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Kardiomiopatije su bolesti miokarda koje se ne
mogu objasniti abnormalnim uvjetima punje-
nja niti promjenama koronarnih arterija. One se
klasificiraju u vise morfoloskih i funkcionalnih
fenotipova ¢iji uzrok mogu biti geneticki i nege-
neticki mehanizmi. Dominantne teme u rado-
vima objavljenima u razdoblju od 2012. do 2013.
godine su sli¢ne onima navedenima u Almanahu
2011, to jest uporaba (i interpretacija) geneti¢kog
testiranja, razvoj i primjena novih neinvazivnih
tehnika slikovne dijagnostike te uporaba serum-
skih biomarkera za dijagnozu ii prognozu. Vazna
inovacija od posljednjeg Almanaha jest razvoj
sofisticiranijih nac¢ina predvidanja neZeljenih
klini¢kih dogadaja.

INTRODUCTION

Cardiomyopathies are myocardial disorders
that are not explained by abnormal loading con-
ditions and coronary artery disease. They are
classified into a number of morphological and
functional phenotypes that can be caused by ge-
netic and non-genetic mechanisms. The domi-
nant themes in papers published in 2012-2013
are similar to those reported in Almanac 2011,
namely, the use (and interpretation) of genetic
testing, development and application of novel
non-invasive imaging techniques and use of se-
rum biomarkers for diagnosis and prognosis. An
important innovation since the last Almanac is
the development of more sophisticated models
for predicting adverse clinical events.
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HIPERTROFIJSKA KARDIOMIOPATIJA

Kardioloska slikovna dijagnostika i cirkuli-
rajuci biomarkeri

Hipertrofijska kardiomiopatija (HCM) javlja se u jedne od 500
odraslih osoba i kod vecine je osoba naslijedena kao autoso-
mnadomimantnakarakteristikauzrokovana mutacijom gena
sarkomernih proteina te je povezana s povec¢anim rizikom
iznenadne sréane smrti (SCD), progresivnom disfunkcijom
klijetki i mozdanim udarom (slika 1).® Dijagnosticka sred-
stva poput EKG-a i ehokardiografije i dalje su osnovni nacéini
dijagnozeilije¢enja HCM-a, ali kardioloski MRI (CMR, od engl.
cardiac magnetic resonance) pospjesuje dijagnosticku toc-
nost i pruza dodatne fenotipske informacije kod pacijenata s
utvrdenom bolesti (slika 2).#7 Na primjer, u jednoj studiji CMR
je identificirao hipertrofiju u otprilike 10% nosilaca mutacije
sarkomera kod kojih je ehokardiografija pokazala normalnu
debljinu stijenke.? Novije CMR sekvencije, poput T1 mapiranja,
pruzaju kvantitativne procjene volumena ekstracelularnog
miokarda (ECV) (i prema tome nadomjesno mjerenje intersti-
cijske fibroze)®. Jedno je istrazivanje pokazalo povec¢anje ECV
kod osoba s mutacijama sarkomera, ali bez LV hipertrofije.® Ti
rezultati ukazuju na to da selektivna uporaba CMR moZe biti
korisna kod obiteljskih pregleda, pogotovo kada su ostala obi-
ljezja dosljedna sa HCM-om, poput ECG-abnormalnosti.

Klini¢ka vaznost oziljka miokarda u abnormalnom nalazu
kardioloskog MRI uz primjenu gadolinija tema je koja se Ce-
sto ponavlja u literaturi. Dostupni podatci ukazuju na pove-
zanost izmedu kasnog pojac¢anja gadolinijumom (LGE), koji
predstavlja makroskopski fokalni oZiljak miokarda, i kardio-
vaskularne smrtnosti — smrti uzrokovane zatajivanjem srcai
ukupne smrtnosti; no pokazuju samo trend k povec¢anju rizi-
ka od SCD.1** ECV mjeren CMR-om pokazuje korelaciju s kon-
centracijom NT-proBNP (N-terminalni dio proBNP peptida) i
serumskih biomarkera sinteze kolagena te pruza dodatne do-
kaze da je fibroza miokarda vazna u ranoj patogenezi.’

Brojni su radovi istrazivali biomarkere kao sredstva dija-
gnoze 1 prognoze i pokazali su predvidanja losih ishoda kod
pacijenata sa zatajivanjem srca.’? U istrazivanju koje je uklju-
¢ilo 772 pacijenta sa HCM-om, mozdani natriuretski peptid
(BNP) bio je neovisan predskazatelj pobola i smrtnosti.®® U
drugom istrazivanju s ukljucenih 183 ambulantnih pacijenata
vrijednost plazmatskog NT-proBNP bila je prediktor dogadaja
povezanih sa zatajivanjem srca' te prediktor smrtnih isho-
da povezanih sa zatajivanjem srca i transplantacijom, ali ne
1iznenadne smrti ili neprimjerenih Sokova kardioverter-defi-
brilatora (ICD).** Daljnje istraZivanje na 183 pacijenta pokazalo
je povecane koncentracije seruma visoko osjetljivog troponi-
na T te predvidjelo nepovoljne rezultate kod HCM.*®

Strategije lijecenja

Danas$nje lijeCenje osoba sa HCM-om usredotoc¢uje se na pre-
venciju SCD i mozdanih udara, nestanak simptoma opstruk-
cije izlaznog dijela lijeve klijetke refraktornih na lijekove i
palijacijom ograni¢avaju¢ih simptoma uzrokovanih sisto-
lickom ili dijastolickom disfunkcijom. Od posljednjeg Alma-
naha napredak nije znacajan, no rana profilakti¢ka primjena
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HYPERTROPHIC CARDIOMYOPATHY

Cardiac imaging and circulating biomarkers

Hypertrophic cardiomyopathy (HCM) occurs in one in every
500 adults and in most individuals is inherited as an auto-
somal dominant trait caused by mutations in cardiac sarcom-
ere protein genes and is associated with an increased risk of
sudden cardiac death (SCD), progressive ventricular dysfunc-
tion and stroke (Figure 1).!-* Diagnostic tools such as ECG
and echocardiography remain fundamental to diagnosis and
treatment of HCM but cardiac MRI (CMR) improves diagnostic
accuracy and provides additional phenotypic information in
patients with established disease (Figure 2).47 For example,
in one study, CMR identified hypertrophy in about 10% of sar-
comere mutation carriers thought to have normal wall thick-
ness by echocardiography.t Novel CMR sequences, such as T1
mapping, provide quantitative estimates of the myocardial
extracellular volume (ECV) (and therefore a surrogate meas-
ure of interstitial fibrosis)® and, in one study, an increase in
ECV was reported in individuals with sarcomere mutations
but without LV hypertrophy.® These findings suggest that se-
lective use of CMR may be helpful in family screening, par-
ticularly when they are other features consistent with HCM,
such as ECG abnormalities.

The clinical relevance of myocardial scar inferred from
abnormal gadolinium enhanced CMR is a recurring subject
in the literature. Available data support a relation among late
gadolinium enhancement (LGE), representing macroscopic
focal myocardial scar, and cardiovascular mortality, heart
failure death and all-cause mortality but show only a trend
towards an increased risk of SCD.**** ECV measured by CMR
correlates with concentrations of both N-terminal pro-brain
natriuretic peptide and serum biomarkers of collagen syn-
thesis providing further evidence that myocardial fibrosis is
important early in disease pathogenesis.®

Numerous papers have investigated biomarkers as a tool
for diagnosis and prognosis and have shown predicting poor
outcome in patients with heart failure.*? In a study of 772 pa-
tients with HCM, brain natriuretic peptide (BNP) was an in-
dependent predictor of morbidity and mortality.*® In another
study of 183 stable outpatients, plasma NT-proBNP was a
predictor of heart failure-related events* and was a predictor
of heart failure and transplant-related death but not sudden
death or inappropriate implantable cardioverter defibrillator
(ICD) shocks.® A further study of 183 patients reports elevated
serum concentrations of high-sensitivity cardiac troponin T
to predict adverse outcomes in HCM.1¢

Treatment strategies

Current management of individuals with HCM focuses on pre-
vention of SCD and stroke, relief of drug-refractory symptoms
associated with LV outflow tract obstruction (LVOTO), and
palliation of limiting symptoms caused by systolic or diasto-
lic dysfunction. There have been few developments in ther-
apy since the last Almanac, but early prophylactic B-blocker
therapy in physically active patients (NYHA 1 and 2) with
provokable LVOTO has been shown to be effective in reduc-
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beta-blokatora kod tjelesno aktivnih pacijenata (NYHA 11 2)
s dinamickim LVOTO pokazala se kao uspjeSna u smanjenju
gradijenta tijekom fizioloskog vjeZzbanja.”” Druga je studija
registrirala dobrobit disopiramida u terapiji simptomatskih
pacijenata s opstrukcijom rezistentnom na primijenjen beta-
blokator ili verapamil.*®

Invazivno lijecenje LVOTO preporucuje se pacijentima sa
simptomima otpornosti na lijekove. Vise studija je pruZilo
nove podatke o septalnoj ablaciji alkoholom (SAA) i septalnoj
miektomiji LV. Tijekom 5,7 godina nakon zahvata, prezivlja-
vanje nakon SAA kod 177 pacijenata bilo je sli¢no onom kod
pacijenata sa septalnom miektomijom i sliénom kontrolnom
skupinom. Sr¢ani stimulatori bili su potrebni za 20,3% paci-
jenata koji su podvrgnuti SAA u usporedbi sa 2,3% u skupini
operiranih tijekom 30 dana nakon zahvata.® Sli¢ni rezulta-
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=17 1] 7

ing outflow gradients during physiological exercise.’” Another
study has confirmed the additive benefit of disopyramide in
therapy of symptomatic patients with obstruction resistant to
initial therapy with B-blocker or verapamil '8

Invasive treatment of LVOTO is recommended for patients
with drug-refractory symptoms. Several studies have provid-
ed new data on septal alcohol ablation (SAA) and LV septal
myectomy. Over a follow-up of 5.7 years, survival following
SAA in 177 patients was similar to that of patients treated
with septal myectomy and a matched control population.
Pacemakers were required in 20.3% in patients who under-
went SAA compared with 2.3% in the surgical cohort in the
30 days following the procedure.* Similar results following
SAA were reported in a study of 470 patients?® in whom 10-
year survival (all-cause death rate 1.2%) was 88% compared
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tl nakon SAA zabiljeZeni su u studiji na 470 pacijenata® kod
kojih je 10-godi$nja stopa preZivljavanja (stopa ukupne smrt-
nosti 1,2%) bila 88% u usporedbi sa 84% u sli¢cnoj normalnoj
populaciji (slika 3); isti autori takoder su zabiljeZili smanje-
nje SCD faktora rizika. U studiji na 239 pacijenata, septalna
miektomija je takoder povezana sa smanjenjem ucestalosti i
poveéanom stopom preZivljavanja.?! Druga studija iznosi ku-
mulativnu ucestalost smrti povezane sa HCM-om od 3,3% u 5
godina.?? Naposlijetku, u 699 pacijenata su dob i perzistentna
fibrilacija atrija iznesene kao predznak losijeg ishoda kod pa-
cijenata koji su podvrgnuti kirurskoj miektomiji.z®

Novi podatci dovode u pitanje ucinkovitost dvokomorne
elektrostimulacije za refraktornu simptomatsku LVOTO.?4%5
U nedavnom Cochrane pregledu izneseno je da svi podatci
proizlaze iz malenih studija te da se nekoliko nasumicnih is-
pitivanja?*?” koncentrira na mjerenja fizioloskih ishoda a ne
na ¢vrste klini¢ke ishode, pa stoga preporucuju velika i visoko
kvalitetna ispitivanja.?®

Prevencija iznenadne srcane smrti

Noviji sustavni pregled i meta-analiza 27 studija zabiljeZi-
li su primjerenu stopu ICD intervencija od 3,3% na godinu s
neprimjerenom stopom soka od 4,8% godi$nje?®, ali u studiji
u jednom centru na 334 pacijenta sa HCM-om pacijenti su i
dalje imali znatnu kardiovaskularnu smrtnost (pretezno usli-
jed sr¢anog zatajivanja) i iskusili ¢este neprimjerene Sokove i
komplikacije. Ovi nalazi sugeriraju da su potrebne nove stra-
tegije da bi se poboljSao odabir pacijenata za ICD i sprijecio
napredak bolesti kod onih koji su primili napravu (slika 4).°
Suvremene procjene rizika ovise o malom broju lako do-
stupnih markera rizika za predvidanje SCD 1 ¢esto se koriste
kao vodi¢ priugradnji ICD-ova,**2 ali noviji dokazi ukazuju da
je djelotvornost tog pristupa ograni¢ena u razlikovanju oso-
ba visokog i niskog rizika.** Uz to, viSe nedavno predloZenih
prognostickih faktora (poput LVOTO i dobi) nisu ukljuc¢eni u
ovu procjenu.'®*2-# Noviji podatci takoder su u¢vrstili vaznost
dobi pri stratifikaciji rizika. U istraZivanju od 428 pacijenata
dobiiznad 60 godina, 3,7% ih je umrlo od sekundarnih uzroka
povezanih sa HCM koji uklju¢uju embolijski mozdani udar,
zatajivanje srca i transplantaciju. Iznenadna sré¢ana smrt je
reistrirana kod 5 pacijenata (1,2% ili 0,2% godisnje). Autori za-
kljuc¢uju da su pacijenti sa HCM stariji od 60 godna manje pod-
loZni riziku smrti povezane sa HCM-om ili nagle smrti.*

PredloZeno je da se konvencionalni algoritmi za predvida-
nje stope rizi¢nosti ne primjenjuju na pedijatrijsku populaci-
ju.®® U pedijatrijskoj skupini za koju je klini¢ki procijenjeno da
je visokorizi¢na, primjereni Sokovi ICD-a zbili su se kod 10%
od 224 pacijenta nakon prac¢enja od 4,3 t 3,3 godina, s godis-
njom stopom od 4,5%. Medutim, kako su se komplikacije veza-
ne za medicinske uredaje dogodile u 41% pacijenata (pogotovo
komplikacije elektrode i neprimjereni impulsi),*” potrebno je
vise podataka za pedijatrijske skupine da bi se procijenila
isplativost ICD terapije kod mladih.

Isplativost obiteljskog probira

Ekonomski modeli genskog testiranja za evaluaciju obitelji sa
HCM-om pokazuju da su genetska testiranja isplativa kada se
kombiniraju s konvencionalnim klini¢kim testiranjima.®®* Ti
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with 84% in a matched normal population (Figure 3); the same
authors also report a reduction in SCD risk factors. In a study
of 239 patients, septal myectomy was associated with a re-
duction in syncope and increased survival.? Another study
reports a cumulative incidence of HCM-related death of 3.3%
at 5 years.?? Finally, in 699 patients age and persistent atrial
fibrillation were reported to be predictors of poorer outcome
in patients undergoing surgical myectomy.?®

New data have re-examined the efficacy of dual chamber pac-
ing for refractory symptomatic LVOTO.?4?® In a recent Cochrane
review, it was noted that all data derive from small studies and
that the few randomised trials??#’ concentrate on physiological
outcome measures rather than hard clinical endpoints. As a re-
sult, they recommend large and high quality trials.?®

Prevention of SCD

A recent systematic review and meta-analysis of 27 studies
reported an appropriate ICD intervention rate of 3.3% per year
with an inappropriate shock rate of 4.8% per annum? but in
a single centre study of 334 patients with HCM, patients still
had a significant cardiovascular mortality (predominantly
heart failure) and experienced frequent inappropriate shocks
and implant complications. These findings suggest that new
strategies are required to improve patient selection for ICDs
and prevent disease progression in those who receive a de-
vice (Figure 4).%°

Contemporary risk assessment relies on a small number
of readily obtained clinical risk markers to predict SCD and is
widely used to guide implantation of ICDs,*?%? but recent evi-
dence suggests that this approach distinguishes high and low
risk individuals with only limited predictive power.* Addition-
ally, several recently proposed prognostic factors (such as LVO-
TO and age) are not included in the assessment.1*%34 Recent
data have also reinforced the importance of age in risk strati-
fication. In a study of 428 patients above the age of 60 years,
3.7% died secondary to HCM-related causes including embolic
stroke, heart failure and transplantation. SCD events occurred
in five patients (1.2% or 0.2% per year). The authors conclude
that patients with HCM surviving to an age above 60 are at low
risk for HCM-related mortality and sudden death .3

It has been suggested that conventional risk prediction al-
gorithms do not apply to paediatric populations.®® In a paedi-
atric cohort, judged clinically to be at high risk, appropriate
ICD shocks were delivered in 19% of 224 patients followed for
4.3 + 3.3 years with an annual rate of 4.5% per year. However,
as device-related complications occurred in 41% (especially
lead complications and inappropriate shocks) of patients,?”
more data in paediatric cohorts are required to determine the
net benefit of ICD therapy in the young.

Cost efficacy of family screening

Economic models of genetic testing for the evaluation of
families with HCM report that genetic testing is cost-effec-
tive when combined with conventional clinical screening.®#3®
These models are based on the assumption that risk-algo-
rithms from high risk populations can be applied to low risk
populations detected through screening and that preventive
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Extracellular volume (ECV) in health and disease:
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se modeli zasnivaju na pretpostavkama da se algoritmi rizika
iz visokorizi¢nih populacija mogu primijeniti na niskorizic-
ne populacije otkrivene putem testiranja te da je preventivno
lijeGenje ICD-ima uc¢inkovito. Pored toga, ovi modeli i mnogi
programi klini¢kih testiranja pretpostavljaju relativno visoku
prodornost bolesti.

U istrazivanju koje je usporedivalo klinicka testiranja i
prediktivna geneticka testiranja kod djece i adolescenata, 90
pacijenata sa HCM-om i 361 ¢lan njihovih obitelji praceni su
tijekom 12 godina.”® U grupi od 12 mladih nosilaca mutacije
bez hipertrofije LV, pri prvobitnoj procjeni samo su dva razvila
HCM tijekom perioda studije, Sto sugerira neoc¢ekivano nisku
prodornost tijekom adolescencije, razdoblja koji se obi¢no po-
vezuje s najvecom stopom fenotipskih konverzija. Vazno je
naglasiti da su ta dva slu¢aja dijagnosticirana u dobi od 26 1 28
godina, Sto pokazuje vaznost testiranja i nakon adolescencije.
Uobicajene strategije klini¢kog testiranja te klinicka uloga ge-
netickog testiranja i njegova isplativost trebat ¢e se ponovno
evaluirati ako vec¢a istrazivanja pokazu sli¢ne rezultate.

Pocetni dokazi sugeriraju da dugotrajna klini¢ka i gene-
ticka testiranja kod djece i odraslih nisu povezana s velikim
nepovoljnim fizioloskim posljedicama.*’ Treba procijeniti uci-
nak na drustvene i profesionalne aspekte.

Povezanost genotipa s fenotipom

Uspostava klinic¢ki korisnih veza izmedu genotipa i fenotipa i
dalje izostaje u HCM-u. Nedavni sistemski pregled pokazao je
visu ucestalost obiteljske proslosti HCM-a i SCD-a, mladu dob
pojave i ve¢i maksimalni LV kod osoba s mutacijom sarkomer
gena, ali nikakva razlika nije zabiljeZena u klinickim karak-
teristikama kad se usporeduju MYBPC3 1 MYH7 mutacije. Me-
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Jensen et al* investigated overall survival (solid
black) and survival free of sudden cardiac death
(SCD) including appropriate implantable cardio-
verter defibrillator discharge and aborted cardiac
arrest (dashed black) after alcohol septal ablation
in 470 patients with hypertrophic obstructive cardi-
omyopathy (follow-up 8.4t4 years). Comparison is
made with the overall survival of an age- and sex-
matched background population (grey). N indicates
number of patients at risk at the indicated time.

treatment with ICDs is effective. Additionally, these models
and many clinical screening programmes assume a relative-
ly high disease penetrance.

In a study comparing clinical screening and predictive
genetic testing in children and adolescents, 90 patients with
HCM and 361 relatives were followed for 12 years.® In a group
of 12 young mutation carriers without LV hypertrophy, at ini-
tial assessment only two developed HCM during the period
of the study suggesting an unexpectedly low penetrance dur-
ing adolescence, a period conventionally associated with the
greatest rates of phenotype conversion. Importantly, the two
cases were diagnosed at the ages of 26 and 28 years, empha-
sising the importance of screening beyond adolescence. Con-
ventional clinical screening strategies and the clinical role of
genetic testing including its cost-effectiveness will need to be
re-evaluated if larger studies show similar findings.

Preliminary evidence suggests that long term clinical and
genetic screening in children and adults is not associated
with major adverse psychological consequences.*® The effect
on social and professional aspects has to be evaluated.

Genotype—phenotype relations
The establishment of clinically useful relations between

genotype and phenotype remains elusive in HCM. A recent
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dutim, ovi su podatci ogranic¢eni nedosljednosc¢u ustroja stu- systematic review reported a higher prevalence of family his-
dije te malim brojem ¢lanova mnogih prou¢avanih skupina.* tory of HCM and SCD, younger age at presentation, and greater

maximal LV in individuals with a sarcomere gene mutation
but no difference was reported in clinical characteristics
when comparing MYBPC3 and MYH7 mutations. However,
these data were limited by the inconsistency of study design
and the small size of many study cohorts.*

Uz tradicionalne studije klinicke ekspresije, vise istrazi-
vackih skupina koristi ljudski inducirane kardioloske mio-
cite izvedene iz pluripotentnih mati¢nih stanica (iPSC) da bi
proucavali patogenezu bolesti. Imunobojenje i membransko
ukljestenje (eng. patch clamping) upotrijebljeni su da bi se

. o . . . . N In addition to traditional clinical expression studies, sev-
identificirali fenotipi specificni za bolest i razlike u toksi¢no- P

eral groups are using human induced pluripotent stem cell
(iPSC)-derived cardiac myocytes to study disease pathogen-
esis. Immunostaining and patch clamping were used to iden-
tify disease-specific phenotypes and differences in cardiac

sti kardioloskih lijekova medu razli¢itim linijama stanica.*?
Ista je skupina koristila slicne tehnike da bi prikazala kako
je ponovna uspostava homeostaze kalcija sprijecila razvoj hi-

pertrofije miocita i elektrofizioloske abnormalnosti kod kardi- drug toxicity between different cell-lines.#2 The same group
omiocita koji nose MYH7 mutaciju izvedenu iz pluripotentnih used a similar technique to demonstrate that restoration of
matiénih stanica.*® calcium homeostasis prevented the development of myo-
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ARITMOGENA KARDIOMIOPATIJA
DESNE KLIJETKE

Aritmogena kardiomiopatija desne klijetke (ARVC) klinicki
je obiljeZena aritmijom, SCD-om i progresivnim zatajivanjem
srca. Gubitak kardiomiocita i njihova zamjena fibroznim ili fi-
bro-masnim tkivom histoloska su obiljeZja ove bolesti. ARVC
je uzrokovana mutacijama u genima koji kodiraju sastavne
elemente interkalacijskih diskova kardiomiocita kod velikog
postotka pacijenata.* Dijagnoza zahtijeva integraciju podata-
ka od ¢lanova obitelji, genetskog testiranja, elektrokardiogra-
fije 1 tehnika slikovne dijagnostike.*> SCD i lijeCenje simpto-
matske aritmije 1 zatajivanja srca predstavljaju velik izazov
lijeGenju bolesti.

Klinicka dijagnoza ARVC

lako dokazi ukazuju na to da su nedavne promjene predvi-
denih dijagnostickih kriterija poboljsali dijagnosticku osjet-
ljivost 1 specificnost,*®*” postoji zabrinutost da su oni i dalje
ostali preosjetljivi u odredenih skupina, poglavito sportasa
i ljudi africko-americkog etnickog podrijetla, gdje su mnoge
strukturne i elektrografske promjene koje su normalne za ove
grupe takoder i manji dijagnostic¢ki kriteriji za ARVC.#849

Nove metode za otkrivanje ranih fenotipskih ekspresija
ARVC uklju¢uju imunohistokemijski i elektrofizioloski pri-
stup. Prema jednom izvjeséu, imunohistokemijski pokazatelj
redukcije signala plakoglobina u biopsijama miokarda ima
osjetljivost od 85% i specificnost od 57% za ARVC. Autori pred-
lazu da se test moze koristiti pri dijagnozi,5® ali da izvedba pri
analizi kod pred-fenotipskih slu¢ajeva — gdje je i najkorisni-
ja — nije bila testirana. Druga grupa istrazitelja zamijetila je
znatnu redukciju imunoreaktivnih signala za plakoglobin na
sjecistima kardioloskih miocita kod pacijenata sa sarkoido-
zom i miokarditisom velikih stanica.* To ukazuje na nove
mehanizme oboljenja koji ukljuc¢uju desmosomalne proteine
u granulomatoznom miokarditisu 1 implicira citokinezu u
dislokaciji plakoglobina iz dezosoma i u razvoju aritmije kod
ARVC-a.

Nedavno istrazivanje izvijestilo je o abnormalnostima u
kinetici provodnosti-repolarizacije koja su otkrivena pomocéu
elektrofizioloskog testiranja 10 nepovezanih osoba i modela
misa s mutacijom desmoplakina.’? Vazno je primijetiti da su
ove abnormalnosti prethodile vidljivim strukturalnim pro-
mjenama.

Etiologija

ARVC se nasljeduje kao autosomna dominantna karakteristi-
ka u gotovo 50% slucajeva®® te normu predstavljaju nepotpuno
prodiranje (ukljuc¢ujuc¢i prodiranje ovisno o dobi) i varirajuce
klini¢ko izraZavanje. Tijekom prethodne godine, genska he-
terogenost ARVC-a bila je istaknuta izvjeS¢ima o novim mu-
tacijama u genima za fosfolamban, dezmokolin-2, TMEM43,
CTNNAS3 (a T katenin) i deleciji gena u plakofilinu-2.54% Uz to,
u obiteljima i u istraZivanjima osoba sa ARVC-om primijecée-
ne su mutacije u genima koji su do tada povezivani s drugim
kardiomiopatijama, a ukljuéuju ne-dezmosmoalni protein
lamin A/C.%* Uloga drugih geneti¢kih i epigenetickih meha-

Guttmann OP, Mohiddin SA, Elliott PM

cyte hypertrophy and electrophysiological abnormalities in
pluripotent stem cell-derived cardiomyocytes carrying a
MYH7 mutation.#

ARRHYTHMOGENIC RIGHT
VENTRICULAR CARDIOMYOPATHY

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
clinically characterised by arrhythmia, SCD and progressive
heart failure. Cardiomyocyte loss and replacement by fibrous
or fibrofatty tissue are histological hallmarks of the disease.
ARVC is caused by mutations in genes that encode constitu-
ents of the intercalated disc of cardiomyocytes in a large pro-
portion of patients.** Diagnosis requires integration of data
from family members, genetic testing, electrocardiography
and imaging techniques.** SCD and treatment of symptomat-
ic arrhythmia and heart failure are the major management
challenges.

Clinical diagnosis of ARVC

While evidence suggests that recent modification of proposed
diagnostic criteria has improved diagnostic sensitivity and
specificity, %647 there is a concern that they remain too sen-
sitive in particular scenarios, most notably athletes and in
people of black African ethnic origin, as many structural and
electrographic changes considered normal in these groups
are also minor diagnostic criteria for ARVC.4849

Novel methods to detect early phenotypic expression in
ARVC have included immunohistochemical and electrophys-
iological approaches. A report suggested that immunohis-
tochemical demonstration of reduced plakoglobin signal in
myocardial biopsies has a sensitivity of 85% and specificity of
57% for ARVC. The authors suggested the test could be used in
diagnosis,® but the performance of the assay in prephenotyp-
ic cases—where it is most valuable — has not been assessed.
Another group of investigators observed a marked reduction
in immunoreactive signal for plakoglobin at cardiac myocyte
junctions in patients with sarcoidosis and giant cell myo-
carditis.® This suggests new disease mechanisms involving
desmosomal proteins in granulomatous myocarditis and im-
plicates cytokines in dislocation of plakoglobin from desmo-
somes and in the development of arrhythmia in ARVC.

A recent study reported abnormalities in conductionrepo-
larisation kinetics detected by invasive electrophysiological
testing in 10 unrelated individuals and a mouse model with
desmoplakin mutations.’* Notably, these abnormalities pre-
ceded overt structural changes.

Aetiology

ARVC is inherited as an autosomal dominant trait in up to
50% of cases® and incomplete penetrance (including age-de-
pendent penetrance) and variable clinical expression are the
norm. Over the last year, the genetic heterogeneity of ARVC
has been underlined by reports of novel mutations in the
genes for phospholamban, desmocollin-2, TMEM43, CTNNA3
(a T catenin) and a gene deletion in plakophilin-2.54-6¢ Addi-
tionally, mutations in genes hitherto associated with other
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nizama na izrazavanje bolesti ostaje podrucje aktivnog istra-
Zivanja.®

Napredci u genetici mogli bi poboljsati specificnost dija-
gnostickih logaritama u buduénosti, ali podatci pokazuju da
postoji mnogo izazova pri interpretaciji slijeda podataka. U
istrazivanju s 427 kontrolnih pacijenata i 93 ARVC proban-
di®® sekvencirani su eksoni i akceptori cijepanja / donorska
mjesta PKP2, DSP, DSG2, DSC2 1 TMEM43. Moguce patogene
mutacije identificirane su u 58% ARVC slucajeva, ali su tako-
der pronadene i kod 16% ¢lanova kontrolne skupine. Veéina
(43%) tih mutacija bile su radikalne (npr. mutacije mjesta cije-
panja, besmislene mutacije, insercije ili delecije unutar okvira
ili njegova pomaka) u usporedbi sa samo 0,5% kod kontrolnih
pacijenata, ali u€estalost mutacije pogresnog ¢itanja je bila
slicna kod pacijenata (21%) i kontrola (16%). Vazni nalazi bili
suivisa ucestalost kandidatskih varijanti, pogotovo mutacije
pomaka, kod ne-bijelaca nego kod bijelaca u kontrolnoj sku-
pini (19,44% i 5,83%) te sli¢ni brojevi varijanti u DSP, DSC2 i
TMEM43 genima kod ARVC i kontrolne skupine. Ovi nalazi
oprimjeruju konzervativni pristup kojim se mora sluZziti prili-
kom interpretacije genskih varijanti kod ARVC.

Uporaba iPSCakao modela ARVC nedavno je opisana.® Kar-
diociti heterozigotno mutiranog plakofilin-2 iPSC pokazuju
pretjeranu lipogenezu i apoptozu te je zabiljeZen deficit obra-
de kalcija kod homozigotnih mutanata. Bolje razumijevanje
ovih fenomena moglo bi dovesti do razvoja novih terapijskih
strategija koje bi mogle promijeniti lije¢enje u buduénosti.

Strategije zbrinjavanja

Jednom kada je ARVC dijagnosticiran, lijecenje bi trebalo
ukljucivati procjenu rizika SCD, indikacije za medikamen-
tnu terapiju te promjene u nacinu Zivota. Iako se lijekovi za
aritmiju poput amiodarona i sotalola ¢esto propisuju da bi se
smanjio teret aritmije,** postoji malo dokaza da oni pospjesu-
ju prezivljavanje ili mijenjaju tijek bolesti. Isto vrijedi i za lije-
¢enje bilo kojeg sistolickog oste¢enja funkcije LV pomoc¢u ACE
inhibitora i beta-blokatora.

Pokazano je da tjelesno vjezbanje i natjecateljski sportovi
dovode do povec¢anjarizika od iznenadne smrti®*¢® te se stoga
ne preporucuju.®’¢® Nedavno je zabiljeZeno da je vjeZbanje po-
vezano s povec¢anjem prodiranja bolestiirizikom aritmije kod
osoba s dezmosomalnom mutacijom. Kriteriji radne skupine
bili su ucestalije dostignuti tijekom razdoblja nakon zahvata,
a simptomi su se pojavili u mladoj dobi kod 56 sportasa koji
su nosioci mutacije nego kod sjedilackih nosilaca mutacije.
Ovi su sportasi takoder imali smanjenu stopu prezivljavanja
bez ventrikularne tahikardije (VT)/ventrikularne fibrilacije i
zatajivanja srca.®® Ovi nalazi u korelaciji su s predklini¢kim
promatranjima misjih modela ARVC s defektima gena plako-
filina.™

LijeCenje VT u ARVC pomocu kateterske ablacije povezuje
se s visokom stopom ponovnog pojavljivanja,” ali nedavno
multicentri¢no istraZivanje usredoto¢eno na novije strategi-
je ablacije proucavalo je ponovno pojavljivanje VT-a nakon
radiofrekvencijske ablacije i utjecaj na teret VT-a. Autori su
pronasli znatnu redukciju tereta VT-a i1 stopu duZeg preziv-
ljavanja bez VT-a nakon epikardijalne ablacije u usporedbi s
endokardijalnim zahvatom. Medutim, stopa ponovnog pojav-
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cardiomyopathies have been reported in families and studies
of individuals with ARVC. These include the non-desmosom-
al protein lamin A/C.% The role of other genetic and epigenetic
mechanisms on disease expression remains an area of active
research.®?

Advances in genetics may improve the specificity of diag-
nostic algorithms in the future but data show that there are
many challenges in the interpretation of sequence data. In
a study of 427 controls and 93 ARVC probands,® exons and
splice acceptor/ donor sites of PKP2, DSP, DSG2, DSC2 and
TMEM43 were sequenced. Likely pathogenic mutations were
identified in 58% of the ARVC cases, but were also found in 16%
of the controls. The majority (43%) of the candidate mutations
in cases were radical (ie, splice site, nonsense, inframe and
frame-shift insertions and deletions) compared with only
0.5% of controls but the frequency of missense mutations was
similar in cases (21%) and controls (16%). Other important find-
ings were a higher frequency of candidate variants, in partic-
ular missense, in non-Caucasian versus Caucasian controls
(19.44% vs 5.83%) and similar numbers of variants in the DSP,
DSC2 and TMEM43 genes in the ARVC and control groups.
These findings illustrate the conservative approach that must
be followed when interpreting genetic variants in ARVC.

The use of iPSCs as a model of ARVC was recently de-
scribed.®* Heterozygous mutant plakophilin-2 iPSC cardiomy-
ocytes demonstrated exaggerated lipogenesis and apoptosis
and calcium-handling deficits were detected in homozygous
mutants. Greater understanding of these phenomena might
lead to development of novel disease-modifying therapeutic
strategies in the future.

Management strategies

Once ARVC has been diagnosed, management should include
an assessment of SCD risk, indications for drug therapy and
need for lifestyle changes. Although antiarrhythmic drugs
such amiodarone and sotalol are frequently prescribed to de-
crease arrhythmic burden,* there is little evidence that these
improve survival or alter the natural history of disease. The
same is true for treatment of any associated LV systolic im-
pairment with ACE inhibitors and B-blockers.

Physical exercise and competitive sport have been reported
to increase the risk of sudden death®%¢ and are consequently
not recommended.®"%® More recently, exercise has been as-
soclated with increased disease penetrance and arrhythmic
risk in individuals with a desmosomal mutation. Task force
criteria were more likely to be met at follow-up and symptoms
developed at a younger age in 56 endurance athletes carry-
ing a mutation compared with more sedentary mutation car-
riers. These athletes also had a decreased lifetime survival
free from ventricular tachycardia (VT)/ventricular fibrillation
and heart failure.®® These findings correlate with preclinical
observations in murine model of ARVC with plakophilin gene
defects.™

Catheter ablation to treat recurrent VT in ARVC has been
associated with high recurrence rates™ but a recent multi-
centre study with focus on newer ablation strategies assessed
recurrence of VT following radiofrequency ablation and effect
on burden of VT. The authors report a significant reduction in



ljivanja ostaje znatna sa sveukupnim izostankom VT od 47%
tijekom prve godine.” Ovi podatci upucuju na to da kateterska
ablacija moZze biti korisna za podgrupu pacijenata sa stalnim
ili ucestalim VT koji je otporan na terapiju lijekovima. Neki
podatci sugeriraju da je VT koji se pripisuje lokaliziranoj bole-
sti moguca buduca indikacija.™

Sprjecavanje iznenadne smrti

Trenutne AHA/ACC/ESC smjernice za zbrinjavanje paci-
jenata s ventrikularnim aritmijama i sprje¢avanje SCD-a
preporucuju ICD implantaciju kod pacijenata s ARVC je kod
kojih je zabiljezen kontinuirani VT ili ventrikularna fibri-
lacija usprkos optimalnoj terapiji.” Noviji pregledni ¢lanak
koji je istrazivao rezultate i komplikacije ICD implantacija
kod ARVC ukljucivao je 610 pacijenata. Tijekom pracenja od
3,8 godina, autori su zamijetili primjerene ICD intervencije
u stopi od 9,5% godisnje s neprimjerenim intervencijama
(3,7%) te komplikacijama koje su uklju¢ivale pogresno funk-
cioniranje elektroda, pomicanje i infekciju (20,3% stope bilo
koje komplikacije).”® Ti rezultati upuc¢uju na potrebu za za-
dovoljavaju¢om stratifikacijom rizika kako bi se smanjila
smrtnost kao posljedica komplikacija povezanih s ICD-om.
Vazno je istaknuti da su pacijenti analizirani u spomenutom
preglednom ¢lanku primili ICD za primarnu ili sekundarnu
prevenciju. To bi u nekoj mejri moglo objasniti visoku stopu
primjerenih intervencija.

Povecavajuca vrijednost i uloga CMR-a u stratifikaciji
rizika proucena je u 69 pacijenata s mutacijama povezani-
ma s ARVC-om (82% sa PKO-2 mutacijama) bez prethodno
stalnog VT.”” Elektri¢ke abnormalnosti otkrivene su kod 61%
pacijenata od kojih je 49% takoder imalo abnormalan nalaz
CMR-a (definiran kao prisutnost barem manjeg broja kriteri-
jaradne skupine). Samo je jedan pacijent (4%) bez elektrickih
abnormalnosti imao abnormalno srce na poc¢etnom oslika-
vanju. Tijekom razdoblja od 5,8 + 4,4 godina, epizode stal-
nog VT dogodile su se samo kod pacijenata s abnormalnim
nalazom elektrokardiograma i CMR-om. Autori su zakljucili
da medu nosiocima mutacija prisutnost i elektrickih i CMR
abnormalnosti ukazuje na pacijente visokog rizika. Sli¢no
istrazivanje o prognozi za pacijente koji su pod promatra-
njem zbog ARVC-a iznosi pozitivhe predvidene vrijednosti
abnormalnog CMR-a kod 369 pacijenata koji ispunjaju barem
jedan manji ili vec¢i dijagnosticki kriterij za ARVC. Negativne
predvidene vrijednosti normalnog CMR-a su 98,8% za razdo-
blje od 4,3 + 1,5 nakon lijecenja.”

Potraga za biomarkerima koji dopu$taju ranu dijagnostiku
istratifikacijurizika aktivno je polje istrazivanja. Primjerice,
nizZe koncentracije seruma prijemosnog integratora 1, protei-
na povezanog s membranama, povezuju se s ventrikularnim
aritmijama i smanjenim statusom funkcioniranja u maloj
skupini od 24 pacijenta sa ARVC-om.™

Novije strategije za predvidanje rizika u nositelja desmo-
somalnih mutacija povezanih sa ARVC-om predlazu upo-
rabu evaluacije obiteljske anamneze, elektrokardiograma i
nalaza 24-satnog holter EKG-a.®° Fenotipske karakteristike
koriste se za stratifikaciju rizika od stalnog VT-a. Istrazivaci
su ukljucili 215 pacijenata tijekom razdoblja nakon zahvata
u prosjeku od 7 godina. Rizi¢nost pacijenata stratificirana
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VT burden and longer survival free of VT following epicardial
ablation compared with an endocardial procedure. However,
recurrence rates remain considerable with an overall free-
dom from VTof 47% at 1 year.™ These data suggest that cath-
eter ablation may be helpful in a subgroup of patients with
incessant or frequent VT refractory tomedical therapy. Some
data suggest that VT attributable to localised disease is a fur-
ther potential indication.™

Prevention of sudden death

Current AHA/ACC/ESC 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 VT or ventricular fibrillation and
are receiving optimal medical treatment.” A recent literature
review investigating outcomes and complications of ICD im-
plantation in ARVC included 610 patients. During the 3.8-year
follow-up, the authors reports appropriate ICD interventions at
a rate of 9.5% per year with inappropriate interventions (3.7%)
and complications including lead malfunction, displacement
and infection (20.3% rate of any complication).”® Once again,
this underlines the need for appropriate risk stratification to
minimise morbidity secondary to ICD-related complications.
It is important to point out that the patients analysed in this
review received an ICD for primary or secondary prevention.
This could at least partially account for the high rate of ap-
propriate interventions.

The incremental value and role of CMR in risk stratification
were investigated in 69 patients with ARVC-associated mu-
tations (83% with PKP-2 mutations) without prior sustained
VT."" Electrical abnormalities were found in 61% of patients of
whom 48% also had an abnormal CMR (defined as presence of
at least a minor task force criterion). Only a single patient (4%)
without electrical abnormalities had an abnormal heart on
imaging at baseline. Over a period of 5.8+4.4 years, episodes of
sustained VT only occurred in patients with ECG and CMR ab-
normalities. The authors concluded that among mutation car-
riers the presence of both electrical and CMR abnormalities
identified high risk patients. A similar study on prognosis in
patients under evaluation for ARVC reports a positive predic-
tive value of an abnormal CMR in 369 patients who fulfilled at
least one minor or major diagnostic criterion for ARVC. The
negative predictive value of a normal CMR was 98.8% over a
follow-up of 4.3+1.5 years.”™

The search for biomarkers that allow early diagnosis and
risk stratification is an active area of research. For example,
low serum concentrations of Bridging integrator 1, a mem-
brane-associated protein, were associated with ventricular
arrhythmias and reduced functional status in a small cohort
of 24 patients with ARVC.™

A novel strategy to risk prediction in ARVC-associated
desmosomal mutation carriers proposes the use of pedigree
evaluation, ECG and Holter information.® Phenotypic charac-
teristics were used in stratifying the risk of sustained VT. The
investigators included 215 patients over a mean follow-up of 7
years. Patients were risk stratified according to repolarisation
and depolarisation abnormalities on ECG. Event-free survival
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je po anomalijama repolarizacije 1 depolarizacije na elek-
tokardiogramu. PreZivljavanje bez novih epizoda tijekom 5
godina je bilo 33% u visokorizi¢noj skupini naspram 97% u
niskorizi¢noj skupini.

DILATACIJSKA KARDIOMIOPATIJA

Dilatacijska kardiomiopatija (DCM) jedna je od najrasirenijih
bolesti miokarda u razvijenim zemljama. Definira se kao si-
stolicko ostecenjeiprosirenje LV-abez prisutnosti prethodnog
infarkta miokarda. Zadnjih je godina nekoliko istrazivanja
naglasilo znacaj genetike u etiologiji naslijedenih i prividno
stecenih oblika DCM-a. Standarno lijeCenje zatajivanja srca
temeljeno na simptomima i prognozi predstavlja glavni nac¢in
lijecenja, ali u zadnje vrijeme se viSe paznje posvecéuje vazno-
sti etiologije u odabiru pristupa zbrinjavanju.

Genske podvrste dilatacijske
kardiomiopatije

Vise je istrazivanja proc¢avalo prirodnu povijest DCM-a koji je
uzrokovan mutacijama gena lamin A/C (LMNA). To se pove-
zuje s poremecajem provodenja, atrijskom aritmijom, sréanim
zatajivanjem i iznenadnom smrcu te se treba na te mutacije
posumnjati kada je DCM poprac¢en povisenom vrijednoséu
serumske kreatin-kinaze, poremecajima provodenja ili ce-
stim aritmijama. Kod takvih pacijenata, dokazi ukazuju na to
da treba uzeti u obzir ICD pri mnogo niZim razinama nego u
drugim slu¢ajevima DCM.®-# Multicentri¢na skupina od 269
pacijenata s LMNA mutacijom otkrila je netrajnim VT, LVEF
<45%, muski spol i nepostojanje mutacije pogresnog c¢itanja
kao riziéne ¢imbenike za maligne ventrikularne aritmije.®
PredloZeno je i da se razmisli o ugradnji ICD-a ¢ak i nakon
blage klini¢ke pojavnosti.

Nedavna izvjeSéa sugeriraju da su mutacije titna (TTN)
Cest uzrok DCM-a.® Mutacije TTN-a dugo su vremena sma-
trane kandidatima za uzrok kardiomiopatije, ali veli¢ina gena
1 prisutnost mnogih varijanti alela su otezali njihovo prouca-
vanje.®-% Da bi se nadvladale neke od tih teSkoc¢a, Herman i
sur.® koristili su sekvenciranje nove generacije da bi anali-
zirali gensku sekvencu TTN trazec¢i mutacije koje mijenjaju
cDNA cijelom duljinom (mutacije skrac¢ivanja) kod 792 osobe
(321 DCM, 231 HCM i 249 kontrola). TTN mutacije ¢esée su
pronadene kod DCM (27%) nego kod HCM (1%) ili kontrole (3%).
TTN mutacije se zajednicki segregiraju sa DCM u obiteljima s
prodornoscu bolesti, ali su takoder uocene i kod 18% naizgled
sporadi¢nih slucajeva. Sekvenciranje TTN bi stoga moglo
imati vaznu ulogu u genetickoj evaluaciji DCM pacijenata da
bi se pospjesila fenotipska dijagnoza, ali visoka frekventnost
u kontrolnoj skupini te sporadi¢ni sluc¢ajevi ukazuju na to da
je kod ve¢ine TTN mutacija ¢imbenik podloZnosti, a ne uzroc-
ni ¢imbenik.

Vaznost epigenetickih faktora (procesa koji mijenjaju gen-
sku aktivaciju bez mijenjanja DNA sekvence) takoder je od
2011. bila u sredistu pozornosti. U istrazivanju koje usporeduje
Sire genske metilacije kardioloske DNA u pacijenata s idiopat-
skim DCM-om i kontrolne skupine, Haas et al otkrili surazlike
u metilaciji gena koji su upleteni u nac¢ine zatajivanja srca. Ti
su geni povezani s razlikama u izrazima mRNA, nalaz koji je
dodatno osnazen istraZivanjima obavljenima na zebricama.®®
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at 5 years was 33% in the high risk group versus 97% in the
low risk group.

DILATED CARDIOMYOPATHY

Dilated cardiomyopathy (DCM) is one of the commonest heart
muscle diseases in developed countries. It is defined as systo-
lic impairment and LV dilatation in the absence of previous
myocardial infarction. Research highlighting the importance
of genetics in the aetiology of inherited and apparently ac-
quired forms of DCM has been a prominent feature over the
last few years. Standard symptomatic and prognostic heart
failure treatments are the mainstay of patient management
but more attention has been paid recently to the importance
of aetiology in guiding the approach to management.

Genetic subtypes of DCM

A number of studies have examined the natural history of
DCM caused by mutations in the lamin A/C gene (LMNA).
This is associated with conduction disease, atrial arrhythmi-
as, heart failure and sudden death and should be suspected
when DCM is accompanied by elevated serum creatine ki-
nase, conduction disease or frequent arrhythmias. In these
patients, evidence suggests an ICD should be considered at a
much lower threshold than in other cases of DCM.#% A mul-
ticentre cohort of 269 patients with LMNA mutation identified
non-sustained VT, LVEF <45%, male gender and non-missense
mutations as risk factors for malignant ventricular arrhyth-
mias.® Some authorities suggest ICD implantation should be
considered following even mild cardiac expression.

A recent report suggests that titin (TTN) mutations are a
common cause of DCM.® TTN mutations have long been con-
sidered candidate causes of cardiomyopathy, but the size of
the gene and the presence of many allelic variants have made
it difficult to study.®¢-#° To overcome some of these difficulties,
Herman and colleagues® used next generation sequencing
to analyse genomic TTN sequence for mutations that altered
fulllength ¢cDNA (truncating mutations) in 792 subjects (312
DCM, 231 HCM and 249 controls). Truncating TTN mutations
were found more frequently in DCM (27%) than in HCM (1%)
or controls (3%). TTN mutations cosegregated with DCM in
families with penetrant disease, but were also found in 18% of
apparently sporadic cases. TTN sequencing is therefore likely
to have a prominent role in the genetic evaluation of DCM pa-
tients in order to facilitate prephenotypic diagnosis, but the
high frequency in controls and sporadic cases suggests that
the majority of TTN mutants may yet prove to be susceptibil-
ity rather than causative factors.

The importance of epigenetic factors (ie, processes that al-
ter gene activation without changing DNA sequence) has also
been highlighted since 2011. In a study comparing genome-
wide cardiac DNA methylation in patients with idiopathic
DCM and controls, Haas et al detected differences in the
methylation of genes implicated in heart failure pathways.
These were associated with differences in mRNA expression,
a finding further strengthened by studies in zebra fish.?® Epi-
genetics research is particularly advanced in cancer biology,
contributing to potential therapeutic/diagnostic biomarker



Epigeneticko istrazivanje dozivjelo je velik napredak na po-
drucju biologije raka te pridonosi potencijalnim terapijskim/
dijagnostickim markerima i terapijskim ciljevima,® no u
kardiovaskularnoj genetici jos nije doslo do izraZaja.

Genske predispozicije upalnim oste¢enjima miokarda po-
staju vazna tema.?* Coxsackie virus, ¢est uzrok miokarditisa,
uzrokuje proteliozu distropina u inficiranim kardiomiociti-
ma.*?7 Genska oste¢enja distrofin-glikoprotein kompleksa,
povezana s misiénom distrofijom, ucestalo uzrokuju DCM u
slu¢ajevima gdje je CMR ¢Cesto nemoguce razlikovati od mi-
okarditisa.®® Jedna studija povezuje prisutnost varijanti u re-
ceptorima nalik na Toll (Toll-like receptors) koji igraju vaznu
ulogu u urodenim imunoloskim reakcijama s losijom kardio-
loskom funkcijom kod 158 pacijenata.?® Naposlijetku, Meder i
sur®®iznose podatke o povezanosti lokusa koji sadrzi najvaz-
nije gene histokompatibilnosti (MHC I i II) sa DCM. Autori na-
vode viSe pojedinac¢nih polimorfizama nukleotida na kromo-
somu 6p21. Specifican je lokus identificiran te je pronadena
veza to¢no lociranih gena koji kodiraju receptore za klasu I'i
klasu IT dugog lanca glavnog sustava tkivne podudarnosti.

Predvidanje ishoda
dilatacijske kardiomiopatije

Kao i kod drugih kardiomiopatija, uloga CMR-a u predvidanju
rezultata aktivno je podrucje istrazivanja u DCM-u. Nedavni
dokazi ukazuju na to da prisutnost srednjostjen¢anog LGE ot-
kriva DCM skupinu s povi§enim rizikom smrtnosti. Tijekom
prac¢enja nakon zahvata srednje duzine od nesto iznad 5 go-
dina, 27% od 142 DCM pacijenata s LGE je umrlo, u usporedbi s
11% od 330 DCM pacijenata bez LGE ' Patofizioloska je osnova
ove razlike nejasna.

Podaci koji opisuju dijagnosticku i prognosticku korist CMR
surogata za ostale abnormalnosti tkiva, poput edema, difuzne
fibroze ili zbrkanih miocita, mogu se oc¢ekivati u bliskoj bu-
duénosti.

Neki od najvaznijih podataka iz 2011. sakupljeni su za djecu
sa DCM-om. U pedijatrijskom registru s uklju¢enih 1803 paci-
jenata navedena je stopa pojavnosti od 29% tijekom 5 godina
za presadivanje srca, 12,1% bez SCD-a12,4% sa SCD-om. Model
stratifikacije rizika za SCD zasnovan na podatcima ehokar-
diografije imao je osjetljivost od 86% i specifiénost od 57%.
Znacajni faktori su bili dilatacija LV, dob prilikom dijagnoze te
stanjivanje straznje stijenke. %2

Druga studija, koja je istrazivala 175 pedijatrijskih pacijena-
ta s DCM-om utvrdila je u¢estalost smrti ili transplantacije od
26% u razdoblju od godine dana nakon dijagnoze sa stopom
prezivljavanja bez smrti ili transplantacije od 56% tijekom 20
godina nakon dijagnoze. Povec¢an rizik smrti ili transplanta-
cije povezan je s dobi u trenutku dijagnoze, prisustvom obitelj-
skje kardiomiopatije i niskim pocetnim vrijednostima frakci-
je skracenja LV.1%3

Novosti u lijecenju

Terapija mati¢nim stanicama bila je vazna tema tijekom po-
sljednjih godina. Kontrolirana studija petogodisnjeg nasu-
mic¢nog pracenja 110 pacijenata s DCM-om pokazuje pobolj-
Sanje LV funkcije, poboljSanje tolerancije tijekom vjeZbanja te
vecéu stopu dugoro¢nog prezivljavanja kod pacijenata koji su
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and therapeutic targets.®*-*3Its potential in cardiovascular ge-
netics is yet to be realised.

Genetic predisposition to inflammatory myocardial dam-
age is also emerging as an important theme.?* The Coxsackie
virus, a common cause of myocarditis, causes proteolysis of
dystrophin in infected cardiomyocytes.?-°" Genetic defects of
the dystrophin— glycoprotein complex, associated with mus-
cular dystrophy, frequently cause a DCM where CMR findings
are often indistinguishable from myocarditis.®® In another
study, the presence of variants in Toll-like receptors which
play a key role in the innate immune response were associ-
ated with poorer cardiac function in 158 patients.?® Finally,
Meder et al**® present data associating the locus containing
major histocompatibility genes (MHC I and II) with DCM. The
authors identified multiple single nucleotide polymorphisms
on chromosome 6p21. A specific locus was identified and an
association was found with closely located genes encoding
class I and class II major histocompatibility complex heavy
chain receptors.

Prediction of outcomes in DCM

As in other cardiomyopathies, the role of CMR in predicting
outcomes is an active area of study in DCM. Recent evidence
suggests that the presence of midwall LGE identifies a DCM
cohort at increased mortality risk. During a median follow-up
period of just over 5 years, 27% of 142 DCM with LGE patients
died compared with 11% of 330 DCM patients without LGE 1%
The pathophysiological basis of this difference is unclear.

Data describing the diagnostic and prognostic utility of
CMR surrogate for other tissue abnormalities, such as oede-
ma, diffuse fibrosis or myocyte disarray, are expected in the
near future.

Some of the most important data since 2011 have been in
children with DCM. In a paediatric registry population of 1803
patients, a 5-year incidence rate of 29% for heart transplanta-
tion, 12.1% non-SCD and 2.4% for SCD are quoted. A risk strati-
fication model for SCD based on echocardiography data had a
sensitivity of 86% and 57% specificity. Significant factors were
LV dilatation, age at diagnosis and posterior wall thinning.1%?

Another study investigating 175 paediatric patients with
DCM reports death or transplantation in 26% within 1 year of
diagnosis with a survival free of death or transplant of 56%
20 years after diagnosis. An increased risk for death or trans-
plant was associated with the age at diagnosis, presence of
familial cardiomyopathy and lower baseline LV fractional
shortening.’?

Advances in treatment

Stem cell therapy has been a major topic over the course of
the last few years. A 5-year follow-up randomised controlled
study of 110 patients with DCM shows improved LV function,
improved exercise tolerance and greater long term survival in
patients who underwent intracoronary stem cell transplanta-
tion. Total mortality was 14% in the stem cell group versus 35%
in the controls with rates of pump failure of 5% versus 18%.
There was no difference in rates of sudden death.’** A system-
atic review on 29 preclinical and 15 clinical studies scruti-
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podvrgnuti intrakoronarnom presadivanju mati¢nih stanica.
Sveukupna stopa smrtnosti bila je 14% u grupi s mati¢nim sta-
nicama u usporedbi s 35% u kontrolnoj sa stopom zatajivanja
srca od 5% 1 18%. Nije bilo razlike u stopi iznenadne smrti.’*
Pregledni ¢lanak s uklju¢enih 29 pretklinickih i 15 klini¢kih
istrazivanja pazljivo je analizirao terapiju matiénim stanica-
ma kao metodu lijeCenja DCM-a. Vec¢ina istrazivanja pokazala
je blago poboljsanje LVEF u razdoblju nakon terapije mati¢nim
stanicama. Zbog velike heterogenosti u kriterijima uklju¢enja
u istraZivanje, procedura i mjerenja rezultata, naglasena je
potreba za nasumic¢nim kontroliranim testiranjima.!°

Istrazen je i utjecaj vjezbanja kod pacijenata s DCM-om na-
kon osmotjednog perioda kratkog vjeZbanja. Zamije¢eno je
znatno poboljSanje kardioloske funkcije pri odmoru i nakon
vjezbanja, s najve¢im poboljSanjem primije¢enim kod neak-
tivnih pacijenata.®

Vaznost aktivacije imuniteta jo$ je jedan kljuéni ¢imbenik
lijecenja DCM-a. Male doze atrovastatina smanjile su razine
upalnih citokina (IL.6, TNF a), mokracéne kiseline i NT-proBNP-
aumalim skupinama pacijenata sa DCM-om.!%"

Sveukupni dokazi ukazujuna pobolj§anje stope prezivljava-
nja kod pacijenata s idiopatskim DCM-om. IstraZivanje na 603
pacijenta tijekom 3 desetlje¢a pruza dokaze o utjecaju klinic-
kih smjernica na pobol i smrtnost. Pacijenti su podijeljeni u 4
podskupine prema razdoblju upisa; zabiljeZeno je smanjenje
stope rizika od 42% po intervalu upisa s obzirom na smrtnost
povezanu sa zatajivanjem srca i nagle smrti.*®

ZAKLJUCAK

Kardiomiopatije suidalje podruc¢je intenzivnog istrazivanja u
literaturi. Dok je spektar oboljenja znacajan i nastavlja se §iri-
ti, teme su jako sli¢ne medu kardiomiopatskim podtipovima,
s velikim naglaskom na to¢noj dijagnozi, stratifikaciji bolesti
1 lijeCenju ovisno o etiologiji. Napredci u ovim podruc¢jima ce
ovisiti o znanosti otkrivanja i primjeni omicne tehnologije, ali
najveci ¢e uvidi najvjerojatnije biti posljedica velikih multi-
centri¢nih suradnji. Svi dokazi ukazuju na to da ¢e nadolaze-
¢e godine donijeti sa sobom znac¢ajne napretke.

nised stem cell therapy as a treatment for DCM. The majority
of studies showed a modest improvement of LVEF after cell
therapy during follow-up. Due to the large heterogeneity in
criteria for inclusion, procedure and outcome measure, the
need for randomised controlled trials was stressed. %

Effect of exercise has been evaluated in patients with DCM
following an 8-week period of short term exercise. Significant
improvement in cardiac function at rest and following exer-
cise was reported with sedentary patients having the greatest
improvement.

The importance of immune activation is another focus for
therapy in DCM. Atorvastatin in a small dose reduced the
levels of inflammatory cytokines (IL-6, TNF a), uric acid and
N-terminal pro-brain natriuretic peptide in a small cohort of
patients with DCM.107

Overall evidence suggests improving survival in patients
with idiopathic DCM. A study of 603 patients over three dec-
ades gives evidence for the impact of clinical guidelines on
morbidity and mortality. Patients were subdivided in four en-
rolment periods and a 42% risk reduction per enrolment inter-
val with regard to heart failure-related mortality and sudden
death was reported.1%®

SUMMARY

Cardiomyopathies continue to be an area of intense interest
in the literature. While the spectrum of disease is consider-
able and continues to expand, the themes are very similar
between cardiomyopathy subtypes, with great emphasis on
accurate diagnosis, disease stratification and aetiology driv-
en therapy. Advances in these areas will depend on discov-
ery science and the application of omic technologies, but the
greatest insights are likely to emerge from large scale multi-
centre collaborations. All the evidence suggests that the next
few years will be one of considerable advance.
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