
Uvod

Kardiomiopatije predstavljaju bolesti miokarda sa struktur-
nim i funkcijskim promjenama srËanog miπiÊa u odsutnosti
koronarne bolesti srca, arterijske hipertenzije, valvularne bo-
lesti i kongenitalne bolesti srca, koje koje bi mogle biti uz-
rokom vidljive abnormalnosti miokarda. Klasificiraju se u niz
morfoloπkih i funkcijskih fenotipova koji mogu biti uzrokovani
genetskim i negenetskim mehanizmima. Nekoliko kljuËnih
tema je dominiralo tijekom 2010. i 2011. god., a glavna je bi-
la uporaba (i interpretacija) sve sofisticiranije genetske ana-
lize i novih neinvazivnih slikovnih tehnika za prouËavanje
kliniËkih fenotipova. Bilo je nekoliko novosti u lijeËenju te os-
taje jasno da postoji potreba za pravilno provedenim rando-
miziranim studijama za sve oblike kardiomiopatija.

Hipertrofijska kardiomiopatija

Hipertrofijska kardiomiopatija (HCM) se definira kao prisut-
nost hipertrofije miokarda koja se ne moæe objasniti uvjetima
optereÊenja. To je genetski poremeÊaj koji preteæno uzroku-
ju mutacije gena sarkomernih proteina, ali i druge genetske
bolesti, poput metaboliËkih kao πto su Anderson-Fabry-eva
bolest, uzrokuju manji dio sluËajeva.1

Tijekom posljednjih godina kontinuirano se istiËe znaËaj
konvencionalnih dijagnostiËkih metoda — EKG i ehokardio-
grafija u dijagnosticiranju HCM, ali se pridaje znaËaj tehniË-
kim usavrπenjima poput deformation imaging i 3-D eho-
kardiografije. Moæda je najveÊi napredak ipak upotreba MRI
srca. IstiËu se dva aspekta: sposobnost kardiomagnetske
rezonancije (CMR) da detektira miokardijske segmente koji
su “nevidljivi” za ehokardiografiju (npr. posteriorni septum i
apeks) te ono πto je moæda joπ vaænije, sposobnost snima-

Introduction

Cardiomyopathies are myocardial disorders in which the
heart muscle is structurally and functionally abnormal in the
absence of coronary artery disease, hypertension, valvular
disease and congenital heart disease, sufficient to cause the
observed myocardial abnormality. They are classified into a
number of morphological and functional phenotypes that
can be caused by genetic and non-genetic mechanisms. A
few key themes have been dominant in 2010-11, foremost
of which are the use (and interpretation) of increasingly so-
phisticated genetic analyses and the use of new non-inva-
sive imaging techniques to study clinical phenotypes. There
were few advances in treatment reported and it remains
clear that there is a need for properly conducted randomised
trials in all forms of cardiomyopathy.

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is defined by the pres-
ence of myocardial hypertrophy unexplained by loading con-
ditions. It is a genetic disorder predominantly caused by mu-
tations in sarcomere protein genes, but other genetic disea-
ses, including metabolic disorders such as Anderson-Fabry
disease, account for a substantial minority of cases.1

The literature over the past year illustrates the continued
importance of conventional diagnostic tools such as ECG
and echocardiography in the diagnosis of HCM, but various
refinements using different technical approaches, such as
deformation imaging and 3D echo, were reported. Perhaps
the most important advance has been the use of cardiac
MRI. Two aspects were prominent: the ability of cardiomag-
netic resonance (CMR) to detect myocardial segments ‘invi-
sible’ to echocardiography (eg, posterior septum and apex)
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nja oæiljka miokarda pomoÊu gadolinija. Niz radova je
istraæivalo uzorak distribuciju oæiljka i povezanost s kliniË-
kom slikom i prognozom.2-4 VeÊina podataka ukazuje da pri-
sutnost oæiljka predvia zatajivanje srca (ZS) nego izne-
nadnu srËanu smrt (ISS), no potrebne su veÊe nepristrane
studije. Metode za detektiranje difuzne fibroze su vjerojatno
joπ vaænije jer se ona najvjerojatnije razvija u ranom stadiju
bolesti i predstavlja vaæan terapijski cilj.5,6

LijeËenje

Mnogi pacijenti s HCM umiru od preuranjene smrti ili deset-
ljeÊima imaju loπu kvalitetu æivota. Najmoderniji naËin lije-
Ëenja pacijenata s HCM fokusira na tri aspekta ove bolesti:
identificiranje pojedinaca koji imaju rizik od ISS te bi stoga
mogli imati koristi od implatibilnih kardioverter-defibrilatora
(ICD); uklanjanje opstrukcije izlaznog trakta lijeve klijetke
(LK) i ublaæivanje ograniËavajuÊih simptoma koje uzrokuje
sistoliËka i dijastoliËka disfunkcija. U sva tri podruËja, rezul-
tati lijeËenja su i dalje suboptimalni, naroËito na podruËju
prevencije progresivnog ZS. Analiza moguÊe dobrobiti na
prevenciji iznenadne smrt kod pogoenih Ëlanova obitelji
koji nemaju simptome takoer predstavlja temu mnogih ra-
dova.7,8

Oslobaanje opstrukcije izlaznog trakta lijeve
klijetke

Objavljeno je nekoliko meta-analiza koje su usporeivale
rezultate septalne mijektomije sa septalnom alkoholnom ab-
lacijom.9-12 OpÊenito, ove studije pokazuju da je alkoholna
septalna ablacija povezana sa sliËnim stopama mortaliteta i
poboljπanjima funkcijskog stanja kao i kod kirurπkog lijeËe-
nja, iako s viπim rizikom od trajne implantacije elektrostimu-
latora srca i veÊim postintervencijskim gradijentom izlaznog
trakta. Neke su serije pacijenata pokazale viπu smrtnost na-
kon alkoholne ablacije, πto je rezultiralo komentarima upo-
zorenja o sigurnosti ovog postupka.10 Potraga za alternativ-
nim terapijama za opstrukciju izlaznog trakta se takoer na-
stavlja uz izvjeπÊa o radiofrekvencijskoj ablaciji septuma i
ponovnoj ocjeni dvokomorne atrioventrikularne sekvenci-
jalne elektrostimulacije.13-15 U nedostatku randomizirane us-
poredbe, nastavit Êe se kontroverze o relativnim prednosti-
ma i nedostacima pojedinih metoda lijeËenja. Trenutno se
invazivno lijeËenje opstrukcije izlaznog trakta LK preporuËa
samo kod pacijenata sa simptomima koji ne reagiraju na
farmakoloπku terapiju.

Iznenadna srËana smrt

U suvremenoj praksi, mali broj markera kliniËkog rizika se
koristi zajedno kako bi se predvidjela vjerojatnost ISS i po-
treba za ICD.16,17 Iako su i dalje vaæeÊi, trenutni pristupi imaju
vaæna ograniËenja. Posebice, mnogi pacijenti koji dobivaju
ICD za primarnu prevenciju nikad ne trebaju intervenciju
ureaja te su izloæeni riziku komplikacija povezanih s ure-
ajem i ostaju pod rizikom preuranjene smrti od trombo-
embolijskog moædanog udara i progresivnog ZS.18 Nadalje,
iako su genetski uzroci HCM kod djece sliËni onima kod
odraslih,19 konvencionalni algoritmi predvianja rizika moæ-
da nisu primjenjivi na pedijatrijsku populaciju.20 Stoga su i
dalje potrebni podaci za predvianje rizika i randomizirane
studije intervencija koje bi mogle sprijeËiti progresiju bolesti.

and probably more importantly, the ability to image myocar-
dial scar using gadolinium enhancement. Numerous papers
have examined the pattern and distribution of scar and its
relation to clinical presentation and prognosis.2-4 Most data
suggest that the presence of scar is predictive of heart fai-
lure (HF) rather than sudden cardiac death (SCD), but lar-
ger unbiased cohort studies are required. Methods to detect
diffuse fibrosis are likely to be even more important as this
probably develops at an early stage of the disease and re-
presents an important therapeutic target.5,6

Management

Many patients with HCM experience premature death or
have decades of poor health. The current state-of-the art in
the management of each patient with HCM focuses on three
aspects of the disease: identification of individuals who are
at increased risk of SCD and thus might benefit from im-
plantable cardioverter-defibrillator (ICD) treatment; relief of
left ventricular (LV) outflow tract obstruction and palliation of
limiting symptoms caused by systolic or diastolic dysfunc-
tion. In all three areas, treatments remain suboptimal, par-
ticularly in the prevention of progressive HF. Potential ben-
efits of presymptomatic diagnoses in affected family mem-
bers, largely justified on the basis of sudden death preven-
tion, is also an emerging theme in many papers.7,8

Relief of left ventricular outflow obstruction

Several meta-analyses comparing the results of septal mye-
ctomy with septal alcohol ablation have been published.9-12

In general, these studies show that alcohol septal ablation is
associated with broadly similar mortality rates and improve-
ments in functional status to those reported for surgical
treatment, albeit with a higher risk of permanent pacemaker
implantation and greater postintervention outflow tract gra-
dient. Some series have shown an excess of deaths after
alcohol ablation, resulting in cautionary comments about the
safety of this procedure.10 The search for alternative treat-
ments for outflow tract obstruction also continues with re-
ports of radiofrequency ablation of the septum and reapprai-
sal of dual chamber atrioventricular sequential pacing.13-15 In
the absence of a randomised comparison, the controversies
about the relative strengths and weaknesses of each of the-
se treatments will continue. Currently, invasive treatment of
LV outflow obstruction is recommended only in patients with
drug-refractory symptoms.

Sudden cardiac death

In contemporary practice, a small number of clinical risk
markers are used in aggregate to predict the probability of
SCD and the need for ICDs.16,17 While remaining valid, cur-
rent approaches have important limitations. In particular,
many patients receiving ICDs for primary prevention never
require device intervention, are exposed to risks of device-
related complications and remain at risk of premature death
from thromboembolic stroke and progressive HF.18 In addi-
tion, while the genetic causes of HCM in children are similar
to those in adults,19 conventional risk prediction algorithms
may not apply to paediatric populations.20 Further data on
risk prediction and randomised trials of interventions that
might prevent disease progression are clearly necessary.
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Hipertrofijska kardiomiopatija s refraktornim
simptomima

Pretpostavlja se da je prekomjerna potroπnja energije sarko-
mera vaæna za patofiziologiju HCM i ostalih bolesti srËanog
miπiÊa. Mehanizam ovog energetskog poremeÊaja nije
razjaπnjen, no visoko energetski udjeli fosfata su smanjeni
kod pacijenata s mutacijama sarkomernih proteina uz manju
ili pak bez hipertrofije, πto sugerira da je nedostatak energi-
je temeljna znaËajka fenotipa HCM. BuduÊi je poremeÊaj
metabolizma masnih kiselina jedan od kljuËnih pokretaËa
neuËinkovitog koriπtenja energije kod ZS,21 u randomizira-
nim, placebo kontroliranim studijama koriπten je perheksilin,
inhibitor mitohondrijskog unosa masnih kiselina, za lijeËenje
simptoma u optereÊenju. Perheksilin je smanjio simptome,
poboljπao sposobnost podnoπenja napora i dijastoliËku funk-
ciju tijekom optereÊenja kod simptomatskih pacijenata s ne-
opstruktivnom HCM, πto ukazuje da bi se ovaj i sliËni lijekovi
mogli koristiti u nekih pacijenata.22

Obiteljski probir

Nedavno objavljene analize troπkovne uËinkovitosti koje su
usporeivale strategije genetskog i kliniËkog probira daju ar-
gument za uporabu genetskog testiranja kod obiteljskog
probira.7,8 Meutim, objavljeni modeli se temelje na pretpo-
stavci da se algoritmi predvianja rizika koji su razvijeni i
validirani na populacijama s relativno visokim rizikom (koje
se uvelike sastoje od probanda — pacijenata s utvrenom
bolesti) jednako primjenjuju na kohorte s niæim osnovnim ri-
zikom (Moons i sur., neobjavljeni podaci). Takoer, ometa-
juÊi Ëimbenici kao πto su veliËina obitelji, penetrantnost bo-
lesti, genetske varijacije i nejasan znaËaj i relativno visoka
uËestalost heterozigotnosti uvelike nisu ukljuËeni u trenutne
modele koristi i troπkova. Potrebna je prospektivna procjena
razliËitih tehnika probira.

Aritmogena kardiomiopatija desne klijetke

Aritmogena kardiomiopatija desne klijetke (ARVC) je genet-
ska bolest srËanog miπiÊa koja se histoloπki karakterizira gu-
bitkom kardiomiocita i zamjenom s fibroznim ili fibromasnim
tkivom, a kliniËki aritmijom, ISS i ZS. Kod mnogih osoba bo-
lest je uzrokovana mutacijama gena koji kodiraju kompo-
nente interkalatornih diskova kardiomiocita.23 KliniËki, ARVC
je teπko dijagnosticirati te je nuæna integracija podataka od
Ëlanova obitelji, genetskog testiranja, elektrokardiografije i
tehnika oslikavanja.24 Glavni problemi lijeËenja ARVC su
prevencija ISS te lijeËenje simptomatske aritmije i ZS.

Etiologija

Sistematske studije u obiteljima su pokazale da se ARVC
nasljeuje i do u 50% sluËajeva kao autosomalna dominant-
na znaËajka s nepotpunom penetracijom i varijabilnom kli-
niËkom ekspresijom. Do danas je veÊina studija pokazala da
je veÊina obiteljskih sluËajeva uzrokovana heterozigotnim
mutacijama gena koji kodiraju dezmosomalne proteine, no
umijeπani su i drugi geni ukljuËujuÊi transformirajuÊi Ëim-
benika rasta β3 i transmembranski protein 43 (TMEM43 ),
citoplazmiËki membranski protein.23,25 Tijekom proπle godine
su daljnji dokazi o genetskoj heterogenosti demonstrirani
otkriÊem patogenih mutacija u dezminu, posrednom filament
proteinu i titinu.26-28 Nadalje, rezultati studija ukazuju na kom-
pleksni genetski status kod mnogih pacijenata s viπestrukim

Refractory s symptomatic hypertrophic
cardiomyopathy

It has been hypothesised that excessive sarcomeric energy
consumption is important in the pathophysiology of HCM
and other heart muscle diseases. The mechanism of this
energetic disturbance is not understood, but high energy
phosphate ratios are reduced in patients with mutations in
sarcomere proteins and little or no hypertrophy, suggesting
that energy deficiency is a fundamental characteristic of the
HCM phenotype. As disturbance of fatty acid metabolism is
one the key drivers of inefficient energy use in the failing
heart,21 perhexiline, an inhibitor of mitochondrial fatty acid
uptake, was used to treat exertional symptoms in a ran-
domised placebo-controlled trial. Perhexiline improved
symptoms, exercise capacity and diastolic function during
exercise in symptomatic patients with non-obstructive HCM,
suggesting that this and similar drugs might be of use in
some patients.22

Family screening

Recently published cost-benefit analyses comparing genetic
and clinical screening strategies provide an economic argu-
ment for the use of genetic testing in family screening.7,8 Ho-
wever, the published models are based on the assumption
that risk-prediction algorithms developed and validated in
populations at relatively high risk (largely comprising pro-
band patients) apply equally to cohorts at lower baseline risk
(Moons et al., unpublished data). In addition, confounders
such as family size, disease penetrance, genetic variants of
uncertain significance and the relatively high frequency of
compound heterozygosity are largely unaccounted for in
current cost-efficacy models. Prospective evaluation of dif-
ferent screening strategies is necessary.

Arrhythmogenic right ventricular
cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
a genetic heart muscle disease characterised histologically
by cardiomyocyte loss and replacement by fibrous or fibro-
fatty tissue, and clinically by arrhythmia, SCD and HF. In
many people, the disease is caused by mutations in genes
that encode components of the intercalated disc of car-
diomyocytes.23 Clinically, ARVC is difficult to diagnose, re-
quiring integration of data from family members, genetic te-
sting, electrocardiography and imaging techniques.24 The
major management problems in ARVC are prevention of
SCD and treatment of symptomatic arrhythmia and HF.

Aetiology

Systematic family studies have shown that ARVC is inherit-
ed in up to 50% of cases as an autosomal dominant trait with
incomplete penetrance and variable clinical expression. To
date, most studies have shown that the majority of familial
cases are caused by heterozygous mutations in genes en-
coding desmosomal proteins, but other genes have been
implicated including transforming growth factor β3 and
transmembrane protein 43 (TMEM43), a cytoplasmic mem-
brane protein.23,25 Over the past year, further evidence of ge-
netic heterogeneity has been demonstrated by the discovery
of pathogenic mutations in desmin, an intermediate filament
protein, and titin.26-28 In addition, studies continue to report
complex genetic status in many patients with multiple vari-
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varijantama razliËitih dezmosomalnih gena.29 »ini se da
prisutnost viπestrukih mutacija poveÊava ozbiljnost kliniËkog
fenotipa, no takoer predstavlja i izazov za interpretaciju ge-
netskog testiranja, posebice vezano za varijante koje se
mogu pojaviti kod normalne populacije koje same ne uzro-
kuju bolest, no mogle bi promijeniti podloænost bolesti u pri-
sutnosti drugih genetskih ili okoliπnih Ëimbenika.

DijagnostiËki kriteriji

Kao i kod drugih bolesti srËanog miπiÊa, sadaπnji dijagnosti-
Ëki obrazac za ARVC predstavlja najnoviju iteraciju znan-
stvenih i kliniËkih saznanja koja je poËela sa studijom teπkih
sluËajeva sa ISS ili ventrikularnim aritmijama. Patoloπki pre-
gledi postmortalnih uzoraka od ovih uznapredovanih oblika
bolesti koriπteni su kako bi se ustanovili histoloπki pokaza-
telji bolesti — npr. fibromasna zamjena, formiranje aneuriz-
mi i dilatacija desne klijetke. Od tada se standardne kliniËke
metode kao πto su EKG, ventrikulografija, ehokardiografija i,
u novije vrijeme, MRI koriste za dijagnosticiranje sve suptil-
nijih manifestacija ovog histoloπkog fenotipa. Prepoznava-
nje da je bolest obiteljska znaËajka uzrokovana mutacijama
gena koji kodiraju proteine interkalatornog diska, je bila do-
datak na ovo sloæeno stanje.30 Racionalizacija ovih razliËitih
aspekata bolesti je formirala temelj modificiranih dijagno-
stiËkih kriterija koji su 2010. istodobno objavljeni u Ëasopisi-
ma Circulation i European Heart Journal.24 Ovaj vaæan Ëla-
nak je veÊ definirao buduÊa kliniËka i znanstvena ispitivanja,
a dokazi od studija u obitelji sugeriraju da se osjetljivost i
specifiËnost kriterija poboljπala.31,32 Meutim, veÊi naglasak
na kvantifikaciju i genotipizaciju veÊ predstavlja znaËajne di-
jagnostiËke i terapijske izazove. Primjerice, sam atletski tre-
ning moæe rezultirati fenotipom koji ispunjava kriterij u
odsutnosti genetskih dokaza bolesti33, a EKG kriteriji mogu s
vremenom takoer pokazati znaËajnu varijabilnost.34

Prevencija iznenadne smrti

UnatoË reputaciji ARVC kao glavnog uzroËnika ISS, pro-
spektivni podaci o riziku i prevenciji iznenadne smrti u nese-
lekcioniranima populacijama su iznenaujuÊe rijetki. Trenut-
ne AHA/ACC/ESC 2006 smjernice za lijeËenje pacijenata s
ventrikulskim aritmijama i prevenciju ISS preporuËaju im-
plantaciju ICD kod pacijenata s ARVC koji imaju dokumen-
tiranu postojanu ventrikulsku tahikardiju (VT) ili ventriku-
larnu fibrilaciju (VF) i koji su lijeËeni optimalnom farmako-
loπkom terapijom uz razumno oËekivanje preæivljavanja s
dobrim funkcijskim statusom viπe od jedne godine. Prepo-
ruke kod pacijenta bez ovih znaËajki su nuæno spekulativni-
je. Retrospektivne analize su identificirale niz moguÊih pre-
diktora neæeljenih ishoda, ukljuËujuÊi nastup simptoma u
ranoj dobi, sudjelovanje u natjecateljskim sportovima, pozi-
tivnu obiteljsku anamnezu, teπku dilataciju desne klijetke,
ukljuËenost LK, sinkope, epizode ventrikulskih aritmija i
poveÊanu QRS disperziju na 12-kanalnom EKG. Corrado i
sur. su 2010. god. objavili studiju na 106 uzastopnih pacije-
nata s ARVC koji su dobili ICD na temelju jednog ili viπe Ëim-
benika aritmijskog rizika, kao πto su sinkope, nepostojanja
VT, iznenadna smrt u obitelji i inducibilnost kod programi-
rane ventrikulske stimulacije.35 Tijekom praÊenja, 24% paci-
jenata je imalo odgovarajuÊu intervenciju ICD, od kojih je 17
(16%) bilo zbog VF ili ventrikulske undulacije. Svi pacijenti
su preæivjeli 48 mjeseci. Sinkope su bile najvaæniji prediktor
intervencije ICD, no programirana ventrikulska stimulacija je
imala nisku toËnost kod previanja terapije sa ICD. Ovi

ants in different desmosomal genes.29 The presence of mul-
tiple mutations appears to increase the severity of the clini-
cal phenotype, but also poses a challenge for the interpre-
tation of genetic testing, particularly with regard to variants
that may occur in normal populations which do not cause
disease in themselves, but might conceivably alter disease
susceptibility in the presence of other genetic or environ-
mental factors.

Diagnostic criteria

As in other heart muscle diseases, current diagnostic para-
digms for ARVC represent the latest iteration of a scientific
and clinical narrative that began with the study of severe
cases presenting with SCD or ventricular arrhythmia. Patho-
logical examination of postmortem specimens from these
advanced forms of the disease were used to establish his-
tological hallmarks of the disease — namely, fibrofatty re-
placement, aneurysm formation and right ventricular dilata-
tion. Thereafter, standard clinical tools such as ECG, ventri-
culography, echocardiography and latterly cardiac MRI have
been used to diagnose ever more subtle manifestations of
this histological phenotype. Recognition that the disease is
a familial trait caused by mutations in genes that code for
proteins of the intercalated disc, has added to this comple-
xity.30 A rationalisation of these different aspects of the di-
sease formed the basis for modified diagnostic criteria pub-
lished simultaneously in Circulation and the European Heart
Journal in 2010.24 This important paper has already defined
future clinical and scientific enquiry, and evidence from fam-
ilies suggests that the sensitivity and specificity of the crite-
ria have improved.31,32 Nevertheless, the greater emphasis
on quantification and genotyping is already posing signifi-
cant diagnostic and management challenges. For example,
athletic training alone may result in a phenotype that fulfils
criteria in the absence of genetic evidence for the disease33

and ECG criteria may also show considerable variability
with time.34

Prevention of sudden death
In spite of the reputation of ARVC as a major cause of SCD,
prospective data on the risk of sudden death in unselected
populations and its prevention are surprisingly few. Current
AHA/ACC/ESC 2006 guidelines for the management of
patients with ventricular arrhythmias and the prevention of
SCD recommend ICD implantation in patients with ARVC
who have documented sustained ventricular tachycardia
(VT) or ventricular fibrillation (VF) and who are receiving
optimal medical treatment with reasonable expectation of
survival with a good functional status for more than 1 year.
Recommendations in patients without these features are ne-
cessarily more speculative. Retrospective analyses have
identified a number of possible predictors of adverse outco-
me in probands, including early age of onset of symptoms,
participation in competitive sports, a malignant family histo-
ry, severe right ventricular dilatation, LV involvement, synco-
pe, episodes of ventricular arrhythmias and increased QRS
dispersion on 12-lead ECG. In 2010, Corrado and collea-
gues published a study on 106 consecutive patients with
ARVC who received an ICD based on one or more arrhyth-
mic risk factors, such as syncope, non-sustained VT, fami-
lial sudden death and inducibility at programmed ventricular
stimulation.35 During follow-up, 24% of patients had appro-
priate ICD interventions, 17 of which (16%) were for VF or
ventricular flutter. All patients survived to 48 months. Syn-
cope was the most important predictor of ICD intervention
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podaci podupiru trenutnu preporuku implantacije ICD kod
simptomatskih pacijenata, no problem primarne prevencije
kod asimptomatskih pacijenata i dalje ostaje nerijeπeno pi-
tanje.

Dilatativna kardiomiopatija

Dilatativna kardiomiopatija (DCM), kada se definira kao dila-
tacija LK i oπteÊenje sistoliËke funkcije u odsutnosti pret-
hodnog infarkta miokarda, predstavlja jednu od najËeπÊih
bolesti srËanog miπiÊa u razvijenim zemljama.
Tijekom proπlih godina istraæivanja su ukazala na znaËaj ge-
netike u etiologiji nasljednih i naoËigled steËenih oblika
DCM. Karakterizacijsko oslikavanje tkiva primjenom CMR
joπ je jedna vaæna znaËajka nedavnog istraæivanja DCM, uz
studije koje ukazuju da se tako osiguravaju dodatne dijag-
nostiËke i prognostiËke informacije. LijeËenje pacijenata se i
dalje sastoji od standardnih simptomatskih i prognostiËkih
terapija ZS, no nedavno su zapoËela istraæivanja kako bi se
identificirao uzrok i tako prilagodilo lijeËenje.

Etiologija

Kako profil kliniËkih nalaza rijetko pomaæe u identifikaciji
etiologije, razlikovanje nasljednih i steËenih sluËajeva DCM
i dalje ostaje glavni izazov. U sluËajevima sporadiËne bolesti
(tj. u odsutnosti bolesti Ëlanova u obitelji), posredni dokazi
mogu ukazati da je uzrok oπteÊenja srca upalni, toksiËni,
ovisan o optereÊenju ili srËanoj frekvenciji, ili je uzrokovan
metaboliËkim abnormalnostima. Meutim, nedavno objav-
ljeni podaci ukazuju da je genetska podloænost Ëesto potci-
jenjena kod oËigledno sporadiËne bolesti. U proπlosti su po-
daci od æivotinja demonstrirali vaænost Ëimbenika ovisnih o
domaÊinu kod odreivanja podloænosti kardiomiotropnim vi-
ralnim patogenima36, a 2010. god. je po prvi put objavljena
povezanost izmeu miokarditisa i uobiËajenih genetskih va-
rijanti kod ljudi.37 Kod peripartalne kardiomiopatije, studije su
pokazale vezu izmeu kromosomskog lokusa s peripartal-
nom DCM38 i prisutnost nedijagnosticirane DCM kod Ëlano-
va obitelji prvog stupnja (3 od 10) u æena s dijagnosticiranim
peripartalnom DCM.39

Nedavne genetske studije takoer su osporile prethodno pri-
hvaÊene koncepte patogeneze bolesti.40-54 Studija s uklju-
Ëenih 100 pacijenata s idiopatskom DCM41, koji nisu bili u
srodstvu, identificirala je dezmosomalne varijante genetskih
sekvencija (neke prethodno povezane s ARVC) kod 18 paci-
jenata, od kojih je pet klasificirano kao patogeno. U studija-
ma limitirane kosegregacije na dva rodoslovlja, nositelji mu-
tirajuÊih gena nisu ispunili dijagnostiËke kriterije niti za
ARVC niti DCM, no uzorci uËestale ventrikulske ektopije i/ili
miopatije prikazom LGE (late gadolinium enhancement) su
detektirani kod nekih nositelja mutacija s normalnim nalazi-
ma ehokardiografije. Ovi nalazi ilustriraju uËestalost genet-
skih varijacija kod pacijenata s DCM i heterogenim i Ëesto
suptilnim manifestacijama bolesti kod roaka koji nose istu
varijaciju.

Napredno kardioloπko oslikavanje i 
karakterizacija miokarda

Karakterizacija tkiva, jedinstveni doprinos CMR neinvaziv-
nom oslikavanju, razlikuje normalni miokard od edemato-
zog, fibroznog i infiltriranog miokarda te moæe otkriti masne
promjene. U specifiËnim kliniËkim situacijama, profil, pros-
torna raspodjela i temporalne znaËajke abnormalnosti tkiva

but programmed ventricular stimulation had a low accuracy
for predicting ICD treatment. These data add to current ad-
vice for ICD implantation in symptomatic patients, but the
issue of primary prevention in asymptomatic patients re-
mains a question for the future.

Dilated cardiomyopathy

Dilated cardiomyopathy (DCM), when defined as LV dilata-
tion and systolic impairment in the absence of previous myo-
cardial infarction, is one of the commonest heart muscle di-
seases in developed countries.
Over the past year, research emphasising the importance

of genetics in the aetiology of inherited and apparently ac-
quired forms of DCM has been a prominent feature. Tissue
characterisation imaging with CMR is another notable fea-
ture of recent DCM research, with studies suggesting that it
provides additional diagnostic and prognostic information.
Patient management continues to consist largely of stan-
dard symptomatic and prognostic HF treatments, but recent
work has begun to identify the importance of aetiology in
determining management.

Aetiology

The difficulty in distinguishing between inherited and ac-
quired cases of DCM remains a major challenge as the pro-
file of clinical findings rarely helps to identify aetiology. In
cases of sporadic disease (ie, in the absence of affected fa-
mily members), circumstantial evidence may suggest the
causative cardiac injury is inflammatory, toxic, load or heart
rate dependent, or due to metabolic abnormalities. How-
ever, recently published data suggest that genetic suscepti-
bility is often underestimated in apparently sporadic disease.
In the past, animal data have demonstrated the importance
of host genetic factors in determining susceptibility to car-
diomyotrophic viral pathogens36; in 2010, an association
between myocarditis and common gene variants was report-
ed for the first time in humans.37 In peripartum cardiomyopa-
thy, studies demonstrated an association of a chromosomal
locus with peripartum DCM38 and the presence of undia-
gnosed DCM in first-degree family members (3 of 10) of
women diagnosed with peripartum DCM.39

Recent genetic studies have also challenged previously ac-
cepted concepts of disease pathogenesis.40-54 A study of 100
unrelated patients with idiopathic DCM41 identified desmo-
somal gene sequence variants (some previously associated
with ARVC) in 18 patients, five of which were classified as
pathogenic. In limited co-segregation studies in two of the
pedigrees, no mutant gene carriers fulfilled diagnostic crite-
ria for either ARVC or DCM, but frequent ventricular ectopy
and/or myopathic patterns of late gadolinium enhancement
(LGE) were detected in some mutation carriers with normal
echocardiograms. These findings illustrate the frequency of
genetic variants in patients with DCM and the heteroge-
neous and often subtle manifestations of disease in relatives
who carry the same variant.

Advanced cardiac imaging and myocardial
characterisation

Tissue characterisation, CMR’s unique contribution to non-
invasive imaging, can differentiate normal myocardium from
oedematous, fibrotic and infiltrated myocardium and can de-
tect fatty change. In specific clinical situations, the profile,
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mogu pomoÊi u razlikovanju uzroka oπteÊenja srca.55-57 LGE
nakon infarkta miokarda tipiËno je subendokardijalni, a kod
neishemijske DCM kod bar jedne treÊine sluËajeva58-60 LGE
se detektira i tipiËno zahvaÊa srednji zid ili subepikard, no
niti prisutnost LGE ili njegova lokalizacija nisu specifiËni da
bi ukazivali na etiologiju.41,61,62 Meutim, nedavno objavljeni
rad ukazuje da prisutnost LGE moæe biti marker ozbiljnosti
bolesti te je prognostiËki vaæan u nekim okruæenjima.58-60,63-65

Strategije lijeËenja koje ukljuËuju nalaze LGE nisu formuli-
rane ili procijenjene.
CMR u dijagnozi miokarditisa, posebice u odnosu na akutne
i kroniËne abnormalnosti u karakteristikama tkiva i njihov
odnos s progresijom bolesti do DCM i s razvoja ZS.56,57,66

Potrebne su veÊe studije kako bi validirale dijagnostiËke kri-
terije CMR za miokarditis u razliËitim kliniËkim okruæenjima
(npr. u kohorti s idiopatskom DCM) te kako bi se utvrdilo
imaju li nalazi CRM prognostiËku vrijednost.

LijeËenje

Smjernice za farmakoloπke i primjenu ureaja kod bolesni-
ka sa ZS slabo ukazuju na etioloπki specifiËno lijeËenje.
RazmatrajuÊi indikacije za terapiju ICD i resinkronizacijom
srca, glavne nacionalne smjernice ukazuju na drugaËije kri-
terije za neishemijsku u usporedbi s ishemijskom etiologijom
ZS, a ukazuju na veÊu vjerojatnost da neishemijska DCM
ima bolju prognozu.67-69

Nedavni rad Millat i sur. identificira neke rizike kod pretpo-
stavljanja homogenosti meu pacijentima s DCM.45 U goto-
vo 10% nepovezanih pacijenata s DCM bile su prisutne
mutacije u LAMIN A/C, uzrok DCM koji je povezan s izrazi-
to visokim rizikom od ventrikulskih aritmija i progresivne bo-
lesti provoenja.70 SliËne komplikacije su takoer uobiËajene
kod kardiomiopatije koja je povezana s miotoniËkom distrofi-
jom.71,72

Nalazi konvencionalnijih metoda oslikavanja takoer mogu
biti vaæni za indiciranje terapije ureajima.73-75 Nedavne pub-
likacije opisuju prognostiËki znaËaj funkcijske mitralne re-
gurgitacije, znaËajke DCM povezane s geometrijom LK,
kontraktilnosti i disinkronijom.76,77 Rossi i sur. su, kod neis-
hemijske DCM, demonstrirali povezanost funkcijske mitral-
ne regurgitacije s udvostruËenjem zajedniËkog ishoda od
svih uzroka smrtnosti tijekom hospitalizacije i pogorπanja
ZS.74

Genetika

Mnoga od nasljednih kardioloπkih stanja za koja je prvo de-
tektiran genetski uzrok su iznimno penetrantne monogen-
ske bolesti s lako detektibilnim kardioloπkim fenotipom po-
godnim za istraæivaËke pristupe poput genetskog povezi-
vanja. Na uzorku rodoslovlja primjerene veliËine s visoko
penetrantnom bolesti, analiza povezanosti moæe utvrditi sta-
tistiËku povezanost izmeu genetskog lokusa/mutacije i fe-
notipa bolesti (npr. statistiËki robusna kosegregacija izraæe-
na kao logaritamskom ili LOD ljestvicom). Ova klasiËna ge-
netska tehnika i dalje donosi nove nalaze o nasljednim bo-
lestima srca.78,79 

OgraniËeniji pristupi kandidatima za detekciju mutacija po-
stali su dominantni u novijim istraæivanjima; prednosti uklju-
Ëuju niæe troπkove i sposobnost prouËavanja malih obitelji ili
pojedinaca s nisko penetrabilnom bolesti. Geni kandidata se
odabiru zbog niza razloga koji ukljuËuju Ëlanstvo u genskoj
skupini koja je veÊ povezana s bolesti (npr. sarkomerni ili

spatial distribution and temporal characteristics of tissue
abnormalities, can differentiate between causes of cardiac
damage.55-57 Myocardial LGE after myocardial infarction is
typically subendocardial; in non-ischaemic DCM, LGE is
detected in at least one-third of cases58-60 and is typically
mid-wall or subepicardial, but neither the presence of LGE
or its localisation are specific for any particular aetiolo-
gy.41,61,62 However, recently published work suggests that the
presence of LGE may be a marker of disease severity and
is prognostically important in some settings.58-60,63-65 Mana-
gement strategies that incorporate LGE findings have not
been formulated or assessed.
CMR in the diagnosis of myocarditis, in particular with res-
pect to acute and chronic abnormalities in tissue characte-
ristics and their relation to disease progression to DCM and
to the development of HF.56,57,66

Larger studies are now needed to validate CMR diagnostic
criteria for myocarditis in a variety of clinical settings (eg, in
a cohort with idiopathic DCM), and to establish whether
CMR findings have prognostic value.

Treatment

Guidelines for pharmacological and device therapies in HF
make little reference to aetiology-specific management. In
considering indications for device therapy (both ICD and
cardiac resynchronisation therapy), major national guide-
lines suggest slightly different criteria for non-ischaemic
than for ischaemic HF that recognise the greater likelihood
that, on average, non-ischaemic DCM may have a better
prognosis.67-69

Recent work by Millat et al. identifies some of the hazards in
assuming homogeneity among patients with DCM.45 They
demonstrated that nearly 10% of unrelated patients with
DCM had mutations in LAMIN A/C, a cause of DCM associ-
ated with particularly high risks of ventricular arrhythmias
and progressive conduction disease.70 Similar complications
are also common in the cardiomyopathy associated with
myotonic dystrophy.71,72

More conventional imaging findings may also be important
in refining device therapy.73-75 Recent publications describe
the prognostic importance of functional mitral regurgitation,
a feature of DCM related to LV geometry, contractility and
dyssynchrony.76,77 Rossi et al. demonstrate, in non-ischae-
mic DCM, that functional mitral regurgitation is associated
with doubling of a combined end point of all-cause mortality
hospitalisation and worsening HF.74

Genetics

Many of the inherited cardiac conditions for which a genetic
cause was first detected were highly penetrant monogenic
diseases with a readily detectable cardiac phenotype amen-
able to discovery approaches such as genetic linkage. In
suitably sized pedigrees with highly penetrant disease, lin-
kage analysis can provide statistical associations between a
genetic locus/mutation with a disease phenotype (ie, a sta-
tistically robust co-segregation expressed as a logarithmic
or LOD score). This classic genetic technique continues to
deliver new genetic findings in hereditary heart muscle di-
sease.78,79

More restricted candidate approaches in mutation detection
have predominated in recent research; advantages include
lower costs and an ability to study small families or individ-
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dezmosomalni geni), razumijevanje da funkcija gena moæe
biti vaæna u razvoju fenotipa (npr. geni ukljuËeni u hiper-
trofiËno signaliziranje) te posebice znaËajke koje se identifi-
ciraju u fazi bolesti (npr. razlike ekspresijskim profilima mio-
kardnih gena izmeu normalnih i bolesnih osoba).
Nedavno objavljeni radovi navode da se veza izmeu gena
novih kandidata i bolesti srËanog miπiÊa moæe razmatrati u
najmanje tri kategorije: opis relativne uËestalosti genetskih
abnormalnosti kod gena koji poznato uzrokuju specifiËne
bolesti18,43,45,48; potrage za varijantama nizova gena koji su po-
vezani s jednom bolesti srËanog miπiÊa (popreËni ili prekla-
pajuÊi fenotipovi)28,41,42,46-49,52,80 te otkriÊe varijanti nizova kod
novih kandidata koji prethodno nisu bili povezani s kardio-
loπkom bolesti.81,82

Do nedavno su kao podrπka odabiru gena kandidata uvelike
koriπteni empirijski dokazi, no na metode odabira utjeËe vje-
rojatnost prije testiranja da varijante ciljanog gena uzrokuju
bolest. Nedavno su opisane kvantitativnije metode identi-
fikacije gena kandidata.83-85

Villard i sur. su objavili studije povezanosti genoma na DNA
uzorcima koji su dobiveni od pacijenata s naoËigled spo-
radiËnom idiopatskom DCM.83 Dva nuklearna polimorfizma
na kromosomima 1p36 i 10q26 su znaËajno povezana s
DCM. Interpretacija ovih podataka je da taj lokus sadræi ge-
ne koji igraju vaænu, no ne i uzroËnu, ulogu u razvoju spo-
radiËne DCM. Meutim, nekoliko mutacija na jednom od ge-
na kandidata (BAG3, kromosom 10 lokus) je identificirano
kod pacijenata s obiteljskom DCM; nekoliko od ovih mutaci-
ja je kosegregiralo s obiteljskim fenotipom. Potrebno je na-
pomenuti da je bilo malo vjerojatno da bi ova studija bila di-
zajnirana da identificira genske kandidate uzroËnike DCM; u
svakom sluËaju, niti jedan lokus nije sadræavao niti jedan od
mnogih poznatih gena za DCM.
Joπ jedan metodoloπki prvijenac za kardiomiopatiju je tako-
er identificirao BAG3 kao uzrok DCM. Kod ispitanika i na tri
bolesna Ëlana obitelji multigeneracijskog rodoslovlja s auto-
somalnom dominantnom DCM, Norton i sur. su obavili i sek-
venciranje cijelog eksona i genomsku procjenu varijacija u
broju kopija (CNV).84 Nakon sekvenciranja eksoma, niti jed-
na od genetskih varijanti koje su identificirane kod ispsitani-
ka nije kosegregirala s boleπÊu. CNV analiza genoma visoke
gustoÊe (koja ima rezoluciju jednog eksona) je detektirala
deleciju koja okruæuje ekson 4 od BAG3 koja je kosegregi-
rala s bolesti. BuduÊi da strategije detektiranja mutacija koje
ovise samo o regijama genoma za sekvencijsko kodiranje
neÊe detektirati CNV koji je uzrokovan velikim delecijama ili
insertacijama, buduÊe CNV studije bi nam mogle reÊi da su
velike delecije u genima, koje su veÊ povezane s kardiomio-
patijama, vaæan uzrok ovih bolesti. 
Na kraju, koristeÊi osnovniji i ukljuËivi pristup identificiranju
gena kandidata, Neely i sur. su procijenili uËinke kardioloπki
specifiËne analize (primjenom RNA) viπe od 7.000 gena na
vinskoj muπici uzgajanoj u uvjetima kardioloπkog stresa.85

Autori su identificirali gotovo 500 evolucijski saËuvanih gena
i puteva koji bi mogli imati kljuËne i oËuvane uloge u kardio-
vaskularnom sustavu. Njihovi nalazi identificiraju mnoge ci-
ljeve za buduÊe studije gena kandidata; na primjer, izmije-
njena srËana repolarizacija povezana sa zajedniËkim poli-
morfizmom u ljudskom izoobliku gena povezanom s fenoti-
pom DCM u vinskoj muπici.

Nove tehnologije

Izraz sekvenciranje sljedeÊe generacije (NGS) odnosi se na
niz tehnologija koje pruæaju masivno paralelno, visoko pro-

uals with low penetrance disease. Candidate genes are se-
lected for a number of reasons that include membership in a
gene group already associated with disease (eg, sarcomeric
or desmosomal genes), an understanding that the gene’s
function may be important in the development of the pheno-
type (eg, genes involved in hypertrophic signalling) and par-
ticular features identified in the disease state (eg, differen-
ces in myocardial gene expression profiles between affected
and normal subjects).
Recently published work presenting associations between
new candidate genes and heart muscle disease may be
considered in at least three categories: descriptions of rela-
tive frequencies of genetic abnormalities in genes known to
cause a specific disease18,43,45,48; searches for sequence vari-
ants in genes associated with one heart muscle disease in
another (cross-over or overlapping phenotypes)28,41,42,46-49,52,80

and discovery of sequence variants in new candidates not
previously associated with any cardiac disease.81,82

Until recently, largely empirical evidence has been used to
support candidate gene choice but selection methods influ-
ence the pre-test probability that variants in the target gene
are disease causing. More quantitative techniques for the
identification of candidate genes have recently been
described.83-85

Villard and al. performed genome-wide association studies
on pooled DNA samples obtained from patients with appar-
ently sporadic idiopathic DCM.83 Two single nuclear poly-
morphisms on chromosomes 1p36 and 10q26 were signifi-
cantly associated with DCM. An interpretation of these data
is that these loci contain genes that play an important, but
not causal, role in the development of sporadic DCM.
However, several mutations in one of the candidate genes
(BAG3, chromosome 10 locus) were identified in patients
with familial DCM; several of these mutations co-segregated
with the familial phenotype. It must be noted that it was
unlikely that this study was designed to identify candidate
genetic causes of DCM; in any case, none of the loci con-
taining any of the many known DCM genes were identified.
Remarkably, another methodological first for cardiomyopa-
thy also identified BAG3 as a cause of DCM. In the proband
and in three affected family members of a multigenerational
pedigree with autosomal dominant DCM, Norton et al. per-
formed both whole exon sequencing and a genome-wide
assessment of copy number variation (CNV).84 After exome
sequencing, none of the genetic variants identified in the
proband co-segregated with the disease. The high-density
genome-wide CNV assay (said to have single-exon resolu-
tion) detected a deletion encompassing exon 4 of BAG3 that
co-segregated with disease. As mutation detection strate-
gies reliant only on sequencing coding regions of the ge-
nome will fail to detect CNVs caused by large deletions or
insertions, future CNV studies may yet tell us that large dele-
tions in genes already associated with cardiomyopathies are
an important cause of these diseases.
Finally, using a more basic and inclusive approach to identi-
fying candidate genes, Neely and al. assessed the effects of
cardiac-specific ‘knock-down’ (with RNA-i) of more than
7,000 genes in Drosophila reared under conditions of car-
diac stress.85 The authors identified nearly 500 evolutionari-
ly conserved genes and pathways likely to have critical and
conserved roles in the cardiovascular system. Their findings
identify many targets for future candidate gene studies; for
example, altered cardiac repolarisation is associated with a
common polymorphism in the human isoform of a gene
associated with a DCM phenotype in Drosophila.
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pusno sekvenciranje DNA. Tehnoloπki napredak u pripremi
DNA prije sekvenciranja (npr. obogaÊivanje i oznaËavanje),
u kemiji sekvenciranja i u bioinformatici Êe rezultirati sma-
njenim troπkovima i poboljπanjima u automatizaciji, toËnosti
i pokrivenosti. Nedavno objavljene recenzije detaljnije opi-
suju NGS, specifiËno s referencom na nasljedne bolesti
srca.86,87

Poπto nasljedne bolesti srËanog miπiÊa imaju upadljivu aleli-
jsku i lokusnu heterogenost (viπestruke mutacije na mnogim
razliËitim genima), NGS Êe omoguÊiti promjenu koraka i u
istraæivanju i dijagnostiËkoj primjeni DNA sekvenciranja. Pr-
vih nekoliko izvjeπtaja o koriπtenju NGS za detektiranje mu-
tacija u ovim stanjima je objavljeno u 2010. i 2011.84 88-90

ZakljuËak

Kako se pribliæavamo kraju 2011. jasno je da Êe u nekoliko
sljedeÊih godina dominantan pristup biti primjena novih teh-
nika genetskog probira visoke propusnosti, kojima se moæe
uËiniti probir cijelog eksoma ili Ëak genoma. ShvaÊanje po-
dataka koje proizvode ove tehnike Êe zahtijevati nove i jed-
nako sofisticirane analize velikih i sloæenih nizova podataka,
koristeÊi pristup sistemske biologije s dubljim fenotipizira-
njem i naprednim tehnikama modeliranja koje imaju fleksibil-
nost za kontinuirano aæuriranje i usavrπavanje uz otkrivanje
novog znanja. Uzbudljiv napredak koji takoer moæe trans-
formirati istraæivanje kardiomiopatija ukljuËuje infrastruktur-
ne i organizacijske (suradnja viπe centara) i dodatne koristi
na podruËju regenerativnih medicinskih istraæivanja. Za kli-
niËke istraæivaËe koji provode ove informacije u praksu, fo-
kus ostaje isti: poboljπanje kvalitete i duljine æivota.

New technology

The term next-generation sequencing (NGS) refers to a
number of technologies that provide massively parallel, high
throughput DNA sequencing. Technological advances in the
preparation of DNA before sequencing (enriching and label-
ling, for example), in sequencing chemistry and in bioinfor-
matics will result in reduced costs and improvements in
automation, accuracy and coverage. Recently published
reviews describe NGS in more detail, and specifically with
reference to inherited heart disease.86,87

As the inherited heart muscle diseases have striking allelic
and locus heterogeneity (multiple mutations in many differ-
ent genes), NGS will enable a step-change in both research
and diagnostic applications of DNA sequencing. The first
few reports of NGS being used to detect mutations in these
conditions were published in 2010 and 2011. 84,88-90

Summary

As we approach the end of 2011 it is clear that the next few
years are going to be dominated by the application of new
high throughput genetic screening techniques, capable of
screening the entire exome or indeed genome. Understan-
ding the data generated by these techniques will require
new and equally sophisticated analysis of large and com-
plex datasets, using a systems biology approach with deep-
er phenotyping and advanced modelling techniques that
have the flexibility for continuous update, refinement with
discovery of new knowledge. Exciting new developments
that may also transform cardiomyopathy research include
those of infrastructure and organisation (multi-centre colla-
borations) and spin-offs from the field of regenerative medi-
cine research. For clinical researchers that translate this
information to the clinic the focus will however remain the
same; namely improvement of quality and quantity of life.
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