evidence for several beneficial effects of dronedarone.
These include a reduction in stroke risk from 1.8% a year
to 1.2% a year,11 and favourable effects on rhythm and rate
control.12

Another newly emerging drug that may have a role in
the pharmacological cardioversion of AF is the atrial-selec-
tive antiarrhythmic drug vernakalant (RSD1235).13 Ver-
nakalant is one of several new agents that have been de-
signed to target atrial-specific ion channels and in doing
so, theoretically reduce or limit the risk of ventricular
proarrhythmia. In an open-label trial assessing the efficacy
of vernakalant in the cardioversion of AF, the intravenous
agent was found to convert 50.9% of patients with AF (out
of a total of 236) to sinus rhythm with a median time to
conversion of 14 min among responders.14 There were no
episodes of ventricular arrhythmias and the drug was rela-
tively well tolerated, apart from 10 patients (4.2%) who
had to discontinue treatment owing to side effects (most
commonly hypotension). In a more recent small rando-
mised trial of 254 patients with recent onset AF (3-48 h du-
ration), vernakalant (10 min infusion of 3 mg/kg followed
by a second 10 min infusion of 2 mg/kg if patient was still
in AF after a 15 min observation period) was compared
with intravenous amiodarone (5 mg/kg over 60 min fol-
lowed by 50 mg maintenance infusion over 60 min).15 A
greater number of patients achieved the primary end point
of conversion to sinus rhythm within 90 min in the ver-
nakalant group compared with the amiodarone group
(60/116 (51.7%) compared with 6/116 (5.2%), p<0.0001,
respectively). The median time of cardioversion in the pa-
tients receiving vernakalant who responded was 11 min
and this was associated with a higher rate of symptom re-
lief than with amiodarone. Both drugs were well tolerated
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a to je povezano s ËeπÊim nestankom simptoma nego s
amiodaronom. Oba lijeka su se dobro podnosili u ovoj stu-
diji te nije bilo sluËajeva ventrikulskih aritmija.

Mala randomizirana studija sa 61 pacijentom sa ZS i
perzistentnom FA je donijela korisne podatke za nastavak
teme o kontroli frekvencije naspram kontrole ritma kod pa-
cijenata sa ZS i FA.16 Pacijenti u ovoj studiji su randomi-
zirani na strategiju kontrole ritma (oralni amiodaron i elek-
trokardioverziju) ili kontrolu frekvencije s beta-blokatorima
i/ili digoksinom (ciljna frekvencija <80/min tijekom mi-
rovanja i <110/min nakon hodanja). IstraæivaËi su ustano-
vili da je obnova sinusnog ritma kod pacijenata s FA i ZS
poboljπala kvalitetu æivota i funkciju lijeve klijetke u uspo-
redbi sa strategijom kontrole frekvencije (66% u skupini za
kontrolu ritma je bilo u sinusnom ritmu nakon 1 godine, a
90% u skupini za kontrolu frekvencije je postiglo ciljnu
frekvenciju). Za pacijente s FA za koje je odabrana strate-
gija kontrole frekvencije, optimalna ciljna frekvencija srca
je ostala dvojbena. Smjernice su prethodno preporuËale
strogu kontrolu frekvencije, iako ovo nije bilo temeljeno na
kliniËkim dokazima. U pokuπaju preispitivanja ovog pro-
blema, provedena je prospektivna, multicentriËna, rando-
mizirana studija kako bi se ispitala hipoteza da blaga kon-
trola frekvencije nije inferiorna strogoj kontroli frekvencije
kod prevencije kardiovaskularnih dogaaja kod pacijenata
s permanentnom FA.17 IstraæivaËi su ustanovili da je od 614
pacijenata koji su ukljuËeni u studiju uËestalost simptoma
i neæeljenih dogaaja bila sliËna izmeu pacijenata kojima
je dodijeljena blaga (frekvencija u mirovanju <110/min) i
onih na strogoj strategiji kontrole ritma (frekvencija u miro-
vanju <80/min i pri umjerenoj vjeæbi <110/min). Strategiju
blaæe kontrole ritma je bila jednostavnije ostvariti u uspo-
redbi sa strogom kontrolom ritma (97,7% naspram 67,0 %,
p<0,001).

UnatoË obeÊavajuÊim rezultatima iz predkliniËkih ispi-
tivanja i opservacijskih studija na ljudima,18-20 potencijalne
dobrobiti polinezasiÊenih masnih kiselina (PUFA) kod FA
nisu potvrene u rezultatima nekoliko nedavnih prospek-
tivnih randomiziranih studija. Do sada najveÊa i najiscrp-
nija studija dizajnirana da preispita ovu tematiku je pro-
sektivna, multicentriËna, randomizirana studija sa 663 pa-
cijenta s potvrenom paroksizmalnom (n=542) ili perzi-
stentnom (n=121) FA, bez znaËajne strukturalne bolesti sr-
ca i u sinusnom ritmu na poËetku.21 Pacijenti su bili rando-
mizirani na uzimanje PUFA (8 g/dnevno) ili placeba u pr-
vih 7 dana, nakon Ëega je slijedilo uzimanje PUFA (4 g
/dan) ili placeba u trajanju od 24 tjedna. UnatoË tome πto
se dodijeljena terapija relativno dobro podnosila u obje
skupine i razine eikosapentaenoiËne i dokosaheksaenoiË-
ne kiseline u plazmi su nakon 4 i 24 tjedna bile znaËajno
viπe u aktivnoj nego u placebo skupini, a istraæivaËi nisu
ustanovili smanjenje ponavljanja FA izmeu obje skupine
tijekom 6 mjeseci. Dvije manje prospektivne, placebom
kontrolirane, randomizirane studije koje su ispitivale uËin-
ke PUFA kod pacijenata nakon elektrokardioverzije FA22 i
nakon operacije srca23 nisu pokazale korist od PUFA kod
smanjenja ponavljanja ili uËestalosti FA.

Strategije za smanjenje uËestalosti tromboembolija

Tijekom posljednje dvije godine je doπlo do vaænog na-
pretka u prevenciji moædanih udara kod pacijenata s FA,
koji Êe vjerojatno imati znaËajan utjecaj na buduÊe kliniË-

in this study and there were no cases of ventricular arrhyth-
mias.

A small randomised study of 61 patients with HF and
persistent AF contributed additional useful data towards
the continuing topic of rate versus rhythm control in pa-
tients with HF and AF.16 Patients in this study were random-
ly assigned to a rhythm control strategy (oral amiodarone
and electrical cardioversion) or rate control with β-blo-
ckers and/or digoxin (target heart rate <80 bpm at rest and
<110 bpm after walking). The investigators found that re-
storation of sinus rhythm in patients with AF and HF im-
proved quality of life and left ventricular function compa-
red with a strategy of rate control (66% in the rhythm con-
trol group were in sinus rhythm at 1 year and 90% in the
rate control group achieved the target heart rate). For pa-
tients with AF for whom a rate control strategy has been
decided upon, the optimal target heart rate (HR) has re-
mained controversial. Guidelines have previously recom-
mended strict rate control, although this was not based on
clinical evidence. In an attempt to examine this issue, a
prospective, multicentre, randomised trial was conducted
to test the hypothesis that lenient rate control was not infe-
rior to strict rate control in preventing cardiovascular
events in patients with permanent AF.17 The investigators
found that of the 614 patients recruited into the study, the
frequencies of symptoms and adverse events were similar
between patients assigned to a lenient rate control strategy
(resting HR <110 bpm) and those assigned to a strict rate
control strategy (resting HR <80 bpm and HR during mod-
erate exercise <110 bpm). A lenient-control strategy was
easier to achieve as more patients in this group attained
their HR target compared with the strict-control group
(97.7% vs 67.0%, p<0.001).

Despite some promising results from preclinical expe-
riments and observational studies in humans,18-20 the poten-
tially beneficial effects of polyunsaturated fatty acids
(PUFA) in AF have not been confirmed from the results of
several prospective randomised trials reported recently.
The largest and most comprehensive study to date desig-
ned to examine this subject was a prospective, multicentre,
RCT of 663 patients with confirmed paroxysmal (n=542) or
persistent (n=121) AF, with no substantial structural heart
disease and in sinus rhythm at baseline.21 Patients were
randomly assigned to take prescription PUFA (8 g/day) or
placebo for the first 7 days, followed by PUFA (4 g/day) or
placebo thereafter for 24 weeks. Despite the assigned treat-
ment being relatively well tolerated in both groups and
plasma levels of eicosapentaenoic and docosahexaenoic
acid being significantly higher in the prescription group
than in the placebo group at weeks 4 and 24, the investi-
gators found no reduction in AF recurrence over 6 months
between the two groups. Two smaller prospective, place-
bo-controlled, randomised studies investigating the effects
of PUFA in patients after electrical cardioversion of AF22

and after cardiac surgery23 have failed to demonstrate a
beneficial action of PUFA in decreasing the recurrence or
incidence of AF.

Strategies to decrease thromboembolism

Important advances have been made in stroke preven-
tion in patients with AF over the past two years, which are
likely to have a significant impact on future clinical mana-
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ko lijeËenje. U studiji RE-LY, dvije fiksne doze (110 mg ili
150 mg dva puta dnevno) novog oralnog izravnog inhibi-
tora trombina, dabigatrana, su usporeene s varfarinom
kod viπe od 18.000 pacijenata s FA i bar joπ jednim dodat-
nim Ëimbenikom rizika za moædani udar.24 IstraæivaËi su
ustanovili da su pacijenti koji su uzimali dozu od 110 mg
dabigatrana imali sliËnu uËestalost moædanih udara i sis-
temskih embolija kao i oni koji su primali varfarin, uz ma-
nju uËestalost krvarenja, dok su pacijenti koji su uzimali
dozu od 150 mg imali niæu uËestalost moædanih udara i
sistemskih embolija, uz sliËnu uËestalost znaËajnijih krva-
renja. Rezultati ove studije su bili tako impresivni da je od
tada dabigatran ukljuËen u najnovije europske i ameriËke
smjernice o FA kao alternativa varfarinu u prevenciji moæ-
danih udara kod sistemskih embolija kod pacijenata s pa-
roksizmalnom i permanentnom FA.9,25

Obzirom da se 80% aktivnog lijeka izluËuje preko bu-
brega, pacijenti s klirensom kreatinina od <30 ml/min bili
su iskljuËeni iz studije RE-LY; dabigatran bi trebalo koristi-
ti oprezno kod pacijenata sa znaËajnim bubreænim oπte-
Êenjem. Doza dabigatrana koju je u listopadu 2010. odo-
brila AmeriËka administracija za hranu i lijekove iznosi
150 mg dva puta dnevno kod pacijenata s nevalvularnom
FA i reducirana doza od 75 mg dva puta dnevno za one s
blagim oπteÊenjem bubrega (klirens kreatinina od 15-30
ml/min). Ne postoje preporuke za doziranje u pacijenata s
klirensom kreatinina <15 ml/min ili one koji su lijeËeni di-
jalizom. Uz superiornost dabigatrana (150 mg dva puta
dnevno) u usporedbi s varfarinom za lijeËenje moædanog
udara i sistemske embolije, joπ jedna velika prednost jest
da nema potrebe za nadzor vrijednosti INR. Nedostaci
ukljuËuju nedostatak specifiËnog antidota (njegov poluvi-
jek iznosi 12-17 sati) i blago poviπen rizik od drugih nus-
pojava osim krvarenja, ukljuËujuÊi dispepsiju. Trebat Êe
daljnja procjena i razmatranje o tome kako Êe ovaj obe-
ÊavajuÊi novi oralni antikoagulantni lijek biti ukljuËen u
kliniËku praksu diljem svijeta. Pacijenti lijeËeni varfarinom
uz izvrsnu kontrolu INR vjerojatno bi imali malu dodatnu
korist od prelaska na dabigatran, dok bi oni s loπom kon-
trolom vrijednosti INR ili pak oni koji su nedavno zapoËeli
oralnu antikoagulantno lijeËenje mogu imati najviπe kori-
sti. Lokalni standardi skrbi za antikoagulantnu kontrolu i
praÊenje mogu takoer biti vaæni za razmatranje, kao πto
je to zakljuËeno u podanalizi studije RE-LY, u kojoj su is-
traæivaËi ustanovili da bi ispitanici s loπom kontrolom vri-
jednosti INR i veÊim rizikom krvarenja na varfarin mogli
imati viπe koristi od primjene 150 mg dabigatrana dva puta
dnevno.26 Druge podstudije koje su proizaπle iz originalne
studije RE-LY su pokazale da je korist od dabigatrana sliË-
na izmeu pacijenata koji nisu nikad primali antagonist vi-
tamina K i od onih koji to jesu27 te da se dabigatran moæe
koristiti kao sigurna alternativa varfarinu kod pacijenata
kojima je potrebna kardioverzija.28

IstraæivaËi studije ACTIVE A procjenjivali su da li bi do-
datak klopidogrela uz ASK mogao smanjiti rizik od vasku-
larnih dogaaja u usporedbi sa ASK kod pacijenata za koje
su se antagonisti vitamina K smatrali neprimjerenim.29

Studija ACTIVE W je veÊ prije ukazala da je kombinacija
ASK i klopidogrela inferiorna oralnoj antikoagulantnoj te-
rapiji za prevenciju vaskularnih dogaaja kod pacijenata s
FA uz visoki rizik od moædanog udara.30 U studiji ACTIVE
A, koja je ukljuËivala 7.554 pacijenata uz srednje vrijeme

gement. In the RE-LY study (Randomised Evaluation of
Long-term anticoagulation therapY), two fixed doses (110
mg or 150 mg twice daily) of a new oral direct thrombin
inhibitor, dabigatran, were compared with warfarin in over
18, 000 patients with AF and at least one additional risk
factor for stroke.24 The investigators found that patients ta-
king the 110 mg dose of dabigatran had similar rates of
stroke and systemic embolism to those receiving warfarin,
but had lower rates of major haemorrhage, while subjects
taking the 150 mg dose had lower rates of stroke and sys-
temic embolism, with similar rates of major haemorrhage.
Results from this study were so impressive that dabigatran
has since been incorporated into the latest European and
American guidelines on AF as an alternative to warfarin for
the prevention of stroke and systemic embolism in patients
with paroxysmal and permanent AF.9,25

As 80% of the active drug is excreted by the kidneys,
patients with a creatinine clearance of <30 ml/min were
excluded from the RE-LY trial; dabigatran should be used
with caution in patients with significant renal impairment.
The dose of dabigatran approved by the US Food and Drug
Administration in October 2010 was 150 mg twice daily in
patients with non-valvular AF with a reduced dose of 75
mg twice daily for those with mild renal impairment (crea-
tinine clearance of 15-30 ml/min). There are no dosing rec-
ommendations for patients with a creatinine clearance <15
ml/min or those undergoing dialysis. In addition to the su-
periority of dabigatran (150 mg twice daily) over warfarin
for treatment of stroke and systemic embolism, another
major advantage is that there is no need for international
normalisation ratio (INR) monitoring. However, disadvan-
tages include the lack of a specific antidote (its half-life is
12-17 h) and a slightly increased risk of non-haemorrhagic
side effects, including dyspepsia. How this promising new
oral anticoagulant drug will be incorporated into current
local practices around the world will require future evalu-
ation and consideration. For example, there may be little to
be gained from switching patients already receiving war-
farin and with excellent INR control to dabigatran, while
patients with poor INR control or those who have newly
started oral anticoagulation may derive greater benefit. Lo-
cal standards of care for anticoagulation control and fol-
low-up may also be an important consideration, as con-
cluded in a subanalysis of the RE-LY study, in which the in-
vestigators found that sites with poor INR control and
greater bleeding from warfarin may receive greater benefit
from dabigatran 150 mg twice daily.26 Other substudies fol-
lowing on from the original RE-LY trial have shown that the
benefits of dabigatran are similar between patients who
have never received a vitamin K antagonist (VKA-naive pa-
tients) and VKA-experienced patients,27 and that dabigatran
can be used as a safe alternative to warfarin in patients re-
quiring cardioversion.28

In the ACTIVE A study, the ACTIVE (AF Clopidogrel Tri-
al with Irbesartan for prevention of Vascular Events) inves-
tigators evaluated whether the addition of clopidogrel to
aspirin would reduce the risk of vascular events compared
with aspirin alone in patients for whom a VKA was consi-
dered unsuitable.29 The ACTIVE W trial had previously
demonstrated that the combination of aspirin and clopido-
grel was inferior to oral anticoagulation for the prevention
of vascular events in patients with AF at high risk of stro-
ke.30 In the ACTIVE A study, involving 7,554 patients and a
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praÊenja od 3,6 godina, istraæivaËi su ustanovili da kombi-
nacija oba antitrombocitna lijeka smanjuje rizik od velikih
vaskularnih dogaaja, naroËito moædanog udara, u uspo-
redbi sa samom ASK, no uz cijenu poveÊanja rizika od ve-
Êih krvarenja. KliniËka implikacija studija ACTIVE A i AC-
TIVE W jest da je oralna antikoagulantna terapija bolja od
kombinacije ASK i klopidogrela za prevenciju moædanih
udara kod pacijenata s FA, no za pacijente za koje je oral-
na antikoagulantna terapija neprikladna, kombinacija an-
titrombocitnih lijekova je bolja od same ASK, iako je rizik
od veÊih krvarenja takoer viπi. Potrebno je odgovarajuÊe
savjetovanje i stratifikacija rizika pacijenata s FA kada se
odluËuje o najprimjerenijoj strategiji za smanjenje rizika
od vaskularnih dogaaja. 

Joπ jedna vaæna randomizirana kontrolirana kliniËka
studija koja je ukljuËivala pacijente kod kojih antagonisti
vitamina K nisu bio odgovarajuÊi, ukljuËivala je uporabu
apiksabana — novog oralnog izravnog i kompetitivnog in-
hibitora faktora Xa.31 Studija AVERROES je ukljuËivala ran-
domizaciju 5.599 pacijenata s FA (u 522 centra iz 36 ze-
malja) na apiksaban (5 mg dvaput dnevno) ili ASK (81-324
mg dnevno).32 U toj su studiji pacijenti s FA bili u dobi ≥50
godina te su morali imati bar jedan Ëimbenik rizika za
moædani udar uz nemoguÊnost uzimanja antagonista vita-
mina K koji su se veÊ pokazali neprikladnim ili su smatrani
neprikladnim. IstraæivaËi su ustanovili da je apiksaban
smanjio rizik od moædanog udara i sistemske embolije bez
znaËajnog poveÊanja rizika od krvarenja ili intrakranijalne
hemragije te je takoer smanjio rizik od prve hospitalizaci-
je zbog kardiovaskularnih uzroka.

Nedavno objavljene studije na podruËju novih meha-
niËkih pristupa prevenciji moædanih udara kod FA ukljuËu-
ju i istraæivanje PROTECT FA.33 U ovoj studiji neinferiorno-
sti, uËinkovitost i sigurnost novog perkutanog ureaja za
zatvaranje aurikule lijevog atrija (LAA) je usporeena s te-
rapijom varfarinom kod 707 pacijenata s nevalvularnom
FA. Ispitanici su morali imati bar jedan Ëimbenik rizika za
moædani udar (uz FA) te su u odnosu 2:1 ukljuËeni u inter-
vencijsku skupinu na primanje ureaja za zatvaranje LAA
i potom prekida uzimanja varfarina nasuprot skupine koja
je lijeËena samo varfarinom (uz ciljni INR izmeu 2,0 i
3,0). Ureaj za zatvaranje LAA je uspjeπno implantiran kod
88% pacijenata dodijeljenih u intervencijsku skupinu. Na-
kon srednjeg praÊenja od 18±10 mjeseci, primarna uËinak
— uËestalost moædanih udara (ishemijskih ili hemora-
gijskih) iznosila je 3,0 na 100 pacijent-godina (95% CI 1,9
do 4,5) u intervencijskoj skupini i 4,9 na 100 pacijent-go-
dina (95% CI 2,8 do 7,1) u kontrolnoj skupini. Primarni
sigurnosni dogaaji su bili ËeπÊi u intervencijskoj nego u
kontrolnoj skupini te su veÊinom bili povezani s periproce-
duralnim komplikacijama (perikardijalni izljev kod 4,8%,
znaËajna krvarenja kod 3,5% i periproceduralni ishemijski
moædani udar kod 1,1%). Ova vaæna studija ukazuje da
Watchman ureaj za zatvaranje LAA (Aritech, Plymouth,
Minnesota, SAD) moæda moæe pruæiti alternativnu strategi-
ju oralnim antikoagulansima za prevenciju moædanih uda-
ra kod pacijenata s visokim rizikom i nevalvularnom FA te
s visokim tromboembolijskim rizikom, iako je implantaci-
ja ureaja povezana s poviπenim rizikom od periprocedu-
ralnih komplikacija. Kao i sa svim novim intervencijskim
postupcima, sigurnost Watchman ureaja za zatvaranje
LAA Êe se najvjerojatnije poboljπati poveÊanjem iskustva i
upoznavanjem operatora s novom tehnologijom.34 Rezul-

median follow-up of 3.6 years, the investigators found that
the combination of both antiplatelet agents reduced the
risk of major vascular events, especially stroke, compared
with aspirin alone but at the price of increased risk of ma-
jor haemorrhage. The clinical implications of the ACTIVE
A and ACTIVE W trials are that oral anticoagulation is bet-
ter than the combination of aspirin and clopidogrel in stro-
ke prevention in patients with AF, but for patients for whom
oral anticoagulation is unsuitable, the combination of an-
tiplatelet agents is better than aspirin alone, although the
risk of major haemorrhage is also greater. This reinforces
the need for appropriate counselling and risk stratification
of patients when deciding upon the most suitable strategy
to lower the risk of vascular events in patients with AF. 

Another important randomised controlled clinical trial
including patients for whom a VKA was not suitable invo-
lved the use of new oral direct and competitive inhibitor of
factor Xa, apixaban.31 The AVERROES (Apixaban vs acetyl-
salicylic acid to prevent stroke in patients with AF who ha-
ve are unsuitable for vitamin K antagonist treatment or for
whom this treatment has failed) study involved the random
assignment of 5,599 patients with AF (involving 522 cen-
tres in 36 countries) to apixaban (5 mg twice daily) or as-
pirin (81-324 mg/day).32 In that study, patients with AF
were aged ≥50 years and had to have at least one risk fac-
tor for stroke in addition to being unable to take a VKA, ei-
ther because it had already been shown to be unsuitable or
was deemed to be unsuitable. The investigators found that
apixaban reduced the risk of stroke or systemic embolism
without significantly increasing the risk of bleeding or in-
tracranial haemorrhage and also reduced the risk of a first
hospitalisation for a cardiovascular cause.

Recent studies in the field of new mechanical appro-
aches to stroke prevention in AF include the PROTECT AF
(Watchman Left Atrial Appendage System for Embolic Pro-
tection in Patients with AF) study.33 In this non-inferiority
study, the efficacy and safety of a new percutaneous left
atrial appendage (LAA) closure device was compared with
warfarin treatment in 707 patients with non-valvular AF.
Study participants had to have at least one risk factor for
stroke (in addition to AF) and were assigned in a 2:1 ratio
to receive the LAA-closure device and subsequent discon-
tinuation of warfarin or warfarin alone (with a target INR of
between 2.0 and 3.0). The LAA-closure device was suc-
cessfully implanted in 88% of subjects assigned to the in-
tervention group. After a mean follow-up of 18±10 months,
the primary efficacy event rate of stroke (ischaemic or
haemorrhagic) was 3.0 per 100 patient-years (95% CI 1.9
to 4.5) in the intervention group and 4.9 per 100 patient-
years (95% CI 2.8 to 7.1) in the control group. Primary sa-
fety events were more common in the intervention group
than in the control group, and were mainly related to peri-
procedural complications (pericardial effusion in 4.8%,
major bleeding in 3.5% and periprocedural ischaemic
stroke in 1.1%). This important study demonstrates that the
Watchman (Atritech, Plymouth, Minnesota, USA) LAA-clo-
sure device may provide an alternative strategy to oral an-
ticoagulation for the prevention of stroke in patients at high
risk with non-valvular AF and at high thromboembolic risk,
although the trade-off is an increased risk of periprocedur-
al complications related to device implantation. As with all
new interventional procedures, safety of the Watchman
LAA-closure device is likely to improve with increased
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tati dugoroËnog praÊenja s prethodnim perkutanim ure-
ajem za zatvaranje LAA, sustavom PLAATO (perkutana
transkataterska okluzija aurikule lijevog atrija),35 ukazuju
da takvi ureaji mogu sniziti godiπnji rizik od moædanog
udara/TIA u usporedbi s oËekivanim rizikom od moædanog
udara/TIA procijenjen ljestvicom CHADS2 (3,8% odnosno
6,6% godiπnje), iako je uËestalost dogaaja i dalje ostala
znaËajna.36

Epidemiologija i genetika fibrilacije atrija

Epidemioloπke studije su dodatno rasvijetlile inherent-
ne mehanizme FA i identificirale nove Ëimbenike rizika.
KoristeÊi podatke iz Framingham Heart Study, istraæivaËi
su identificirali produljeni PR interval (>200 ms) kao pre-
diktora nadolazeÊe FA, implantacije elektrostimulatora i
smrtnosti od svih uzroka kod 7575 ispitanika (srednje dobi
od 47 godina, 54% æena).37 Ova studija osporava ranija
vjerovanja da je AV blok prvog stupnja benigan38 te po-
stavlja daljnja pitanja o mehanizmima kojima produljeni
PR interval moæe povisiti rizik od nastanka FA. U drugoj
studiji sa 4.764 sudionika iz Framingham Heart Study, na-
stala je nova ljestvica rizika kojoj je cilj predvianje poje-
dinaËnog apsolutnog rizika nastanka FA.39 Ustanovljeno je
da su dob, spol, indeks tjelesne mase, sistoliËki arterijski
tlak, antihipertenzivna terapija, PR interval, kliniËki znaËa-
jan πum srca i ZS povezani s FA (p<0,05, izuzet indeks tje-
lesne mase p=0,08). Kad su ukljuËeni u ljestvicu rizika, C
statistika kliniËkog modela je iznosila 0,78 (95% CI 0,76
do 0,80). 

U kasnijoj studiji, isti istraæivaËi su prouËili vezu izme-
u niza plazmatskih biomarkera i incidentne FA koristeÊi
kohortu iz studije Framingham te su ustanovili da je BNP
prediktor incidentne FA koji poboljπava stratifikaciju rizi-
ka, poveÊavajuÊi rezultat C statistike sa 0,78 (95% CI 0,75
do 0,81) na 0,80 (95% CI 0,78 do 0,83).40

U drugoj studiji osoba starije dobi (n=5.445) koji su su-
djelovali u Cardiovascular Health Study (CHS), ustanov-
ljeno je da NT-proBNP predvia novonastalu FA, neovisno
o bilo kakvim drugim prethodno opisanim Ëimbenicima ri-
zika.41 SliËne rezultati su ustanovljeni i u finskoj kohorti.42

Potencijalna uloga biomarkera je moæda veÊa od pred-
vianja atake FA — nedavna studija izvjeπtava da kinetika
otpuπtanja NT-proBNP-a u plazmi kod pacijenata s akut-
nom FA daje potencijalni naËin odreivanja njegovog vre-
mena pojavnosti i sigurnosti kardioverzije.43 »ini se da sto-
ga postoji obeÊavajuÊa uloga novih biomarkera u pred-
vianju atake FA, πto moæe pomoÊi u svakodnevnoj praksi
u indentifikaciji pojedinaca koji imaju najveÊi rizik od na-
stanka FA i koji bi mogli imati najviπe koristi od profilak-
tiËkog lijeËenja. Druge studije koje su prouËavale popu-
lacijske podatke za æene su izvijestile da su indeks tjelesne
mase44 i poroajna masa45 povezani s atakom FA. Nadalje,
nedavni podaci od 34.722 sudionika Women’s Health Stu-
dy su pokazali da je pojava novonastale FA kod poËetno
zdravih æena neovisno povezana sa smrtnoπÊu od svih uz-
roka i kardiovaskularnim mortalitetom.46

U posljednje dvije godine registrirali smo vaæne na-
pretke u razumijevanju genetike i nasljeivanja FA. Nakon
vaænog otkriÊa, primjenom studija povezivanja na genomu
osoba europskog i kineskog porijekla, da se dvije varijaci-
je niza na kromosomu 4q25 povezuju s poveÊanim rizi-

operator experience and familiarity with the new techno-
logy.34 Longer-term follow-up data with an earlier percuta-
neous LAA-closure device, PLAATO (percutaneous left
atrial appendage transcatheter occlusion) system,35 suggest
that such devices can lower the annualised risk of stroke-
/TIA compared with the expected stroke/TIA risk assessed
using the CHADS2 score (3.8% a year and 6.6% a year, re-
spectively), although event rates still remain significant.36

Epidemiology and genetics of AF

Epidemiological studies have shed further light on the
mechanisms underlying AF and identified new risk factors.
Using data from the Framingham Heart Study, investigators
identified a prolonged PR interval (>200 ms) as a predictor
of incident AF, pacemaker implantation and all-cause mor-
tality in 7,575 individuals (mean age 47 years; 54% wo-
men).37 This study contradicts the previously held belief
that first-degree heart block is benign38 and raises further
questions about the mechanism by which a prolonged PR
interval might increase the risk of developing AF. In ano-
ther study using 4,764 participants from the Framingham
Heart Study, a new risk score was developed aimed at pre-
dicting an individual’s absolute risk for developing AF.39

Age, sex, body mass index, systolic blood pressure, treat-
ment for hypertension, PR interval, clinically significant
cardiac murmur and HF were all found to be associated
with AF (p<0.05, except body mass index p=0.08). When
incorporated in a risk score, the clinical model C statistic
was 0.78 (95% CI 0.76 to 0.80). 

In a subsequent study, the same investigators looked at
the relation between a number of plasma biomarkers and
incident AF using the Framingham cohort and found that
B-type natriuretic peptide (BNP) was a predictor of incident
AF and improved risk stratification, increasing the C stati-
stic from 0.78 (95% CI 0.75 to 0.81) to 0.80 (95% CI 0.78
to 0.83).40 

In another community-based population study of older
adults (n=5445) who participated in the Cardiovascular
Health Study (CHS), NT-proBNP was found to predict new-
onset AF, independently of any other previously described
risk factor.41 Similar findings have now been reported in a
Finnish cohort.42 The potential role of biomarkers may ex-
tend beyond predicting incident AF-a recent study report-
ing that the kinetics of plasma NT-proBNP release in pa-
tients presenting acutely with AF provides a potential
means of determining its time of onset and the safety of
cardioversion.43 There therefore appears to be a promising
role for new biomarkers in predicting incident AF, which
may help guide clinicians as to which individuals are most
at risk of developing AF and who may benefit from prophy-
lactic treatments. Other studies looking at population data
in women have reported body-mass index44 and birth
weight45 to be associated with incident AF. Furthermore,
recent data from 34,722 participants of the Women’s
Health Study provided evidence that new-onset AF in ini-
tially healthy women was independently associated with
all-cause and cardiovascular mortality.46

The past 2 years have seen important advances in our
understanding of the genetics and heredity of AF. Follo-
wing the landmark discovery using genome-wide associa-
tion studies on subjects from European and Chinese de-
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kom od razvoja FA,47 na istom kromosomu su identificirana
dva nova signala podloænosti FA.48 Meta-analiza Ëetiri neo-
visne kohorte europskog porijekla (Framingham Heart Stu-
dy, Rotterdam Study, Vanderbilt FA Registry i German AF
Network) je potvrdila znaËajnu vezu izmeu FA i intergen-
skih regija na kromosomu 4.49 »ini se da genske varijacije
u regiji kromosoma 4q25 moduliraju rizik od ponavljanja
FA nakon kateterske ablacije50 te se povezuju s nastankom
FA nakon kardiokirurπkog zahvata.51,52 Da li Êe se gensko
sekvencioniranje kromosoma 4q25 pokazati korisnim kod
stratifikacije rizika za razvoj FA nakon kateterske ablacije
ili operacije srca treba tek vidjeti, no trenutno ovo ostaje
upeËatljiva i obeÊavajuÊa moguÊnost. U skladu s novim
genskim podacima o FA, studije na kohortama baziranima
na populaciji su takoer donijele dokaze o komponenti
nasljednosti. KoristeÊi podatke iz Framingham Heart Study,
istraæivaËi su ustanovili da se nasljedna FA pojavila kod
1.185 (26,8%) i preuranjena nasljedna FA kod 351 (7,9%)
sudionika od 4.421 sudionika (11.971 pregleda) tijekom
razdoblja od 1968. do 2007. god.53 Povezanost nije sma-
njena prilagoavanjem za Ëimbenike rizika FA ili genske
varijacije povezane s FA. »ini se da su rasni faktori i pori-
jeklo takoer vezani za rizik od FA. Podaci od bijelaca i
afriko-amerikanaca koji su u bili ukljuËeni u CHS i studiju
Atherosclerosis Risk in Communities (ARIC) ukazuju da je
europsko porijeklo Ëimbenik rizika za nastanak FA.54

Kateterska ablacija fibrilacije atrija

U velikoj prospektivnoj, multicentriËnoj studiji (19
centara), usporeena je kateterska ablacija s lijeËenjem an-
tiaritmicima.55 Ukupno 167 pacijenata s paroksimalnom
FA kod koje bar jedan antiaritmik nije bio uspjeπan i koji
su doæivjeli bar tri epizode FA tijekom prethodnih πest mje-
seci bilo je randomizirano (2:1) na katetersku ablaciju ili
farmakoloπko lijeËenje. Nakon devetmjeseËnog razdoblja
praÊenja, istraæivaËi su ustanovili da je kateterska ablacija
omoguÊila dulje vrijeme do neuËinkovitosti terapije i zna-
Ëajno poboljπala kvalitetu æivota. VeÊi neæeljeni dogaaji
tijekom 30 dana povezani s terapijom nastupili su kod pet
od 103 pacijenta (4,9%) lijeËenih kateterskom ablacijom te
kod pet od 57 pacijenata (8,8%) lijeËenih antiaritmicima.
U prospektivnoj studiji s ukljuËenih 502 simptomatskih is-
pitanika koji su bili podvrgnuti ablaciji FA takoer je reg-
istrirano poboljπanje kvalitete æivota. Poboljπanje kvalitete
æivota bilo je odræano nakon dvije godine kod pacijenata
sa ili bez recidiva FA, iako je promjena bila najveÊa kod
pacijenata kod kojih nije bilo recidiva FA i kod onih koji
nisu bili lijeËeni antiaritmicima.

Nekoliko uglednih visokovolumnih centara je nedavno
objavilo rezultate dugoroËnih ishoda nakon kateterske ab-
lacije FA. Skupina iz Bordeauxa je objavila podatke peto-
godiπnjeg praÊenja 100 pacijenata (86% muπkarci, dob
55,7±9,6 godina; 63% paroksimalna FA, 36% sa struktu-
ralnom bolesti srca).57 Udjeli preæivljavanja bez aritmije
nakon jedne kateterske ablacije su iznosili 40%, 37% i
29% nakon jedne, dvije i pet godina (veÊina recidiva arit-
mije je nastupila unutar prvih πest mjeseci). Ukupno 175
postupaka je obavljeno uz prosjek od dva po svakom paci-
jentu (51 pacijent je podvrgnut drugom postupku, a njih 17
treÊem). Nije bilo periproceduralnih smrti, iako su znaËaj-
ne komplikacije (tamponada srca koja je zahtjevala dre-

scent that two sequence variations on chromosome 4q25
are associated with an increased risk of developing AF,47

two new AF susceptibility signals have been identified on
the same chromosome.48 A meta-analysis of four indepen-
dent cohorts of European descent (the Framingham Heart
Study, Rotterdam Study, Vanderbilt AF Registry and Ger-
man AF Network) confirmed a significant relationship bet-
ween AF and intergenic regions on chromosome 4.49 Inte-
restingly, genetic variants in the chromosome 4q25 region
also appear to modulate the risk of AF recurrence after
catheter ablation50 and are associated with the develop-
ment of AF after cardiac surgery.51,52 Whether genetic se-
quencing of chromosome 4q25 will prove useful in risk
stratification for the development of AF after catheter abla-
tion or cardiac surgery remains to be determined-at pre-
sent, this remains a distinct and promising possibility. In
line with the newly emerging genetic data on AF, studies
on population-based cohorts have also provided evidence
for a heredity component. Using data from the Framing-
ham Heart Study, investigators found that familial AF oc-
curred in 1,185 (26.8%) and premature familial AF occur-
red among 351 (7.9%) participants out of 4,421 partici-
pants (11.971 examinations) during the period 1968-
2007.53 The association was not attenuated by adjustment
for AF risk factors or reported AF-related genetic variants.
Racial factors and ancestry also appear to be related to the
risk of AF. Data from white and African-American subjects
enrolled in the CHS and Atherosclerosis Risk in Communi-
ties (ARIC) study suggest that European ancestry is a risk
factor for incident AF.54

Catheter ablation of AF

In a large prospective, multicentre trial involving 19 cen-
tres, the use of catheter ablation was compared with antiar-
rhythmic drug treatment.55 A total of 167 patients with pa-
roxysmal AF for whom at least one antiarrhythmic drug
had failed and who had experienced at least three AF epi-
sodes in the preceding 6 months were randomised (2:1) to
undergo catheter ablation or medical treatment. After a 9
month follow-up period, the investigators found that cathe-
ter ablation resulted in a longer time to treatment failure
and significantly improved quality-of-life scores. Major 30-
day treatment-related adverse events occurred in five of
103 patients (4.9%) treated with catheter ablation and five
of 57 patients (8.8%) treated with antiarrhythmic drugs. An
improvement in the quality of life was also demonstrated
in a prospective follow-up study of 502 symptomatic sub-
jects who underwent AF ablation.56 The improvement in
quality of life was sustained at 2 years in patients with and
without recurrence of AF, although the change was grea-
test in patients who remained free from AF and without an-
tiarrhythmic drug treatment.

Several well-respected, high-volume centres have re-
cently published their long-term outcomes following ca-
theter ablation for AF. The Bordeaux group reported their 5
year follow-up data on 100 patients (86% male; age
55.7±9.6 years; 63% paroxysmal AF; 36% with structural
heart disease).57 Arrhythmia-free survival rates after a single
catheter ablation procedure were 40%, 37% and 29% at 1,
2 and 5 years, respectively (most recurrences occurred over
the first 6 months). A total of 175 procedures were perfor-
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naæu) nastupile kod tri pacijenta (3%), a manje komplika-
cije (arteriovenska fistula, femoralna pseudoaneurizma i
asimptomatska stenoza pulmonarne vene) su nastupile kod
joπ tri pacijenta. Vaæna Ëinjenica iz ove studije je da Ëak i
u iskusnim rukama s odabranom populacijom pacijenata s
FA (u prosjeku mlai i s manje komorbiditeta), postoji stal-
no smanjenje razdoblja preæivljavanja bez aritmije te se re-
cidivi FA deπavaju unutar 5 godina od ablacije, iako veÊi-
na njih nastupa unutar prvih 6-12 mjeseci. 

Iskusan njemaËki centar je takoer nedavno izvijestio o
svojim dugoroËnim podacima praÊenja kateterske ablacije
kod 161 pacijenta (75% muπkarci; dob 59,8±9,7 godina)
sa simptomatskom paroksimalnom FA i normalnom funk-
cijom lijeve klijetke.58 Ustanovili su da je 75 pacijenata
(46,6%) bilo u sinusnom ritmu nakon inicijalnog postupka
tijekom srednjeg razdoblja praÊenja od 4,8 godine (0,33
do 5,5 godina). Drugi postupak je obavljen kod 66, a treÊi
kod 12 pacijenata. Jedan pacijent je imao aspiracijsku
pneumoniju koja je uspjeπno lijeËena, a dvoje je razvilo
sterilni perikardijalni izljev koji nije zahtijevao drenaæu
(nisu zabiljeæene nikakve druge proceduralne komplikaci-
je). Doπlo je do manjeg udjela progresije u kroniËnu FA ti-
jekom razdoblja praÊenja, πto je zabiljeæeno kod samo Ëe-
tiri pacijenta (2,5%). 

Skupina iz Londona je izvijestila o sliËnim dugoroËnim
rezultatima nakon kateterske ablacije kod 285 pacijenata s
FA (75% muπkaraca; srednja dob 57±11 godina; 53% pa-
roksimalna FA; 20% sa strukturalnom bolesti srca) koji su
podvrgnuti ukupno 530 postupaka.59 Tijekom srednjeg vre-
mena praÊenja od 2,7 godine (0,2 do 7,4 godine), 86% pa-
cijenata s paroksimalnom FA i 68% onih s perzistentnom
FA je bilo bez FA/atrijske tahiaritmije. Komplikacije su uk-
ljuËivale tri moædana udara/TIA. Kasni povrat je bio tri na
100 godina praÊenja nakon >3 godine. IstraæivaËi su tako-
er ustanovili da je ciljanje kompleksnih frakcioniranih
atrijskih elektrograma (CFAE) tijekom postupka ablacije
poboljπalo ishode kod pacijenata s perzistentnom FA. Me-
utim, ovo nije zabiljeæeno u randomiziranoj studiji od
druge skupine istraæivaËa u kojoj je 119 pacijenata s per-
zistentnom FA randomizirano na dodatnu CFAE ablaciju
nakon izolacije pulmonalnih vena ili bez dodatne ablaci-
je.60

U saæetku, izvjeπÊa o dugoroËnom uspjehu nakon ka-
teterske ablacije zbog FA pokazuju da je postupak uËin-
kovit za odabranu skupinu simptomatskih pacijenata s FA,
iako znaËajni udio zahtjeva viπe od jednog postupka abla-
cije, postoje rizici od periproceduralnih komplikacija i mo-
guÊi problem ostaje recidiv FA, Ëak i nakon petogodiπnjeg
razdoblja praÊenja. Trebalo bi napomenuti da se ishodi iz
razliËitih centara ne mogu izravno usporeivati jer postoje
razlike u izboru pacijenata (npr. udio pacijenata s paroksi-
malnom i permanentnom FA, pacijenti sa strukturalnom
bolesti srca), koriπtenim tehnikama (segmentna izolacija
pulmonalne vene naspram sveobuhvatnoj ablaciji πirokog
podruËja), duljini trajanja praÊenja i metodama koje su se
koristile za detektiranje recidiva FA.

Obavljen je niz studija kako bi se istraæile nove nein-
vazivne varijable koje bi mogli pomoÊi pri predvianju re-
cidiva FA nakon kateterske ablacije. Ovi Ëimbenici uklju-
Ëuju oπteÊenje bubrega,61 nove ehokardiografske varijable
poput atrijsog elektromehaniËkog intervala,62 atrijske fi-

med with a median of two for each patient (51 patients un-
derwent a second procedure and 17 a third). There were no
periprocedural deaths, although major complications (car-
diac tamponade requiring drainage) occurred in three pa-
tients (3%), and minor complications (arteriovenous (AV)
fistula, femoral pseudoaneurysm and asymptomatic pul-
monary vein stenosis) occurred in another three patients.
The important point to note from this study is that even in
experienced hands with a selected AF population (patients
who are referred for AF ablation tend to be younger and
have fewer comorbidities), there is a steady decline in ar-
rhythmia-free survival with recurrences seen up to 5 years
after ablation, although the majority occur within the first
6-12 months. 

An experienced German centre also recently reported
their long-term follow-up data of catheter ablation in 161
patients (75% male; age 59.8±9.7 years) with symptomatic
paroxysmal AF and normal left ventricular function.58 They
found that 75 patients (46.6%) were in sinus rhythm after
the initial procedure during a median follow-up period of
4.8 years (0.33 to 5.5 years). A second procedure was per-
formed in 66 and a third procedure in 12 patients. One pa-
tient had an aspiration pneumonia that was successfully
treated and two developed a sterile pericardial effusion
that did not require drainage (no other procedural compli-
cations were noted). There was a low rate of progression to
chronic AF during the follow-up period, which was seen in
only four patients (2.5%). 

A group from London, UK, similarly reported their long-
term results following catheter ablation for AF in 285 pa-
tients (75% male; mean age 57 (SD 11) years; 53% paro-
xysmal AF; 20% with structural heart disease) undergoing
a total of 530 procedures.59 During a mean follow-up of 2.7
years (0.2 to 7.4 years), freedom from AF/atrial tachyar-
rhythmia was 86% for patients with paroxysmal AF and
68% for those with persistent AF. Complications included
three strokes/TIAs. Late recurrence was three per 100 years
of follow-up after >3 years. The investigators also found that
targeting complex fractionated atrial electrograms (CFAEs)
during the ablation procedure improved outcome in pa-
tients with persistent AF. However, this was not seen in a
randomised study performed by another group in which
119 patients with persistent AF were randomised to addi-
tional CFAE ablation following pulmonary vein isolation or
no additional ablation.60

In summary, the reports on long-term success rates fol-
lowing catheter ablation for AF demonstrate that the proce-
dure is effective in a selected group of symptomatic pa-
tients with AF, although a significant proportion require mo-
re than one ablation procedure, there are risks of peripro-
cedural complications and AF recurrence remains a possi-
ble problem, even after follow-up periods as long as 5 years.
It should be noted that reported outcomes from the diffe-
rent centres cannot be directly compared, since there are
differences in patient population (eg, percentage of pati-
ents with paroxysmal and permanent AF, patients with
structural heart disease), techniques used (segmental pul-
monary vein isolation vs wide area circumferential abla-
tion), length of follow-up and methods used to detect AF
recurrence.

A number of studies have been performed to search for
new non-invasive parameters which may help to predict
AF recurrence following catheter ablation. These factors



2011;6(12):406.

broze procijenjena ehokardiografijom63 ili magnetnom re-
zonancom64 i vrijednostima BNP.65

Ventrikulske aritmije i iznenadna srËana smrt
Ventrikulske aritmije nakon infarkta miokarda

Kako bi shvatili znaËaj pojavnosti ventrikulskih aritmi-
ja u okruæju primarne perkutane koronarne intervencije
(PCI) uËinjena je sekundarna analiza studije APEX AMI.66

Od 5.745 pacijenata s akutnim infarktom miokarda s ele-
vacijom ST-segmenta koji su bili podvrgnuti primarnoj PCI
(u 296 bolnica u 17 zemalja), ventrikulska tahikardija/fi-
brilacija (VT/VF) je nastupila kod njih 329 (5,7%). Usta-
novljeno je da su kliniËki ishodi i 90-dnevna smrtnost bili
su loπiji kod onih pacijenta s VT/VF nego u skupini bez
VT/VF. ©toviπe, ishodi su bili loπiji ako je VT/VF nastupila
kasnije (nakon zavrπetka kateterizacije), a ne ranije (prije
zavrπetka kateterizacije srca). Pojava ventrikulskih aritmija
ostaje povezana sa znaËajnim poveÊanjem smrtnosti na-
kon prilagodbe za potencijalne dodatne varijable, iako nije
jasno jesu li bile uzroËno povezane s loπijom prognozom
ili su jednostavno bile odraz teæe bolesti srca. 

U studiji OAT-EP otvaranje trajno okludirane arterije
povezane s infarktom primjenom PCI nakon razdoblja
akutnog infarkta miokarda (AIM) bio je usporeen s opti-
malnom farmakoloπkom terapijom, kako bi se odredilo ko-
ja strategija smanjuje markere vulnerabilnosti od ventriku-
larskih aritmija.67 Nije bilo znaËajnijih razlika u varijabil-
nosti srËane frekvencije, signalom usrednjenog EKG prema
vremenskoj domeni ili varijablama promjenjivosti T-valova
(surogati ventrikulske nestabilnosti) izmeu obje skupine
nakon 30 dana i 1 godinu po AIM, πto je dosljedno s nedo-
statkom kliniËke dobrobiti od PCI kod stabilnih pacijenata
nakon AIM s trajno okludiranom arterijom koja je pove-
zana s infarktom u glavnoj OAT studiji. 

Studija CARISMA je bila dizajnirana da bi istraæila
uËestalost i prognostiËku vaænost aritmija detektiranih im-
platibilnim srËanim monitorima kod pacijenata nakon AIM
s oπteÊenjem funkcije lijeve klijetke (LV).68 Ukupno 297 (od
poËetnih 5.969) koji su nedavno preboljeli AIM sa sni-
æenom ejekcijskom frakcijom LV (LVEF; ≤40% ) je zaprimi-
lo implatibilni ureaj za snimanje srËane frekvencije unu-
tar 11±5 dana od AIM te su praÊeni svaka 3 mjeseca u
prosjeËnom trajanju od 1,9±0,5 godina. IstraæivaËi su ot-
krili kliniËki znaËajan broj bradiaritmija i tahiaritmija kod
ovih pacijenata (28% novonastalih FA, 13% nepostojana
VT, 10% AV blokovi visokog stupnja, 7% znaËajne sinusne
bradikardije, 3% sinusni arest, 3% postojana VT i 3% VF).
Intermitentni AV blok visokog stupnja posebno je povezan
s veoma visokim rizikom od srËane smrti. Aritmogeni sub-
strat za ventrikulske aritmije nakon reperfuzijske terapije
kod AIM je istraæivan u studiji kod 36 pacijenata koji su
preæivjeli AMI te su upuÊeni na katatersku ablaciju
ablaciju VT (13±9 godina nakon AMI).69 Od njih, 14 paci-
jenata je imalo ranu reperfuziju tijekom AIM, dok kod 22
nije bilo reperfuzije. IstraæivaËi su, koriπtenjem detaljnog
elektroanatomskog mapiranja, ustanovili da su veliËina i
uzorak oæiljka bili razliËiti izmeu VT pacijenata sa i bez
reperfuzije tijekom AIM te da su rana reperfuzija i manje
zarasli elektroanatomski oæiljci povezani s brzom VT.

include renal impairment,61 novel echo parameters such as
the atrial electromechanical interval,62 atrial fibrosis as-
sessed with echo63 or MRI64 and B-type natriuretic levels.65

Ventricular arrhythmias and sudden cardiac death
Ventricular arrhythmias after myocardial infarction

To further understand the significance of the occur-
rence and timing of ventricular arrhythmias in the context
of primary percutaneous coronary intervention (PCI), a se-
condary analysis of the APEX AMI (Assessment of PEXeli-
zumab in Acute Myocardial Infarction) trial was underta-
ken.66 Of the 5745 patients with ST-elevation myocardial
infarction presenting for primary PCI (across 296 hospitals
in 17 countries), ventricular tachycardia/ventricular fibrilla-
tion (VT/VF) occurred in 329 (5.7%). Clinical outcomes
and 90-day mortality were found to be worse in those with
VT/VF than in those without. Furthermore, outcomes were
worse if the VT/VF occurred late (after the end of cardiac
catheterisation) rather than early (before the end of cardiac
catheterisation). The occurrence of ventricular arrhythmias
remained associated with a significantly increased mortali-
ty after adjustment for potential confounders, although whe-
ther they were causally related to a poorer prognosis or
simply a reflection of more severe heart disease is not yet
clear. 

In the Occluded Artery Trial-Electrophysiological Me-
chanisms (OAT-EP) study, PCI to open a persistently oc-
cluded infarct-related artery after an acute myocardial in-
farction (AMI) phase was compared with optimal medical
treatment alone to determine which strategy reduced mar-
kers of vulnerability to ventricular arrhythmias.67 There we-
re no significant differences in HR variability, time-domain
signal-averaged ECG, or T-wave variability parameters (all
surrogate markers of ventricular instability) between either
group at 30 days and 1 year after the AMI, which is consi-
stent with the lack of clinical benefit from PCI in stable pa-
tients after AMI with persistently occluded infarct-related
arteries in the main OAT study. 

The Cardiac Arrhythmias and Risk Stratification After
Myocardial Infarction (CARISMA) trial was designed to in-
vestigate the incidence and prognostic significance of ar-
rhythmias detected by an implantable cardiac monitor
among patients after AMI with impaired left ventricular
(LV) function.68 A total of 297 patients (out of 5,969 initial-
ly screened) who had had a recent AMI and had reduced
LV ejection fraction (LVEF; ≤40%) received an implantable
loop recorder within 11±5 days of the AMI and were follo-
wed up every 3 months for an average of 1.9±0.5 years.
The investigators detected a clinically significant number
of bradyarrhythmias and tachyarrhythmias in these patients
(28% new-onset AF, 13% non-sustained VT, 10% high-de-
gree AV block, 7% significant sinus bradycardia, 3% sinus
arrest, 3% sustained VT and 3% VF). In particular, intermit-
tent high-degree AV block was associated with a very high
risk of cardiac death. The arrhythmogenic substrate for ven-
tricular arrhythmias following reperfusion therapy for AMI
was investigated in a study of 36 AMI survivors referred for
catheter ablation of VT (13±9 years after the AMI).69 Of the-
se, 14 patients had early reperfusion during AMI, while 22
were non-reperfused. The investigators found, using detai-
led electroanatomical mapping, that scar size and pattern
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were different between VT patients with and without reperfu-
sion during AMI, with early reperfusion and less confluent
electroanatomical scar being associated with faster VTs.

Risk stratification for sudden cardiac death
and implantable cardioverter defibrillators

A continuing area of active research in ventricular ar-
rhythmias and sudden cardiac death (SCD) is in improved
methods of risk stratification and selection of appropriate
implantable cardioverter defibrillator (ICD) recipients.70 A
number of non-invasive cardiovascular tests have recently
been evaluated among patients with an increased risk of
SCD (eg, AMI survivors and patients with coronary artery
disease and cardiomyopathies) with promising results. The-
se include T-wave alternans,71,72 single-photon emission CT
myocardial perfusion imaging,73 sympathetic nerve ima-
ging with 123-iodine metaiodobenzylguanidine74 and late-
gadolinium enhancement on cardiac MRI.75 In addition,
plasma biomarkers, such as serum collagen levels, which
reflect extracellular matrix alterations that may play a part
in the generation of the arrhythmogenic substrate,76 may
have a future role in risk stratification. Genetic markers
may also be relevant, as suggested by the observation from
a combined population of 19,295 black and white adults
from the Atherosclerosis Risk In Communities Study and
the Cardiovascular Health Study that sequence variations
in the nitric oxide synthase 1 adaptor protein (NOS1AP)
were associated with baseline QT interval and the risk of
SCD in white (but not black) US adults.77,78

Another important area requiring further clarification is
the optimal timing of ICD insertion among AMI survivors
who are deemed to be at greatest risk of SCD. The land-
mark DINAMIT study (Defibrillation IN Acute Myocardial
Infarction Trial), which did not show any mortality benefit
from prophylactic ICD insertion in patients after AMI if the
device was inserted within 40 days of the index event,79

has been used to guide current recommendations on ICD
insertion among AMI survivors. A recent secondary analy-
sis of this trial confirmed the original findings that the re-
duction in sudden death in ICD patients was offset by an
increase in non-arrhythmic deaths, which was greatest in
those who received ICD shocks.80

A postmortem study looking at 105 autopsy records of
patients from the VALIANT (VALsartan In Acute myocar-
dial infarctioN Trial) study who had died suddenly showed
that recurrent myocardial infarction or cardiac rupture ac-
counted for a high proportion of sudden death in the early
period after an AMI, thereby partly explaining the lack of
benefit of early ICD insertion on overall mortality.81 Ar-
rhythmic death was more likely to occur later on (after 3
months), which is consistent with the findings of improved
survival among ICD recipients from other major ICD trials
in which the devices were inserted at a later stage. It
should be noted, however, that 20% of sudden deaths in
the first month after AMI were presumed arrhythmic as the-
re was no specific postmortem evidence of any additional
abnormality that might have caused the sudden death. A
significant proportion of patients who have an AMI there-
fore appear to continue to die suddenly in the early postin-
farction period from cardiac arrhythmias. These patients
are not included in current international guidelines for ICD
insertion and remain a group for which more research is re-

Stratifikacija rizika za iznenadnu srËanu
smrt i implatibilni kardioverter defibrilatori

PodruËje trajnog istraæivanja ventrikulskih aritmija i iz-
nenadne srËane smrti (SCD) poboljπava metode stratifikaci-
je rizika i odabira odgovarajuÊih kandidata za implatibilni
kardioverter defibrilator (ICD).70 Brojni neinvazivni kardio-
loπki testovi su nedavno procijenjeni kod pacijenata s po-
veÊanim rizikom od SCD (npr. pacijenti koji su preæivjeli
AIM i pacijenti s koronarnom bolesti srca i kardiomiopati-
jom), a rezultati su obeÊavajuÊi. Ovi testovi ukljuËuju
alternans T-valova,71,72 oslikavanje perfuzije primjenom
SPECT,73 oslikavanje simpatiËkih æivaca primjenom 123-
jod metajodobenzilguanidin scintigrafije74 i oslikavanje
magnetnom rezonancom srca uz primjenu tehnike LGE
(late-gadolinium enhancement).75 Takoer, plazmatski bio-
markeri, poput razine kolagena u serumu, koji odraæava
promjene vanstaniËnog matriksa koje mogu imati ulogu u
stvaranju aritmogenog substrata,76 mogu imati dodatnu
ulogu u stratifikaciji rizika. Genski markeri bi takoer mo-
gli biti znaËajni, kao πto to ukazuju zapaæanja iz kombini-
rane populacije od 19.295 crnaca i bijelaca iz ARIC studi-
je i CHS studije da su sekvencijske varijacije u adaptor pro-
teinu sintaze 1 nitriËnog oksida (NOS1AP) povezane s ba-
zalnim QT intervalom i rizikom od SCD kod odraslih
ameriËkih bijelaca (no ne i kod crnaca).77,78

Joπ jedno vaæno podruËje koje traæi dodatno razjaπnja-
vanje je optimalno vrijeme implantacije ICD kod pacijena-
ta koji su preæivjeli AIM te za koje se smatra da imaju naj-
veÊi rizik od SCD. KljuËna studija DINAMIT nije pokazala
nikakvu dobrobit od profilaktiËke implantacije ICD paci-
jentima koji su preæivjeli AIM mjerenu smanjenjem smrt-
nosti ukoliko je ICD implantiran unutar 40 dana od AIM,
πto je implementirano u smjernice. Nedavna sekundarna
analiza ove studije je potvrdila originalne rezultate da je
smanjenje uËestalosti iznenadne smrti kod pacijenata s
ICD kompenzirana poviπenom uËestalosti nearitmijskih
smrti,najËeπÊe kod onih pacijenata koji su primili πokove
sa ICD.80

Postmortem studija koja je prouËavala 105 zapisa au-
topsija pacijenata iz studije VALIANT koji su umrli iznena-
da je pokazala da su rekurentni infarkt miokarda ili ruptura
srca bili odgovorni za veÊi udio iznenadnih smrti u ranom
razdoblju nakon AIM te je tako objasnila nedostatak do-
brobiti od rane implantacije ICD mjeren ukupnom smrtno-
sti.81 Bila je veÊa vjerojatnost da Êe aritmijska smrt nastupi-
ti kasnije (nakon tri mjeseca), πto je u skladu s rezultatima
poboljπanog preæivljavanja meu primateljima ICD u dru-
gim vaænim studijama u kojima je ICD implantiran u kasni-
jem stadiju. Meutim, treba napomenuti da se za 20% iz-
nenadnih smrti u prvom mjesecu nakon AIM pretpostavilo
da su aritmijske buduÊi nije bilo specifiËnih postmortalnih
dokaza bilo kakve dodatne abnormalnosti koje bi mogle
uzrokovati iznenadnu smrt. Stoga se Ëini da znaËajan dio
pacijenata koji imaju AIM u ranom postinfarktnom raz-
doblju i dalje iznenadno umire od srËanih aritmija. Ovi
pacijenti nisu ukljuËeni u trenutne meunarodne smjer-
nice za implantaciju ICD te ostaju skupina za koju su
potrebne dodatne studije. Joπ jedna skupina pacijenata koji
nisu pokriveni trenutnim ICD smjernicama za primarnu
prevenciju su oni s relativno oËuvanom LVEF nakon AIM.
Iako ovi pacijenti imaju niæi rizik od SCD od onih s loπom
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LVEF predstavljaju veÊi dio pacijenata koji su preæivjeli
AIM. 

Podaci iz multicentriËne japanske studije ukazuju da u
okruæju primarne PCI postoji niæa uËestalost SCD meu
pacijentima koji su preæivjeli AMI (ukupna smrtnosti je
iznosila 13,1%, a SCD tijekom prosjeËnog razdoblja pra-
Êenja od 4,2 godine kod 4.122 pacijenta je iznosila
1,2%).82 Rizik je bio najviπi za one s loπom LVEF (<30%),
iako je apsolutni broj za najveÊi rizik bio kod onih koji su
imali relativno oËuvanu LVEF (>40%).

Studija IRIS objavljena 2009. godine testirala je hipo-
tezu da rana implantacija ICD odmah nakon AIM moæe
poboljπati preæivljavanje u usporedbi s optimalnom far-
makoloπkom terapijom.83 Ovo je bila randomizirana,
prospektivna, multicentriËna studija s ukljuËenih 898 paci-
jenata, od 5. do 31. dana nakon AIM, koji su zadovoljili
sljedeÊe kliniËke kriterije: LVEF ≤40% i srËana frekvencija
≥90/min na prvom dostupnom EKG ili nepostojana VT
(≥150/min) za vrijeme registracije 24-satnog EKG. Glavna
razlika izmeu spomenute i studije DINAMIT je bila mod-
erna populacija pacijenata (70% je lijeËeno primjenom
PCI i veÊina je primala optimalno dugoroËnu terapiju) te
dodatnim neinvazivni kriteriji za identifikaciju populacije s
potencijalno viπim rizikom. Meutim, istraæivaËi nisu usta-
novili da primjena ICD smanjuje ukupnu smrtnost nakon
srednjeg praÊenja od 37 mjeseci. Dosljedno nalazima stu-
dije DINAMIT, smanjena uËestalost SCD kod pacijenata s
implantiranim ICD u studiji IRIS je poniπtena poveÊanom
uËestalosti smrtnih ishoda koji nisu nastupili naglo.

Kateterska ablacija ventrikulskih aritmija

Studija VTACH ukljuËila je 16 centara u Ëetiri europske
zemlje, a procjenjivala je potencijalnu dobrobit od kateter-
ske ablacije VT prije implantacije ICD kod pacijenata s
anamnezom VT, infarkta miokarda i LVEF ≤50%.84 Pacijen-
ti (n=110) su bili randomizirani na katetersku ablaciju i
ICD ili samo ICD te su bili praÊeni u srednjem trajanju od
22,5±9,0 mjeseci. IstraæivaËi su ustanovili da profilaktiËka
ablacija VT prije implantacije ICD produljuje vrijeme do
povrata VT s 5,9 mjeseci (IQR 0,8-26,7) u skupini koja je
lijeËena samo implantacijom ICD na 18,6 mjeseci (donja
kvartila 2,4 mj.; gornja kvartila se nije mogla odrediti) u
ablacijskoj i ICD skupini. Komplikacije vezane za postu-
pak ablacije su nastupile kod dva pacijenta. Rezultati ove
studije su u skladu s ranijom prospektivnom randomizira-
nom studijom s ukljuËenih 128 pacijenata koja je dokaza-
la da profilaktiËka kateterska ablacija ventrikulskog aritmo-
genog supstrata smanjuje uËestalost lijeËenja primjenom
ICD kod pacijenata s anamnezom infarkta miokarda i rani-
jim ventrikulskim aritmijama.85 Treba napomenuti da je u
obje ove studije ablacija VT bila obavljena u iskusnim cen-
trima te da nije bilo znaËajnijeg utjecaja kateterske ablaci-
je na ukupnu smrtnost. Da li bi se ablacija VT trebala rutin-
ski uËiniti prije implantacije ICD u svrhu sekundarne pre-
vencije SCD kod stabilnih pacijenata s prethodnim infark-
tom miokarda tek treba utvrditi.

Postoji porast broja publikacija o epikardijalnoj ablaciji
VT tijekom posljednjih nekoliko godina obzirom da se sve
VT ne mogu uspjeπno eliminirati iskljuËivo endokardijal-
nim pristupom.86,87 U retrospektivnoj studiji 156 epikardi-
jalnih ablacija radi VT (od ukupno 913 ablacija VT) u tri

quired. Another group of patients who are not covered by
current primary prevention ICD guidelines are those with
relatively preserved LVEF after an AMI. Although these pa-
tients are at lower risk of SCD than those with poor LVEF,
they represent a larger proportion of AMI survivors. 

Data from a multicentre Japanese study suggest that in
the era of primary PCI there is a low incidence of SCD
among AMI survivors (overall mortality was 13.1% and
SCD 1.2% over an average follow-up period of 4.2 years
among 4,122 patients).82 The risk was highest for those
with poor LVEF (<30%), although the absolute number at
risk was greatest in those with relatively preserved LVEF
(>40%).

The Intermediate Risk Stratification Improves Survival
(IRIS) trial published in 2009 further tested the hypothesis
that early implantation of an ICD soon after an AMI could
improve survival compared with optimal medical treat-
ment.83 This was a randomised, prospective, multicentre
trial which enrolled 898 patients, 5-31 days after their AMI,
who met the following clinical criteria: LVEF ≤40% and a
HR ≥90 bpm on the first available ECG or non-sustained
VT (≥150 bpm) during Holter monitoring. The main differ-
ence between this study and DINAMIT was a contempora-
ry patient population (70% had undergone PCI and the ma-
jority were receiving optimal long-term medication) and
additional non-invasive criteria to identify a population at
potentially higher risk. However, the investigators did not
find that ICD therapy reduced overall mortality after a
mean follow-up of 37 months. Consistent with the findings
from DINAMIT, the reduced incidence of SCD among ICD
recipients in the IRIS study was offset by an increased inci-
dence of non-SCD.

Catheter ablation of ventricular arrhythmias

The VTACH (Ventricular Tachycardia Ablation in Co-
ronary Heart disease) study, involving 16 centres in four
European countries, assessed the potential benefit of cathe-
ter ablation of VT before ICD implantation in patients with
a history of VT, myocardial infarction and LVEF ≤50%.84

Patients (n=110) were randomly allocated to receive cathe-
ter ablation and an ICD or an ICD alone and followed-up
for a mean period of 22.5 months (SD 9.0). The investiga-
tors found that prophylactic VT ablation before ICD im-
plantation prolonged the time to VT recurrence from 5.9
months (IQR 0.8-26.7) in the ICD only group to 18.6
months (lower quartile 2.4 months; upper quartile could
not be determined) in the ablation and ICD group. Compli-
cations related to the ablation procedure occurred in two
patients. This study is in accordance with an earlier pro-
spective randomised study of 128 patients, which demon-
strated that prophylactic catheter ablation of the ventricu-
lar arrhythmogenic substrate reduced the incidence of ICD
therapy in patients with a history of myocardial infarction
and previous ventricular arrhythmias.85 It should be noted
that VT ablation was performed in experienced centres in
both these trials and that there was no significant effect of
catheter ablation on overall mortality. Whether VT abla-
tion should routinely be performed before ICD insertion for
secondary prevention of SCD in stable patients with previ-
ous myocardial infarction remains to be determined.

There has been an increase in the number of publica-
tions on epicardial ablation for VT over the past few years



2011;6(12):409.

tercijarna centra evaluacija sigurnosti i srednjoroËnih kom-
plikacija eprikardijalne ablacije VT, ustanovljeno je da je
rizik od znaËajnih akutnih (epikardijalno krvarenje, koro-
narna stenoza) i odgoenih (perikardijalna upalna reakci-
ja, odgoena tamponada, koronarna okluzija) komplikaci-
ja povezanih s epikardijalnim pristupom 5%, odnosno 2%.
Stoga, iako ova tehnika moæe biti uËinkovita u nekim slu-
Ëajevima, naroËito tamo gdje endokardijalna ablacija nije
uspjela, povezana je sa znaËajnim morbiditetom te bi se
trebala obavljati iskljuËivo u centrima koji su iskusni u ovoj
tehnici.

PrognostiËki znaËaj uËestalih ventrikulskih ekstrasistola
(VES) i uËinak kateterske ablacije ovih ektopija su nedavno
izazvale dodatnu pozornost. U studiji s ukljuËenih 239
asimptomatskih pacijenata s urednom srËanom strukturom
i uËestalim VES (>1000/dnevno) iz desnog ili lijevog ven-
trikularnog izlaznog trakta, tijekom razdoblja od 5,6±1,7
godina zapaæena je znaËajna negativna povezanost iz-
meu uËestalosti VES i promjene LVEF te pozitivna pove-
zanost s promjenom dijastoliËkog promjera LV.89 Uz op-
tereÊenje zbog VES, ostali Ëimbenici poput duljeg trajanja
VES, prisutnost nepostojane VT, polimorfnih VES i VES iz
desne klijetke mogu biti povezani sa sniæenjem funkcije
LV.90,91 Iako je dobro poznato da kateterska ablacija uËe-
stalih VES moæe poboljπati i obnoviti funkciju LV kod nek-
ih pacijenata, potencijalna dobrobit od ablacije kod paci-
jenata s normalnom funkcijom LV je mnogo manje prouËa-
vana. Prospektivna studija kod 49 pacijenata s uËestalim
VES i normalnom bazalnom LVEF je primjenom analize
speckle tracking oslikavanja pokazala da kateterska ablaci-
ja moæe poboljπati jedva zamjetnu disfunkciju LV utvrenu
prije ablacije.92 Ostaju neodgovorena pitanja poput onog o
dobrobiti od kateterske ablacije na krajnje ishode (naroËi-
to smrtnost) te kada bi trebalo uËiniti ablaciju (stupanj op-
tereÊenja zbog VES, funkcija LV, nakon pokuπaja s antiarit-
micima?).

SrËana resinkronizacijska terapija i 
elektrostimulacija

U posljednje dvije godine su objavljene dvije kljuËne
kliniËke studije srËane resinkronizacijske terapije (CRT)
koje potencijalno proπiruju indikacije za CRT kod pacije-
nata sa ZS na one sa simptomima NYHA I. i II. stupnja.
Studija MADIT-CRT je usporedila uporabu ICD s CRT-D
(CRT s komponentom defibrilatora) kod pacijenata s asim-
ptomatskim ili blago simptomatskim simptomima ZS (NY-
HA I. ili II. stupnja), LVEF ≤30% i trajanjem QRS ≥130
ms.93 Tijekom prosjeËnog vremena praÊenja od 2,4 godine,
manje pacijenata u skupini s CRT-D je doæivjelo primarne
zajedniËke ishode (smrtnost od svih uzroka i ZS) u uspo-
redbi sa skupinom s ICD (17,2% naspram 25,3%,
p=0,001). Iako se na prvi pogled ovi rezultati Ëine impre-
sivni, podrobnija analiza podataka otkriva da je glavna
prednost CRT-D bila u sniæavanju uËestalosti hospitalizaci-
je zbog ZS te nije bilo registrirane znaËajne razlike u smrt-
nosti izmeu obje skupine (koji je iznosio 3% godiπnje).
Nadalje, studija nije dokazala da pacijenti u I. stupnju pre-
ma NYHA ljestvici ispunjavaju kriterije za dobrobit primje-
ne CRT-D. 

U studiji RFAT primjena CRT-D je usporeena s ICD
kod pacijenata sa ZS u II. ili III. stupnju prema NYHA, LVEF

in view of the realisation that not all VTs can be success-
fully eliminated by an endocardial-only approach.86,87 In
a retrospective study of 156 epicardial ablations for VT (out
of a total of 913 VT ablations) in three tertiary centres eval-
uating the safety and mid-term complications of epicardial
VT ablation, the risk of major acute (epicardial bleeding,
coronary stenosis) and delayed (pericardial inflammatory
reaction, delayed tamponade, coronary occlusion) compli-
cations related to epicardial access was found to be 5%
and 2%, respectively.88 Therefore, although this technique
can be effective in some cases, especially where endocar-
dial ablation has failed, it is associated with significant
morbidity and should only be performed in centres expe-
rienced with this technique.

The prognostic significance of frequent premature ven-
tricular contractions (PVCs) and the effect of catheter abla-
tion of these ectopics has received further attention recent-
ly. In a study of 239 asymptomatic patients with structural-
ly normal hearts and frequent PVCs (>1000/day) from the
right or left ventricular outflow tract, a significant negative
correlation between PVC prevalence and δLVEF and posi-
tive correlation with δLV diastolic diameter was observed
over a 5.6 (SD 1.7)-year period.89 In addition to PVC bur-
den, other factors such as longer PVC duration, presence of
non-sustained VT, multiform PVCs and right ventricular
PVCs may be associated with a decline in LV function.90,91

Although it is well known that catheter ablation of frequent
PVCs can improve and restore LV function in some pa-
tients, the potential benefits of ablation in patients with
normal LV function have been less well studied. A pro-
spective study of 49 patients with frequent PVCs and nor-
mal baseline LVEF demonstrated that catheter ablation can
improve the subtle LV dysfunction-detected pre-ablation
using speckle tracking imaging analysis.92 However, unan-
swered questions remain, including benefits of catheter ab-
lation on hard end points (especially mortality) and when
ablation should be performed (degree of PVC burden, LV
function, after a trial of antiarrhythmic medication?).

Cardiac resynchronisation therapy 
and pacing

Two pivotal cardiac resynchronisation therapy (CRT)
clinical trials have been published in the past 2 years that
potentially expand the indications for CRT in patients with
HF to those in NYHA class I and II symptoms. MADIT-CRT
(Multicenter Automatic Defibrillator Implantation Trial-
CRT) compared the use of ICD alone with CRT-D (CRT
with a defibrillator component) in patients with asympto-
matic or mildly symptomatic HF symptoms (NYHA class I
or II), LVEF≤30% and QRS duration of ≥130 ms.93 During
an average follow-up of 2.4 years, fewer patients in the
CRT-D group experienced the primary composite end
point (all-cause mortality and HF) compared with the ICD
group (17.2% compared with 25.3%, respectively,
p=0.001). Although these results appear impressive at first
glance, closer examination of the data reveals that the
main superiority of CRT-D was in reducing the rate of hos-
pitalisation for HF and that there was no significant differ-
ence in mortality between the two groups (which was 3%
annually). Furthermore, the study failed to show that
NYHA class I patients fulfilling the enrolment criteria bene-
fited from CRT-D. 

In RAFT (Resynchronisation-Defibrillation for Ambula-
tory Heart Failure Trial), CRT-D was compared with ICD
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alone in patients with NYHA class II or III HF, LVEF≤30%,
intrinsic QRS duration ≥120 ms or a paced QRS duration
of ≥200 ms.94 The investigators found that over a mean pe-
riod of 40 months, the primary outcome (all-cause mortali-
ty or HF hospitalisation) occurred in fewer patients in the
CRT-D group (33.2% compared with 40.3% in the ICD
group, p<0.001). Unlike MADIT-CRT, RAFT demonstrated
that CRT-D significantly reduced overall mortality and car-
diovascular mortality compared with ICD alone, although
more adverse device-related events were also seen in the
CRT-D group. Possible reasons for mortality benefit seen in
RAFT, but not MADIT-CRT, are that RAFT included pa-
tients with more advanced disease (and a higher propor-
tion with ischaemic heart disease) and follow-up was lon-
ger and more complete.

A number of subanalyses of MADIT-CRT have since
been conducted to provide further information on the fin-
dings. One subanalysis demonstrated that women expe-
rienced significantly greater reductions in all-cause morta-
lity and HF than men, which was accompanied by greater
echo evidence of reverse cardiac remodelling.95 Another
subanalysis looking specifically at the echo parameters and
performance between the two groups found that CRT sig-
nificantly improved cardiac size and performance compa-
red with the ICD-only strategy, which probably accounted
for the outcomes benefit in the CRT-D group.96 Other stu-
dies have also provided additional echo evidence that CRT
in mild HF (NYHA class I/II) results in major structural and
functional reverse remodelling which may prevent disease
progression.97,98 The PACE (Pacing to Avoid Cardiac Enlar-
gement) study explored whether biventricular pacing was
better than right ventricular (RV) apical pacing in preven-
ting adverse cardiac remodelling in patients with bradycar-
dia and normal ventricular function at baseline.99 In this
small randomised study of 177 patients followed up over a
12-month period, the investigators found that the mean
LVEF was significantly lower in the RV-pacing group than
in the biventricular-pacing group (54.8±9.1% vs
62.2±7.0%, p<0.001), with an absolute difference of 7.4%
points. However, the beneficial effects of biventricular pa-
cing on echo parameters in this group of patients were not
accompanied by any clinical benefit.

Other important and continuing areas of investigation
in the field of CRT include how best to select candidates
who are most likely to respond to CRT and how to optimise
response. Parameters that have recently been studied to
improve patient selection include QRS morphology in MA-
DIT-CRT (left bundle branch block (LBBB), rather than
non-LBBB, patterns appears to be the predominant mor-
phology-that is, related to response),100 baseline LV radial
dyssynchrony, discordant LV lead position, and myocar-
dial scar in the region of the LV pacing lead,101 and pre-pa-
cing systolic dyssynchrony measured by tissue Doppler im-
aging velocity.102 Consistent with existing knowledge, LV
lead positioning has been reconfirmed to be important in
MADIT-CRT patients103 and patients with non-ischaemic
dilated cardiomyopathy.104 The prospective, randomised
SMART-AV (SmartDelay determined AV optimisation: a
comparison with other AV delay methods used in CRT)
study compared three different methods of AV optimisation
(fixed empirical AV delay of 120 ms, echo-optimised AV
delay, or AV optimisation with an ECG-based algorithm) in
980 patients with a CRT device to determine if any method

≤30%, stvarnim trajanjem QRS ≥120 ms ili trajenjem QRS
uz elektrostimulaciju ≥200 ms.94 IstraæivaËi su ustanovili da
je tijekom srednjeg razdoblja od 40 mjeseci, primarni is-
hod (smrtnost od svih uzroka ili hospitalizacija zbog ZS)
nastupio kod manje pacijenata u skupini na CRT-D (33,2%
naspram 40,3% u skupini ICD, p<0,001). Za razliku od
studije MADIT-CRT, studija RFAT je dokazala da CRT-D
znaËajno smanjuje ukupnu i kardiovaskularnu smrtnost u
usporedbi s ICD, iako je u skupini CRT-D uoËeno viπe ne-
æeljenih dogaaja koji su bili povezani s ureajem. MoguÊi
razlozi dobrobiti na smrtnost koji je registriran u studiji
RFAT, no ne i u MADIT-CRT studiji, su da je studija RFAT
ukljuËivala pacijente sa znaËajno uznapredovalom bolesti
(i veÊim udjelom ishemijske bolesti srca) te je praÊenje bilo
dulje i potpunije.

Od tada je provedeno niz podanaliza studije MADIT-
CRT kako bi se dobilo viπe informacija. Jedna podanaliza
je dokazala da je kod æena registrirano znatno veÊe sniæen-
je smrtnosti od svih uzroka i ZS nego kod muπkaraca, πto
je bilo popraÊeno veÊim ehokardiografskim dokazima o
reverznom modeliranju srca.95 Druga podanaliza koja je
bila specifiËno usmjerena na ehokardiografske varijable i
uËinkovitost izmeu obje skupine je ustanovila da je u sku-
pini na CRT znaËajno poboljπana veliËina i uËinkovitost
srca u usporedbi sa skupinom na ICD, πto je vjerojatno
rezultiralo boljim ishodima u skupini CRT-D.96 Druge stu-
dije su takoer donijele ehokardiografske dokaze da CRT
kod blagog stupnja ZS ( I./II. stupanj prema NYHA) donosi
veÊe strukturalno i funkcijsko reverzno remodeliranje koji
moæe sprijeËiti progresiju bolesti.97,98 Studija PACE je is-
traæivala da li je biventrikulska elektrostimulacija bila bo-
lja od apikalne elektrostimulacije desne klijetke za preven-
ciju neæeljenog srËanog remodeliranja kod pacijenata s
bradikardijom i normalnom poËetnom funkcijom klijetki.99

U ovoj manjoj randomiziranoj studiji sa 177 pacijenata ko-
ji su praÊeni u razdoblju od 12 mjeseci istraæivaËi su usta-
novili da je srednja LVEF bila znaËajno niæa u skupini s
desnostranom nego u skupini s biventrikulskom elektro-
stimulacijom (54,8±9,1% naspram 62,2±7,0%, p<0,001),
uz apsolutnu razliku od 7,4%. Meutim, korisni uËinci bi-
ventrikulske elektrostimulacije na ehokardiografske vari-
jable u ovoj skupini pacijenata nisu bili popraÊeni kliniË-
kom dobrobiti.

Druga vaæna i kontinuirana podruËja istraæivanja na
podruËju CRT ukljuËuju kako najbolje odabrati kandidate
koji Êe najbolje odgovoriti na primjenu CRT i kako opti-
mizirati odgovor. Varijable za poboljπanje odabira pacije-
nata koji su nedavno prouËavani ukljuËuju morfologiju
QRS iz studije MADIT-CRT ( Ëini se da je uzorak bloka li-
jeve grane predominantna morfologija povezana s odzi-
vom viπe nego drugi oblici),100 poËetna radijalna disinkro-
nija LV, poloæaj elektrode u LV i oæiljak miokarda u po-
druËju elektrode za elektrostimulaciju u LV,101 i sistoliËka
disinkronija mjerena tkivnim Dopplerom prije elektrostim-
ulacije.102 U skladu s postojeÊim znanjem, potvreno je da
je pozicioniranje elektrode LV bilo vaæno za pacijente u
studiji MADIT-CRT103 i u pacijenata s neishemijskom dila-
tativnom kardiomiopatijom.104 Prospektivna, randomizira-
na studija SMART-AV je usporedila tri razliËite metode AV
optimizacije (fiksna empirijska AV odgoda od 120 ms,
ehokardiografski optimizirana AV odgoda ili AV optimi-
zacija temeljena na EKG algoritmu) kod 980 pacijenata s
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was superior.105 The study found that neither echo- or ECG-
based AV optimisation was better than a fixed AV delay of
120 ms and therefore concluded that the routine use of AV
optimisation techniques was not indicated. However, the
data did not exclude the possibility that AV optimisation
might have a role in selected patients who do not respond
to CRT with empirical settings.

The potentially deleterious effects of chronic RV pacing
on cardiac function were re-examined in 103 patients with
isolated congenital AV block. Long-term pacing was not
found to be associated with the development of HF or de-
terioration of ventricular function in patients who were ne-
gative for antinuclear antibody, although patients who test-
ed positive for the antibody were more likely to develop
HF.106 Pacing in hypertrophic cardiomyopathy was also re-
cently re-examined in a single-centre study, which found
some evidence of benefit from dual chamber pacing in pa-
tients with hypertrophic cardiomyopathy with NYHA III-IV
symptoms, rest gradients of >50 mm Hg and who were re-
fractory to other drugs, after follow-up periods of up to 10
years.107 Another group of patients in whom the role of pac-
ing has remained controversial are those with carotid sinus
hypersensitivity (CSH) with syncope. In a double-blind,
placebo-controlled, crossover study, 34 patients (aged >55
years) with CSH and more than three unexplained falls in
the preceding 6 months were randomised to receive a
dual-chamber pacemaker with rate-drop response pro-
gramming which was switched on or off.108 The investiga-
tors found that the pacing intervention had no effect on the
number of falls and concluded that the role of pacing for
this group of patients remains controversial. A similar con-
clusion was reached in a multicentre study of 141 patients
(mean age 78 years) with cardioinhibitory CSH.109

Inherited arrhythmogenic diseases

Major advances have been made in our understanding
of the basic mechanisms, genetics and clinical features of
the inherited arrhythmogenic diseases (IADs) over the past
two years. Since these cannot all be covered in this short
overview, only some of the major studies with important
implications for general cardiologists will be mentioned.
The rapid expansion in our knowledge of the genetic basis
of the IADs and rise in commercially available clinical ge-
netic services has brought with it an additional dimension
to how we manage these conditions. The reader is referred
to a number of useful recently published reviews that ex-
amine these issues in more detail.110-112

SCD without morphological evidence of heart disease
accounted for 23% of cases in a recent pathological study
of UK athletes.113 Potential causes of unexplained cardiac
arrest were systematically evaluated in a prospective study
involving 63 patients in nine centres across Canada.114 The
tests, which included cardiac MRI, signal-averaged ECG,
exercise testing, drug challenge and selective electrophys-
iology (EP) testing, resulted in a specific diagnosis (IAD,
early repolarisation, coronary spasm and myocarditis) in
35 patients (56%). The remaining 28 patients were consid-
ered to have idiopathic VF. Subsequent genetic testing per-
formed in 19 patients found evidence of causative muta-
tions in nine (47%) of these. Family screening of 64 family
members of the nine patients with causative mutations led

CRT ureajem kako bi se utvrdilo koja je metoda najbo-
lja.105 Studija je ustanovila da niti jedna optimizacija nije
bolja od fiksne AV odgode od 120 ms te je stoga zakljuËi-
la da se ne preporuËa rutinsko koriπtenje tehnika AV opti-
mizacije. Meutim, podaci nisu iskljuËili moguÊnost da
AV optimizacija moæe imati ulogu kod odabranih pacije-
nata koji ne odgovaraju na empirijske postavke CRT.

Potencijalno πtetni uËinci kroniËnog elektrostimulacije
desne klijetke na srËanu funkciju su preispitani kod 103
pacijenta s izoliranim kongenitalnim AV blokom. Nije
utvreno da je dugoroËna elektrostimulacija bila povezana
s razvojem ZS ili pogorπanjem ventrikulske funkcije kod
pacijenata koji su bili negativni na antinuklearna protuti-
jela, iako su pacijenti koji su bili pozitivni na protutijela
imali veÊu πansu razvoja ZS.106 Elektrostimulacija kod hi-
pertrofijske kardiomiopatije je bila takoer nedavno istraæi-
vana u studiji provedenoj u jednom centru, koja je, nakon
razdoblja praÊenja od 10 godina, pronaπla odreene do-
kaze dobrobiti od elektrostimulacije obje klijetke kod pa-
cijenata s hipertrofijskom kardiomiopatijom sa simpto-
mima III./IV. stupnja prema NYHA, gradijentu u mirovanju
od >50 mmHg te koji su bili refraktorni na druge lije-
kove.107 Druga skupina pacijenata kod kojih je uloga elek-
trostimulacije ostala kontroverzna su oni s hipersenzitivn-
im karotidnim sinusom (CHS) i sinkopom. U dvostruko sli-
jepoj, placebom kontroliranoj, unakrsnoj studiji, 34 paci-
jenta (dob >55 godina) s CSH i viπe od tri neobjaπnjena
pada tijekom prethodnih 6 mjeseci bilo je randomizirano
na dvokomorni elektrostimulator s programiranjem odziva
na pad frekvencije koje je bilo ukljuËeno ili iskljuËeno.108

IstraæivaËi su ustanovili da intervencija elektrostimula-
torom nema uËinak na broj padova i zakljuËili da uloga
elektrostimulacije u ovoj skupini pacijenata ostala kontro-
verzna. SliËan zakljuËak je bio i u multicentriËnoj studiji s
141 pacijentom (srednja dob 78 godina) s kardioinhibi-
tornim CHS.109

Nasljedne aritmogene bolesti 

Tijekom posljednje dvije godine registriran je znaËajan
napredak u razumijevanju osnovnih mehanizama, geneti-
ke i kliniËkih znaËajki nasljednih aritmogenih bolesti (IAD).
Kako nije moguÊe sve obraditi u ovom kratkom pregledu,
spomenut Êemo samo neke od glavnih studija s vaænim im-
plikacijama za opÊe kardiologe. Brzo πirenje znanja o gen-
skoj pozadini IAD i porast komercijalno dostupnih kliniË-
kih genskih usluga je sa sobom donijelo dodatnu dimen-
ziju upravljanja ovim stanjima. »itatelje upuÊujemo na niz
korisnih nedavno objavljenih preglednih Ëlanaka.110-112

Iznenadna srËana smrt bez morfoloπke bolesti srca re-
gistrirana je u 23% sluËajeva u nedavnoj patoloπkoj studi-
ji sa sportaπima iz Ujedinjenog Kraljevstva.113 MoguÊi uzro-
ci neobjaπnjenog srËanog zastoja bili su sistematski eva-
luirani u prospektivnoj studiji koja je ukljuËivala 63 paci-
jenta u devet centara diljem Kanade.114 Testovi, koji su uk-
ljuËivali srËanu MRI, na signalu usrednjenog EKG, ergo-
metrijsko testiranje, ispitivanje na droge i selektivno elek-
trofizioloπko ispitivanje (EP) rezultirali su specifiËnom di-
jagnozom (IAD, rana repolarizacija, koronarni spazam i
miokarditis) kod 35 pacijenata (56%). Smatralo se da pre-
ostalih 28 pacijenata ima idiopatsku VF. Dodatna genska
testiranja obavljena na 19 pacijenata su naπla dokaze
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to the discovery of mutations in 15 individuals (23%), who
were subsequently treated. This study provides evidence
that targeted genetic testing may play a part in helping to
diagnose genetically mediated arrhythmia syndromes,
which may result in successful family screening.

An important study that investigated the presence of ge-
netic factors or modifiers that could partly explain the phe-
nomenon of incomplete penetrance seen in congenital
long QT syndrome (LQTS) identified the nitric oxide syn-
thase 1 adaptor protein (NOS1AP) as one such candida-
te.115 This protein was chosen on the basis of previous stu-
dies that showed an association between genetic variants
of NOS1AP and small quantitative increases in the QT in-
terval and an increased risk of death in a general popula-
tion.77, 116 In the study involving a South African LQTS popu-
lation (500 subjects, 205 mutation carriers), NOS1AP vari-
ants were found to be significantly associated with the oc-
currence of symptoms, clinical severity (including cardiac
arrest and SCD) and a greater likelihood of having a QT in-
terval in the top 40% of values among all mutation car-
riers. In another study involving 901 patients enrolled in a
prospective LQTS registry, three NOS1AP marker single
nucleotide polymorphisms (SNPs rs4657139, rs16847548
and rs10494366) were genotyped to assess the effect of va-
riant alleles on QTc and on the incidence of cardiac
events.117 The investigators found that variant alleles tagged
by SNPs rs4657139 and rs16847548 were associated with
an average QTc prolongation of 7 and 8 ms, respectively,
whereas rs4657139 and rs10494366 were associated with
an increased incidence of cardiac events. Furthermore, the
rs10494366 minor allele was an independent prognostic
marker among patients with QTc <500 ms, but not in the
entire cohort. These two studies demonstrate that genetic
testing for variants in the NOS1AP and tagged SNPs may
be clinically useful for risk stratification of patients with
congenital LQTS and potentially guide the choice of ther-
apeutic strategies.

The FINGER (France, Italy, Netherlands, GERmany) re-
gistry, one of the largest series on patients with Brugada
syndrome (BrS) so far, involved 1,029 consecutive indivi-
duals (745 men; 72%) with BrS (with a spontaneous or
drug-induced type I ECG) who were followed up for a me-
dian period of 31.9 months.118 The cardiac event rate per
year was 7.7% in patients with aborted SCD, 1.9% in pa-
tients with syncope and 0.5% in asymptomatic patients.
This study provides important information that the event
rate among asymptomatic patients with a Brugada ECG
(which comprised 64% of subjects in the registry) is low. In
addition, symptoms and a spontaneous type 1 ECG were
predictors of arrhythmic events, whereas gender, familial
history of SCD, inducibility of VTs during an EP study and
the presence of an SCN5A mutation were not predictive of
arrhythmic events. 

In an interesting mechanistic study of BrS, in vivo high-
density mapping using non-contact mapping array was
performed in the right ventricle of 18 patients with BrS and
20 controls.119 The investigators identified marked regional
endocardial conduction delay and heterogeneities in repo-
larisation in patients with BrS and proposed that the slow-
conduction zones may have a role in the initiation and
maintenance of ventricular arrhythmias. 

uzroËnih mutacija kod njih devet (47%). Obiteljski probir
64 Ëlana obitelji od devet pacijenata s uzroËnim mutacija-
ma je dovelo do otkriÊa mutacija kod 15 pojedinaca (23%)
koji su nakon toga lijeËeni. Ove studije daju dokaze da
ciljna genska testiranja mogu odigrati ulogu pri dijagnosti-
ciranju genski posredovanih aritmijskih sindroma, koji mo-
gu rezultirati uspjeπnim obiteljskim probirom.

Vaæna studija koja je istraæivala prisutnost genskih Ëim-
benika ili modifikatora koji bi djelomiËno mogli objasniti
fenomen nepotpune penetracije registrirane u kongenital-
nom long QT sindromu (LQTS) je utvrdila NOS1AP kao
jedan od kandidata.115 Ovaj protein je odabran temeljem
prethodnih studija koje su pokazale vezu izmeu genskih
varijacija NOS1AP i malih kvantitativnih poveÊanja QT in-
tervala s poveÊanim rizikom od smrti u opÊoj populaci-
ji.77,116 U studiji koja je ukljuËivala juænoafriËku populaciju
s LQTS (500 ispitanika, 205 nositelja mutacija), ustanov-
ljeno je da su NOS1AP varijacije znaËajno povezane s po-
javom simptoma, kliniËkom teæinom (ukljuËujuÊi srËani
zastoj i SCD) i veÊom vjerojatnosti postojanja QT intervala
u gornjih 40% vrijednosti meu svim nositeljima mutacija.
U drugoj studiji kod 901 pacijenata ukljuËenih u prospek-
tivni registar LQTS, tri NOS1AP markera pojedinaËnih po-
limorfiznih nukleotida (SNPs rs4657139, rs16847548 i
rs10494366) su genotipizirana kako bi procijenili uËinke
varijantnih alela na QTc i na uËestalost kardioloπkih doga-
aja.117 IstraæivaËi su ustanovili da su varijantne alele oz-
naËene sa SNPs rs4657139 i rs16847548 povezane s pro-
sjeËnim QTc produljenjem od 7 i 8 ms, dok su rs4657139
i rs10494366 povezani s poveÊanom uËestalosti kardioloπ-
kih dogaaja. Nadalje, manja alela rs10494366 je bila ne-
ovisni prognostiËki marker meu pacijentima s QTc <500
ms, no ne i u cijeloj kohorti. Ove dvije studije ukazuju da
gensko testiranje na varijante u NOS1AP i obiljeæenim
SNP mogu biti kliniËki korisni za stratifikaciju rizika kod
pacijenata s kongenitalnim LQTS i potencijalno voditi iz-
bor terapijskih strategija.

Registar FINGER (Francuska, Italija, Nizozemska, Nje-
maËka), jedna od do sada najveÊih serija pacijenata s Bru-
gada sindromom (BrS), ukljuËila je 1.029 uzastopnih poje-
dinaca (745 muπkaraca; 72%) s BrS (sa spontanim ili li-
jekovima potaknutim tipom I prema EKG) koji su praÊeni u
srednjem razdoblju od 31,9 mjeseci.118 UËestalost srËanih
dogaaja godiπnje je bila 7,7% kod pacijenata s prekinu-
tom SCD, 1,9% kod pacijenata sa sinkopama i 0,5% kod
asimptomatskih pacijenata. Ova studija daje vaæne infor-
macije da je uËestalost dogaaja meu asimptomatskim
pacijentima s Brugada EKG promjenama (πto je Ëinilo 64%
pacijenata u registru) niska. Takoer, simptomi i spontani
tip 1 promjena u EKG su predstavljali prediktore aritmijskih
dogaaja, dok spol, obiteljska anamneza SCD, inducibil-
nost VT tijekom EP i prisutnost SCN5A mutacije nisu bili
prediktivni za aritmijske dogaaje. 

U interesantnoj studiji koja je istraæivala mehanizam
BrS, na desnoj klijetki 18 pacijenata s BrS i kod njih 20 iz
kontrolne skupine obavljeno je in vivo mapiranje pomoÊu
nekontaktne maping mreæe.119 Identificiran je znaËajan re-
gionalni endokardijalni zastoj provoenja i heterogenot
kod repolarizacije u pacijenata s BrS te su pretpostavili da
zone spore provodnje moæda imaju ulogu u nastanku i
odræavanju ventrikulskih aritmija. 
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In line with these findings, an outstanding study was
subsequently performed in which nine symptomatic pa-
tients with BrS who had recurrent VF episodes underwent
endocardial and epicardial mapping of the right ventricle.
Ablation at unique abnormal low voltage sites (clustering
exclusively in the anterior aspect of the RVOT epicardium)
rendered VT/VF non-inducible in seven of the nine pa-
tients, with no recurrence of ventricular arrhythmias in all
patients over a follow-up period of 20±6 months. Intere-
stingly, normalisation of the Brugada ECG pattern was seen
in eight patients after ablation. This important proof-of-
concept study lends further support to the notion that the
underlying EP mechanism in patients with BrS is delayed
depolarisation in the RV outflow tract (specifically over the
anterior epicardial region) and demonstrates for the first
time that substrate modification may be an effective strate-
gy in patients with symptomatic BrS with recurrent VF
episodes.

Flecainide has recently emerged as a promising new
treatment for catecholaminergic polymorphic ventricular
tachycardia (CPVT). In a mouse model of CPVT, flecainide
was found to prevent arrhythmias by inhibiting cardiac rya-
nodine receptor-mediated calcium release.120 In the same
publication, flecainide also completely prevented CPVT in
two patients who had remained highly symptomatic with
conventional drug treatment. In a clinical study of 33 pa-
tients who had received flecainide because of exercised-
induced ventricular arrhythmias despite conventional
treatment, flecainide was found to either partially or com-
pletely reduce the arrhythmias in 76% of cases.121

U skladu s ovim nalazima, obavljena je izvrsna studija
u kojoj je devet simptomatskih pacijenata s BrS koji su
imali ponovljene epizode VF podvrgnuto endokardijalnom
i epikardijalnom mapiranju desne klijetke. Ablacija na je-
dinstvenim lokacijama abnormalno niskog napona (kla-
stering iskljuËivo u prednjem dijelu epikarda izlaznog trak-
ta desne klijetke) je VT/VF uËinila neinducibilnim kod se-
dam od devet pacijenata, bez povrata ventrikulskih aritmi-
ja kod svih pacijenata tijekom razdoblja praÊenja od 20±6
mjeseci. Interesantno je da je nakon ablacije normalizaci-
ja Brugada EKG uzorka ustanovljena kod osam pacijenata.
Ova vaæna studija dokaza koncepta daje daljnju podrπku
stanoviπtu da je nasljedni EP mehanizam kod pacijenata s
BrS odgoena depolarizacija u izlaznom traktu desne kli-
jetke (specifiËno iznad prednje epikardijalne regije) te po
prvi put pokazuje da promjena supstrata moæe biti uËin-
kovita strategija kod pacijenata sa simptomatskim BrS i
ponovljenim epizodama VF.

Flekainid se nedavno pojavio kao obeÊavajuÊa nova
terapija za kateholaminergiËnu polimorfnu ventrikulsku ta-
hikardiju (CPVT). Na miπjem modelu CPVT ustanovljeno je
da flekainid sprjeËava aritmije tako da inhibira otpuπtanje
kalcija posredstvom srËanih rianodin receptora.120 U istoj
publikaciji flekainid je takoer u potpunosti sprijeËio CPVT
kod dva pacijenta koja su ostali izrazito simptomatski us-
prkos primjene uobiËajenih lijekova. U kliniËkoj studiji sa
33 pacijenta koji su lijeËeni flekainidom zbog ventrikulskih
aritmija uzrokovanih vjeæbom usprkos uobiËajenoj terapi-
ji, flekainid je djelomiËno ili potpuno smanjio aritmije kod
76% sluËajeva.121
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