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SAÆETAK: Resinkronizacijska terapi-
ja (CRT) u lijeËenju kongestivnog zataji-
vanja srca (ZS) etablirana je veÊ cijelo
desetljeÊe. Prema dosadaπnjim spoznaja-
ma iz studija, takav terapijski pristup bio
je rezerviran za ZS sa simptomima i zna-
cima kongestije prema funkcijskom raz-
redu NYHA III/IV. Smrtnost kod pacijena-
ta sa ZS uglavnom je posljedica malignih
aritmija, koje se uspjeπno preveniraju i li-
jeËe ugradnjom kardioverter-defibrilatora
(ICD). KliniËko ispitivanje MADIT-CRT
na toj podlozi je usporedilo uËinkovitost
lijeËenja primjenom ICD i resinkroniza-
cijskog elektrostimulatora s kardiover-
terom-defibrilatorom (CRT-D) kod paci-
jenata u NYHA I/II funkcijskom razredu.
Nakon praÊenja od prosjeËno 2,4 godi-
ne, statistiËki znaËajno je smanjena inci-
dencija komplikacija ZS u skupini s im-
plantiranim CRT-D. Relativni rizik bio je
0,66 s 95% CI 0,52-0,84 πto je mjereno
razinom znaËajnosti dalo vrijednost
p=0,001 u korist CRT-D elektrostimulato-
ra. Razlika u smanjenju relativnog rizika
za nastup komplikacija bila je izraæenija
kod pacijenata s produljenim QRS-kom-
pleksom na viπe od 150 msec — 41%.
Glavna prepreka veÊoj ugradnji CRT-D
aparata predstavlja njihova visoka cijena,
posebno obzirom da je MADIT-CRT stu-
dija pokazala da je potrebno ugraditi 12
ureaja da bi se sprijeËila jedna komp-
likacija u smislu ZS. 

KLJU»NE RIJE»i: kongestivno zataji-
vanje srca, resinkronizacijska terapija,
kardioverter-defibrilator.
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SUMMARY: Cardiac resynchroni-
zation therapy (CRT) in treatment of con-
gestive heart failure (HF) has been estab-
lished for the whole decade. According
to the recent information from the studies,
such a therapeutic approach has been re-
served for HF with symptoms and signs of
congestion according to functional class
NYHA III/IV. The mortality in patients with
HF is mainly the consequence of malign
arrhythmias that are successfully preven-
ted and treated by implantable cardio-
verter-defibrillator (ICD). Clinical study
MADIT-CRT on such a base has compa-
red the efficiency of treatment by apply-
ing ICD and resynchronization electrosti-
mulator with cardioverter-defibrillator
(CRT-D) in patients in the NYHA I/II func-
tional class. After monitoring of 2.4 years,
the incidence of complications of HF in
the group of implanted CRT-D has been
statistically reduced. The relative risk was
0.66 with 95% CI 0.52-0.84 which meas-
ured by the level of importance yielded
the value of p=0.001 in favor of CRT-D
electrostimulator. The difference in de-
creasing a relative risk for occurrence of
complications was more representative
in patients with extended QRS-complex
to more than 150 msec — 41%. The ma-
jor obstacle to a larger scale implantation
of CRT-D is their high price, especially
since the MADIT-CRT study showed that
12 devices need to be implanted as to
prevent one HF complication.  

KEYWORDS: congestive heart fail-
ure, resynchronization therapy, car-
dioverter-defibrillator.
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Cardiac resynchronization therapy by using biventric-
ular electrostimulator has been established for years
in the treatment of heart failure (HF) and as the rec-

ommendation it is found in the American and European
guidelines for the treatment of HF1,2. Numerous studies
have proved an improvement of clinical parameters (hos-
pitalization due to HF and/or death) following the implan-
tation of biventricular electrostimulator measured by the
period from implantation without complications — MIRA-
CLE study3. On the other hand, implantable cardioverters
defibrillators (ICD) have reduced the mortality following
the implantation with patients with HF, since it has already
become clear that the greatest number of patients with se-
rious congestive HF finally die due to arrhythmia with sud-
den death — SCD-HeFT and MADIT-II studies4,5. The com-
bination of resynchronization and cardioversion logically
proved to be an ideal solution for patients with serious HF.
Resynchronization would improve the cardiac function,
prevent negative remodelation and increase the minute
volume, while the cardioverter would prevent the occur-
rence of hemodynamically very negative ventricular tachy-
cardia and fatal ventricular fibrillations. The COMPANION
study results have verified that: the use of resynchroniza-
tion electrostimulator with cardioverter-defibrillator (CRT-
D) apparatus that combines the resynchronization and car-
dioversion in patients with ischemic or non-ischemic car-
diomyopathy in functional stage III or IV according to the
New York Heart Association (NYHA) has lead to decrease
in mortality by 36% according to optimal medical thera-
py6. The overall safety of the procedure is high and compli-
cations occur in some 0.3-4% of cases7. The patients with
progressive functional stage of heart disease were concer-
ned, so it is of course, easier to make measurable improve-
ment in serious patients than those with moderately deve-
loped heart disease.  There remained the issue concerning
the early resynchronization therapy that would decrease
the permanently progressed heart damage (such as secon-
dary prevention) in persons that are still in low functional
classes (NYHA I and II).  

Due to the above open issues, the MADIT-CRT survey
has been organized. The survey included 1,820 patients
that had EF 30% and lower than that and delayed conduc-
tion through the ventricles — 130 msec and more, but in
the functional class NYHA I and II8.  The patients are ran-
domly divided in groups in ratio 3:2 that received the CRT-
D device — 1,089 persons or only ICD device — 731 per-
sons. The primary complication that was measured was the
difference in occurring fatal outcome for any reason or un-
fatal complication of HF whatever first occurs. The moni-
toring lasted for 2.4 years on average. The primary outco-
me has occurred in 187 out of 1089 patients with CRT-D
which represented an incidence of 17.2% and in 185 out
of 731 patients in the group only with ICD which repre-
sented an incidence of 25.3%. The statistics showed a sta-
tistically significant difference with risk ratio of the CRT-D
group compared to ICD group of 0.66 with 95% CI 0.52-
0.84 which measured by the importance level yielded the
value of p=0.001. 

More positive outcome in CRT-D group did not greatly
differ among the sub-groups (ischemic or non-ischemic
cardiomyopathy), while 41% of decrease in complications
was more represented in the group of patients with exten-
sion of QRS complex to over 150 msec.  No significant,

Resinkronizacijska terapija biventrikulskim elektrosti-
mulatorom etablirana je veÊ godinama u lijeËenju za-
tajivanja srca (ZS) i kao preporuka se nalazi u ameriË-

kim i europskim smjernicama za lijeËenje ZS1,2. Brojne stu-
dije dokazale su poboljπanje kliniËkih parametara (hospita-
lizacija zbog ZS i/ili smrt) nakon implantacije biventrikul-
skog elektrostimulatora mjereno razdobljem bez komp-
likacija od ugradnje — MIRACLE ispitivanje3. S druge stra-
ne, implantabilni kardioverter-defibrilatori (ICD) smanjili
su smrtnost nakon implantacije kod pacijenata sa ZS, bu-
duÊi je veÊ otprije bilo jasno da najveÊi dio pacijenata s
ozbiljnim kongestivnim ZS u konaËnici umire zbog aritmi-
je naglom smrÊu — SCD-HeFT i MADIT-II ispitivanja4,5.
Kombinacija resinkronizacije i kardioverzije, logiËno, na-
metnula se kao idealno rjeπenje za pacijente s teπkim ZS.
Resinkronizacija bi poboljπala srËanu funkciju, sprijeËila
nepovoljnu remodelaciju i poveÊala minutni volumen, a
kardioverter bi prevenirao nastup hemodinamski izrazito
nepovoljnih ventrikulskih tahikardija te fatalnih ventrikul-
skih fibrilacija. Rezultati COMPANION ispitivanja to su i
potvrdili: primjena resinkronizacijskog elektrostimulatora s
kardioverter-defibrilatora (CRT-D), aparata koji objedinjuje
resinkronizaciju i kardioverziju kod pacijenata s ishemij-
skom ili neishemijskom kardiomiopatijom funkcijskog sta-
dija III ili IV prema njujorπkoj udruzi za lijeËenje srËanih
bolesti (NYHA) smanjilo je smrtnost za 36% prema opti-
malnoj medikamentoznoj terapiji6. Pri tome je sveukupna
sigurnost postupka visoka i komplikacije se javljaju u sve-
ga 0,3-4% sluËajeva7. Radilo se, naravno, o pacijentima s
uznapredovalim funkcijskim stadijem srËane bolesti te je
naravno lakπe napraviti mjerljivo poboljπanje teπko boles-
nim nego onima s umjereno razvijenom boleπÊu srca. Os-
talo je pitanje rane resinkronizacijske terapije kojom bi se
umanjilo trajno napredovanje oπteÊenja srca (poput sekun-
darne prevencije) kod osoba koje su joπ u niskim funkcij-
skim razredima (NYHA I i II). 

Zbog navedenih otvorenih pitanja organizirano je ispi-
tivanje MADIT-CRT. U ispitivanje je ukljuËeno 1.820 paci-
jenata koj su imali EF 30% i niæu te produljeno provoenje
kroz klijetke — 130 msec i viπe, ali u funkcijskoj klasi
NYHA I i II8.  Pacijenti su sluËajno podijeljeni u odnosu 3:2
u skupine koje su dobile resinkronizacijski ureaj s defi-
brilatorom (CRT-D) — 1.089 osoba ili samo defibrilator
(ICD) — 731 osoba. Primarna komplikacija koja je mjere-
na bila je razlika u pojavljivanju smrtnog ishoda od bilo
kojeg razloga ili nesmrtonosna komplikacija ZS, πtogod se
pojavilo prvo. PraÊenje je trajalo prosjeËno 2,4 godine. Pri-
marni ishod dogodio se kod 187 od 1.089 pacijenata s
CRT-D aparatom πto je predstavljalo incidenciju od 17,2%
te kod 185 od 731 pacijenta u skupini samo s ICD, a to je
predstavljalo incidenciju od 25,3%. StatistiËka obrada po-
kazala je statistiËki znaËajnu razliku s omjerom rizika CRT-
D skupine prema ICD skupini od 0,66 s 95% CI 0,52-0,84
πto je mjereno razinom znaËajnosti dalo vrijednost
p=0,001. 

Povoljniji ishod u CRT-D skupini nije se bitno razliko-
vao meu podskupinama (ishemijska ili neishemijska kar-
diomiopatija), a 41% smanjenje komplikacija bilo je izra-
æeno u skupini pacijenata s produljenjem QRS-kompleksa
na preko 150 msec.  Nije doπlo do bitne, statistiËki mjerlji-
ve, razlike u smrtnom ishodu izmeu dviju skupina pacije-
nata, a godiπnja smrtnost odræala se na razini od 3% u obje
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statistically measureable difference in fatal outcome has
occurred between the two groups of patients, while the an-
nual mortality was maintained at the level of 3% in the
both groups.  Serious side-effects in the both groups were
rare8.

Based on such results, we could conclude that the use
of CRT-D devices in mild HF is superior to simple preven-
tion of sudden death in such patients.  Due to a possibility
of prevention of sudden death in the both implanted appa-
ratus, it is clear that improvement is achieved owing to re-
synchronization. This is how the resynchronization makes
sense for the first time and how it has a favorable effect
even in patients who are not in serious and/or terminal
stage of HF. It would be logical that such results lead to a
series of recommendations for implantation of CRT-D to all
patients with HF, from the beginning of diagnosing the di-
sease to terminal stage, if QRS is longer than 120 (even bet-
ter, 150) msec.  If the apparatus were free, and the implan-
tation lasted for a short time with no potential complica-
tions, the implantation of CRT-D apparatus would certain-
ly be more frequent worldwide. However, as emphasized
by Dr. M. Jessup in editorial of the issue of New England
Journal of Medicine, according to current calculations, 12
CRT-D apparatus should be implanted as to prevent one
HF complication!9 The question is, of course, who in the
world can afford it. 

skupine. Rijetke su bile i ozbiljne nuspojave u obje sku-
pine8.

Temeljem ovih rezultata moglo bi se zakljuËiti da je
primjena CRT-D aparata kod blage, poËetne kardijalne de-
kompenzacije superiorna pukom spreËavanju nagle smrti
kod takvih pacijenata. Zbog moguÊnosti spreËavanja nagle
smrti u oba implantirana aparata, jasno je da poboljπanje
ide na raËun resinkronizacije. Time se po prvi puta do-
kazuje da resinkronizacija ima smisla i povoljnog uËinka i
kod pacijenata koji nisu u teπkoj i/ili terminalnoj bolesti ZS.
Bilo bi logiËno da ovi rezultati poluËe val preporuka ugrad-
nje CRT-D aparata svim pacijentima sa ZS, od poËetka di-
jagnosticiranja bolesti do terminalne faze, ukoliko je QRS
dulji od 120  (joπ bolje, 150) msec. Kada bi aparatura bila
besplatna, a ugradnja kratka i bez potencijalnih kompli-
kacija, sigurno bi zapoËeo val ugradnje CRT-D aparata di-
ljem svijeta. No, kako naglaπava Dr. M. Jessup u uvodniku
Ëasopisa New England Journal of Medicine, prema danaπ-
njim izraËunima valja implantirati 12 CRT-D aparata da se
sprijeËi jedna komplikacija ZS!9. Postavlja se, naravno, pi-
tanje tko na svijetu to moæe priuπtiti. 
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