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ITPOAOTI'OX

H mapodoa owaktopikn Swtpin oxedidotnke, €kmoviOnke kol OAOKANPOONKE oTnV
Kapdroroyumn kiwvikny tov [Hovemotuoakod vosokopeiov Hpaxieiov pe emiPAiémovra kabnynm
ToV KoOnynt Znuoavinpakn Eppoavouna.

2Komog G SaTpPng NTav 1 HEAETN TOV QUGUEVOV EMATOCE®V TS PNUoToddtnong and
™V KopLYN NG 0e€14¢ Kothiag kot 1 aval)Tnon TPOPAETTIKOV SEIKTOV EMOEIVOONG TG KOPIOKNG
Aertovpyiog petd omd poviun teyvnty Pnuotodotnon, kabdg edv €yovpe ™ dvvatdtTo Vo
npoPAéyovpe og molovg acbeveic Bo emmpeaoctel duouevag 1 Aettovpyia TG aplotepds Kowkiag, Oa
elpaote o Béom va emAéEovpe evallakTikég BEoelg fnuatoddTnong.

[dwaitepec evyapiotieg opeidm otov KabNynT pov Inpavinpdkn Eppavovnd mov amd ta
Tp®TO, Prpota pov oty eWkotTa TG Kapdioroyiag tpoomddnoe va pov peTohapumadedoel OAn
™V aydmn kot To wdhog Tov Yo TNV £pevva kat tn yvoon. Ta ypdvia mov népaca dimha Tov NTOV
TOADTIUN TNYT EMLOTNUOVIKOV EUTEIPIDOV KoL TO BE@PD TIUN HOL OTL UTOPD GNUEPA VO TOV Bempd
TVELLOVTIKO LLOV TTOTEPQL.

[ToAAég evyaprotieg opeihm emiong Kol 6TOVG VIWOAOUTOVS KAONYNTEG TG KAVIKNG HOG TOVG
kaOnyntég [Hoapbevaxn Opaykicko, Koyaddkn Tedpylo kot Xxoridn Eppovouni, kabmg kot tov
KkaOnynt XAovPBepdkn I'pnyodpro yio v moAdTiun cupoin tov.

Téhog Ba NBera Vo EVYAPLETHC® TOV GLVOSOITOPO oL otr (on [aradavtwvakn [Tavio yia

™V 6THPIEN TOL NOIKN Kol OVGLUGTIKY GTNV OAOKANPMOOT) AVTNG TNG S TPIPNG.
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INEPIAHYH

H xopdiaxn Pnuotoddtnon oamoteAdel avapgioprnto tm povn anotedecpatikny Beponeio yio v
OVTILETMOMION TNG OCLUTTOWATIKNG Ppadvkapdiag. Eicdyer ©otd60 MAEKTPIKO Kot PNyOVIKO
SVCLYYPOVIGUO OV GE CMUOVTIKO TOC0GTO a60evdv Umopel vor 001 yNoEL GE AGVYYPOVI KOTAOKN
oLOTOOT], UEWWUEVY] OLCTOATIKY] AETOVPYIKOTNTOA, OGTOAMKY OLCGAELTOVPYia, dldTaon 1TNg
aploTeEPES KOWMOG HE OCVUUETPT LIEPTPOPIO, TEPLOYIKES OTOPAYES OTNV OLUATOON Kol TNV
KoTtavaAwon o&uyoévov, avEnuévo GuUTaONTIKO TOVO Kot S10TapoyEG TNV EKPPUCT] TPOTEWVAOV TOV
oyetiovtol e TNV OLOIOGTACT] TOL AGPRECTION KOt TNV KOIAOKY] cueToAr. H cuyvétta epgdviong
pvokoapdlonddelag erayodpevns and Pnuatodotnon (PICM) mowiker og didpopeg peréteg omd 3%
emoing eog kot 26% petd and paxpoypdvia mapakorovdnon. Eyxovv evoyomombel apketol
napdyovteg yuo v epgdvion PICM mov gite oyetilovtan pe tov acbevi) Onwg 1 vmopén KOATIKNG
LOPUOPVYNAG  KOTA TNV EUOVTEVOT), OOTAPOYDV GTNV KOATOKOIAOKN 1 €VOOKOIAOKY] oy®yn, TO
YouMAd KAdopo e£mONoNg Kol M TOPOLGiN GTEPAVINING VOGOV 1) KOPOLOKNG OVETAPKEWNS &ite
oxetiCovtor pe ™ Pnuoatoddtmon O6mwg eivar 10 €100¢ TG Pnuatoddtons kot m Béomn tov
Bnuotodotikod KoAmoiov, 1o €Opog Tov Pnuotodotikov QRS, T0 MWOGOGTO NG KOWAMOKNG
Bnpotoddtnong Kabmg kot 1 dtépkela TG fNUatodoTnong.

Katd v epPpoikny Con o petafolopdg tov pvokapdiov Pociletor ommv  Kovom
VOPOYOVAVOPAK®OV YLl TNV TOPUYwYN VEPYELRS. DVGIOAOYIKA HETA TOV TOKETO TPayLLOTOmTOLEiTOL
oTpoPn oty 0&eldwon twv AMmapdv 0&E®mV Kol 1 0AAOYN OVTH GLVOJEVETOL A £KQOPOCM
“eviiMkoVv’" 100popPdV peTOPOMKOV eVIOU®V Kol GAA®V HOOKOPIOKOV TPOTEWVOV. Q0T0C0,
KOTAGTACELS oLoduvapiKoD 1 LeTaBOAKOD GTPEG OTMG 1 KAPSLOKY] OVETAPKELD ETOVAEVEPYOTOLOVV
10 Agyouevo “guppuikd yovidiokd mpdypappa”. To eufpoicd yovidlokod mpdypappo KTOG omd ™
OTPOYPTN GTNV KOVGTN T®V VOPOYOVaVOpAK®mV TEPAAUPEVEL TNV £KPPOCT GAA®V IGOUOPPDV TOAADY
TPOTEWVAOV it PETOPOMKOV eviOI®V €1TE TPOTEWVAOV TOL GAPKOUEPTOL OTMG Ot Paplég aAVGIdES

NG HLOGIVNG KOt 0-aKTivIG.



YroBéoape 6tL 1 fnuatoddTnon amd v Kopuen g 0e€1dg kKothiag umopel va odnynoetl oe
HeTABOAEG OTNV  €KPPOOT  HLOKOPIIOKMV YoVIdiov mov mponyodvion TN emdeivoons g
AELTOVPYIKOTNTOG KOl TNG YEOUETPIOG TNG OPLOTEPAS KOWMoG Ol omoieg yivovior eUEOVEIS
VIEPNYOYPOUPIKE 1| KAIVIKA 6€ TOAD peTayevéstepo otddlo. Emopévmg, o 6tdyog g HeAéTng Hog
NTOV VO aVIYVEVCEL TPMIUES UETAPOAEG OTO TEPLPEPIKO QUL TNV EKQPACT] EMAEYUEVOV YOVIOTI®V
mov oyetilovtolr HE TNV GUCTOATIKOTNTO TNG OPLOTEPAS KOWAlaG aocBevav pe doutnpnpévn
AerToVPYIKOTNTO TOV VIOPANONKAV GE HOKPOXPOVIRL PNUatoddtnon amd TV Kopuen G 050G
KOMoG.

21 peAétn ovppeteiyav 52 acBeveig pe drtnpnuévo kAdopo eEmOnong mov vrrofAnonkay
o€ guEUTELOT UOVIHOL TEYVNTOV Pnuotodotn Adyw Ppadvkapdikdv evdeitewv. H opdda A
ocvuneptérafe 24 acbeveig mov PrpatodotOnkay Ady® S10TapoydV KOATOKOIAMOKNG oy@yUOTNTOG,
eved 1 opdada B 28 acBeveic pe ovvdpopo voooiviog eAeforkopfov. v opdda A, to eminedo M-
RNA o610 mepipepkd aipa tov yovidiov Ca-ATP-don tov capromhoouatikod diktoov (SERCA)
petmdnkav otovg 3, 6 kot 12 pveg mapakorovdnong, evod ta eninedo M-RNA o10 mtepipepikd aipo
TOV YoVidiov Yo Vv Papeia aivcida g a-pvocivng (a-MHC) peimdnkov kot Tov yovidiov yio v
Bopeioa aivoida g B-pvociving (b-MHC) avénbnkav péypt tov 60 pnva mopoakolovOnong. Xe
aLTV TNV opada, 10 25% TV achevdv TOPOLGIOcOHV CNUAVTIKY CPVNTIKY OVOSLUHOPPOGCT TG
aplotepds Kothioc. Metd and 4 ypovia TapakoAoVONoNS 1 TEAOGVGTOAKY| SAUETPOG TG APLOTEPEG
KotMog avénonke amd 29.67 + 3.39 mm katd ™ oTiyun g epevtevong o 35.38 + 4.22 mm, n
TeAOSOGTOMKY dtapeTpog avéndnke amd 50 £ 4.95mm oe 56.71 £ 5.52mm kot t0 KAGGHQ
eEnbnong pewwbnke amd 63.04 + 10.22% oe 52.83 + 10.81%. Ilpodipeg petaforéc mov
TopaTNPNONKOY GTNV EKQPOCT) TV YOVIOIWOV GTO TEPLPEPIKS alpla, GYETIOTNKAY e EMOEivoN oTNV
AELTOVPYIKOTNTO KOl YEMUETPIOL TNG APLOTEPAG KOOGS TOV £YIVE EUPOVIG UNVES OPYOTEPQ. XTNV
ouada B, dev dwomiotdONKOV OTATIGTIKG ONUOVTIKEG UETAPOAEG TOGO GTOLG VIEPNYOYPAUPIKOVG
delkteg 660 KOl GTNV EKQPACT] TOV YOVIOI®V.

Me Bdon to evprjuata ™G HEAETNS N wovun Pnuatoddtnon omd v kopuen tng 0e&ldg
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KoltMog og acBeveic pe dStutnpnpévn Aettovpykdtnta oyetiCeton pe HeTaPoAEG GTO TEPLPEPIKO QL
oV £KQPOCT YOVISi®V Tov oyeTilovTal e TNV GUGTOATIKOTITO KOl TNV VIEPTPOPIA TNG APIGTEPAS
KolMoc. Avtég ov petafolrég sivor aviyvedoyles o€ TPOWO oTddlo, TPy Yivouv gueaveic ot
HETAPOAEG GTOVG LIEPNYOYPOPIKOVS OeikTeg kol oyetilovtonr pe apvnTikny avadldpudpe®on g

apLoTeEPEG KOOGS TOV YIVETOL ELOOAVIG GE LETAYEVEGTEPO GTAJLO.
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SUMMARY

Cardiac pacing is indisputably the only effective treatment for symptomatic bradycardia.
However, right ventricular apical pacing has proven to induce electrical and mechanical
dyssynchrony leading to asynchronous ventricular contraction, diastolic dysfunction, alterations in
regional mechanical function and loading, myocardial perfusion and autonomic innervation and
alterations in the expression of genes regulating myocardial contraction and hypertrophy. In a
substantial percentage of paced patients the aforementioned adverse effects result in developing
pacemaker induced cardiomyopathy (PICM), the incidence of which ranges from 3% annually to
26% after long-term follow up. Its prevalence depends on the interactions between numerous
factors either patient-specific or pacing-related. Patient-specific factors comprise the presence of
intrinsic AV and ventricular conduction disturbances, baseline atrial rhythm, left ventricular ejection
fraction (EF), presence of heart failure (HF) and/or coronary artery disease (CAD) at the time of
implantation. Pacing-related factors include the mode of pacing, site of ventricular lead, duration of
paced QRS, percentage of ventricular pacing and duration of pacing.

Before birth, cardiac metabolism is based on carbohydrates for energy provision. However,
post-natal energy substrate metabolism switches to fatty acid oxidation and to the expression of
“adult” isoforms of metabolic enzymes and myocardial proteins. In conditions of hemodynamic or
metabolic stress the post-natal heart returns to the so-called “fetal gene program” which includes the
preference of carbohydrates over fatty acidsas substrates for evergy provision and an isoform switch
of many proteins including metabolic enzymes and sarcomeric proteins.

We hypothesized that right ventricular apical pacing may induce alterations in the expression
of myocardial genes that procede deterioration of myocardial function and geometry of the left
ventricle. Therefore, the aim of our study was to assess early changes in the expression of certain

genes related to contractile apparatus and excitation-contraction coupling proteins, in peripheral
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blood cells of patients with preserved left ventricular function, who underwent long-term right
ventricular apical pacing.

We enrolled 52 consecutive patients with preserved ejection fraction who underwent
pacemaker implantation for bradycardic indications. Group A consisted of 24 individuals with
atrioventricular conduction disturbances and group B of 28 patients with sinus node disease. In
group A, peripheral blood mRNA levels of the gene sarcoplasmic reticulum calciumATPase
decreased at 3, 6, and 12 months’ follow-up, while a-myosin heavy chain (MHC) decreased and f3-
MHC increased until 6 months follow-up. In this group, 25% of patients demonstrated significant
LV remodelling. At 4 years, LV end-systolic diameter
increased from 29.67+£3.39 mm at baseline to 35.38+4.22 mm, LV end-diastolic diameter increased
from 50+4.95 to 56.71+5.52 mm and ejection fraction declined from 63.04+£10.22 to 52.83+10.81%.
Early alterations in gene expression were associated with a deterioration in LV function and
geometry that became apparent months later. In group B, echocardiographic indexes and mRNA
levels of the evaluated genes demonstrated no statistically significant
changes.

According to the findings of our study, permanent RVA pacing in patients with preserved
ejection fraction is associated with alterations in the expression of genes regulating LV contractile
function and hypertrophy, measured in the peripheral blood. These alterations are traceable at an
early stage, before echocardiographic changes are apparent and are associated with LV remodelling

that becomes evident in the long term.
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I'ENIKO MEPOX

EIXATQT'H

H xoapdiokn Pnuatoddtnon amotedel avapeiofnmnta ) povn aroteieouatikny Oepameio yio tnv
OVTILETOTION TNG CLUTTOUATIKNG Bpadvkapdiag. EEdALov, 1 kopuen g 0e&ldg KotMag amoTeAel
TNV O GUYVI EMIAOYN Y10 TNV EUPVTEVCT] TOV KOIMOKOV NAekTpokafetrpa kabmg elvarl pio B€om
gvKoA TpocPaciun, otabepr| Kot pe yoUnAovVS 0VO0VE PUATOOOTNONG.

Eivar wot1660 emiong yvootd 6t 1 Pnuatoddomon amd v Kopuen g 0efldg Koliag slodyel
NAEKTPIKO KOl UINYOVIKO dLGVYYpovIGrd KaBmG mapdyeTon Eva nAeKTPIKO epébicua oe éktonn BEon-
EKTOG TOL €PEDICUATOY®YOV GUGTIUATOG- UE YOUNAEG TOXOTNTEG LETAOOGNC TOV OO LVOKOPOIOKY|
tva o€ pvokapdlakn tvao.

[ToAAEG peAéTEG EYOVV ECTIAGEL OTIC APVNTIKEG EMMTMOGELS TNG PNUOTOOOTNONG OO TV KOPLON TNG
de&10¢ Koiog Tov 0dNYEl G AGVYYPOVI KOIMOKT) CUGTOON LE ATOTEAEGLO LELWUEVT] CUGTOATIKY|
AELITOVPYIKOTNTO, OLUCTOAKY] OLOAEITOVPYiD, OATOON TNG OPIOTEPAS KOWMOG HE OOGVUUETPN
VIEPTPOPIO, TEPLOYIKEG OATOPAYEG OTNV CIUATMOON Kol TNV KOTOVAA®ST 0&uyovov, avénuévo
ovumantikd tOvVo, Olatopayés oty 1otomaboloyion pE AmodlOpYAVOON  HTOXOVOPImY Ko
HLOWVIOIOV Kol JloTopoyn otV EKEPOCT TPOTEWVAOV oL OYeTILOVIOL HE TNV OUOLOGTACY| TOL

acPeatiov Kol TNV KOLAMOKN cmcsro?a'].l'll

AIMOAYNAMIKEYX EIINTQXEIX THEXE BHMATOAOTHXHX AITO THN KOPY®H THX

AEEIAY KOIAIAX

"Hon and 1o 1925 o Wiggers avayvopioe T onuocio e QUOIOAOYIKNG NAEKTPIKNG SIEYEPCNG Yia

™V  amddoon NG KOPOlKNG  AEITOLPYIOG  YOPNYOVIOS EKTOTO TAEKTPIKE apaﬁicmaw.lz
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Mertayevéotepa, to 1968 o1 Kosowsky et al.® TEPEYPOYAY TN UEI®OT TNG KOPIOKNG amdO0oNg
petd amd Pnuatoddtnorn amd v Kopven ¢ 0e€ldg kotMag, KAtL mov dg cvvéPave og
Bnuatoddtnon amd 1o depdrtio tov His (mov Swtnpel ™V QLGLOAOYIKT 000 UETAOOGNG TOV
epebiopatog). Meréteg oe mepapatdlwa emPefaiocav ta emdpevo ypdvio TG TOPATAVED
TOPATNPNCELS OMOOEIKVOOVTOG OTL TO ONUEID TOTOBETNONG TOV KOWALaKOD nAekTpokadeTpa mailet
GTHAVTIKO POLO GTV atpoduVaLKT amddoon TG aplotepdg kotkiog. 2

YUYKEKPUEVA, 1] TPOUN OLEYEPON OTIS TEPLOYES KOVTA GTO PNUOTOd0TIKO NAEKTPOSIO0 00MYel o€
Bpdyvvon TV HLOKOPIIKOV VAV GTNV TPOIUN GUGTOAN Kol UEIOUEVN CVOTACY, OTNV oYU
OLGTOAY| L€ OMOTEAEGHO LEIDMOT) GTO GUVOMKO POPTIO £PYOV Y1 TIG TPOULO EYEPUEVES TTEPLOYES.
Avtiotpopa, Ol TEePloyEC MOV Elval MO OMOROKPVOUEVEG OMO TO PrUaTodoTKd MAEKTPOSIO
veioTavTal S1ATACT] TOV LLOKAPIIK®V VOV TNV TPOIUN GLGTOAN (AOY® NG TPOIUNG GVOTAONS
TOV TPOILO OEYEPUEVOV TEPLOYDV) LE OTOTEAEGILO EVTIOVOTEPT GVGTOCT GTIV OYIUN GVGTOAN Gpa
Kot aOENGN TOL GLVOAKOL (POPTIOVL épyou.lg EmumAéov, 10 yeyovdg 0Tl Otav Kdamoleg mePLoyég
OCLCTIOVTAL, KOTOEG OAAEG €OV aLENUEVN TAOT €YEL GOV OMOTEAEGUO OTAOAEWD HUINYOVIKNG
evépyelog mov Ba umopovce va GUUPAAAEL GTNV AMOTELECUATIKOTEPY] EEDONGT. Zav AmOTEAEGUO
LEWOVETAL 0 OYKOG TOV TOALOV, KOOMG EVAO 1| GUVOAIKT SLAPKELD TNG GVOTOANG dev petodAleTar,
OVEAVEL 1] SIGPKELD TMOV 1000YKOTIKOV QUCEDV LE ATMOTELECHA MEWUEVIC dibpkelag eEmBnon.™
Emopévoe, kotd ™ Pnuoatoddton amorteitor PEYOADTEPOS TEAOOIOGTOAMKOG OYKOG OPLGTEPAC

20-22

KOWMOG Yyl va emtoyet Tig idteg  petoforég mEcemv. ‘Eto1, ev®d 1 punyovikn amdd0ocm Tov

’ . r , r I 23 J ,
LLOKOPOIOV HEIDVETOL, Ol LVOKAPOLOKES ATOUTGELS 08 0EVYOVO avédvouy.”” Emmpdcbeta e avtnv

mv "apvntiky wotpomn Opdon’’ M kapdlokn Pnuroatoddtnon amd v Kopuen e 0e&1dg Kotliog

24-25

umopel vo emdyel oveETApPKELD TNG UITPOEWOOVS ParPidag KoBdG Kot d1eTOAKN dusAettovpyio

™G 0PIETEPAG KOLK{OLQ_M'Z&N
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BHMATOAOTHXH KATAXYMMETPH YIHHEPTPO®IA APIXTEPAY KOIAIAX

Eivor yvootd 011 10 pvokdpdlo mpocappdletor oTig aAAAyEG TOL KOPOKOD (POPTiov
petaBdirlovtag 1o péyefog TV HVOKAPIOKOV KLTTAP®V Kal T1 6VGTACT TOL EEMKVTTAPION 16TOD
HEC® VEVPOOPLOVIKDV unxakud)v.zs'sz E&drAov peréteg oe mepapatolowo amédeiEoy OtL M
acVYYPOVI] MAEKTPIKY OEYEPOT TOL EMAYETOL Omd TN PnuatoddTnomn odnyel o OCVUUETPN
VIEPTPOPIO TOV KOTMOKOD TOYMUATOS Kol O1ATOON TNG APLOTEPAS Komiag.zz

Yvuykekpléva og PeAE 8 okOAwv mov PrpatodotnOnkay pe evpd QRS 133.8 + 25.2 ms yw
6 unveg olamot®ONKe AémTuvemn TOL TOYOUATOG pe TpOn Owyepon (17x17%) oe oyéon e
OKLVAA mov dev vréotnoav Pnuoatoddtnon, evd avtifeta 1o tolywuo pe TV KabvoTepnUEVN
déyepom mapovoiace mayvvon (39+13%). EmmAéov mn SGUETPOC TOV HVOKAPIOKAOV KLTTAP®OV
ntav peyaddtepn otic meployés pe kabvotepnuévn oeyepon (18 £ 7%) o oxéon e TIC TEPLOYES LE
mpown o€yepon. Omwg mpooavaeépbnke kotd tn Pnuotoddtnon mopatnpeitol peiwon oto
GUVOAIKO QOPTIO £PYOV Y10 TIC TPMIUO. OIEYEPUEVEG TEPLOYEG KOt aHENGN TOL GUVOAIKOV (POPTIOV
€PYOV OTIC OMOUOKPLGUEVES. OV TPOCHPLOYY GE OTAV TNV OAANYN UEC® VELPOOPULOVIKDOV KOl
GAAOV UNYOVICU®V TOPATNPEITOL EKAEKTIKA VITEPTPOPIN TOV TOTYDUOTOG OTIS OYILO OIEYELPOUEVECS
nsptoxég30'33 OV OQEIAETOL OTNV OVENCT NG SUUETPOL TMOV HVOKOPOIOK®DY KLTTAP®V KOl TNV

evamobeon pecokvttdplog ovoiag. EmmAéov, m Aéntuvon TtV TPOYO OEYEPUEVOV TEPLOYDV

mOavOV va opeileTan Ko 6TV O1TO0N TNG APLOTEPAS KOIMOG.

MYOKAPAIAKH AIMATQXH XE BHMATOAOTHMENOYX AXOENEIX

Eivar yvowoto, 611 6mmg akpifog cvpfaivel oe acbeveig pe amokAeopd aplotepod oKEAOVG, £TGL Kol
ol aocBeveig pe Pnuotodotikd pvOud pmopel vo mopovcstalovv eAAEippOTE TANPOONG OTNV

oTVONPOYPOPIKN HEAET OUATMOONG TOL HLOKOPOIOV OMOVGIN GTEVOCE®V OO0 TO GTEPOVIOAN
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9,34-36

ayyeio. H evdopAéfio yopnynon OmupldapdAng Yo QOPUOKEVTIKY OYYELOOIOCTOAY TV

OTEQOVIOI®V POIVETOL VO TPOGPEPEL LYNAOTEPN EOIKOTNTA OO TNV dOKILOGTO K(')nwcsng.37'39

e pedém 105 acBevav pe xpovia Pnuatoddtnon and v kopuen e de&ldg Koiag Ywpig Voot
otepavwoio. voco, ot acbBeveic vroPAndnkov ce omvOnpoypdenua pvokapdiov pe dokipacio
KOTOONG € TAMNTO KOl GTEPAVIOYPAPIKO EAEYY0 Kol pe Bdon ta amoteAécpata yopiomkav o€ 4
OUAOES: PUOIOAOYIKO GTLVONPOYPAPTLLOL OLATMOTG HVOKOPIIOL Kol (PUGIOAOYIKT CTEQAVIOYPOQiaL,
ToBOAOYIKO omIVONPOYPAENUO  OUUATOONG HVOKOPSIOL KOl (UGIOAOYIKY  GTEQOVIOYPOQia,
(QULOIOAOYIKO  OTVONPOYPAENUO  CUATOONG HVoKapdiov kot  TaBoAOYIKY  OTEQOVIOYPOQia,
1a00LoYIKO GTVONPOYPAPNLO UETOONC HOKapdiov kat Tafoloyiky otepavioypapio.

Am6 toug 24 acBeveig mov mapovsialov PUGIOA0YIKO CTVONPOYPAEN L0 AUATOCNS HVOKAPSIOL Kot
(QVOIOAOYIKT] OTEQOVIOYPOPio LOAMS To 8% Pruatodotovvtay mptv, Katd T S1dpKelo Kot LeTd ™
dokyocion Komwoews. Xe avtifeon, omd tovg 14 acbevelc mov mapovoialov maBoAoyikod
oTVONPOYPAPN IO OLUATOCNG HVOKOPSTIOL KOl QLGLOAOYIKY GTEQOVIOYpoia 1 TAstoyneia (78%)
Bnuotodotodvtav mply, KATA TN OdpPKELD Kot HETA Tr SOKUAcio KOmMoews. Avtol ot acbeveig
napovcioloy  Kupiwg  avaotpéyiuo  eAAeippota TANpwong  mov  evtomiloviav 61O
KoTtATEPO/KATMTEPOTTAAYL0 Tolywua (71%), oto kopveaio (50%) kor oto mAdylo/omcOomAdylo
toiyopa (28%) g aplotepds kothiag. Me Bdon ta gupipata g HeAETg 1 PUatoddTnoT KTl T
dudpketla g e&étaong avgavel o YeLdMS DETIKA AMOTEAEGUOTO GTO CTLVONPOYPAPNLLOL OLATMOONG
HLOKOPOI0V, HEWDVOVTOS TNV evancOncia g e&€taomg.

Ye GAMn pedétm 14 ooBevelg pe  @uololoywd  otepavioio  oyyeio vroPAOnkav oe
oTVONPOYPAPNUO. OUATOONG HLOKOPOIOV HE OMUPOAUOAN Kot Kapdlokd KaBeTNplacpHd Kot
cuYKpiONKaY pe 8 Gropa mov amotédesav Ty opdda eéyyov.”® O aobeveic yopiotnkav oe 3
opnadec: eketvoug pe eldeippoto TAnpmong (opdoda 1), ekeivoug ympic eddeippata TAnpoong (opddo
1) kou n opdda eréyyov (opada II). Zrovg Pnuatodotnuévovg acbeveic (opddeg 1 ko 1)
TOYOTNTO PONG TOGO GTOV TPOGHo KATIOVTA KAGSO NG aploTePNg OTEPAVIOLiNG apTnpiog 660 Kot
OTNV EMKPATOVSO apTNPio NTOV CNUAVTIKA UIKPOTEPEG TOCO otV évapén g e&étaong (18,7 +
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5.5cm/s évavtt 25.1 + 5.2cm/s) oo kot T oTiyun g péyiotng vaepopiag (51 £ 12.9cm/s évavrt
71.7 £ 16.1cm/s) oe oyéon pe v opdda eréyyov. Emiong oty opdda I, n aptmpio mov oyxetildtav
LE TNV TEPLOYN OV TaPoLGiale eALEATO TANPOOTG, Elxe YaunAdTEPN otePaviaia pedpeia (2.6
+ 0.5) o oyéon pe Tig aptnpieg mov de oyetiCovrav pe eEldeippata tAnpmong (3.9 + 1.0, p<0.05)
oe oyéon pe v opdda eréyyov (3.5 £ 0.5, p<0.05). A&ilet vo onpeiwbei 6TL ot TayvTNTEG PONG OTO
oteQavioio ayyeio 0ev AVIUTPOCOTEVOVV OYKOUETPIKY PO} WGTOCO ivar vag EUUEGOC JEIKTNG TNG
QLULOTIKNG pONG TV otepaviaimv. Emopévmg, pe Pdon to evpiuoto e UEAETNG Ol HEUMUEVEG
ToYOTNTES PONG 0QeilovTal TOOVOV GE TPOTOTOINGT| TNG AULUOTIKNG PONG TV GTEPAVIOI®MV AOY® T®V
OALOY®DV TOV pNYOVIKOD (OPTIOL TTOL OEYOVTAL OLOPOPETIKES TEPLOYES OVAAOYO, LE TNV EVIOTION
TOVG KOVTO M pokpOTEPE Omd TO PNUatodoTikd MAeKTpokaOeTHpa. AVTEG Ol JTOPAYES OTN
LIKPOOYYELOKY, POT €lvVOL TTOV 0OMYOUV OTO EAAEIUUATO TANPMOONG 7OV TOPUTNPOVVIOL OTN
oTVONPOYPOQIKN HEAETN OMOVGi0 OTEVOGEWV 0md Ta ote@aviaio ayyeio. Extdg amd ) peimpévn
oteQavioio. pony OTIS TEPLOYES TOL Oleyeipovtol PO ol HeEAETEC €xovv deiel peltopévo

LVOKAPSLAKO £pY0, TPOSANYT 0EVYOVOL Kot LETABOMOLO Tav EAEVBEpmY Amopdv oEéwy.

METABOAEX XTHN AAPENEPI'IKH NEYPQXH TOY MYOKAPAIOY META AI1IO

MONIMH TEXNHTH BHMATOAOTHXH AITIO THN KOPY®H THX AEEIAY KOIAIAX

QOPEVEPYIKT] VELPMOTN TOV HVOKAPOLOV EYEL LWEAET EL UE T (0] EW T —LLETALMOO0-
H adpevepyiky vebpoon Tov pokapdiov éxet pehemnei pe ™ Porifewa mg [ ~petoind

123 123

Bévluro-yovavidivng (I'-MIBG) evog avaloyov yovavedidivng padiotomikd onpacuévov pe I

oL TOPOVSIALEL TNV idtar TpOSANY, amodrikevon Kat omekevdépoot Onme 1 vopemveppivy. >

' _MIBG and 10 pvokGpdlo £xel meptypagel o€ TOAAEC

Awtopay] ommv TPOGANYN NG
TOOOAOYIKEG KATAGTACELS OTIMG GTN GLULPOPNTIKY KOPOLOKT OVETAPKELD, GE EUEPAYLLO Lvokapdiov,

Kopdlopvonddeiec, kopdiotoéikdTnta petd amd yopnynon do&opovPfukivie, Letapndoysvon Kopolic,
potop G, Kap nto p Xopnynom oocop MG, HETOUOGYELGN KOPOLOG

J , ’ r J , , ; 45-
CLGTNUATIKA VOSTLALTO 0V oXeTICOVTOL e S0TapayEG TOL VTOVOUOL VELPLIKOD GLGTHULATOS K. 6.

54
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Ye perdém 39 acBevov pe povipo texvntd Pnpatoddtn Ady® TANPOLS KOATOKOIAOKOV

123
I

OOKAEIGHOL TOv  VEOPARONKav og  yopnynon -MIBG  «0Bd¢ kot  QOpUOKELTIKOD

oTVONPOYPAPNLOTOS OLATMOOTG HLOKOPSTIOL Kot cLYKPiONKay e opdda eAéyyov 23 vY1OV ATOU®V
SlamoTOONKE HEWOPEVOS AOYOS HVOoKapdiov Tpog pecofmpakiov doov agopd Ty mpdoinyn [ -
MIBG oty opdda towv Pnuatodotnuéveov actevov kobmg Kot TEPLOYIKEG OSlOTAPUYES OTNV

npdoinyn tov 1

-MIBG oto 89,7% twv Pnpatodotnuévev acbevov, Kupimg 610 KoTtdTEPO
(92,3%) xa1 10 kopvpaio toiyoua (38,5%), eved poag to 8,7% g opdadag eAEyyov mapovsiole
NMOTEPESG SATAPAYES TPOGANYNG GTO KOTDTEPO roixwu(x.SS

A&wonueioto eivar 01t oV opdda Tev Pnuotodotnuévav acbevov, 6cot acbeveig
napovsiolov dtotapoyéc cpdtoong, eiyov kat dtapoyéc oty tpochnyn 12 -MIBG oy idw
neploxf. Te avtideon, apketol aobeveic pe mepoyucéc dwtapoyés oty mpochnyn ' -MIBG
elYOV PUGIOAOYIKY| OLUATMOT] GTNV OGTVONPOYPPIKY HEAETN.

Emopévog pe Baon ta evprjpoto g HEAETNG, EKTOG ol TIC SLOTOPOYES CTNV AUATMOOT] TOL
pvokopdiov, n ypoévie Pnuatoddtnon odnyel Kol Ge MEPLOYIKES OTOPAYES TNG OAOPEVEPYIKNG
VEVPMOT|G OTIG TEPLOYEG TNG TPOIUNG SEYEPOTG OTMG EIVOL TO KOTMOTEPO KOl KOPLOOIO TOLY®LLOL TNG
aplotepds KoAiag. AVTEC ol daTapayéS amodidoviol To MBAVOTEPO Ge avENUEVN GLUTOONTIKN
JPACTNPLOTNTO OTIG TEPLOYES LE TPOIUN O1EYEPON OV odnyel o€ avEnom TG VopadpeVaAivng Kot

GpoL LEYAADTEPO AVTAYOVIGHO HETAED vopadpevarivig ko 12

-MIBG yuo mpocinymn kabmg Kot o€
AYYELOGVOTOON TNG UIKPOKVKAOPOPIOG TOV GUVETAYETOL LEIMOT TG OLULATIKNG POTG Kot S1aTaporyég
apdtwong omv omvinpoypagiky] perétn. H avénon g ocvpmadntikng dpactmmplotnrog Kot
CLYKEKPIUEVO TNG VOPAOPEVAAIVIG OTIG TEPLOYEG TPOUNG O1€yepong £xel domoTmhel eEAAAOL Kot

oe HeAéT pe okvMd Omov emiPePfoardOnke 1oTOAOYIKA TAELOV M aLENUEVY] GLYKEVIP®ON

vopadpevarivig.®
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ATA®OPEX AAAEX ATATAPAXEX

Inuovtikég eEAAA0D dlatapayég TOPATNPOLVTAL Kol GE EMIMEDO 16TOTAHOAOYIKO UETE TNV
euevteLon povVwov Prpatddotn. Ot mpdTEG HEAETEG TOL TPOYHOTOTOMONKOY G GKOAOLG
aVOPEPOLY HETO OO KOWALOKY PNUoTodOTNoN JaTopay NG OPYLTEKTOVIKNG TMOV KLTTAP®V,
vrevdoKopdLaKT tvwo, evamdbeon Aimovg kot aoPeotiov kot Satapaxés ToV proyovdpiny. >

Avtiotoym pekétn ocvvékpive 16 gvdopvokapdtakés Broyieg amd acbeveis e cvyyevi mAnpm
KOATTOKOIALOKO OTOKAEIGUO OAAG PUGIOAOYIKY] KOPOLOKT avatopia, 8 ek TV omoimv Tapdnkav Tpv
TNV TOT0BETNON HOVILOL TEXVNTOV Pnpatoddtn (néon nAio acbevov 15.5 étn) kot 8 petd amd 3-
12 étn (néoog 6poc 5.5 £tn) amd Ty tomodétnon avtod (péon niikia acbevav 16 £m).>° Te dhec Tig
Bloyieg mov mhpbnkav mpo G TOmMOBETNONS TOL PNUOTOdOTN  TOpATPNONKE VIEPTPOPiD TV
LLOWIBI®V KOl G LEPTKOVG OENGT TOL aplBUOY TOV HTOXOVIPIMV (TOV  aToAoYKd amodidovtal
oV xpovia Ppadvkopdia). Xtic Proyieg petd ™ puoviun Pnuoatoddtnon ekto amd TV LIEPTPOPia
TOV powdiov, mopatnpiinkay Kot GAAES 10TOTAOOAOYIKES SLOPOPOTOMGELS LE CNUOVTIKOTEPES

TNV EKPLMOTIKN Tvoon Kot evamdfeot AlTovg, KEVOTomidon eKEUAION Kol LEGOKLTTAPLO vmoN.

MYOKAPAIOITA®EIA EITAT'OMENH AITO BHMATOAOTH

Me Baon emopévog ta chyypova PipAoypapikd dedopéva, 1 Kotk Pnuatoddtnon and
mv Kopven ¢ 0e&lig KolMog evéyxel Tov Kivouvo epeaviong pvokopdlonadeiag (pacemaker

induced cardiomyopathy-PICM).

XoyvoTnTOo EROGVIGNG
2y mpoypatikdtta, o tocootd epgdviong DICM  mowihovv otig S1dpopeg pehéteg

avéioyo tov mAnBuopd mov peretnOnke oAld kot to av . DICM  Samotddnke pe Pdaon
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VIEPNYOYPOUPIKOVG OeiKTEG N KAMVIKY] GUUTTOUATOAOYIO KOpIKNG avemdpkelog. e peaétn 177
acBevav pe Swtnpnuévo kAdopo eEdOnong mov EAafoav  apEKOAoKd  PnuoTodotn Yo
Bpadvkapdukég evdeiEelg kol tvyotomomdnkav oe Pnuatoddtnon amd v Kopuew ™G 0e&Ldg
KOWMOG 1] KOPOKO ETOVOCLYYPOVIGHO, TapatnpriOnke 1on otovg 12 unveg peimon tov KAAoHaTog
e&mbnong oty opdda g Pnpatodotnong amd v Kopven g o0&l kotkiog (54.8 £ 9.1% vs.
62.2 + 7.0%, P<0.001) kot avénom oTig SGTAGELS TNG OPLOTEPAS KOG e TEAOGVOTOAKO OYKO
(35.7 £16.3 ml vs. 27.6 + 10.4 ml, P<0.001) 1} aAMd¢ oyetikn petaforn ovdpeoa ota 2 YKPOLT GE
oYE0MN UE TNV GTIYUN TNG ELPVTEVLONS TNG TAENG TOL 25%.%°

e avtiotoyn perdém 304 acBevaov pe datnpnuévo KE mov Prnuotodomndnkay amd tnv
KopueN G 0e€14¢ KotMag AOY® KOATOKOIAOKOD OTOKAEIGHOD TO TOGOGTO TPMTOEUPAVILOUEVNC
KA fitav modd vymAdtepo kot dyyile o 26% petd omd 7,8 £t mapakorovdnonc.®

H gpodvion Kapdlokng averapKelog Le HEYOADTEPT GLUYVOTNTA OTN LEAETN aVT UTOpPEl va
amodobel apevog ot LEYOADTEPT SLAPKELD TNG TOPAKOAOVONGNS Kol OPETEPOV GTO YEYOVOG OTL Ol
aobeveic mapovsialay 6Aot VYNAS T0600TO KOIMAKTC PHaTodoOTNoNC oL EEmepvovoe To 90%.°H02
ZOUQOVO e TO EVPNUOTA TNG UEAETNG VTG 1 LEYOAN NAKIo KOTATN OTIyUn TS EUEVTELONG, TO
evply Pnuatodotikd QRS kot n mopovoia otepaviaiog vOcov NTav OveEAPTNTOL TPOYVMOGTIKOL
JelkTeg Yo TNV eUPavion Kopdlakng avendpkeloc. EmmAéov 1 gpedvion Kopdlokng oveTapKELNS
OLGYETIOTNKE HE OMNUOVTIKN ovéNnon g Kapdtayyelokng Bvntomrag, 36.7% vs. 2.7%, P < 0.001 c¢

. , . , . 61,62
oxéon He Tovug 0ohevelg TOv dev AVETTLENY KAPOLOKT] OVETAPKELD.

Mapayovtes mov eanpealovv v epeavien PICM

"Exovv evoyomomBei apketol mapdyovteg mov GAlol oyetiovtol pe Tov acbevi kot dAlot
oxetiCovtor pe ™ Pnpatoddton. Iapdyovieg mov oyetilovtor pe tov acBeviy kKo pumopet vo
emmpedoovv v epedvion PICM eivor n vmapéEn 1 Oyt prefokopfou katd v epevtevon (kabdg n
KOATIKY] HOPUOPLYN €XEL OYETIOTEL HE UEYOADTEPO TOGO0TO gpedviong PICM), n vmopén
JTOPOYDY GTNV KOATOKOIMOKT 1] €VOOKOIAMOKY ay®yn, TO younAd kAdopo eEdOnong kol m
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TOPOVGI0 GTEPAVIAING VOGOL 1 KOPIIOKNG AVETAPKELNG MO KATO TN GTIYUN TNG ELPVTELONG. ATO
™V GAAY, Tapayovteg Tov oyetilovion e T fnuatodotnon sivatl 1o €100¢ TG PatoddTnong Kot n
Béom tov PnuaTodoTikod KaAddiov, T0 vpog Tov Pripatodotikod QRS, 10 T0G0GTO TG KOIAMOKNG

BraTodoTong KadhS Kot 1 Sidpketo TS Prpotodomorng.

IMMocooT6 KoOLMaKNS frypnatoddTons kKot Kivovvog epedvieng PICM

Yrdpyet n yevikn avtiinym ot o kivduvog yia epgdvion PICM cuvavtdtot 6tov 10 T0606T0
KotMokng Pnuatoddtnong vmepPaivet to 40%. Ymhpyovv wotdG0 WHEAETEG TOL  OVAPEPOLV
EUPAVIOT HLOKOPOOTAOEG HETA amd PnuoToddTnon € TOAD WKPOTEPO TOGOGTO KOLAOKNG
Bnuotodotnong. Xe pedét 257 achevav mov vtoPANONKaV 6€ ELPVTELGT LOVOECTIOKOD KOIALOKOD
N Owmlogotiakod Pnuotoddtn pe  Swarnpnuévn  Astrtovpywdtnro. EF>50% ko kothokm
Bnuotodotnon mov Eemepvovoe 10 20%, 10 19,5% tOv acbevov eppdvice pvokapdtomddeio
oxetillopevn pe ™ Pnuatoddtnon (mov opiotnke wg peiwon tov kKAdopatog eEmdnong >10% pe
EF<50%) oe diGotua mopakorovdnone 3,3 ém.* Awmiotddnke e&6Ahov 611 o1 aobeveic mov
avéntvéav PICM rtav mo mhovo va sivon dvipeg, pe youniotepo EF ko peyardtepo ebpog QRS
KOT@ TNV guevtevon. EmmAiéov 1o dppev @Oro kot to gupd QRS katd v eppidtevon (>115msec)
AmOTEAOVGAV AVEEAPTNTOVG TPOYVMOSTIKOVG OEIKTES Yo TNV eppdvion PICM.

E&éArov, o ypdvog eppdviong PICM mowkilel otic dtdpopeg HEAETES amd TOAD TPpOUN NON
amd TOV TPMTO UNVO HETE TNV EUPVTEVLCT MG KOl OPKETA OYUn 9 £ usrd.Gs To yeyovog avtd
onpaiver 6tTL 0 xivovvog v PICM og évav acBev| pe vynid mocootd Kotlakng Pnuatoddtnong
TOPOUEVEL AKOWLOL KoL TTOALD XPOVILL LETA TNV su(pl')rsucm.GS

¥ perétn MOST® 1060016 Kotokhg Pripatoddmong >40% oyetioTnke pe 3 Qopéc
avEnomn tov KvdHvou Yo voonieia yio KA kot KM og oyéon pe kotlakn Pnuotodotnon <40%.
Towg, pe Pdon avtd 10 evpnuo g moAvkeviptkng peiétng MOST tébnke avbaipeta 10 dplo Tov
40% o6cov agopd tov kivovvo gpedviong PICM. Kot oty 1610 tn MOST BePaimg meprypdpetol o

kivovvog yua gpedvion PICM 1o amd mocootd Kothakng fnpatoddtnong 20%.
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AM®OTE N GLGYETION TNG ELPAVIONG KAPIOHLOTTAOELNG KO TNG KOWAMOKNG S€yepong €xel
peAetnOel og mAEAd EPYOUCIHV TOV GVGYETILOLY TO POPTIO EKTAKTMOV KOWMAKMOV GVGTOA®V >20%
He ovEnuévo kivduvo pookapdlonddetac.’

EEdhhov oe vmoovdivon acBevodv peAétng avdAoyo HE TN OCLGYETION  EUEAVIONG
HLOKOPOOTAOELNG GE SLUPOPETIKA TOGOGTH KOIMOKNG Prratoddtnong akdpo Kot pikpd TocooTtod
VP 20-39% oyetiomke pe 13% eppdvion PICM, mocootd mov oavlavotav avaloywkd pe v

avénon e VP

Péiog Tov €0povg Tov fnpatodotikev QRS ety avantvén PICM

Inuovtikd podo axdun omv euedvion PICM oeaivetor vo mailelt kor to €0pog TOL
Bnuotodotikov QRS. Xe perétn 184 acbevov pe  dwnpnuévn  AEITOLPYIKOTNTO  TOL
Bnuotodot)Onkav amd v Kopve TG 0e&dg Kowkiag Kot mapovsialov Kotlakn Pnuotoddtnon
>20%, petd amd 3,4 ypovia mapakorovdnong, to 22,8% twv acBevav eppdvice PICM pe peioon
tov EF  ond 62,148,6% oty eppitevon oe 35,3%9,7% ot Sidyvaon.®® Ze cvykpion pe tovg
acBeveig mov dev gppdvicav PICM, ekeivor mov epedvicav ntov mo mlove vo NTov Gvipeg
(p=0,03), pe youniotepo EF otv gpedtevon (p=0,04), pe evpdtepo QRS mpo g epovtevong
(p=0,006, eEopébnkoav ot acbeveic e LBBB 11 RBBB), vynAdtepn kapdiaxy cvyvotnta oTtnv
nopakorlovnon (p<0,001) xor evpvtepo Pnuotodotikd QRS (p=0,001) evdd 10 €VPOG TOL
Bnuotodotikov QRS mapéueve aveEdptntoc mpoPrentikdg mapdyovtag yio v epedvion PICM.
Yvykekpuéva, evpog Pnpatodotikod QRS >150ms mapovsiale 95% gvatcbnoia yio v epedvion
PICM. Kat' avtiototyia, 10 0QeL0G TOV KAPIOKOD ETAVOCTLYYPOVIGLOL OVAUEVETOL GE acbeveic e
LBBB kat QRS > 150ms.”® Emmhéov éktoxtes kotakés ovotoréc pe evpoc QRS > 150ms £xet
amodeyBel 0Tt oyetilovtol pe ™V EUEAVION HLOOKOPIOTAOEINS AOY® OTOGLYYPOVIGHOD OO TIg

. .. 70
OLYVEG EKTOKTES GUGTOAEC.
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I'ONIAIAKH EK®PAXH KAI KAPAIAKH ANEITAPKEIA

Epppuwko yoviowexo mpoypoppa

Katd v epPpoikny Con o petafolopdg tov pvokapdiov Pociletor omv  Kovom
vOpoyoVaVOpPAK®OV Yoo TNV Tapaywyn evépysloc. To yeyovdg avtd ogeileton mbavotato oty
AMOTEAEGLOTIKOTEPT] aOO00T EVEPYELOG avd MOle 0&uydvov Tov KATAVOAMDVETOL KOl GTHV YPTYOpn
KnTomoinon evepyelakdv amobepdrmv vdpoyovavdpkav.” Eivar afoonpueinto, 6t ot amodnkeg
YAvkoydvov otnv eufpuikn kopdid katodappdvovv mepiocdtepo amd to 30% TOL KLTTOPIKOV
6YKOV, 6€ aVTIOEST e LOAS TO 2% OTO LLOKAPSI0 ToL evijdika.’? MeTd Tov Toketd 1) HeTdPaon omd
éva oyetikd vrolkd mepiPdAlov og éva TAovolo 6e 0&uyovo meptPdAlov Tupodotel T peTdfoon
oV 0&EIdMOoN TV MTop®V 0EE®MV OC EVEPYEWNKN TNYN Yo TO HLOKAPI0. Avti 1 oAAayn
ovuvodgvetal  amd  Ekepact  “‘eviMkov’’  1oopope®v  petafolkadv  evihpmv Kol GAA@V
LLOKOPIOKDV TPMTEVAV.

Qo61660, KOTAGTACELS OUHOSVVOIKOD 1 pHeTafolkod otpeg Omwg vmolia, ioyoupia,
VIEPTPOPIQ, CAKYAPMONG SNTNG, VTOBVPEOEOIGUOC EXAVOEVEPYOTOLOVY TO AEYOUEVO “EUPPUIKO
yovidiakd mpdypappa” (fetal gene program).”® To epuPpuicd yovidtokd TPOYPOLo. EKTOC amd T
OTPOYPTN GTNV KOVOT| TV VIpoyovavOpakwv TeptAapuPavel TNy EKEPACT KOATIKOD VATPLOUPNTIKOD
nentidiov (ANF), avéntikov mopayoviov (TGF-B), petafordv oty ékepaot yovidiov Ommg C-
myc kot C-foS kat Exepacn GAA®V 1GOHOPE®V TOADY TPMTEWVDV £ite HETOPOMKDV evDU®V &ite

TPOTEVAOV TOV GOPKOUEPIOV OTTMG 01 Papléc aAVGIdES TG HVOGTVIG Kot oc-ouqivng).74

AALOYES 6TV EKQPPACT] TOV YOVIOIMV PeTd 0té poviun texvnty fnpatodotnon

H oyéon m¢ kapdlokng avemdpkelog Kot TG €KOPOONS YOVIOI®V amd To, HuOoKapOLoKE
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KOttopa €xet oM peremBel deEodikd. Elvar yvootd Ot 1 gu@AVIoN KOPOIIKNG OVETAPKELOG
TVPOSOTEL TO Aeyopevo “euPpuikd yovidioko mpdypoupa” (fetal gene program) mov meptlapfavet
EkQpaot GAANG euPpuikng twopdpens yovidiov mov puBuilovv cvotadtéc mpmteiveg KoBMOS Kot

LEWOUEVT EKpaoT) YoVidimv mov puduilovy T ovievén diéyeponc-cuotoic. > "

[Tapd 0 YeYOVOG
OTL aVTEG Ot aAAaYEG BEe®POVVTIOL TPOCAPUOGTIKOS LUNYAVICUOS AOY® TOL QENUEVOL UNYOVIKOD
QOPTIOV TTOL £XEL VO OVTILETOTICEL 1 KOPOLL, Ol 0AAAYEG GTIC GUOTOATEG TPMTEIvEG BewpovvTan
vrevhuveg Yoo UEWOUEVI] GUOTOAIKY] OTGS00T TOV  HLOKOPIIOV KOl TEPOUITEP®  OPVNTIKY
avadlOpOPP®ON NG OPLOTEPAS KOWAlaG. MeAETEC TOGO GE PELOVMOUEVO LVOKOPIKA KOTTAPO OGO
Kot og mepapatolmwo £xovv cvoyetioel ™V avEnuévn Ekepacn ¢ B-aAdcov ™G Hvocivng pe
OPVNTIKY VOTPOTN 8pdc5n.77'78

‘Eva e0Aoyo epdTNHO OI®G TOV TPOKVTTEL EIVOL €0V O OAAAYEC GTNV EKQPACT] TWV YOVIOI®V
oTovG  Pnuotodotnuévoug  ooBevelg o@ElAOVTOL  OMOKAEICTIKG OTNV  EUPAVIOT  KOPOLOKNG
OVETAPKELNG 1) €0V O OTOGVYYPOVICUOG OV €mdyel 1| fnUatoddTnon amd v Kopue TG OeE1dg
KotAMog mailel Kamoto pOLO OTIG OAAAYES GTNV YOVIOIOKT EKQPOOT).

e pedém pe mepapatdloma, 11 oxvid vréotoav tayeio fripatoddton eite amd tov de&10
KOATO, gite amd 1o €hévBepo Toiywpa TG 0e&ldg Koo pe amoTEAESHO OVATTUEN KOPOLOKNG
avendpkeoc.t Tt ovvégewo peketiOnke pe tagged-MRI M dmapEn 1 Oyt KOAoKOD
ATOGLYYPOVIGHOD GTNV aploTePE KOWAln Kot SomioTdOnKe e£E0NUAGUEVOG ATOGVYYPOVIGHOG GTNV
oudada mov PrnpoatodotOnke amd T de€id KolAln KOl ATOLGI0 OTOGVYYPOVIGUOD GTNV OUAda OV
BnuotodotOnke amd 10 0e&1d kOATO. Bloyieg and v apiotepd kokia €de1&ov petaforég otnv
ékppaon TV pookapdlokdv  mpotewvedv  pe  30% ehdttoon g Ca-ATPdong tov
COPKOTAACUATIKOD dtkTvov, 80% peimon g powo@oiaumdvng kot 60% peimon g kovveéivng 43
OTIG TEPLOYES e TNV KabBvotepnuévn 01éyepon oe oxéon pe Ployieg mov mhpbniav 1660 and To
nepapatodloa mov avETTLENY KapOlakn avemdpkelo oAAE Oyl Kapdlakd amosVYXPovIcHd, OGO Kot
oe oyéon pe 4 (oo (opdda eAéyyov) mov dev elyav Pnuatodotndel. Evdiapépov elvar to yeyovog Ott
aTEG 01 LETAPOAEG OV TTopaTNPNONKAY TNV OUAd0 TTOV EIXE HEV EUPOAVIGEL KAPILOKT] AVETAPKELQL,
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aALG dev apovsiole kapdlakd arocvyypovicpd. Ipdypa mov onuaivel 6Tt 0 ATOGVYYPOVIGUOG TNG
aplotepdg kothiag eaivetal va mailel poAo oty pHOIOT TG EKEPACTG HVOKAPIOKODV TPOTEWVAOV.
Anpovpyeiton £161 1 vIOYio OTL 0 KOPILAUKOG ETOVACLYYPOVIGHOG OYL LOVO PEATIDOVEL TNV KOPILOKN
Aertovpyion oAAG evoeyopévmg pmopel va fondncet oty emavopOOoN ™G TEPLOYIKNG EKPPOOTS
LLOKOPOOKDV TPMTEVAV.

Ye pehétm 24 acbevov pe xopdiokn avemdpkelo otadiov -1V xatd  NYHA mov
vroPAnOnkav oe pookapdiokn Proyia katd TV PEHTEVOT] AUEIKOTIAKOD PnpatoddTr kot 4 uveg
HETE amd aVTNV, T EVPNLATO CLCYETICTNKAV LE aVTIOTOLYO 6 AGHEVAOV Y0Pig KapILKN OVETAPKELL
mov vroPAnOnkav ce pvokapdlakn Proyio Katd Tn Slevépyela YEPOLPYEIOL COPTOCTEPAVIOING
naprapyne Yo otadepy otepoaviaio voco (opddo ehéyyov).”” Me Bdon o omoteAéopoTa NG
HeAETNG, ol acbeveig pe Kapdlokn averapkela epedviiay youniotepa eninedoa MRNA yio o yovioio
a-MHC, B-MHC, SERCA kot poc@oraumdvng kot vyniotepo eninedo. MRNA ywo to yovidio mov
kodwkonolel 1o BNP og oyxéon e tovg acbeveic e opddag eréyyov. EmmAéov, otovg acbeveic mov
AVTOTOKPIONKAY GTOV KOPOKO ETAVACVYXPOVICUO TapatnpnOnke avénon tov emmédov MRNA
ywo. ta yovidwa a-MHC (p=0,035) kar SERCA (p=0,032), peioon tov emmédov MRNA yo to
yovidio BNP (p=0,002) kot avénon tov Adyev a-/B-MHC (p=0,018) ka1t SERCA/pwc@olapmivn
(p=0,012). Avtifétmg, dev mapoTNPNONKOV GTUTIGTIKG OTUOVTIKEG LETAPOAES GTO YOVIOLOKO TPOPIA
TOV 00OEVOV OV OeV aVTATOKPIONKOY GTOV KapIOKO enavacvyypovicpd. Ta mapardve suprpoto
delyvouv 6Tt 10 TaBOAOYIKO TPOPIA TNG YOVISIOKNG EKQPAOoTG o€ acOeVeic e KapdloKY| avendpKeLo
etvat ev OLVALEL OVOTTPEWILO.

Avtiotorya, n avénon tov emnédov SERCA oe mepapoatikd poviédo cuvoednke pe
Bedtimon g AeltovpykdTITOC TG aplotepds kotkiog.? AAAG kot o perétec oe aodeveic, tav o
OepamenTikn Kivon OTOYEVEL GTN JIUCTOCT OVTOV TOV EAVAOL KOUKAOL, Topatnpeitar PeAtioon
OTNV AETOLPYIKOTNTO TNG APIOTEPES KOO KOl 0VAGTPOPT] TOV TAHOAOYIKOD YOVISIKOD TPOPIA.
Mo ovykekpyéva, o€ acbeveig pe Womabn dwrtatiky pvokapdonddeia, n Oepameio pe -

ATOKAEIOTEG Oyl LOVOo Pertioe v Asttovpyio TG aplotepds KotAiog aAld emmAéov 0dNynoe o€
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AEVEPYOTOINGT TOV EUPPLIKOD YOVIOIKOD TPOYPAUUATOS e OOENGT GTNV YOVISLOKY| EKPPOCT TOV
SERCA «xat pe peioon tov p-MHC.2! Opoinc, oe aoBeveic pe kapdiakh avemdpkeia TeEAMKOD
otadiov 1M gUEVTEVOT GLGKELNG VTOPonBnoNg ™G aploTePds KoWiag eiye ta 1010 amoTeAéopaTA

. 82
oTNV £KQPACT TOV YOVIOL®V.
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EIAIKO MEPOX
KE®AAAIO 1
Metoporés otnV £KQPUEGT TOV YOVIOI®MV OV OYETILOVTL PE TNV GLOTOMKI ALrTOVPYio KoL
VIEPTPOPia TNG UPLoTEPAS Kolhiag o€ aoOeveig pe povipn PnpatoddTnon amd TV Kopven g

0e€rdc kohiag.

XKOIIOX THX MEAETHX

H xopven g 6e&ldg kokiag amotehel v Mo dNUOPIAN BEom EUPVTELONG TOL KOLAMOKOV
niektpokabetnpa KaBOG o1 evarraktikég Bécelg Pnuatoddtnong amd tn 651 Kokia dev Exouvv
amodeiel avmTeEPOTNTA TOLALYIGTOV OGOV APOPA GKANPE KATOANKTIKA onueia 6Twg 1 voonpotnto
kat n Ovnromta.t Qotd00, KON 0md TOAD vopic yve eppavéc 6T T PHotoddTNoT amd TNV Kopuen
™G 0e&l0¢ KOWMaG OlaTapPAcosEL TNV QLGLOAOYIKN ay®myn Tov gpeBiocpaotog odnymvtog o€
accOyypovn OEYEPCN KOl GUGTOCT] TOV KOLM®YV. AVTO TO “UN PLUGIOAOYIKO" HOVTEAO HETAGOOMNG
0V gpebiopotog odnyel oe meployIkeg LETAPOAEC GGOV APOPA TO KOPIAKO (OPTiO KOl £pyo, TNV
HLOKOPOLOKY OLUAT®ON Kot VEOP®GT 00NYOVTIOS GE avadlapdOpe®on NG aploTepds KotAog Kot
KAPSIOKT OVETAPKELDL GE GTUAVTIKG T0600To Prpatodotnuévev acleviv.? TIoAéc peéteg £xovv
neptypayel v gpedvion KA petd vy Pnuoatoddmmon and v kopver g 0egldg kotliog og
acBeveig pe dtnpnuévn AETovpyKOTNTO Kot yopic mponyovpevo otopikd KA 1 otepaviaiog
vooov. > H avémtvén e KA eaivetar va oyetiletat 1060 pe Tn Stdpketa e Prpatodomong 660

Kal PE TO T0o06TO TG Kothaknic Prpatodotnone. >°
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Amd Vv GAAn, givol yvootd, 01t opiopéva yovidwo pvBuilovv ™ ovlevén diéyepong-
GVGTOMC KABDC KoL TIC GLOTAATEG TPOTEIVES Ko emopévas oxetilovron pe v avamruén KA. °7
YnoBéoope 61t 1 Pnuotoddmon amd v Kopuen S OeSlg KotlMog pmopel vo 0dMyNoEl o€
HETAPOAEG GTNV £KPPOOT TOV YOVISIWOV TOV TPONYOLVTAL TG EMOEIVMOOTG TNG AEITOLPYIKOTNTOS KO
™G YEMUETPIOG TNG OPIOTEPAS KOWAING OV YIVOVTOL EUPAVELS VIEPNYOYPAPIKA 1| KAVIKA GE TOAD
petayevéatepo otdd0. Emopévmg, o otd)0c TG HEAETNG LOG TTOV VO, OVIXVEVGEL TPMIUES LETAPOAEG
OTO TEPLPEPIKO QLA GTNV EKQPOOT) EMAEYUEVOV YOVISI®OV OV GYETILOVTAL [LE TNV GLGTOATIKOTTA
™G oplotepds Kowliog acBevdv pe owatnpnuévn  Asttovpykdmrta mov vroPAndnkav oe

pokpoypévie. fnuatoddtnomn and Ty Kopuen g de1dg Kotliog.

ME®OAOAOI'TA

XXEAIAXMOX THX MEAETHX

[Ipékettar yuoo po mpoontikn HeEAETN mov devepyndnke petald lavovapiov 2008 ko
AgxepBpiov 2013. To otoyeion mOL aPOPOVV TNV £KPPOCT TOV YOVISIOV GTO TEPLPEPIKO OipLaL
eMoeOnoav Katd ) otrypn g évtadng ot peAé (axpifodg Tpwv v epeHTevon Tov PnuatodoTn)
Kot 6Tovg 3,6 kou 12 pnvec. Ymepnyokapdioypapikol deikteg extiunnkay katd v évtaén ot
peAérn, otoug 3 punveg, 1,2 ko 4 ypoévia. H perém etvan ooppmwvn pe ™ dtokvopnén tov Ercivi,
601 o1 aoBevelg apov evnuep®ONKAY £d®MGAV YPOATTH GLVOIVEST] TPV TNV £vTaEn OTN HEAETN Kot

T0 TPOTOKOALO TNG LEAETNG EYKPIONKE Ad TNV APOSIOL EXLTPOTI) TOV VOGOKOUEIOV.

ITAHOYEMOX THX MEAETHX

2t perétn ovppeteiyav 52 acBeveig (34 dvopeg niwiag 79,17+7,7 €tn) pe dtnpnuévo
KAMaopo eEmbnong (EF>45%) mov vrofAndnkav e eLEUTEVOT LOVILOL TEYYNTOV PNUatodotn Ady®
Bpadvkapdikdv evdeifewv. O KotMoKOg NAeKTpoKaBeTpag TOToBETNONKE TNV KOPLPN TNG 0ELAG

38



KolMog oe 6Aovg tovg acbeveic. Ov acBevelg yopiotnkav oe 2 opddec pe Pacn 10 mOGOGTO
KOWMOKNG Pnpatoddtmong petd v epevtevon. H opdda A amoteleiton and 24 acbeveilg mov
Bnuotodot)Onkav Yo SotapoyEG KOATOKOIMOKNG  OY®YWOTNTOS WHE TOCO0TO  KOWMOKNG
Bnuotoddtnong petd v epevtevorn mov vaepéPatve 1o 90%, evod n opdda B (opdda eréyyov)
amotelovvtay and 28 acbeveic mov Ehafav poévVipo Pnuatoddtn AOY® GLUVOPOUOL VOGOVVTOG
QAePOKOUPOL e SoTNPNUEVT KOATOKOIALOKT Oy YILOTNTO KOl TOCOGTO KOWAOKNG PnUatoddTnong
petd v gpedtevon vo givorl pikpdtepo amd 5%. Ot fNUOTOd0TIKEG GUOKEVES TPOYPOUUUATICTIKAY
KatdAnio @ote va glayiotomomBel 1M koltmokn Pnpoatoddtnon. Acbevelg pe  drotopoyég
evookolMakng ayoypotntog (QRS>120msec) amoxieiotnkov amd avtiv v opddo. Olot ot
acBeveig vmoPAnOnKav oe €leyyo tov PnUATodOTN Yo Vo SIEVKPIVICTEL TO OKPPES TOGOOTO TNG
KOWAMOKNG BnpotodoTnong. Emutiéov, vroBAnOnKav o€ 24/mpn KoToypoen
NAEKTPOKAPIOYPUPTLOTOG TTPOKELLEVOL VOl SIEVKPIVIGTEL 0V TO TOGOGTO KOIAMOKNG PNUOTOd0TNoNG
OV oVOYPOPOTAV GTO GTATICTIKG TNG CLOKELNG NTOV aANBEG 1 epleAdpPove Kol 'GUOTOAEG €K

CLYYWVELGEMG 1) YELOOGVYYMDVEVCEMG.

YIHEPHXOKAPAIOI'PA®IA

Tn otyun ™G eUEVTELONG KOU O GCLYKEKPIUEVEG OTIYUEG  KOTA TN OlAPKEW TNG
nopakolohOnong ot acheveic vToPANONKAV GE LIEPNYOKAPIOYPAPIKT) LEAETT Y10 TNV EKTIUNGCT TNG
AELTOVPYIKOTNTOG KOl TNG OOUNG TNG oplotepds Kotdioc. Ot vaepnyokapdloyPOQIKEG EKOVES
eMoeOnkav pe toug acbevels KOTaKEKMUEVOLG oIV Ooplotepn TAAyw 0éom omo 2 €umelpovg
VIEPNYOYPAUPLOTEG TTOL OEV glyav yvdo™ N TPooPaon ot oToryeio TG HEAETNG, XPTOLLOTOLDVTOG
éva ovotua vrepryov Vivid 7 (General Electric, Horten, Norway) pe popeotponéa 1,5-3,6MHz
(m4s). Ot empépovg peTpoelg Eywvav ce de0TEPO ¥POvo amd Tig amodnkevuéves ewkoves. Ot
telodiactolkoi (LVEDD), tehocvotohkoi (LVESD) didpetpot g apiotepds kothiog petpriionkoy

ue m ypion M-mode amd Ayelg and tov TapactepviKOd pakpy GEova, VO Ol TEAOGVGTOAKOL,
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TeEl0d106TOMKOL OYKOL Kat T0 KAGopa eEnfnong (EF) amd kopuaieg topéc 2 kot 4 KOAOTATOV pe

Baom tov deminedo kavova Simpson.

EK®PAXH I'ONIAIQN

Anopovoon tov RNA ko rosotiki) RT-PCR

To deiypato tov aipotog cLAAEYONoOV Ge GOANVIOKOLS OBVAEVOSLOUOO-TETPA-0EIKOD
o&éwc (EDTA). Ta povomdpnvo kvttopa tov meplpeptkod aipotog (PBMCS) amopovodnkav pe
ovyokévipnon e ficoll-paque plus (Stem Cell Technologies Inc., Vancouver, BC, Canada), evd 1o
oMkd RNA oamopovibnke pe yprion tov TRI-avtidpaoctnpiov (Ambion, Life Technologies,
Carlsbad, CA, USA). Ta deiypata RNA omd 1ig petpnioeig yio kébe éva acbevy amodnikedOnkov
otovg -800C péypt v avéivon tovg. [paypatonombnke avactpoen petaypoer 11ug odkod RNA
ue olyo-(dT) ypnowonowdvtag To cvotue avactpoeng petaypaeng (Promega, Madison, USA)
oe avtidpdoelg oykov 20[ ]l Ot petpioelg tov emmédov tov MRNA zmpayuatomombnkov pe
TOGOTIKY OAVCIOMTN AVTIOPAGT) TOAVUEPAONG TPAYUATIKOD XpOVvoL avdotpopng petaypaeng (RT-
PCR) pe ™ ypnon tov ocvotmuatog aviyvevong STRATAGENE Mx3000P. Ot petprioeig PCR
npaypotornomOnkav ce 2Ul mpotdomwv CODNA pe ™ ypron tov SYBR Green PCR Master Mix
(Bio-Rad, CA, USA) oe avtdpdoeig 20ul. Ot axorovbiec tov primer yio v Ca-ATPdon tov
ocapkomioouatikod diktvov (SERCA), v Papid aivcida g a-pvocivng (a-MHC), v Bopud
aAvoida g B-pvocivng (B-MHC) ko v yAvkepardendo-3-omoatidovdpoyovicn (GAPDH),
OGS eMONG KoL 0 GTPATNYIKOG OXEOOGLOS TOV TEPAUATOV Y10 VO EXLTHYOVV EWOKOTNTO NTOV OTMG
£youv MoM nspwpa(psi.g H Bepukn mpoepyacia yio v mpaypatikod ypovov PCR éywve pe apywm
uetovsioon otovg 95° C yio 5 Aemtd, axolovboduevo and 40 kdkhovg and: 95° C yio 15sec,
Beppokpacio avomtnong yio 60sec, 72° C yua 30sec, kot dnpovpyio kapmding théng and 55° C emg

95° C. H Bgppokpacio avomtmong nrav 1n PéAtiotn yuo kdbe primer mov ypnouoromdnke Kot
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Kopovotav and 55° C ewg 60° C. Ola o deiypato vropAnonkay oe dSumhd mepduoato. H pédodog
oTafepng KAUTOANG ¥PNOILOTOONKE Yo TNV aTOAVTN TOGOTIKOTOINOT TV TPOLOVIWOV EVIGYVONG
KOl 1 €101KOTNTO TPOGOIOPIGTNKE TPAYHOTOTOUDVTOG OVAAVOT KopmvAng ™éng. H opowdpopen
evioyvon TV TPowdVI®OV emoveAEyOnke avalvoviag TG KOUmOAES TMENG TOV  EVICYLUEVEOV
TPOIOVTOV (Ypoenuoto 5146taong). Xtofepic KOUTOAES Yo TNV £KQOPOcT KAOE Yovidiov Tposkuyav
amod Swdoyikn OwdAvon yvwotdv mocotntov  and mpdétvma CDNA. To yovidsio GAPDH
YPNOOTOMONKE ®G YOVIOl0 avAPOPAS KOl TPAYLOTOTOMONKE GYETIKN TOGOTIKOTOINGT L€
OLGYETION TOL GNUOTOG TOV d1dPopwV YovVidimv mov petpndnkav pe 1o oo oo GAPDH. H
ékppaorn kdBe yovidiov pHeTd amd amOALTN TOGOTIKOTOINGCT KOl GUGYETION HE TO EMIMEON TOV

yovidiov avapopds GAPDH mapovoidlovtol oe avbaipeteg povadeg (arbitrary units).

XTATIXTIKH ANAAYXH

To TepypoQIKd GTATIOTIKE TG TEPIANYNG eKEPALOVTOL MG HEST) TN £ TUTTIKY amOKAIoN 1|
WG GLYVOTNTES KOl TOCOGTA avaAoyd. Xvveyeic petafAntég ocuykpidnikoy avipesa otig 2 OLAdES e
™ ypnon t-tests ya aveEapnta deiyparta. Ot katnyopikés HeTaPfAnTég cvykpidnkay pe t ypron
tov Fisher’s exact teot. AviAvcT S1aKOLOVOTG ETAVOAOUBAVOUEVOV LETPTICEMV YPNCILOTOONKOV
YlOL VO EKTIUNGOVY TNV EMOPOCT] TOV XPOVOL, TNG OUASAG KOl TG HETOED TOLG OAANAETIOpaoNG LIE
TG LIEPNXOKAPIIOYPAUPIKEG TOPOUETPOVS Kol TNV EKOPOOCT TOV Yovidlov. XuvteAeoTés NG
ocvoyétiong Pearson vrmoloyiomnkov €miong yw vo EKTIUNCGOLV TN GUCYETION OVAUECSO OTIG
HETAPOAEG GTOVG LITEPNYOYPAPIKOVS deIKTEG Kol OTIG HETAPOAEG TNV EKQpacT) TV Yovidiwv. Oieg
Ol GTOTIOTIKEG OOKIUAGieg eAEYONKAY o€ eminedo OTOTIOTIKNG onuavTikoétntog dimievpo 5%. T

OAEG TIC avOADGELS Ypnotpomombnke to otatioTikd makéto IBM-SPSS 21.

AIIOTEAEXMATA

XAPAKTHPIXTIKA AXOENQN
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Toco to dnuoypapikd OGO Kol TO KAWVIKG YOPOKTNPLOTIKG TV acevav pali pe Tig
VIEPNYOYPOPIKES TOPOAUETPOVS KATA TN GTIYUN NS eReOTELONG Svvoyilovion otov mivaka 1. H
TAElOYNOio TV ac0evdv eEAdpPoave 0VOGTOAEIS TOL HETATPENTIKOL VEDUOV NG ayyelotevaivng (a-
MEA), avactoleic g ayystotevoivng kot dtovpntikd. Ot acBeveic g opddag A mapovciolov
VYNAO m0oc0ooTd KOWMokNG Pnuatoddtmong 94+£2% pe péon Sdpkewn Prnupotodotikov QRS
142+12msec, eved otnv opado EAEYYOV TO T0c0GTO KOMMaKNG Pripnatddotnong nrov 3+1% pe péon
dugprela QRS 8515 msec. O vrepnyoxapdioypapikoi mapduetpotr Kot ta enimedo MRNA tov
yovidiwv mov peTpnOnkav dev mapovcialov GTOTIOTIKG CNUAVTIIKEG Sopopés avdueso oTig 2
onadeg katd v gpevtevon. Ieputépw avdivon TOV KAMVIKOV YOPOUKTNPIOTIKOV TOV acHevdv
(apINpPLoKn VIEPTOOT), COKYOPOING St TG, VIEpMmdaipia, GTEPOVIAiN VOGOS) OEV AMOKAAV OV
KOO0 GTOTIOTIKA ONUOVTIKY GLOYETION HE TNV KAWVIKY €kBacn. Avtd Ba umopovce mbavov va

amodobel 6to HiKpo aptBpd acHevdv mov GLUTEPIAEONKAV TNV PEAET.

METABOAEX XTHN EK@®PAXH TQN I'ONIAIQN

Avdivon daxopaveong  emavoiapfovopeveov  petpnoev ANOVA £€dei&av  onuavtikn
emidpaomn ypovov-opdadag oty ékppacn tov yovidiov SERCA (p=0.048) ko1 a-MHC (p=0.032).
Yy opdda A, mapatnpnOnKe onUOVTIK GLGYETION TOL Xpovov e to yovidto SERCA (p<0.001)
Kot 0plokn ovoyétion pe to yoviolo a-MHC (p=0.06). To yovidio SERCA ghlatdbnke onuavtikd
amd TN OTYUN TNG EUEVTELONG Kot HEYPL TOV 30 pnqvae g mopokorovdnong (p<0.001), ywpig
emmAéo petoforéc petd, evd to yovidro a-MHC petafindnke petald otovg 3 kot 6 pnveg
napakorovOnong (p=0.015). T 1o yovidio B-MHC dev vanpée kdmolo oNUAVTIKY HETOPOAN o€
oxéon pe v oudda (p=0.38) 1 oAinlemidpaon (p=0.58), aAAd moapatnpHOnKe onpAVTIKY
uetafoin o oxéon pe 1o xpovo (p=0.58). Post hoc teot £deiéav 0Tt T eminmeda TG EKPPOACTG TOV

yovidiov otovg 12 pnveg mopakoAovONoNg NTOV CNUOVTIKG HKPOTEPO amd OTL TN OTLYUN TNG
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EUPVTELONG. XNV oudoda B dev mopatnpndnkav otatiotikd onuoavtikés petaforés. Ot axpiPeic
LETPNOELG KOl 1] OLOYPOLULOTIKY ATEIKOVIOT] TNG £PPUCTG TOV 3 aVT®OV YOVISI®V KOTA TN SLdpKELL
™G TapaKoAoLONoNG oTIS 2 opddeg TaPoLGLALOVTOL AVOAVTIKG GTOV TTivake 2 Kot To didypappo 1
avticTorya.

METABOAEX XTIX YIHEPHXOI'PA®IKOYX HNAPAMETPOYY/ AEITOYPI'IKOTHTA

KAITEQMETPIA THE APIXTEPAYX KOIAIAX

Agv JOMGTOOMKAV GTATIGTIKG OTUOVTIKES O10PopEG LETAED TOV 1010V KOl SLOPOPETIKDV
ToPATNPNTOV HETAED TV UETPoE®V amd TOVG acBeveic. ZNUAVTIKEG AAANAETIOPAGELS YPOVOL-
opadag mopaTNPNONKAY YloL TNV TEAOGVOTOAIKY], TEAOSIAGTOAKY| SIGUETPO TNG APIOTEPAS KOLAOG
Kot To KAGopa eEd@bnong (p<0.001 for all). TTw cvykekpipéva, oty opddo A fTav EUEOVIG HLd
TOAD GNUAVTIKT GLOYETION TG TEAOGVGTOMKNG StapéTpov pe to xpovo (p<0.001), evd oty opdda
B dev mapatnpnOnke xapio tétota cvoyétion (p=0.109). v opdda A post hoc katd Bonferroni
otofcpévo teot €0elav (ol onpovtikn avénon oe Kabe ypovikd onueio mov efeTdodnke
(p<0.001). Opoimc HTav EUPAVAG IO CUOVTIKY 0OENCT TN TELOSIAGTOMKNG SOUETPOV GE KAOE
YPOVIKY] OTLYUn oL e£eTdobnke otnv opdda A, evd otv opdda B vmpée pio onuavtiky] aAld
HAAAOV pikpn dtagopd otov 1o kot 20 ypovo mapoakorovdnong (p=0.005) oe oyxéon pe ™ otiyuq
™m¢ eppoutevone. Emmiéov, 1o kAdopa e£mOnong mapovcioce po onuovtikny otabepn peioon og
Kabe ypovikn otiyun oty opdda A (p<0.001), eved omv oudda B dev mapatnpndnke xapio

petafoln oe oyéon pe to ypovo.

XYXXETIZH METAZY TQN METABOAQN XTHN EK®PAYXH TOQN I'ONIAIQN KAI THXE

ANAAIAMOPOQXHY THX APIXTEPAY KOIAIAX

2t peAétn avt emoiwiope vo oE0AOYNCOLUE €0V Ol UETOPOAES OTNV £KQPOCT TOV
YovVidiwv 6€ TPOO oTAO0 (amd TN OTIYUn TG EUPVTELONG UEXPL Kol TOV TP®TO YPpdvo) Oa
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UTOPOVGAV VO, GUGYETIGTOVV UE EMOEIVOOT OTNV AEITOLPYIKOTNTO KOl YEOUETPIOL TNG OPLOTEPAS
KOWMOG OV KoBIoTATOL ELPAVIG GE PETAYEVETEPO GTAO10 KaTd TN S1dpKelo TNG TapaKoAovOnoNG.

[pdypatt, petaforés oty Ekepacn TV YOVIdI®V GE TPOWO OTAd0 Qoivetol va
oyetiCovtotl pe dvopevi avadtapdpe®on TG aploTePS KON TOV aviyveLOnKe UVES opydTEPQL.
Mo cvykekpyéva, avénon oty ékppoot tov yovidiov b-MHC tovg mpdtovg 6 pnveg, paivetal va
oyetiCeton pe avénom oTig S1oTACELS TG aploTEPAS KotAlag Kat Pelwon Tov KAAoHaTog eEmOnong
7OV £yvay EPEaveig oxedov 2 ypdvia apyotepa (Stbypoppa 3). EmmAéov, peimon g Ekppacng Tov
yovidiov SERCA katd 11 d1dpKelo Tov TPOTOV YPOVOL GUOYETIOTNKE e OOENCN OTIG SUGTAGELS
™G aplotepds Koiog kot peimon tov kAdopotog e&mnong ota 2 kot 4 £t mopakoAovOnong
(ordrypapipia 4).

INo va a&oroyncovpe ) PapvTnTa TG SLGUEVOVS AVAIIOUOPP®ONS TNG APIOTEPES KOLAMOG
0ToVG aobeveic ™G opadoc A ota 4 £t TapaKolovLONoNG, OpicaLE MG CNUAVTIKY AVASIOLUOPP®OT
™G aploTEPAS Koiag TV advénon otnv TeA0dI0GTOAKY d1dpetpo >15% Kot v AATTOON TOL
KAopatog eEwbnoewg >15%. Me Bdon to mapardve kptipia, 0 25% tov achevov ™ opddog
A mopovciace oNUAVTIKY SUGUEVH] OVOSLAUOPPMOOT) TG aploTEPAS Kowdlag. EmmAéov, ot acBeveic
avtoi mapovoialav onpavtikdtepes oAhayég otny Ekppaoct tov yovidiov b-MHC ctovg 6 urveg kot
tov SERCA oto 1 £10¢ mapakorovdnong, oe oxéon He oLTOVS TOL OEV EUPAVICOV CNLOVTIKN
JUGUEVT OVOSLOUOPPMOOT) TNG APLOTEPAG KOWATNG: KOl Ol SLOPOPES AVAIESO OTIC 2 OVTEC VTOOUAOEG

NTAV GTATIOTIKA CNUOVTIKES (Tivakag 4).

XYZHTHXH

Xe autnv TN peAét deiape Yo Tp®dTN Gopd Tt N LoéVIUN PNUotodoTnon amd TV KOpuen|
g 0e&1ig Kokiag odnyel o petaforéc oty ékppacn yovidiov mov puBuilovv tn cvomacTn Kot
VIEPTPOPIO. TOV PLOKAPSIOV TTOV Eivat OVYVEDGIUEG GTO TTEPLPEPIKO aipta. AVTEG Ol aAlayEg elvar
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AVIYVEVCLUEG TPOLUN UETO TNV EUEVTELGN TOL PNUOTOdOTN (NON GTOVE TPOTOVS 3 UNVES) Kot
TPOTYOLVTOL TNG SVOUEVOVG OVOILOUOPPMONG TNG 0plotepds Kotkiag. EmmAiéov, avtég ol mpopa
aviyveuolleg UETAPOAEG otV €Kepaon TV  Yovidiov oaivetar vo  oyetilovior pe v
VoSO PP®OT TNG OPLOTEPAS KOIALNG TTOL TPOYLOTOTOIEITOL LOKPOTPODEGLAL.

Ewdkotepa, oy opdda A, ta enineda MRNA tov yovidiov SERCA gdlotdOnkav otovg 6
kot 12 pnveg mopakorovBnong, evd tov yovidiov o-MHC  elhatdbnkav kot tov B-MHC
avENOnKav 6Tovg TPdTOVG €51 UNVES mapakolovdnong, 6mwg eivar M1 Yvootd 6Tt cuuPaivel o
aobevelc pe emdeivoon e Aerrovpywdtntag e aplotepds kotkiag. ' Ipénet va onpetwdei 61t
otovg 12 unveg mapakorobOnong ta eninedo MRNA tov yovidiov
a-MHC avénonkav ava kot ta emimeda MRNA tov yovidiov b-MHC gldatdOnkav. Qotdco n
attio yioo ovtég TG aAlayég otoug 12 unveg dev elvan EexdBopn. v opdda A, to 25% twv
acfevdV TOPOVCINGOV GNUOVTIKY OVOOLLUOPP®CT TNG OPLOTEPAS KOWAING Kot ol HETABOAEG GTO
yovidro b-MHC ctovg 6 piveg kot oto yovioito SERCA ctovg 12 uiveg eaiveton va oyetileton pe
LTIV TNV OVOSLOUOPPOOT).

Ye avtifeom, ot acBevelg g opddoag B mov mapovoialav yoaunid mTOGOCGTO KOWMOKNG
BnpoToddTnong, 0ev TAPOLGINCAV GTATIGTIKA CNUAVTIKES OAANYEC 0VTE OTNV EKQPACT] OLTOV TOV

YOVIOI®V GTO TEPIPEPIKS aliplaL, 0VTE GTIG LIEPNYOKAPILOYPUPIKES TOPAUETPOVG,.

EK®PAYXH MYOKAPATAKQN I'ONIAIQN KAI KAPAIAKH ANEITAPKEIA

Elvar yvootd 611 oty mabopuoioloyio TG KOpOOKNG VETAPKELNS EUTAEKOVTAL OAAOYEG
omv £ékepacn Tev yovwdiov. H apvnrikn kapdiokr avadiapdpemon yopaxtnpiletor omd
evepyomoinon tov "euPfpuikod TPOYPAUUATOS KOPIOKOV Yovidimv" mov meptlapPavel petaforég
otV wopopen e MHC. ™2 Addeg poplakéc petaPoréc mepiapfavouy petaBoréc oty Ekppoo
yovidiwv mov gumdékovior otn ovlevén oyeponc-cvotols, 6mwg to SERCA, odnywvrtag ot

pewwpévn  dwkivnon oacfectiov kol EMOUEVOG UEIWUEVI) CLOTOATIKOTNTO Kol TaBOAOYIKN
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avadLapdpemon otV Kapdlukh averdpkewn.” Ao avtiv v dmoyn, 1 ékepoot tov SERCA kot
OVTEG Ol AELTOVPYIKEG HETAPOAEG POIVETOL VO GUUPAAAOVY GE GNUOVTIKG KOPOLOKA VOGTLLOTO TOV
ouyva odnyolv e Kopdlokn ovemdpkeld. Xav amotéleoua n €kppacn tov SERCA, Besmpeiton
SeikTne ahAd ko BepamevTIkdS 6TOXOC 6TV Kapdlak voco. ™

Av xoi ot petoforég oto yovidlokd TPoeih Bewpovvior OTL elvol TPOGUPUOCTIKOS
UNYOVIoUOG e TOV 0010 1 Kopdld amavid 6To oLENUEVO UNYOVIKO QOPTIO, MGTOCO EMOEVAOVEL
TEPALTEP® TN Agtovpyion TG aploTepds KOWiag kol TNV ovadlapdpe®on EMTEVOVTOS TNV
enpavioTn  kopdlaknc  ovendpkewc.t Avtiotpdeog, 1 avénon tov emumédov SERCA of
TEPANATIKG, LOVTELD GLVEAMKE pe PeATioon g AetovpykoTnTag TG optotepdc kothioc.™® AAG
Kol o peAéteg oe acbeveig, Otav ol BepamevTiky Kivnon otoyxevel 61N JoTaCT OVTOD TOL
QoVAOL KOKAOVL, Tapotnpeital PeAtioon otV AEITOLPYIKOTNTO NG OPLOTEPAG KOWMOg Kot
avaoTpoen Tov madoloykod yovidiakoy mpogil. ITo ocvykekpyéva, oe acbeveic pe 1domabn
dwtaTikn pokapdionddeia, 1 Oepaneia pe P-omokielotég oyt povo Bertiooe v Agttovpyia g
aplotepds KolMog oAAG emumAéov 0ONyNoE o€ amevePyomoinon Tov eUPpuikol  yovidlakov
TPOYPAUNATOS pE oOENOT otV yovidakh ékepact tov SERCA kot pe peiwon tov p-MHC.
Opoilmwg, oe oaobevelg pe KopOWK OVETAPKEW TEMKOD OTAOIOL M EUPVTELGT) GLOKELNG
vroBornong g opiotepdc Kotkiog eiye ta i amoteAéopata otV EkQpact TV yovidiov. °
Téhog, oe aoBevelg pe kapdloKky aVETAPKELD 1| KAVIKY avTOTOKPIon oTn Bepaneio Tov Kopdiakon
EMOVAGLYYPOVIGHOD GYETIOTNKE [E EVVOIKEG PETOPOAEG otV EkPpacn Yovidiwv mov puBuilovv
CLGTOATIKOTITO KOL TNV VIEPTPOPIN TNG UPLOTEPAS Komi(xg.ls

v peAétn pog ot peToPoAég mov mapoatnpnOnkKov otV £KEPOCT TOV  YOVIdimv
AVTITPOCHOTEVOVY pio PO EvOelEn OvoAELTovpYiog TG 0plotepds Kotliog mov Pabuiaio Oa
001 yoLsE GE APVNTIKY OVOSLUUOPPMOOCT TG OPIoTEPAS KOWATNG KOl EMOEVOT TG AgtTovpyiog Tng
aplLoTePES KOG,

Me Bdon tic woyvovoeg kotevbuvtnpleg odnyieg, ot acbeveic pe KAacowkn &voelln yia

EUPLTELON PNUATOSOTN Kot SoTPNUEVN AEITOVPYIKOTNTO dgV £YovV EVOEEN Yo OUPIKOIAOKO
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BNpoTodoTn. Xy TEPINTOOoN avATTLENG KOPOKNG OVETAPKELNG, cuvioTatal 1 ovafadpon g
BNUOTOOOTIKNG GUOKEVNG GE OUPIKOIAMOKN HE OTOXO TNV VITOYDOPNON TV GUUTTOUATOV NG
KOPOIOKNG OVETAPKELNG KOl TNG OMOKATAGTOONG TNG AEITOVPYIKOTNTOS TNG APLoTEPES KOIALOG. o
Qot6c0, avaPaduilovtag oe apueikotioky fnpatoddtmon acbeveic e SLGUEVEG YOVISIOKO TPOPiL
o€ TPAOWO 0TS0, Ba UTOPOVGAE VO ATOPVYOVUE TNG EKONAMOT NG KOPOIOKNG OVETAPKELNG.
Emiong amopedyovtar mbavég emmhokés and pio dSyuyun avaPaduion émwg OpouPwon erAéPag M
puoéAvvon tov PnUaTodoTIKOL GLOTNUATOG amd emavenepfaoels. vowkd ovtd Bo umopovce va
EPAPLOOTEL 0€ TEPLOPIGUEVO aplBd acBevav pe Baon T PapdTnTa TG SOTOPOYNS TOL YOVIOLKOD

TPOPIA.

IHEPIOPIXMOI MEAETHX

H mo a&idémiom pébodog yio v ektipnon g Ekepacng TV yovidiov givol avapeiopntnta
N pwookapdiokn Proyio. Ztn HEAETN HOG, ®OTOGO EMALEQLE VO YPTCLLOTOMGOVE TEPLPEPIKO OLipLaL
Yoo TNV eKTipunon g Ekepaocng Tov yovidimv. O Adyog eivar 60Tt 1 pvokapdiokn Proyia givar pio
e€étaon mov omoutel £EEIOIKEVIEVO TPOCMMIKO KOl TEYVOAOYIOL KOl aKOWMO Kot oV amodelyfel Ot
umopetl vo TpoPAEYEL TNV OVASIOUOPPMOT| TG OPLOTEPAS KOWALNG, d€ UTOPEL ®GTOGO VO, EQAPLOCTEL
omv kadnuépa KAvikn mpdén. o 1o Adyo avtd, LVIAPYEL OVAYKY Y10 TOPAUETPOVS TOL Eivat
€0KOAO TPOGPRAGILOL GTNV KAVIKY TTPAEN, OTMG Ol LETPNGELG TOV TEPLPEPIKOV aipatog. Emmiéov,
T0 TEPLPEPIKO aipa, €xel mpotabel  yia T pérpnorn Plodelktdv kKor TV TopakolovOnon
KOPOYYEWKOV VOoonUdTemv Kot umopel va pog Ponbnoer oty aviyvevon g Papvutntog piog
nédnong. ™

H onuovtikny aAAnroemikdAvyn otn HoploK SO T®V KLUTTAP®Y TOV TEPUPEPIKOD CULLOTOG
(PBCs) kot tov HooKapdlok®V KVTTAPOV 7oL Topotnpeitar o€ poviéda (dov, vmovoel OtL To
LETAYPAPIKE HOPLOL TOV HOVOTUPNVOV KLTTAP®OV TOL Teplpepikol aipatog PBMCs umopei va
YPNOUYLELGOVY GOV TPMIUOL PN-emepPatikol deikteg mov Bao propovsav va TPoPAEYOLY HEAAOVTIKN
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naforoyikn avodiapdpemon.™

EmumAéov, ota PBMCs éyovv avayvopiotei signature ékppoong yovidiov mov oyetilovtat pe
mv ékPacn oe acBeveic pe kopdloky ovemdpkew. 2O AkOpN, avaeEpeTon 6Tl PETOPOAES GTIV
ékppaon tov a-MHC, b-MHC kat SERCA cta PBMCs oyetileton pe diaotolkn ducAettovpyia o€
aobeveic pe Womadn drotatikh pookapdonddeia kot kapdioky averndpketo.? Enopévac, 1 pétpnon
tov MRNA oto meplpepkd aipa, av Kot ogv gival 1 KaAOTEPT ivol ®GTOGO AEIOTIGTY ETAOYY).
Mia 1oyvp1] GLCYETION AVAUESH OTIG HETOPOAES TNG EKPPOCTIG TOV YOVIOIMV GTO TEPLPEPIKO aijLol
Kol 0€ EMOEIVMOOT 6TV CLGTAATIKOTNTO TNG APLOTEPAG KOWAlaG, Oa pmopovce va givar eEapeTIKng
KMVIKN G onuociog.

"Evag debtepog meplopiopdg e authyv T pehétn Bo propovoe va gival To yeyovog OTL yio Tov
TPOGOOPICUO TNG AELTOVPYIKOTNTOG KoL TNG YEOUETPIOG TNG OPIOTEPAS KOIAMOG YPNOUYLOTOUCOUUE
amAoVg OgikTeC OMWG 1 TEAOGUOTOMKY| KOl TEAOSIGTOAIKN OAUETPOS KO OYKOL TNG OPLOTEPAS
KOG Kot Oyl TTLo GVYYPOVES TEXVIKEG OTtmG To 2-D strain 1 n tpiedidototn vVIEEPNYOKAPILOYPOPio
OV EVOEYOUEVMG Elval TTLO EVOICONTEG TNV TPAOIUN AVIXVELOT| TG AVUSOUUOPPOGCTG TNG OPLOTEPIGS
KotMog. Oumg, Tpotunoape avtovg Toug OeikTeg KaBMG YPNOILOTOIOVVTIOL EVPEMS OTNV KAVIKNI
TPAEN KoL OV amantovV 131iTEPT| EKTOIOELON.

Téhog, mpémer va. onuelwbel 6t 1 mAsoyneic TV acbevov Erapve ovVAGTOAEIG TOL
LETATPENTIKOL €VEVHOV, OVOOTOAELG NG Opdong g ayysotevoivng n/kor P-avactodeis. Ta
TOPOTAVE HOpLo. €ivol yveootd OTL emiPpaddvouv 1 avaoTpEPOLY TNV AVASIOUOPP®OT TNG
aploTtePg KotMag, omdTe deV UITOPOLLLE VO TPOPAEWOLLE TL avTiKTUTO Ba €iye M amovsio VTG TG

(QOPUOKEVTIKNG OYWYNG OTO OMOTEAEGLLOTA TG LEAETTG.

XYMIIEPAXMATA

e acbeveig pe dwatnpnuévo kAdopa eEmOnong petd and poviun Pnpoatoddtnon amd v
Kopuen G 0e&l0c KotMag, MeTOPOAES oty €Kgpacn Yovidimv mov pvOuilovv T cvoTaATiKn
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Aertovpyior KoL LEEPTPOPIO. TNG OPLOTEPAS KOWMOG €ivol aviyveLSIUES GTO TEPLPEPIKO Qi OE
TPOWO GTAO0, TPV Vo glval EUQOVEIG CALUYEG OE VTEPNYOYPAPIKOVG TOPAUETPOVS. AVTEG OL
petaforés eaivetor vo oyetiCovrol pe emdeivmorn tng aplotepds Koo, oV Kol OmoiTovvTol
HEeYOAVTEPEC HEAETES Y1 Vo EMPBERAIDGOVY 0VTO TO €HPMLO. AV OTOKTHCOVUE 1oYLPE SEGOUEVAL V10!
VTOpEN TPOY®Y SEIKTOV TOV TPOPAETOLV TV OPVNTIKY OVOSIOUOPP®OOT TNG APIoTEPES KOLAMOG,
101e acbevelg mov evoeyopévemg Bo emweeAnBovv amd GAAla €idn Pnuotodotnong 6mwg M

OUPIKOIALOKY], B0 UTopovGay Vo aviyveuBohv G€ o TPMOLA GTAO.
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ININAKEX

HapdapeTpor Opadoa A  Opaoa B Twn p
(n=24) (n=28)
Hiwcia (étn) 79.3+7.4  78.948 0.86
dov)o (avdpeg/yvvaikesg) 13/11 15/13 0.99
ATOMIKO OVOPUVIOTIKO
Aptnproxn vréptoon 19 22 0.65
Y nepmdaipio 15 18 0.92
Zokyopmong St Tng 9 12 0.85
Ytepavioio vOsog 8 10 0.82
NYHA taén (I/11) 11/13 12/16 0.75
Ymepnyoypo@ikég peTpriceg
LVEDD (mm) 50+4.9 49.6+4.9 0.86
LVESD (mm) 29.6+3.3 28.64+2.7 0.72
EF (%) 63+10.2 6519.6 0.69

Iivaxoeg 1: Anpoypo@ikd/ KMVIKA YopoKTNPLOTIKE KOl DVITEPNYOYPUPIKES TOPAUETPOL KOTA TNV

évtaln tov 2 opddwv TV acBevdv 6T HeAETN



mMRNA SERCA mRNA a-MHC mRNA b-MHC

Xpovika Group A Group B P GroupA  GroupB P Group A Group B P
onueia value value value
HETPNGEQV

gpovtevon  8.63+554  7.87+5.51 0.623 0.2+0.61 0.06£0.15 0.305 10.77+#15.41 25.35+46.07 0.124
3 mijveg 3.48+3.46  6.72+3.9 0.003 0.13+0.2 0.07£0.16  0.240 147.02+340.79 78.23+259.82  0.413
6 mijveg 4214277  9.83%12.1 0.031 0.02£0.03  0.09+0.16 0.026 59.23+194.58 27.22+70.89 0.422
1 ypbévog 3.56+2.68 8.82+11.05 0.021 0.41+0.98 0.08+0.12 0.110 4.85+13.37 1.83+4.73 0.302

IMivakag 2: Metprioeig g Ekepaong Tov pvokapdtakmv yovidiov SERCA, a-MHC, B-MHC otig 2

opnades TV achevav Kotd T ddpKela TV 12 TpOTOV UINvoV TG TopakoAovdnong
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LVEDD (mm) LVESD (mm) EF (%) EF(%)

Xpovikég oTiypés Opada A Opado B Opéada A Opada B Opéada A Opado B
VIEPNYOYPAPIKNG

eKTipmong

e Tevon 50+4.95 49.64+4.93 29.67+3.39 28.64+2.73 63.04+10.22 65.07+9.66
3 uveg 50.54+4.7 49.7945.04 304341 29.14+2.99 63.54+8.99 65.64+8.89
1 ypbvog 51.63+4.49 50.57+4.91 31.21+3.75 29.25+2.85 61.71+9.23 65.75+8.46
2 ypévwa 53.79+5.46 50.46+4.94 33.13+4.43 29+2.73 56.58+10.9 65.61+8.15
4 ypovia 56.71+5.52 50.36+4.84 35.38+4.22 29.04+2.8 52.83£10.81 65.29+8.28

MMivaxag 3: Metprioeig Tov vrepnyoypapik®v tapapétpov LVEDD, LVESD, LVEF otic 2 opddeg

acBevav Kotd T S1dpKelo TG TapoKorovONnoNg
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AB-MHC6 ASERCA12

Avaolapoppmon Xopig ovadlapopemoen  Avaotopépemon Xopig avadtapopeoon

OPLOTEPAS KOWMOG — OPLOTEPAS KOLAIOG OPLOTEPAS KOWAMOG — apPLoTEPAS KOOGS
N 6 18 6 18
Mean 209.56 -5.24 -11.3 -3.00
Std. 373.75 9.49 7.52 2.00
Deviation
Std. Error  152.58 2.23 3.07 0.47
mean

MMivaxkag 4: Xtatiotiky cvykpion TOV UETAPOA®V otV ékepactn tov yovidiov B-MHC otovg 6
uveg kat tov yovidiov SERCA otov 1 ypovo, avdpesa otig 2 vroopddeg g opdoag A (owtovg mov
TOPOVGIOCAY CNUOVTIKY OVOSIUHOPPMOOT TG APLoTEPAG KOOGS KOl AuTOVE TOV OEV TOPOVCINGV
avadiapdpewon AK). Znueidveror 6Tt ot S1aPopES OVAIESH OTIS 2 VTOOUAOEG NTOV CTOTIOTIKA

OTNUOVTIKEC.
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ATATPAMMATA

Awdypoppo 1: Metaforéc oty €kgpacn Tov yovidiov otig 2 opddeg katd

TOPAKOAOVONGNG

SERCA (arb.u.)

beta-MHC (arb.u.)

alpha-MHC (arb.u.)
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Awdypappa 2: Metafoléc oTIC VITEPNXOYPUPIKES TOPAUETPOVS GTIC 2 OUAOES KATA TN SIUPKELD TNG
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TapoKoAovONoNG
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Awdypappa 3: Zuoyétion Tov peTtafolodv otny ékepacn tov yovidiov B-MHC otovg 6 pnveg kot
TV petafordv oty tehodtactoikn diapetpo (LVEDD) kot 1o khdopa e&mbnong (EF) otovg 24

unveg (aplotepd) ko 48 pnveg (0e€1d). Me v yepdtn kovkido onueudvovtol ot acHeveic mov

TOPOVGIOCOV CTIUOVTIKT OVOSIUUOPP®OT OPLoTEPAS KOG,
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Awdypoppa 4: Zooyétion tov petafolodv oty ékepacn tov yovidiov SERCA ctoug 6 pnveg Kot

TV peTafoldv otnv tehodtactolkn diauetpo (LVEDD) kot 1o khdopa eEmbnong (EF) otovg 24

uves (oprotepd) ko 48 unveg (6e&ud). Me v yepdtn kovkida onueidvovtol ot acbeveic mov

TOPOVGIOGOV CNLAVTIKT AVASILUOPP®OT APLETEPAG KOO,
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KE®AAAIO 2

H eridopaon tov evpovg Tov frpatodotikod QRS oty ékgppaon yovidimv mov oyetilovron pe
T1] GVGTOMKN AELTOVPYIKOTITO TS UPLOTEPAS KOIALOGS 6€ acOeveic povipa fnpatodotnuévong

amté TNV Kopuen NG 0810G Korhiag

YKOmOg NG PEAETNG

H wopvepn ¢ 0e€idg kodiog, av Kot amotehel ™ o dNUoeiAn Béon tomobétnong tov
KOWMakoO nAextpokafetnpa, £xel amoderydel Tl €16AYEL U ELGLOAOYIKY SEYEPON TNG OPLOTEPAS
KOWIOG 00NyDVTOG OTNV EUPAVION MLOKOPOOTADEING EMAYOUEVC amtd Pnuatoddtnon oe Eva
ONUOVTIKO TTOGOCGTO PNUATOSOTNUEVOV acbevav.? O KIvOUVOG EUPAVIONG HVOKOPIIOTAOELOG
enayopevng omd Pnuatodoton efoptdror amd TV AAAAETIOPOCT TOAOTA®Y TOPAYOVI®V TOL
elte oyetilovron pe tov acBevn, eite pe ™ Pnuarodomon. Iapdyoviec mov oyetiCovion pe tov
acBevny elval 1 mwopovsios EVOOYEVAOV KOATOKOIMOK®MV 1 KOIALOK®V SOTAPUYDV Oy®YILOTNTOS, 1
mopovcior N Oyl KOATIKNG HOPUAPVYNG, TO KAAGuHa eEd@ONoNG ™¢ aplotepds Kotliog, 1 mapovsio
KOPOIOKNG  OVEMAPKEWS M/Kol oteoviaiog vocov kotd tnv eugvtevon. I[lapdyovieg mov
oyetilovtal pe ™ Pnuatodotnon eivor o TOTog ¢ PnuotoddTNonG, T0 CNUEI0 EUPVTELONG TOV
KOWMakoh mAektpokabempa, T0 €Opog Tov Pnuatodotikov QRS, 10 mMOGOGTO TG KOWMOKNG
BnuatoddTnong kot 1 dtdpkela TS fn uaroSérncng.z's

Xmv mapovoa peALTN kdvape tnv vwobeon O6TL TO gupoc Tov Pnuoatodotikod QRS Oa

UTOPOVGE VO YPNOIUEVGEL MG OEIKTNG TOV OLGVYYPOVIGHOD TTOV EIGAYEL 1| PNULATOSOTNON OO TNV
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Kopuen ™G de&1dg Kokiag. 'Etot, 0 oxomdg tng peAétng ftav vo SIEPELVIIGOVUE TNV ETIOPOCT TOV
€0povg Tov Pnpartodotikod QRS oty £kepacn o610 TEPLPEPIKO aipta Yovidiwv mov oyetiloviot pe
TNV GLUGTOAIKT] AEITOLPYIKOTNTO KO VIEPTPOPIO, OTMG EMIGNG KOl VAL SIEPEVVIGEL EAV TO EVPOG TOL
Bnuotodotikov QRS oyetiCetanr pe to Pabpd ™e avdoTpoeng ovadOUOPPMOONG TNG OPLOTEPAS

KOWMOG KOl GOV OMOTEAEGLOL TV KAVIKY EMOEIVOOT TV PNUATOd0THUEVOVY 0GOEVDV.

ME®OAOAOI'TA

XXEAIAXMOX THX MEAETHX

[Ipdkettanr yloo TPOOTTIKY EAEYYOUEVN UEAETY], TOV TPOYUATOTOMONKE GE éva KEVIPO, M
nepiodog oTpaTordynong diépknoe 1 xpovo kot n péon mapakorovdnon twv acbevov 4 ypovia. Ta
oTO(ElDl TOV APOPOLV TNV EKYPOCT TOV YOVIOIWOV GTO TEPIPEPIKO aipto. GVAAEYONGOV KoTd TNV
évtaln Tov acBevav otn peAém (axpiPag mpv TV ELEHTELST TOL PNaTodOTN), oToVG 3,6 Ko 12
pves. Ot vrepnyoKapdloypaEIKol TapAUeTpol EKTIUNONKAY KOTA TV peOTELST] KOOGS Kot Tov 1o,
20 kot 40 xpovo petd amd avtiv. H pedétn eivar odpemvn pe ™ dtaxvpnén tov EAcivki, 6lot ot
acBeveig apod evnuepmOnKay £0wcaV yYpamty] cuvvaiveon mpv v évtaln otn HEAETN Kol TO

TPMOTOKOALO TNG HEAETNG £YKPIONKE OO TNV APLOSLOL EMTPOTT) TOL VOGOKOEIOV.

ITAHOYXMOX THX MEAETHX

2t perét ovppeteiyav 52 acBeveig (34 dvopeg nikiag 79,17+7,7 €tn) pe dtnpnuévo
KAMopo eEmdnong (EF >45%) mov vrofAndnkav e epeidtevon poOVHov teyvntov Pnuatoddt
MOy Bpadvkapdikdv evdeitemv. O kotMakdg NAEKTPOKAOETPAG TOTOOETHONKE GTNV KOPLOT TNG
de€1dg kotMag og 6AoVG Toug acbeveic. OAot ot acBevveig vtoPANONKaV 6g EAeyyxo TOL PrHaToddTN

Yo vo  dlevkpwiotel 10 akpiféc  MOCOGTO NG  KOWMOKNG  Pnuotoddtnong Kot - oe
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nAekTpokapdloypapr Lot yio vo kabopiotel to €0pog Tov Prpatodotikov QRS petd and Bérticto
TPOYPOUUATIGHO TNG PNULOTOSOTIKNG GUGKEVTNG Y10 EAOYLGTOTOINGN TNG UM OTOLPOITITNG KOIALOKNG
Bnuoatodotnong. O acbeveis yopiotnkav ce 2 opddeg pe Paon to gvpog Tov Prpatodotikov QRS
petd v epeovtevon. H opdda A amotedeitonr amd 24 acBeveig mov PnuatodotiOnkov yio
JTOPOYES KOATOKOIMOKNG oy®YoTnTog He €Opog Pnuatodotikod QRS petd v euevtevon
>120msec Kot T0G06TO KOWMAKNG frpatodotnong mov vrepéPave to 90%, evod 1 opdoda B (opdda
eA&yyov) amotelobvtay amd 28 acOeveic pe dTnpnuévn €VOOYEV] KOATOKOIAMOKY Oy@YUOTNTO
mov €Aafav poOViHo Pnuatoddt A0y cuVOPOUOL VOCOUVTOS (QAEBOKOUPOVL LE OTOTEAEGUO TO
e0pog Tov QRS petd v gpevTevon va eivar <120msec Kot T0 T0G0GTO KOIMAKNG PNUOTOSOTNONG

pikpotepo amd 5%.

YIHEPHXOKAPAIOI'PA®IA

Katé ) otiyp g epevtevong kabog kot tov 1o, 20 kot 40 ypoévo petd omd avtiv ot
acBeveic vmoPANONKAY oE LIEPXOKAPIIOYPOUPIKT LEAETN VIO TNV EKTIUNON TNG AELTOVPYIKOTNTAG
Kot TG OoUNG G aplotepds kothiag. Ot vrepnyokapdloypaEIKES eKOVES EAPONKOV LE TOVG
ac0evelg KOTOKEKAMUEVOLG OTNV 0pLoTEPT TAAYLL BECT) a0 2 EUTELPOVS VITEPTXOYPUPIGTEG TOV EV
glyav yvoon 1 tpocfacn ot oTolyEia TG LEAETNG, PNOULOTOIOVTOG £Va GVGTN O vIep @V Vivid
7 (General Electric, Horten, Norway) e popeotponéa 1,5-3,6MHz (m4s). Ot emuépoug HETPCELG
éywav og Ogutepo ypdvo amd Tig amobnkevuéves ewovec. Ov telodiactohkoi (LVEDD),
tehocvotolkol (LVESD) didpetpot g apiotepds kotkiag petpiibnkav pe ) xpnon M-mode and
MWYELG 0O TOV TOPUCTEPVIKO HokpD dEova, eVA Ol TEAOGVGTOAKOL, TEAOOIOGTOALKOL OYKOL Kol TO
KAMaopo e&®bnong (EF) and kopuaieg topég 2 kot 4 kotkotntmv pe Pdon tov dieminedo Kovovo

Simpson.
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EK®PAXH I'ONIAIQN

Anopdovoon tov RNA ko mosotiki) RT-PCR

To deiypato tov aipotog cLAAEYONoOV Ge GOANVIOKOVLS OBVAEVOSLOUOO-TETPA-0EIKOD
oféwc (EDTA). Ta povombpnvo kvtTopa tov meplpeptkod aipotog (PBMCS) amopovodnkav pe
ovyokévipnon e ficoll-paque plus (Stem Cell Technologies Inc., Vancouver, BC, Canada), evd 1o
oMkd RNA oamopovibnke pe yprion tov TRI-avtidpaoctnpiov (Ambion, Life Technologies,
Carlsbad, CA, USA). Ta deiypata RNA omd 1ig petpnioeig yio kébe éva acbevy amodnikedOnkov
otovg -800C péypt v avdivon tovg. [paypatonombnke avactpoen petaypoer 1ug odtkod RNA
ue olyo-(dT) ypnowonowdvtag T0 cvotua avactpoeng petaypaerg (Promega, Madison, USA)
oe avtidpdoelg oykov 20[ ]l Ouv petpioelg tov emmédov tov MRNA zmpayuatonombnkov pe
TOGOTIKY OAVCIOMTN AVTIOPACT) TOAVUEPAONG TPAYUATIKOD XpOVoL avdotpopng petaypaeng (RT-
PCR) pe ™ ypnon tov ocvomuatog aviyvevong STRATAGENE Mx3000P. Ot petprioeig PCR
npaypotoromOnkay ce 2Ul mpotomwv CDNA pe ™ ypron tov SYBR Green PCR Master Mix
(Bio-Rad, CA, USA) oe avtdpdoeig 20ul. Ot axorovbiec tov primer yio v Ca-ATPdon tov
ocapkomioouatikod diktvov (SERCA), v Papid aivcida g a-pvocivng (a-MHC), v Bopud
aAvoida g B-pvociving (B-MHC) ko v yAvkepardendo-3-pmaatidovdpoyovicn (GAPDH),
OGS eMONG KoL 0 GTPATNYIKOG OYEOOGLOS TOV TEPAUATOV Y10 VO EXLTOYOVV EWOKOTNTO NTOV OTMG
£youv MoM nspwpa(psi.g H Bepukn mpoepyacia yio v tpaypatikod ypovov PCR éywve pe apywm
uetovsioon otovg 95° C yio 5 Aemtd, axolovboduevo and 40 kdkiovg and: 95° C yio 15sec,
Beppokpacio avomtnong yio 60sec, 72° C yua 30sec, kot dnpovpyio kapmding théng and 55° C emg
95° C. H Bgppokpacio avommong nrav 1n PéAtiotn ywo kabe primer mov ypnouoromdnke Kot

Kopovotav and 55° C eog 60° C. Ola o deiypato vropAnonkay oe Sumhd mepduato. H pébodog
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oTafepg KAUTOANG YPNOILOTOONKE Yo TNV omOAVTN TOGOTIKOTOINOT TV TPOLOVIWOV EVIGYVONG
KOl 1 €101KOTNTO TPOGOIOPIGTNKE TPAYHOTOTOUDVTOG OVAAVOT KopmvAng ™éng. H opowdpopen
evioyvon TV TPowdVI®OV emoveAEyOnke avalvoviag TG KOUmOAEG TMENG TOV  EVICYLUEVEOV
TPOIOVTOV (Ypoenuoto 5146taong). Ztofepsc KaUTOAES Yo TNV £KOPOcT KAOE Yovidiov Tposkuyav
amod Swdoyikn OwdAvon yvwotdv mocottov  and mpdétvma CDNA. To yovidsio GAPDH
YPNOOTOMONKE ®G YOVIO0 avaPOPAC KOl TPAYLOTOTOMONKE GYETIKN TOGOTIKOTOINGT L€
OLGYETION TOL GNUOTOS TOV d1dPopwV YovVidimv mov petpndnkav pe 1o oo oo GAPDH. H
Ekepaor kaBe yovidiov pHeTd amd amOAVTN TOGOTIKOTOINGCT KOl GUGYETION HE TO EMIMEOD TOV

yovidiov avapopds GAPDH napovoidlovtol oe avbaipeteg povadeg (arbitrary units).

XTATIXTIKH ANAAYXH

To TepypoQIKd GTATIOTIKA TG TEPIANYNG EKEPALOVTOL MG HEST) TN £ TUTTIKY amOKAIoN 1|
WG GLYVOTNTES KOl TOCOGTA avaAoyd. Xvveyeic petafAntég cuykpidnikay avipesa otig 2 OLAdES e
™ ypnon t-tests ya aveEapnta delyparta. Ot katnyopikés HeTaPAnTég cvykpidnkav pe t ypron
tov Fisher’s exact teot. AviAvcT S1aKOLOVOTG ETAVOAOUBAVOUEVOV LETPTICEMV YPNCILOTOONKOV
Yl0L VO EKTIUNGOVY TNV EMOPOCT] TOV XPOVOL, TNG OUASAG KOt TG HETOED TOLG OAANAETIOpOONG LE
TIG LIEPNXOKAPIOYPAUPIKEG TOPOAUETPOVS Kol TNV EKOPOCT TOV Yovidiov. XuvteAeoTés NG
ocvoyétiong Pearson vrmoloyiomnkov €miong yw vo EKTIUNCOLV TN GUCYETION OVAUECSO OTIG
HeTAPOAEG GTOVG LITEPNYOYPAPIKOVS dEIKTEG Kol OTIG HETAPOAEG TNV EKPpacT) TV Yovidiwv. Oieg
Ol GTOTIOTIKEG OOKIUAGiEG eAEYONKAY o€ eminedo OTOTIOTIKNG onuavTikoétntog dimievpo 5%. T

OAEG TIC avOADGELS YpnotpomomOnke to otatioTikd makéto IBM-SPSS 21.
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AIIOTEAEXMATA

XAPAKTHPIXTIKA AXOENQN

Téco ta omuoypopwkd 660 Kot TO KAWIKG YOPOKTNPOTIKA Tov acBevov pall pe Tig
VIEPNOYPOPIKES TOPOAUETPOVS KATO TN GTIYUN TS eRevTELONG Svvoyilovion otov mivaka 1. H
TAEloYNeio TV ac0evodv eEAdpPave ovOGTOAEIS TOL HETATPENTIKOL VEDUOV NG ayyelotevaivng (a-
MEA), avactoleic g ayystotevoivng kot dtovpntikd. Ot acBeveic g opddag A mapovcialov
péon duapkela Pnuatodotikod QRS 142+12msec kot vynAd TOG00TO KOWMAKNG Pnpatoddtnong
94+2%. v opdda ehéyyov m péon dudpketa QRS Ntav 85+5 msec kot 10 TOGOGTO KOIAMOKNG
Bnuoatodotnong 3+1%. O vrepnyokapdioypapikol mapdapeTpor kot ta eninedo MRNA tov yovidiov
SERCA dgv mapovciolov oTATIOTIKG OMUOVTIKES JOPOPES OVAUESH OTIC 2 OUddeg Kotd TnV
eupoutevon. Ilepottépm avdivon TOV KMVIKOV YOpOKTNPOTIKOV TV aclevav (aptmplokn
VIEPTOOT), GOKYOPOONG dafntng, vrepAumidaipio, otePaviaio vOcog) dev amokdAvyav KAmolo
OTOTIOTIKG OUOVTIKY] CLGYETION HE TNV KAviKN ékPaon. Avtd Ba pumopovoe mbavdv va amodobei

070 piKpd apBud acheVOV TOV GLUTEPIANEONKAY TNV HEAETN.

METABOAEZX XTHN EK®PAXH TOY I'ONIAIOY SERCA

2ty opdda A, mopatnpnOnke onUOVTIKY CLGYETION TOL XPoOvov pe to yovidlo SERCA | ta
eminedo ToOL 0mOioL EAAATMOONKAY CNUAVTIKAE amrd TN GTIYUY TG ELEVTEVONG Kot LEYPL TOV 30 piva
™m¢ mapaxorovdnong (p<0.001), yopig emmAéov petoforéc petd. Xty oudda B dev
TopaTNPNONKOY OTOTIOTIKE ONUOVTIKEG UETOPOAES otnv Ekepact Tov yovidiov. Ot axpiPeic
LETPNOELG Kot 1 OloypaIOTIKY omekdVIon TG éppacns tov yovidiov SERCA «atd ) dudpkela

™G TapaKoAoLONoNG oTIC 2 opddeg TaPoLGLALOVTOL AVOAVTIKG G6TOV Tivaka 2 Kot To didypappa 1
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avticTorya.

XYXZXETIZH METAZY TOY EYPOYX TOY QRS META THN EM®YTEYXH KAI THX

EK®PAXHX TOY I'ONIAIOY SERCA

2ty opdoa A, to €bopg tov Pruoatodotikov QRS mapovciale oNUOVTIKY GUGYETION UE TIG
petaforég g Ekppaong tov yovidiov SERCA. Oco peyaivtepo 10 €0pog tov frpoatodotikov QRS,
17000 TO GNUOVTIKA NTov 1 peimon tov emmédov tov yovidiov SERCA (R=-0.607, p=0.002)
(Suaypoppa 2). Xty opddo eAEyxov dev Tapatnpiinke Kopio omoldTmg cLGYETION TOL VOV TOV

QRS petd v epgutevon pe v Ekepacn tov SERCA.

XYXZXETIZH METAZY TOY EYPOYX TOY QRS META THN EM®YTEYXH KAI THX

AEITOYPI'TKOTHTAX/ ATAXTAYXEQN THX APIXTEPAY KOIAIAX

Agv JOMGTOOMKAV GTATIGTIKG CTUOVTIKES O10POpPEG LETAED TOV 1010V KOl SLOPOPETIKDV
ToPATNPNTOV HETAED TOV LIEPNYOYPOPIKMOY UETPNCEMY Yo TOvg acbeveic. Zmv opddo A
nopaTNPNONKE CLOYETION OVAUEGH GTO €VPOg Tov Pnuatodotikod QRS kot ) Papdtmra ™
avaoTpoeng ovadlopopemong TG  aptotepds  Kkowiag. Oco  peyoldtepo 10 €0OPG  TOL
Bnuatodotikod QRS, 1660 Mo peydin n peiowon tov KAdopotog eEndnoemg (R=-0595, p=0.002)
Kot TOG0 HEYOADTEPT M AHENCT TOV SOCTACEDV NG OPLETEPAS KOOGS (Yo TNV TEAOGVGTOAKN
dtdpetpo R=-0.354, p=0.009 xo1 yio v tehodiactorkn dapetpo R=-0.535, p=0.007)(d1dypappto
3). Metd and péco yxpoévo mopakoiovdnong 4 ypdvia, 10 25% TtV acBevdv g opdoag A
avéntuEav pvokapdionddela emayduevn and 1 Pnuoatodotnon (mov opictnke ¢ avénorn otnv
TEAOSIOLOTOMKY] SIAUETPO NG optotepds kokiag > 15% xat peiwon tov khdopatog eEdOnong >
15%). Olot tovg eiyav gvpog Prnpatodotikonr QRS>150msec. v opdda B dev mapoatnpnOnrkov

OTOTIOTIKA ONUAVTIKEG HETAPOAEG TOV OIGTACEMV TNG OPLOTEPAS KOWMOG M TOL KAUCUOTOG
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e€MONoNG Kot dgv LINPYE KOO GLCYETION TOV TAPUTAVE TOPAUETP®V LE TO €VPoLG ToL QRS petd
TNV ELPVTELOT).

2ty opdda A vanpye cvoyétion TG HeTafoAns g éxepaocng tov yovidiov SERCA mov
JMOTOVETOL G TPAOO OTAS0 (MO TOLG TPMOTOLG 3 UNVEG UETE TNV gUeOTELOT) HE TNV
avacTPOEN ovVaSIOUOPE®OT| TNG aPLoTEPES KOtAiog mov epgavileTot 6€ TOA) HETAYEVEGTEPO GTAD1O.
To ebpnua avtd ocvvadel pe T OmOTEAECUATO TPONYOVUEVNG UEAETNG TOv KaTédEEe OTL Ol
petaforés oty €kppaon v yovidiov SERCA kot B-MHC eivar aviyvedoieg 610 mepipepikd
aipo IO HETE TV EUEVTEVCOT] HOVILOV TEYVNTOD Puatoddtn Kot TponyodvIol Kotd ToAd Tng

SUGEVOVC KOTMAKTIC AVASIOUOPOOOTC TOV SLUTIGTOVETOL VIEPIYOYPAPUKE TOAD apydTEPQ.

XYZHTHXH

2t peAétn avty SomoTOdnke Yoo TpOT Gopd, 6Tl T0 €0pog Tov Prpatodotikov QRS
ovoyetileton pe petaforéc oty Ekepootn oto mePleepkd aipa tov yovidiov SERCA, ot omnoieg
TPOMNYOUVTOL 1TNG EMOEIVOONG TNG OLGTOAIKNG  AETOVPYIKOTNTOG KOl  TNG  OVAGTPOPNG
avadlopdpe®oNG o€ Pnuatodotnuévoug acteveic pe datnpnuévr AETovpykdTTa. XTIV HEAETN
pog 1o €bpog tov Pnuatodotikod QRS mapovsiole onUOVTIIKY CLGYETION HE TNV AVACGTPOON
avadlopOpe®ON NG APLoTEPAG KOLMOG KO NTOV EVOEIKTIKO NG EUPAVIONG HLOKOPIOTAOELNG
emayOpevnG amd Pnuatoddtnon, 6mwg £xel NoN meprypagel kot omd dAlec peréteg. Opme 10 g0pog
10V Pnpatodotikod QRS gaivetatl va cuoyetileton kot pe Tig LETAPOAES GTNV EKPPOCT TOV YOVISIO
SERCA. EWwotepa, KabBndg to 0pog tov Pripatodotikod QRS peyoddvel, n peiwon oty €kppoon
tov yovidiov SERCA (mov mopiotd deiktn T AETovpykdTTog g aplotepds Kotiag) yivetot
onuovtikr (R=-0.607, p=0.002). Evéiapépov amoterei, 01t o1 acbeveic pe otevd QRS petd v
EULPVTELOT OeV TOPOLSLALOVY KOO OTATIGTIKG CNUOVTIKY HETOPOAN OVTE GTNV EKOPACT) YOVIdI®V

mov oyetilovtor pe TN AETOLPYIKOTNTO KOl VAEPTPOYIDL TNG OPIOTEPAS KOWAING, OVTE OTIC
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VIEPNYOYPUPIKEG TOPAUETPOVS, OTMG EXEL N)OT) TEPLYPAPEL GE TPOTYOVUEV uském.s

Elvar yvoo16 6Tt T1aB0@UG10A0YIKES KATAGTAGELS aptoduvapKoD 1| HETOPOAKOD stress Omme
elvar M KOPOOKN OVETAPKELD KOTAGTEAAOVV TO YOVIOIOKO TPOYPOUUO UETO TN YEVVNON Kot
EMOVOEVEPYOTOLOUV TO “gUPPLIKO YOVIOLOKO npéypauua”.G H ermavepedvion tov “guppuikod
YOVIOLOKOD  TTPOYPAUUOTOS” TLUPOSOTEL TNV  GAANYN IGOHOPPAV  HVOKAPOOKDV TPOTEWVOV,
petafolikdyv eviOpmV Kot TPOTEWGOY 1oL copkopepion.” TTaBOAOYIK £kepoot yovidimv mov
pvOuilovv ) ovlevén diéyepong-ocvotorng 6mwg to SERCA, odnyodv dwatapayr tg daxeipnong
T0V 00Peotiov, GLGTOAKY) OLGAELTOVPYiDL KOl GOV ETAKOAOVOO OLGUEVH] AVASIAUOPO®CN TNG
aprotepdc kohac.? Topeava pe Brioypopikd Sedopéva to yovidio SERCA omotekel 1600 deiktn
0G0 Kot OepAmELTIKO GTOYO TNG KOPILOKNG owsndesuxg.g [Ipdypatt, £l meptypaeei 0Tt Ta emineda

tov SERCA pewdvovton pe v mpoddo g KapOloKnG OVETAPKELNG, VO avEGvouy Eova Pe TV

VITOYMPNON mq.lo’ll

H ovyvomta epedviong pvokapdionddeiog emaydpevng and Pfnpuatoddtnon otn cOyxpovn
Biproypapio mokidel avaioyo pe tov TANOLGUO Tov pEAETNONKE KAODG Kol OVOAOY®S oV 1M
Ayveon ™G TPOTOEUPOVICOUEVNG KOPOLOKNG OVETAPKELDS POCICTNKE GE LIEPNXOYPOUPIKE M
KAMVIKA KplTnpio. AVOADTIKOTEPA, A0OEVELS [Le PLGIOAOYIKN 1] SLOTNPNLEVT AELITOVPYIKOTNTO, YOPIC
TPOTYOVLEVO 10TOPIKO KOPILOKNG OVETAPKELOG 1/KaL CTEPOVIOING VOGOV QOIVETOL VO TAPOLGLALOLV
HKpd TOGOGTO HLOKaPIOTAdElg emayopevng and Pnuoatodoton. X peiéty UKPACE, 2568
acleveilg pe Smnpnuévn AEITOLVPYIKOTNTA, TOPOLGIOGHV £TNOLN GLYVOTNTA VOonAgiog AOY®
KOPOLOKNG OVETAPKELNG TTOL dgV Umopovce vo, amodobel oe dAAN attiodoyio 6 mocootd 3.5% n
opGda pe T duthoeotioky Prparodotnon kot 3.1% 1M povosotiakh Prpotoddmon.t? T pekém
MOST mov cvumepiédafe 2010 acBeveig pe péon mopakoiovdnon 33.1 pnveg, m ocvyvotnta
eUPaviong pokapdlonddelag exayopevns omd Pnuatodotnon NTav 0o Kot Yo T SUTAOECTIOKN
Kat povoeoTioky Pruatoddton 10.3% kor 12.3% (p=0.13) avtictoyo.” Te GAAn pedétn 304
acevav pe dtatnpnuévrn AETovpykdTTa Kol Lokpd TapakoAovonon 7.8 eTdV, avapEPETaL opKeETH

VYNAOTEPN oLYVOTNTO  EUPAVIoNG pvokapdlondOelag 26%, ®OTOGO TO TOGOGTO KOWAOKNG
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Bruotodomong frav vynhd >90%.  Emmhéov, 6tov o mAnOuopdc mov pehetiOnke eixe
EMNPEACUEVT AELTOVPYIKOTNTO OPLOTEPAG KOLMOG, TO LYNAO TOGOGTO KOIMOKNG PnuatoddTnong
elye dvopevelg emmtooelg pe avénuévo Kivovvo emdeivwong g Non TPOLTAPYOVCAG KAPILOKNG
avemdpkelag O omd ToV TPOTO YPOVO UETE TNV EUPVTEVOT|, OTMG EYOVV OVAOEIEEL VITOAVOAVGELG
tov peketdv DAVID kot MADIT 11134

Daivetar Aowmdv 0Tl 6e acbeveic pe datnpnUévn AEITOLPYIKOTNTA, TAPAYOVTEG OTMG TO
TOGO0TO KOIMOKNG Prpotoddtnong kot 1o €Hpog Tov Pnpatodotikod QRS mailovv onuavtikd porio
omv  euedvion pvokapdiondOelag emayduevng omd  Pnuotodotnon. Xe  acbeveic  mov
Bnuotodotohvtor Ady® dSoTOPoY®Y KOATOKOIAOKNG Oy@YHOTNTOS Kot pa ekTifevtol e vymid
TOGOOTO KOWAOKNG Pruatoddtong, 1o €0pog tov Pnuatodotikov QRS kabictator axdpo mo
OVOIMOES OTNV EUPAVIOT] HLOKOPIOTADEING emayOpevng omd Pnuatoddtnon. Xe peAétn 1750
aclevav pe Satnpnuévn AEITOLPYIKOTNTA TTOL LIOPANONKAY GE EUPVTELG UOVILOL TEXVNTOV
Bnuotodotn, tocootd 22.8% avéntuEav pookapdlonddeia exayopevn and Pnuoatodotnon Hetd ard
péon mopakorovdnon 3.4 e1dv.> Avtoi ot aobeveic frav mo mbavéd vo sivar avtpeg (p=0.03), pe
YounAotepo kKAdopo eEdOnong katd v epevtevon (p=0.04), evpitepo QRS mpo ¢ eppidTELONG
(p=0.006), vyniotepn kapdlokn cvyvoTnTa Kotd TV TapakorovOnon (pP<0.001) kot evtdTepPO
Bnuatodotikd QRS petd v eppvtevon (p=0.001). Evdwapépov amotedei OTL TO €0POG TOV
Bnuotodotikov QRS  amotedel aveldptnto MPOYVOOTIKO TOPAyovIo Yyl TNV EUGAVION
pvokopolondBelag emayouevng omd Pnuatoddtnor. Ewdwotepo, €Opog Pnpatodotikod QRS
>150msec mapovciale 95% evacOnoio Yy epedvion pvokapdlonddelog emayopevns omd
Bnuotoddton. To ebpnua avtd elvar oe cvpeovia pe T Yvoot damictwon Ot ot acbeveig
ekelvol OV ®EELOHVTOL WOUTEPOC OO TOV KAPOOKO ETOVOCLYYPOVICUO HECH OUPIKOIALOKNG
Bnuotododtnong eivar ekeivol Tov Tapovctdlovy HOPPOAOYIN ATOKAEIGHOD TOV OPLETEPOD CKEAOLG
kat gopoc QRS >150msec.’® Opoing kot n pHookopdOTEOELD OO EKTAKTOGLGTOMKY appPLOLLic:
etvar mBavotepo va ekdnAmBel Otav ot €KTaKTEG KOWMOKEG GLOTOAEG €xovv €0poc QRS

>150msec.’
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dvowd, de Ba pmopovoe kavelc va mpoteivel €Aeyxo povtivag o€ OAOLG  TOVG
Bnuoatodotnuévoug acbeveic mov mapovstalovy VYNAS Toc0GTO KOIAMOKNG fuatoddTtnong, kabmg
avtd B emPapovve onuavtiKd ta Bvikd cuoTipaTe VYENG TOCO OIKOVOUIKA, OGO Kol G €Mmed0
amocyOANoNg Tov wIptkov mpocwmikov. [Mapdio mov dev pmopoldue vo. mpoteivovpe €vo Oplo
Bnuoatodotikov QRS cav evOEIKTIKO Yot TOV KivOLVO EUPAVIONG HVOKAPIOTAOELOG ETAYOUEVG OO
Bnuotodotnon A0ym Tov piKpoy aplBpov acfevdv mov CLUUETEIYOV oTn peAéT, givol ®oTOGo
TPOPOvEG OTL 660 gvpltepo T0 Pruatodotikd QRS, 1660 peyaAdTEPOG O KIVOLVOS EUEAVIONG
duodettovpyiag g aplotepds Kotkiog Hetd omd poviun texvnti Pnurotodoton. H mpdinym tng
pvokoapdlonddelag and Pnuatoddtnon Bo pmopovoe va 0dMyNoEl 6€ AydTepEg VoonAeie AOym
KOpOwKNG avemdpkelag kot Peitioon g mowdmtag ™S Cong Yy Toug Pnuatodotnuévoug
acBeveic. Me Baon T oyvovoeg KoatevBuvtnpieg odnyleg, acbevelc pe KAoookn €vOsiEn yio
KopdloK Pruatoddtnon kot dttnpnuévn Asrtovpytkdra dev €xovv €vOelEn yuo. TomobEétnon
OpEIKOAMOKOD Prnatodotn.’® Movo epdcov avamtuyfel pvokapdiomddeia omd PnpotodoTnon
VIapyeL £VOEIEN Yo avaaduon PrUatodoTiKiG GUOKELNG GE OUPIKOIAMOKY] Y10 AVTILETMMTIOT TNG
CUUTTOUATOAOYIOG TNG KOPIIOKNG avsndesuxg.lS Qo1660, dev £ivol TAVTOTE EPIKTH 1) OVOGTPOPT
™G HLOKaPIOTADELDG, KaODS 1 pakpoypdvio £kBeon oty TaBoAoyiky| d€yepon umopel var €xet
odMYNoEL Ge Un ovOoTPEWIUY SVOUEV] OVAOIIUOPO®GN NG 0ploTePAS kotdag. Emumiéov, m
kaBvotepnuévn avofdaduion e PNUOTOSOTIKAG GLUGKELNG EVEXEL KOL GAAOVG KIVOUVOUG OTMGC
Opoupwon TV EAEROV TOV YPNCLLOTOOVVTAL IO TNV TPOCTEAACT] TOV NAEKTPOKOOETHPWV OGN
de€1d kotMa, empoOAvven g ONKNS 1} TS GLOKELNG AOY® eMaVEREUPACEDV K. 4.

Me Bdon ta gvpipato TG HEAETNG HoG, TO €0pog ToL Pruatodotikod QRS eivar evoektid
Yo TOV Kivouvo gpedviong pookapdtoradeiog exayopuevng omd Pnpatoddtnon kot oyetiletan e Tig
petaforés oty ékepacn Tov pvokapdiakov yovidiov SERCA. Emopévmg, pa otevotepn
nopakolovOnon Kot amewdvion o acbeveic mov eivar extebeyévol 6 VYNAO TOGOGTO KOIAOKNG
Pnuratoddong e evpv Prpatodotikd QRS (m.y. >150msec) kot taboroykn Exppacn tov SERCA

OTO MEPLPEPIKO alipa, Bo pTOpPOVGE Vo 0ONYNGEL G TPOIUATEPT aviXVEVOT) TOV acHevAOV oV givart

71



EVOAMTOL KOU TNV KOAVTEPY OVTIUETOTION TOVG, OKOUO, Kot HE Tpon ovoPdduion g
BNUOTOdOTIKNG GLGKEVTG.

IHEPIOPIXMOI THX MEAETHX

21 pehétn pog, n kepaoct tov pookapdtokol yovidiov SERCA petprinke and mepioepikd
aipa kot Oyt omd pookapdlakn Proyia mov amotedel kot TNV o a&lomiotn néBodo Yo TNV exTipunon
™G €KQPacNS TV Yovidimv. Qot0c0, T0 TEPIPEPIKS aipa Exel Tpotadel yia T pétpnon PlodeikTmdv
KO TNV TOPAKOA0VONGN KOPILOyYEIK®Y VOOT|LATOV Kot Uropel va pog Bondnoet oty aviyvevon
mg PapoTntag kot g eEEMENG wog médnone.”® H onpaviiky aAAnloemucdioyn ot poplakt Sopn
TOV LOVOKVTTAP®V TOV TEPLPEPTKOV OULLOTOS KOL TOV LVOKAPIIUKMY KLTTAP®V TOV TOPATNPEITOL GE
TEWPAPATIKA HOVTELD (D®V, VTOVOEL OTL TAL LETAYPOUPIKE HOPLOL TOV LOVOTUPNVOV KVTTAP®V TOL
TEPLPEPIKOD  OIUATOG UTOPEL VO YPNOUYLELGOVY GOV TPOUOL Un-emepPotikol dgikteg mov Oa
umopovoav va TpoPfréyovy peAhovikh madoroyikn avadiopdpeoct.’ Etopévac, 1o Tepioeptcd
aipa Bo propovioe va amotedécel éva a&lOmoTo Kot 0KOAN TPOooPacipo deiktn g Ekppacng TV

LLOKOPOOKDV YOVIOI®V.

XYMIIEPAXMATA

Metd v gpedtevon Pnuatodotn amd v kopuen g 0eE1dg Kotliog ot acbeveic e gupo
Bnpoatodotikd QRS kot vYNAO TOGOGTO KOIAMOKTG PNIOTOSOTNONG VITOKEVTOL GE AVENUEVO KivOuvo
avanTuéng pokapdlonddetag emayopevng and Prnuatoddmon. To gvpog Tov Pnuatodotikod QRS
eaiveror va oyetiCetor pe Tig petaforésg g Ekepaocng Tov pvokapdiakov yovidiov SERCA mov
TPOTYOUVTOL YPOVIKA TNG OVGUEVOVS OVOSLUUOPPMOONG TNG OPLOTEPAS KOWING. AV OTOKTHGOVLE
woyLpa dedopéva yroL TV TPOPAENTIKY TOVS 10YD, T0TE Pnpatodotnuévol acbeveig pe evpd QRS kot
naboroyikn éxkepacn tov SERCA o10 mepupepikd aipo, Oo pmopovcav evoeyopévmg va
eEMOEEANBOVV amd oTEVOTEPT TOPAKOAOVONGN Kot SLOPOPETIKN BEPATEVTIKY OVIIUETOTION OTMG
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KOPOLOKO EMAVAGVYYPOVIGUO GE TOAD TPMOIUOTEPA GTASAL.

ININAKEX

Hopaperpor Opddoa A  Opado B Ty p

(n=24) (n=28)
Hlxkia (1) 79.3+7.4  78.948 0.86
dvlo (avopec/yvvaikes) 13/11 15/13 0.99
ATOMIKO OVOUVI|GTIKO
Aptnproxn vréptoon 19 22 0.65
Y nepmdaipio 15 18 0.92
2aKyopmong otapntng 9 12 0.85
Yte@aviaio vOGog 8 10 0.82
NYHA taén (I/11) 11/13 12/16 0.75
Yrepnyoypo@ikéc peTpfoels
LVEDD (mm) 50+4.9 49.6+4.9 0.86
LVESD (mm) 29.6+3.3 28.64+2.7 0.72
EF (%) 63+10.2 6519.6 0.69

MMivaxkag 1: Anpoypa@ikd/ KAMVIKA YopoKTNPLOTIKA KOl DVITEPNYOYPUPIKES TOPAUETPOL KATH TNV

évtaln tov 2 opddwv TV acBevdv 6T HeAETN



MRNA SERCA

Xpovika enpeia
HETPNGEOV

gnevTELON

3 pnveg

6 prveg

1 ypévog

Opéoo A

8.63+5.54

3.48+3.46

4.21£2.77

3.56+2.68

Opéoo B

7.87+5.51

6.72+3.9

9.83+12.1

8.82+11.05

P value

0.623

0.003

0.031

0.021

IMivaxkag 2: Metpnoeilg g £kppaong Tov pvokopdiakoy yovidiov SERCA otig 2 opddeg tov

acBevav Kotd T S1dpKelo TV 12 TpOTOV UNVEOV TG TopaKoA0VONoNG
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LVEDD (mm) LVESD (mm) EF (%) EF(%)

Xpovikég oTiypés Opada A Opado B Opéada A Opada B Opéada A Opado B
VIEPNYLOYPAPIKNG

eKTipnong

e Tevon 50+4.95 49.64+4.93 29.67+3.39 28.64+2.73 63.04+10.22 65.07+9.66
3 uveg 50.54+4.7 49.7945.04 304341 29.14+2.99 63.54+8.99 65.64+8.89
1 ypovog 51.63+4.49 50.57+4.91 31.21+3.75 29.25+2.85 61.71+9.23 65.75+8.46
2 xpovia. 53.79+5.46 50.46+4.94 33.13+4.43 2942.73 56.58+10.9 65.61+8.15
4 ypovia 56.71+5.52 50.36+4.84 35.38+4.22 29.04+2.8 52.83£10.81 65.29+8.28

MMivaxag 3: Metprioeig Tov vaepnyoypapik®v tapapétpov LVEDD, LVESD, LVEF otic 2 opddeg

acBevav Kotd T d1dpKelo TS TapoKorovONoNg
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ATAT'PAMMATA

SERCA (arb.u.)
1

Awdypoppa 1: Metafoléc oty ékepaom tov yovidiov SERCA o61ig 2 ouddeg katd ™ StdpKeLa g

mopokolovOnong
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group: long QRS

R? Linear = 0.369
00

=5.00

=10.00

dserca

=15.00

-20.00 °

T T T T T
130.00 140.00 150.00 160.00 170.00 180.00
QRS

Aldypoppa 2: ZnUoVTIKY GUGYETION OVOUEGO GTO €VPOG ToL Pnuatodotikod QRS oty opdda A

Kot 11§ petaforég tov yovidiov SERCA tovg mpdtovg 12 unveg
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group: long QRS

R? Linear = 0.286
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Awdypoppa 3: EnUovTIKN GLGYETION OVAUESH GTO €VPOG TOL Pruotodotikov QRS oty opdda A

KOL TOV PHETAROADY TOV VIEPNYOYPUPIKAOV TOPAUETP®V GTA 2 XPOVIO TAPOKOAOVLON OGNS
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Aim Long-term right ventricular apical (RVA) pacing may lead to left ventricular (LV) remodelling and heart failure. This study
assessed changes in the expression of genes regulating LV contractile function and hypertrophy, after permanent RVA
pacing and investigated whether such changes proceed or even predict LV remodelling.

Methods We enrolled 52 consecutive patients (age 79.1 + 7.7 years, 34 males) who underwent pacemaker implantation for bra-
and results dycardic indications: Group A, 24 individuals with atrioventricular conduction disturbances and group B, 28 patients with
sinus node disease. In group A, peripheral blood mRNA levels of gene sarcoplasmic reticulum calcium ATPase decreased
at 3, 6, and 12 months’ follow-up, while a-myosin heavy chain (MHC) decreased and B-MHC increased until 6 months
follow-up. In this group, 25% of patients demonstrated significant LV remodelling. At 4 years, LV end-systolic diameter
increased from 29.67 + 3.39 mm at baseline to 35.38 + 422 mm, LV end-diastolic diameter increased from
50 + 4.95to 56.71 + 5.52 mm, and ejection fraction declined from 63.04 + 10.22 to 52.83 + 10.81%. Early alterations
in gene expression were associated with a deterioration in LV function and geometry that became apparent months later.

In group B, echocardiographic indexes and mRNA levels of the evaluated genes demonstrated no statistically significant

changes.

Conclusions Permanent RVA pacing in patients with preserved ejection fraction is associated with alterations in the expression of
genes regulating LV contractile function and hypertrophy, measured in the peripheral blood. These alterations are trace-
able at an early stage, before echocardiographic changes are apparent and are associated with LV remodelling that
becomes evident in the long term.

Keywords Gene expression e Right ventricular apical pacing ® Ventricular remodelling

Introduction activation pattern provokes alterations in regional mechanical func-

tion and loading, myocardial perfusion and autonomic innervation,

The right ventricular apex has been the most commonly used pacing leadingto LV remodellingand heart failure (HF) in a considerable pro-

site, while alternative pacing sites in the right ventricle (RV), although portion of paced patients.2 Several studies have demonstrated the
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they may provide some advantages, have not proven to be superior
regarding hard outcomes such as morbidity and mortality.’
However, soon after its introduction, it became clear that RVA
pacing entails abnormal impulse conduction to the ventricles,
leading to asynchronous activation and contraction. This abnormal

development of new-onset HF after RVA pacing in patients with pre-
served LV function and no prior history of HF or coronary artery
disease (CAD).>* Heart failure development seems to be related
with both the duration of pacing and the cumulative percentage of
ventricular pacing (VP).>*

* Corresponding author. Tel: 430 2810392706, +30 2810375048. fax: +30 2810542055, E-mail address: esimant@hotmail.com
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What’s new?

e Permanent RVA pacing leads to changes in the expression of
genes that regulate myocardial contractile function and hyper-
trophy, which are traceable in the peripheral blood.

e These changes are evident early after pacemaker implantation
(even at 3 months’ follow-up) and proceed LV remodelling.

e These early detected alterations in the expression of genes
seems to be associated with LV remodelling in the long term.

e |[fsolid data can be established concerning factors for the early
prediction of LV remodelling, then patients who might benefit
from other pacing modalities, such as biventricular pacing,
could be identified during a very early phase.

On the other hand, it is known that certain genes regulate excita-
tion—contraction couplingand contractile proteinsand therefore are
associated with HF development.®’

We hypothesized that RVA pacing may provoke changes in gene
expression that precede a deterioration in LV function and geometry

that only becomes echocardiographically or clinically evident at

Table | Demographic/clinical characteristics and
echocardiographic baseline parameters of two groups

Parameters Group A Group B P-value
(n=24) (n=128)
Age (years) 793+74 789 + 8 0.86
Sex (male/female) 13/11 15/13 0.99
Medical history
Arterial 19 22 0.65
hypertension
Hyperlipidaemia 15 18 0.92
Diabetes mellitus 9 12 0.85
CAD 8 10 0.82
NYHA class (I/1) 11/13 12/16 0.75
Echocardiographic findings
LVEDD (mm) 50 +49 49.6 + 4.9 0.86
LVESD (mm) 29.6 +33 28.64 + 2.7 0.72
EF (%) 63 +10.2 65+ 9.6 0.69

a much later stage. Therefore, the aim of our study was to assess
early changes in the expression of selected genes related to the con-
tractile apparatus and excitation—contraction coupling proteins, in
peripheral blood cells of patients with preserved LV function, who
underwent long-term RVA pacing.

Methods
Study design

This was a prospective controlled study, conducted between January 2008
and December 2013. Data concerning gene expression in the peripheral
blood were assessed at enrolment (just prior to pacemaker implantation),
andat 3, 6,and 12 months. Echocardiographic indexes were assessed at the
time of enrolment, and at 3 months, 1 year, 2 and 4 years.

The study complied with the Declaration of Helsinki, all subjects gave
written, informed consent prior to their inclusion in the study and the
experimental protocol was approved by the hospital’s Ethics Committee.

Study population

We enrolled 52 consecutive patients (34 males, age 79.1 + 7.7 years),
with preserved LV ejection fraction (EF > 45%) who underwent pace-
maker implantation for bradycardic indications; the ventricular lead
was placed in the RV apex in all patients. Participants were divided into
two groups, based on the post-implant cumulative percentage of VP.
Group A consisted of 24 individuals who were paced for atrioventricular
conduction disturbances with a post-implant VP cumulative percentage
that exceeded 90%, while group B (control group) consisted of 28
patients who received a permanent pacemaker because of sinus node
dysfunction with preserved intrinsic atrioventricular conduction and
whose percentage of post-implant VP was lower than 5%; the devices
were appropriately programmed to minimize VP. Patients with ventricu-
lar conduction disturbances (QRS duration > 120 ms) were excluded
from this latter group. All patients underwent pacemaker interrogation
to determine the percentage of paced ventricular systoles. In addition,
we obtained 24-h Holter recordings from all patients, in order to deter-
mine whether the pacemaker-reported VP percentage was indeed refer-
ring to fully captured beats, rather than fusion or pseudofusion beats.

Echocardiography

At the time of implantation and at certain time points during follow-up,
patients underwent echocardiographic examination for the evaluation
of LV function and structure. Echocardiographic images were obtained
with patients in the left lateral decubitus position, by two experienced
echocardiographers blinded to the study protocol, using a Vivid 7
(General Electric, Horten, Norway) ultrasound device with a 1.5—
3.6 MHz wide angle phased-array transducer (M4S).

Table 2 Values of the expression of SERCA, a-MHC, and 3-MHC in two groups of patients at various time points during 12

months’ follow-up

Time points mRNA SERCA mRNA o-MHC mRNA B-MHC

GroupA  GroupB  Pvalue GroupA  GroupB  Pwvalue GroupA ¢ GroupB  Povalue
Implantation ~ 8.63 + 554 787 £551 0623 024061 0064015 0305 1077 + 1541 2535 +4607  0.124
3 months 348 +346 672439 0003 013402 0074016 0240 14702 +34079 7823 +259.82 0413
6 months 4214277 983+121 0031 0024003 009+016 002 59.23 + 19458 272247089 0422
1year 3564268 882+1105 0021 0414098 008+012 0.110 485+ 1337 1834473 0302
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All measurements were performed off-line on digitally stored images.
Left ventricular end-diastolic diameter (LVEDD) and left ventricular end-
systolic diameter (LVESD) were assessed from M-mode recordings in
parasternal long-axis view. Left ventricular end-systolic and end-diastolic
volumes were assessed from apical two- and four-chamber views, and
LVEF was calculated using the biplane Simpson’s rule.

Expression of genes

RNA isolation and quantitative RT-PCR

Blood samples were collected into ethylenediamide-tetra-acetic acid
(EDTA) collection tubes. Peripheral blood mononuclear cells (PBMCs)
were isolated by ficoll-paque plus (Stem Cell Technologies Inc., Vancou-
ver, BC, Canada) gradient centrifugation, total RNA was isolated using
the TRI-Reagent (Ambion, Life Technologies, Carlsbad, CA, USA).
RNA samples for each patient’s full time course were stored at —80°C
until analysis. One microgram of total RNA was reverse transcribed
with oligo-(dT) using the Reverse Transcription System (Promega,
Madison, ***USA) in 20 pL reactions. Measurements of mRNA levels
were performed by quantitative real-time reverse-transcription poly-
merase chain reaction (RT—PCR) using the STRATAGENE Mx3000P
Detection System. Polymerase chain reaction assays were performed
in 2 pL of the cDNA templates using the SYBR Green PCR Master Mix
(Bio-Rad, CA, USA) in 20 pL reactions. Primer sequences for sarcoplas-
mic reticulum calcium ATPase (SERCA), a-myosin heavy chain (a-MHC),
B-MHC, and glyceraldehyde-3-phosphatedehydrogenase (GAPDH), as
well as the experimental design strategy to achieve specificity were as
previously described.® Thermal profiling for the real-time PCR was an
initial denaturation step at 95°C for 5 min, followed by 40 cycles of
95°C for 15 s, annealing temperature for 60 s, 72°C for 30 s, followed
by melting curve generation from 55 to 95°C. Annealing temperature
was the optimal for each primer set and ranged from 55 to 60°C. All
samples were run in duplicate. The standard curve method was used
for absolute quantification of the amplification products and specificity
was determined by performing a melting curve analysis. A uniform amp-
lification of the products was rechecked by analysing the melting curves of
the amplified products (dissociation graphs). Standard curves for the
expression of each gene were generated by serial dilution of known quan-
tities of cONA template. The housekeeping gene GAPDH was used as an
endogenous reference gene and relative quantification was performed
by normalizing the signals of the different genes with the GAPDH
signal. Expression levels for each gene after absolute quantification and
normalization to the GAPDH signal were presented as arbitrary units.

Statistical analysis

Summary descriptive statistics are expressed as mean + standard devi-
ation or as frequencies and percentages, as appropriate. Continuous
variables were compared between the two QRS groups usingindependent
samples t-tests. Categorical variables were compared with using Fisher’s
exact test. Repeated measures analysis of variance was employed to
assess time, group, and interaction effects between the echo parameters
and gene expressions. Pearson correlation coefficients were also com-
puted to assess the association between changes in echo variables and
gene expression changes. All statistical tests were carried out at the two-
sided 5% level of significance. The statistical package IBM-SPSS 21 was
used for all analyses. In regard to echocardiographic measurements,
intra- and inter-observer variability and agreement between the measure-
ments obtained were calculated according to Bland and Altman’s method.
Lowerand upper limits of agreement (95% limits of agreement of the mean
bias) and coefficients of variation were calculated as the within-subject SD
divided by the mean of the observations. The differences (the difference
between paired measurements divided by the average of the two measure-
ments times) were calculated for all Bland—Altman plots.
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3-MHC in patients in two groups. Arb. U: arbitrary units.
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Results

Patient characteristics

Patients’ demographic and clinical characteristics, together with
baseline echocardiographic parameters, are summarized in Table 1.
The majority of patients were on angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers and diuretics.
Patients in group A exhibited a high percentage of VP (94 + 2%)
with a mean paced QRS duration of 142 + 12 ms, while in the
control group VP was 3 + 1% with QRS duration 85 + 5 ms. Echo-
cardiographic parameters and the mRNA levels of the genes mea-
sured did not exhibit statistically significant differences between the
two groups at the time of pacemaker implantation. Further analysis
of patients’ clinical characteristics (arterial hypertension, diabetes
mellitus, hyperlipidaemia, and CAD) did not reveal any statistically
significant correlation to the clinical outcome. This could probably
be attributed to the small number of patients included in this study.

Alterations in the expression of genes

Repeated measures ANOVA showed significant time x group inter-
action effects on SERCA (P = 0.048) and a-MHC (P = 0.032).
In group A, significant time effects were observed for SERCA
(P < 0.001) and borderline effects for a-MHC (P = 0.06). Serca
decreased sharply from the time of implantation to 3 months’ follow-
up (P <0.001), with no further changes, while a-MHC differed
between 3 and 6 months’ follow-up (P = 0.015). For B-MHC,
there were no group (P = 0.38) or interaction effects (P = 0.58),
but a significant time effect was observed (P = 0.004). Post hoc tests
showed that levels of gene expression at 12 months’ follow-up
were significantly less than at the time of implantation.

No significant changes were observed in group B.

The exact values and the time course of the gene expression
of these three genes in the two groups are presented in Table 2
and Figure 1, respectively.

Alterations in echocardiographic
parameters/left ventricular function and
geometry

No statistically significant intra- and inter-observer variation was
found between the measurements obtained from the patients.

Significant time x group interaction effects were also observed
for LVESD, LVEDD, and EF (P < 0.001 for all). More specifically,
in group A, a very significant time effect was apparent for LVESD
(P < 0.001), whereas in group B no time effect was observed
(P = 0.109). Post hoc Bonferroni-adjusted tests in group A showed
a significant increase at each time point (P < 0.001). Similarly, a sig-
nificant increase in LVEDD at each time point (P < 0.001) was
evident in group A, while in group B there was a significant, but
rather small difference at 1 and 2 years’ follow-up (P = 0.005) com-
pared with baseline. On the other hand, EF showed a significant
steady decline at each time point in group A (P < 0.001), while in
group B no time effect was observed (P = 0.246).

The exact values and the time course of the echocardiographic
indexes in the two groups are presented in Table 3 and Figure 2,
respectively.

Association between gene expression
alterations and left ventricular
remodelling

We sought to evaluate whether alterations in the expression of genes
at an early stage (from the time of implantation up to the first year)
could be correlated with a deterioration in LV function and geometry
that became more evident latter in the long-term follow-up.

Indeed, changes in the genes at an early stage seemed to be asso-
ciated with LV remodelling that took place months later. More spe-
cifically, an increase in 3-MHC during the first 6 months appeared
to be associated with an increase in LV dimensions and a decline in
EF that became apparent almost 2 years later (Figure 3). In addition,
a decrease in the expression of the gene SERCA during the first
year, was correlated with anincrease in LV dimensions and a decrease
in EF at 2 and 4 years of follow-up (Figure 4).

To assess the extent of LV remodelling in patients in group A at 4
years’ follow-up, we defined significant adverse LV remodelling, as an
increase in LVEDD by >15% and a decrease in EF by >15%. Based on
these criteria, 25% of the patients in group A demonstrated significant
adverse remodelling of the LV. Moreover, patients with significant LV
remodelling demonstrated more extensive changes of the gene
3-MHC at 6 months and the SERCA gene at 1 year, compared with
those that did not fulfil the criteria for significant LV remodelling;
the difference between the two subgroups was statistically significant
(Table 4).

Table 3 Values of the echocardiographic indexes LVEDD, LVESD, and LVEF in two groups of patients at various time

points during 4 years’ follow-up

Time points LVEDD (mm) LVESD (mm) EF (%)

Group A Group 5 Group A Group 5 Group RS Group 5
Implantation 50 + 4.95 49.64 + 4.93 29.67 + 3.39 28.64 £+ 2.73 63.04 + 10.22 65.07 + 9.66
3 months 50.54 + 4.7 49.79 + 5.04 30 + 3.41 29.14 +2.99 63.54 + 8.99 65.64 + 8.89
1 year 51.63 + 449 50.57 + 4.91 3121 £ 375 29.25 +2.85 6171 £9.23 65.75 + 8.46
2 years 53.79 £ 546 50.46 + 4.94 3313 £+ 443 29 +2.73 56.58 + 10.9 65.61 +8.15
4 years 56.71 £ 5.52 50.36 + 4.84 3538 + 422 29.04 + 238 52.83 + 10.81 6529 + 828
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Figure 2 Time course of echocardiographic indexes LVEDD,

LVESD, and EF in patients in two groups.

Discussion

In this study, we demonstrated for the first time that permanent
RVA pacing leads to changes in the expression of genes that regulate
myocardial contractile function and hypertrophy, traceable in the
peripheral blood. These changes are evident early after pacemaker
implantation (even at 3 months’ follow-up) and procede LV remodel-
ling. Furthermore, these early detected alterations in gene expression
seem to be associated with LV remodelling in the long term.

Specifically, in group A, mMRNA levels of SERCA gene decreased at
6 and 12 months’ follow-up, while a-MHC decreased and 3-MHC
increased until 6 months’ follow-up, as has already been described
in patients who are susceptible to LV deterioration.”'® It should
be noted that, at 12 months’ follow-up mRNA levels of a-MHC
had risen again and mMRNA levels of 3-MHC decreased. However,
the reasons for these changes at 12 months are unclear. In group
A, 25% of patients demonstrated significant LV remodelling, and
the changes in the gene B-MHC at 6 months and SERCA at 12
months appeared to be associated with LV remodelling.

In contrast, patients in group B, with a low percentage of VP, did
not demonstrate statistically significant changes, either in the expres-
sion of these genes in the peripheral blood or in echocardiographic
parameters.

Myocardial gene expression and heart
failure

The pathophysiology of HF is known to involve alterations in gene
expression. Adverse cardiac remodelling is characterized by the
re-employment of developmental transcription factors and the
activation of the ‘foetal cardiac gene program’, including an isoform
switch in MHC."""2 Other molecular changes include alterations in
the expression of genes encoding excitation—contraction coupling,
such as SERCA, resulting in impaired calcium cycling and therefore
accounting for contractile deficiency and pathological remodelling
in HE. In that respect, SERCA expression and functional alterations
seem to contribute to major cardiac diseases that often progress
to HF; thus SERCA is assumed to be a marker and a therapeutic
target in heart disease."?

Although, this altered gene profile has been postulated as an
adaptive response to mechanical overload, it further deteriorates
LV function and remodelling, precipitating HF."* Conversely, an in-
crease in SERCA levels in experimental models has been associated
with animprovement in LV function."® Even in humans, when a thera-
peutic decision targeting this vicious circle has been made, amelior-
ation of LV mechanics and reversal of this abnormal gene profile is
observed. Specifically, in patients with idiopathic dilated cardiomyop-
athy B-blocker therapy not only improved LV function but also led to
deactivation of the ‘foetal gene program’ with an increase in SERCA
gene expression and a decrease of 3-MHC gene.9 Similarly, in end-
stage HF patients, implantation of an LV assist device had the same
effects on gene expression,10 Finally, in HF patients, the clinical re-
sponse to cardiac resychronization therapy (CRT) was also asso-
ciated with favourable changes in genes regulating LV contractile
function and hyper’crophy.16

In our study, the changes observed in gene expression represented
an early indication of LV dysfunction that would gradually lead to
negative LV remodelling and deterioration in LV function.
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Figure 3 Scatter plots of changes in B-MHC at 6 months’ follow-up and changes in LVEDD and EF at 24 (left) and 48 (right) months’ follow-up.
Note with the solid circle, patients that demonstrated significant LV remodelling.

Based on current guidelines, patients with a classical indication for
pacemaker implantation and preserved EF are not eligible to receive a
CRT device. In the case of HF development, a late upgrade is recom-
mended with a view to achieving remission of the HF symptoms and
restoration of LV function."”

By upgrading patients with an unfavourable gene profile to biventri-
cular pacing at an early stage, we could prevent HF from developing.
In this way, we could overcome several complications of the late
upgrade due to vein thrombosis or device infection due to reoperation.
Of course, this should translate to early upgrades in a very limited
number of patients, based on the severity of the abnormal gene profile.

Study limitations

The gold standard for evaluation of the expression of genes regulating
contractile function and hypertrophy is myocardial biopsy. However,
in our study we chose to use peripheral blood to evaluate gene ex-
pression. The reason was that myocardial biopsy is a technique that
requires highly trained personnel and technology and, even if
proved to be of value in predicting LV remodelling, it cannot be per-
formed in everyday clinical practice. Therefore, there is a need for

parameters that are easily accessible on an everyday basis, such as
peripheral blood measurements.

Additionally, peripheral blood has been suggested as a powerful substi-
tute material that can monitor cardiovascular disease states and can prob-
ably act as a sensor of the disease severity.'® The significant overlap in the
molecular mimicry of PBMCs and cardiomyocytes that is observed in
animal models, implies that transcriptional signatures of PBMCs may
serve as early non-invasive and novel sentinels, predictive of impending
pathologic remodeling!® Gene expression signatures associated with
HF patient outcomes have also been identified in PBMCs. In addition,
we have reported that alterations in the expression of o-MHC,
3-MHC, and SERCA in PBMC:s are associated with LV diastolic dysfunc-
tion in patients with idiopathic dilated cardiomyopathy and HF2 There-
fore, measurement of mRNA in peripheral blood, though not the gold
standard, is still a reliable index. A possible strong correlation between
gene expression in peripheral blood and deterioration in the contractile
function of the LV could be of great clinical use.

A second limitation of this study could be that for the assessment
of LV function and geometry we used simple indexes such as LV
end-systolic and end-diastolic diameters and volumes, rather than
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Table 4 Comparison of changes in 3-MHC gene at 6 months and SERCA gene at 1 year, between patients of group A that
demonstrated significant LV remodelling and those that did not; the difference between two subgroups was statistically

significant
AB-MHC6 A-SERCA12
LV remodelling No LV remodelling LV remodelling No LV remodelling
N 6 18 6 18
Mean 209.56 —524 -11.3 —3.00
SD 373.75 9.49 7.52 2.00
Std. error mean 152.58 2.23 3.07 047

using more advanced techniques, such as 2D strain or 3D echocardi-
ography, that are more sensitive in detecting LV remodelling earlier.
However, we preferred the former indexes as they are commonly
used, can be easily implemented in everyday practice, and do not
require particular expertise.

Finally, it should be noted that the majority of our patients
were taking ACE inhibitors, angiotensin receptors blockers, and
B-blockers. This kind of medication has been proven to slow down
and/or reverse LV remodelling, so we cannot predict the impact
that the absence of these medications would have on our results.
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Conclusions

In patients with preserved EF after permanent RVA pacing, alterations
in the expression of genes regulating LV contractile function and
hypertrophy measured in the peripheral blood are traceable at an
early stage, before any changes in echocardiographic parameters
are evident. These alterations seem to be associated with LV deteri-
oration, even though larger studies are needed to confirm this finding.
If solid data can be established concerning factors for the early predic-
tion of LV remodelling, then patients who might benefit from other
pacing modalities, such as biventricular pacing, could be identified
during a very early phase.
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Abstract

Aims

Right ventricular (RV) apex has proven to induce abnormal left ventricular (LV)
activation pattern leading to pacing-induced cardiomyopathy (PICM) in a substantial
percentage of paced patients.

This study assessed the impact of paced QRS duration on the expression in the
peripheral blood of sarcoplasmic reticulum calcium ATPase (SERCA) and investigated
whether its width is related to the extend of LV remodelling.

Methods

We enrolled 52 consecutive patients with preserved ejection fraction (EF) who
underwent pacemaker implantation for bradycardic indications. Group A consisted of
24 patients paced for atrioventricular conduction disturbances with QRS=142+12ms
post-implant and group B of 28 patients paced for sinus node disease with
QRS=94+2%ms post-implant. mMRNA levels of SERCA were assesed at implantation,
3, 6 and 12 months follow-up, while echocardiographic parameters at implantation, 1, 2
and 4 years.
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Results

In group A, mRNA levels of SERCA decreased significantly at 3 months and remained
low at 6 and 12 months' follow-up and were associated to the deterioration of LV
function and geometry. Paced QRS duration was associated to both the alteration in
the expression of SERCA and to the extend of LV remodelling. In group B no
statistically significant change was demonstrated.

Conclusions

Permanent RV pacing in patients with preserved EF and wide QRS post-implant is
associated with a significant reduction of mMRNA levels of SERCA. Paced QRS duration
is associated to alterations in the expression of SERCA which precede adverse LV
remodelling.
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"What's New"

What's new?

Duration of paced QRS is associated to alterations in the expression of the
gene SERCA that precede adverse LV remodeling in paced patients with
preserved EF.

Paced QRS duration is also associated to LV adverse remodelling and is
indicative of the development of PICM.

If solid data can be established, patients with wide paced QRS and
pathologic expression of SERCA in the peripheral blood might benefit
from closer monitoring and therapeutic approach such as cardiac
resychronization therapy.
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Abstract

Aims

Right ventricular (RV) apex has proven to induce abnormal left ventricular (LV)
activation pattern leading to pacing-induced cardiomyopathy (PICM) in a
substantial percentage of paced patients.
This study assessed the impact of paced QRS duration on the expression in the
peripheral blood of sarcoplasmic reticulum calcium ATPase (SERCA) and
investigated whether its width is related to the extend of LV remodelling.

Methods

We enrolled 52 consecutive patients with preserved ejection fraction (EF) who
underwent pacemaker implantation for bradycardic indications. Group A
consisted of 24 patients paced for atrioventricular conduction disturbances with
QRS=142+12ms post-implant and group B of 28 patients paced for sinus node
disease with QRS=94+2%ms post-implant. mMRNA levels of SERCA were
assesed at implantation, 3, 6 and 12 months follow-up, while echocardiographic
parameters at implantation, 1, 2 and 4 years.

Results

In group A, mRNA levels of SERCA decreased significantly at 3 months and
remained low at 6 and 12 months' follow-up and were associated to the
deterioration of LV function and geometry. Paced QRS duration was associated
to both the alteration in the expression of SERCA and to the extend of LV
remodelling. In group B no statistically significant change was demonstrated.

Conclusions

Permanent RV pacing in patients with preserved EF and wide QRS post-implant
Is associated with a significant reduction of mMRNA levels of SERCA. Paced QRS
duration is associated to alterations in the expression of SERCA which precede
adverse LV remodelling.
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Condensed Abstract

Condensed abstract

We enrolled 52 consecutive patients with preserved ejection fraction who
underwent pacemaker implantation. Paced QRS duration was associated to both
alterations in the expression of gene SERCA that procede LV adverse
remodelling and to the extend of LV remodelling.
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The impact of paced QRS duration on the expression of genes related to
contractile function and hypertrophy of the left ventricle in chronically
paced patients from the right ventricular apex

Introduction

Right ventricular (RV) apex, albeit the most popular pacing site, has proven to
induce abnormal left ventricular (LV) activation pattern thus leading to pacing-
induced cardiomyopathy (PICM) in a substantial percentage of paced
patients.? The risk of developing PICM depends on the interactions between
numerous factors either patient-specific or pacing-related. Patient-specific
factors comprise the presence of intrinsic AV and ventricular conduction
disturbances, baseline atrial rhythm, LV ejection fraction (EF), presence of
heart failure (HF) and/or coronary artery disease (CAD) at the time of
implantation. Pacing-related factors include the mode of pacing, site of
ventricular lead, duration of paced QRS, percentage of ventricular pacing and
duration of pacing.>?

We hypothesized that duration of paced QRS could serve as an index of the
assynchrony induced by RV apical pacing. Therefore, the aim of our study was
to assess the impact of paced QRS duration on the expression in the peripheral
blood of genes regulating contractile function and hypertrophy as well as to
investigate whether its width is related to the extend of LV remodelling and
clinical deterioration in paced patients.

Methods

Study design

This was a prospective controlled study, conducted in a single centre with
enrolment period lasting for 1 year and mean follow up 4 years. Data
concerning gene expression in the peripheral blood were assessed at enrolment
(ust prior to pacemaker implantation) and at 3, 6, and 12 months.
Echocardiographic indexes were assessed at the time of enrolment, and at 1
year, 2 and 4 years. The study complied with the Declaration of Helsinki, all
subjects gave written, informed consent prior to their inclusion in the study and
the experimental protocol was approved by the hospital’s Ethics Committee.

Study population
We enrolled 52 consecutive patients (34 males, age 79.1+7.7 years), with
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preserved LV function (EF > 45%) who underwent pacemaker implantation due
to bradycardic indications. The ventricular lead was placed in the RV apex in all
patients. All patients underwent pacemaker interrogation to determine the
percentage of paced ventricular systoles and ECGs to assess QRS duration
after optimum device programming to minimize unnecessary ventricular
pacing (VP). Patients were divided into two group based on the QRS duration
post-implant. Group A consisted of 24 individuals with a post implant QRS
duration > 120msec and VP cumulative percentage that exceeded 90%. Group
B which served as controls consisted of 28 patients with preserved intrinsic
atrioventricular conduction and therefore a narrow QRS post implant <120msec
and VP<5%.

Echocardiography

At the time of implantation and at 1, 2 and 4 years follow up, patients
underwent echocardiographic examination for the evaluation of LV function
and structure. Echocardiographic images were obtained with patients in the left
lateral decubitus position, by 2 experienced echocardiographers blinded to the
study protocol, using a Vivid 7 (General Electric, Horten, Norway) ultrasound
device with a 1.5 —3.6 MHz wide angle phased-array transducer (M45S).

All measurements were performed off-line on digitally stored images. Left
ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic
diameter (LVESD) were assessed from M-mode recordings in parasternal long
axis view. LV end-systolic and end-diastolic volumes were assessed from apical
2-chamber and 4-chamber views, and LVEF was calculated using the biplane
Simpson’s rule.

Expression of genes
RNA isolation and quantitative RT-PCR

Blood samples were collected into ethylenediamide-tetra-acetic-acid (EDTA)
collection tubes. Peripheral blood mononuclear cells (PBMCs) were isolated by
ficoll-paque plus (Stem Cell Technologies Inc., Vancouver, BC, Canada)
gradient centrifugation, total RNA was isolated using the TRI-Reagent
(Ambion, Life Technologies, Carlsbad, CA, USA). RNA samples for each
patient's full time course were stored at -800C until analysis. 1ug of total RNA
was reverse transcribed with oligo-(dT) using the Reverse Transcription System
(Promega, Madison, USA) in 20ul reactions. Measurements of mRNA levels
were performed by quantitative real-time reverse-transcription polymerase
chain reaction (RT-PCR) using the STRATAGENE Mx3000P Detection
System. PCR assays were performed in 2ul of the cDNA templates using the
SYBR Green PCR Master Mix (Bio-Rad, CA, USA) in 20l reactions. Primer



sequences for sarcoplasmic reticulum calcium ATPase (SERCA) and
glyceraldehyde-3-phosphatedehydrogenase (GAPDH), as well as the
experimental design strategy to achieve specificity were as previously

described.4 Thermal profiling for the real time PCR was an initial denaturation
step at 95°C for 5mins, followed by 40 cycles of: 95°C for 15sec, annealing
temperature for 60sec, 72°C for 30sec, followed by melting curve generation

from 55°C to 95°C. Annealing temperature was the optimal for each primer set.
All samples were run in duplicate. The standard curve method was used for
absolute quantification of the amplification products and specificity was
determined by performing a melting curve analysis. A uniform amplification of
the products was rechecked by analyzing the melting curves of the amplified
products (dissociation graphs). Standard curves for the expression of each gene
were generated by serial dilution of known quantities of cDNA template. The
housekeeping gene GAPDH was used as an endogenous reference gene and
relative quantification was performed by normalizing with the GAPDH signal.
Gene expression levels after absolute quantification and normalization to the
GAPDH signal were presented as arbitrary units.

Statistical analysis

Summary descriptive statistics are expressed as mean +/-standard deviation or
as frequencies and percentages, as appropriate. Categorical variables were
compared with using Fisher’s exact test. Repeated measures analysis of
variance was employed to assess time, QRS width, and interaction effects of
gene expression and echo parameters. Pearson correlation coefficients were also
computed to assess the association between changes in echo variables and gene
expression changes. All statistical tests were carried out at the two sided 5%
level of significance. The statistical package IBM-SPSS 21 was used for all
analyses.

Results
Patient characteristics

Patients’ demographic and clinical characteristics, together with baseline
echocardiographic parameters, are summarized in Table 1. Patients were on
optimum medical treatment that included angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers and diuretics. Patients in group A
exhibited a mean paced QRS duration of 142+12 ms and high percentage of VP



94+2%. Controls QRS duration post implant was rather narrow 85+5ms while
VP was 3+1%. At the time of implantation there was no statistically significant
difference in baseline echocardiographic parameters and mRNA levels of the
gene SERCA between the two groups. Analysis of patients’ clinical
characteristics (arterial hypertension, diabetes mellitus, hyperlipidaemia and
CAD) did not reveal any statistically significant correlation to the clinical
outcome. This could probably be attributed to the small number of patients
included in this study.

Alterations in the expression of gene SERCA

There was a significant time effect on mRNA levels of the gene SERCA, with
its levels decreasing sharply from the time of implantation to 3 months’ follow-
up (P<0.001), with no further changes.

In controls (group B) there was no significant time effect in the expression of
the gene SERCA. The exact values and the time course of the expression of the
gene SERCA in the 2 groups are presented in Table 2 and Figure 1, respectively.

Association between post-implant QRS duration and the expression of
SERCA

In group A, paced QRS duration was associated to the alterations in the
expression of SERCA. The wider the QRS duration, the more substantial the
drop of SERCA (R=-0,607, p=0,002)(figure 2). In group B there was no
association between post-implant QRS duration expression of SERCA

Association between paced QRS duration and LV dimension and function
No statistically significant intra- and inter-observer variation was found
between the measurements obtained from the patients. In group A, there was
another association between paced QRS duration and the extend of LV
remodelling. The wider the QRS duration, the more substantial the drop of
ejection fraction (R=-0,595, p=0,002) and the bigger increse in LV dimensions
(for LV end-systolic diameter R=0,354, p=0,09 and for LV end-diastolic
diameter R=0,535, p=0,007) (figure 3). After a mean follow up of 4 years 25%
of our patients developed PICM (defined as increase in LVEDD by >15% and
a decrease in EF by >15%). All of them have had a paced QRS duration
>150msec. In controls no statistically significant time effect was observed in
LV dimensions and EF and no association was demonstrated between them and
post implant QRS duration.

In group A, alterations in the expression of SERCA were also associated to the
deterioration of LV function and geometry and were traceable at a much earlier
stage. This finding is consistent with the results of a previous study that



demonstrated that alterations in the expression of the genes SERCA and j-
MHC are traceable in the peripheral blood early after pacemaker implantation
and procede LV remodelling which becomes evident in a much later stage.

Discussion

To our knowledge, this is the first study which demonstrates that duration of
paced QRS is associated to alterations in the expression of the gene SERCA
which precede deterioration of LV function and adverse LV remodeling in
paced patients with preserved EF. In our study, paced QRS duration was
associated to LV adverse remodelling and was indicative of the development of
PICM, as already demonstrated in previous studies. However, paced QRS
duration seems to have an association to the expression of SERCA as well.
More specifically, as paced QRS duration becomes wider, the drop in the
expression of SERCA (which represents an index of LV function) becomes
substantial (R=-0,607, p=0,002). Interestingly, patients with narrow paced QRS
do not exhibit any statistically significant alterations in the expression of
SERCA, nor in echocardiographic parameters as demonstrated in a previous
study conducted in our centre.®

Is it well-established that pathophysiologic conditions of hemodynamic or
metabolic stress such as HF rerults in the suppression of the post-natal gene
programand re-emerging of the fetal gene program.® Predominance of the fetal
gene program includes isoform switching of myocardial proteins, metabolic
enzymes and sarcomeric proteins.” Pathologic expression of genes encoding
excitation-contraction coupling, such as SERCA, results in impaired calcium
cycling, contractile deficiency and subsequently adverse remodelling.®
According to published data SERCA is presumed to be both a marker and a
therapeutic target of HF.® Indeed levels of SERCA decline with the progression
of HF, while they rise again with its remission.1%

Prevalence of PICM varies in current literature depending on the characteristics
of the population studied as well as on whether the definition of new-onset HF
was based on echocardiographic or clincal criteria. Indeed, patients with normal
or near normal LV function and no prior history of HF and/or CAD seem to
have low incidence of PICM. In UKPACE, 2568 patients with preserved EF,
have had an annual incidence of HF hospitalization that could not be attributed
to any other obvious reason of 3.5% for dual-chamber pacemaker and 3.1% for
single-chamber paccemaker respectively.?? In the MOST trial that included 2010
patients after a mean follow-up of 33.1 months, the incidence of PICM was
approximately the same either for dual-chamber pacing 10.3%, or for single-
chamber pacing 12.3% (p=0.13).2 Another study consisting of 304 patients
with preserved EF and long term follow-up of 7.8 years reported a rather



higher incidence of 26%, however the percentage of VP was >90%.'0On the
other hand, in populations with reduced LV function, high percentage of RV
apical pacing has proven detrimental with increased risk of deterioration of pre-
existing HF (even from the first year post-implant) as subanalyses of both
DAVID and MADIT Il trials have demonstrated. 34

Therefore it seems that in patients with preserved EF, factors such as
cumulative percentage of VP and paced QRS duration may play an important
role in development of new-onset HF. In patients with atrioventricular
conduction disturbances who are exposed to high cumulative percentage of
ventricular pacing, duration of paced QRS becomes even more fundamental in
the development of PICM. In a study of 1750 consecutive patients with
preserved EF undergoing pacemaker implantation, 22.8% developed PICM
after a mean follow up of 3.4 years.™ These patients were more likely to be men
(p=0.03), with lower EF at the time of implantation (p=0.04), wider native QRS
at baseline (p=0.006), higher cardiac rate at follow-up (p<0.001) and wider
paced QRS duration (p=0.001). Interestingly, in multivariate modeling, paced
QRS duration was independently associated with the development of PICM.
Indeed, paced QRS duration >150msec was 95% sensitive for the development
of PICM. This finding is consistent with the fact that benefit from cardiac
resynchronization therapy (CRT) is primarily seen in patients with morphology
of left bundle branch block and QRS duration >150msec.}® By analogy,
cardiomyopathy induced by ventricular premature complexes is likely to
develop when QRS duration of the ectopic ventricular beats exceeds 151msec.*’
Of course, routine imaging of all patients exposed to high percentage of
ventricular pacing would represent a high burden for both health economics and
health provider personnel. And even though we cannot suggest a cut-off value
as indicative of the risk for the development of PICM due to the small number
of patients enrolled in the study, it is obvious that the wider the paced QRS,
the more ominous for LV function. Prevention of PICM would result in fewer
HF hospitalizations and improvement of the quality of life of paced patients.
Based on current guidelines, patients with preserved EF and a classical
indication for a pacemaker, are not eligible for biventricular pacing.*® Upgrade
to CRT is indicated only after HF development to achieve remission of HF. 18
However, PICM is not always reversible in some cases, given that chronic
exposure to a pathogenic stimulus may lead to permanent adverse remodelling.
Moreover, late upgrade has also complications such as vein thrombosis or
device infection due to reoperation. Our findings clearly demonstrate that
paced QRS duration is indicative of the risk for PICM and is associated to the
alterations in the expression of the myocardial gene SERCA. Therefore, a closer
follow up and imaging screening in patients exposed to high percentage of
ventricular pacing with a wide paced QRS (i.e. >150msec) and pathological
expression of SERCA could result in early detection of those amenable to



PICM and in their optimum management even if needed device upgrade.

Study limitations

In our study, expression of the myocardial gene SERCA was measured in the
peripheral blood rather than in myocardial biopsy. However, it is well-
established that peripheral blood can serve as a substitite material to monitor
cardiovascular disease progress.t® The significant overlap in the molecular
mimicry of mononuclear cells in the peripheral blood and cardiomyocytes
observed in animal models, implies that transcriptional signatures of
mononuclear cells in the peripheral blood may serve as early non invasive
sentinels with a predictive value of an imminent LV reverse remodelling.?
Therefore, peripheral blood could represent a reliable and easily accessible
index for the expression of myocardial genes.

Conclusions

Patients exposed to RV apical pacing are subjected to the risk of developing
PICM which is associated to the duration of paced QRS. Paced QRS duration
is related to alterations in the expression of SERCA that precede LV
remodelling. If solid data can be established concerning their predictive value,
patients with wide paced QRS and pathologic expression of SERCA in the
peripheral blood might benefit from closer monitoring and therapeutic approach
such as cardiac resychronization therapy.

Conflict of interest: none declared



Table 1

Parameters GroupA GroupB pvalue
(n=24) (n=28)

Age (years) 79.3t7.4 78.918 0.86

Sex (male/female) 13/11 15/13 0.99

Medical

history

Arterial hypertension 19 22 0.65

Hyperlipidemia 15 18 0.92

Diabetes mellitus 9 12 0.85

CAD 8 10 0.82

NYHA class (1/11) 11/13 12/16 0.75

Echocardio

graphic

findings

LVEDD (mm) 50+4.9 49.6x49  0.86

LVESD (mm) 29.6£3.3 28.64x2.7 0.72

EF (%) 63£10.2 65+9.6 0.69

Demographic/clinical characteristics and echocardiographic baseline parameters
of the patients of the 2 groups



Table 2

MRNA SERCA
Timepoints Group A Group B P value
implantation 8.63+5.54 7.87£5.51  0.623
3 months 3.48+3.46 6.72+3.9 0.003
6 months 4.21+2.77 9.83+12.1 0.031
1 year 3.56+2.68 8.82+11.05 0.021

Values of the expression of SERCA of patients of the 2 groups at various
timepoints during 12 months’ follow up



Table 3

LVEDD (mm) LVESD (mm) EF (%) EF (%)
Timepoints Group A Group B Group A Group B Group A Group B
implantation 50+4.95 49.64+4.93 29.67+3.39 28.64+2.73 63.04+10.22 65.07+9.66
1 year 51.63+4.49 50.57+4.91 31.21+£3.75 29.25+2.85 61.71+9.23 65.75+8.46
2 years 53.79+5.46 50.46+4.94 33.13+4.43 29+2.73 56.58+10.9 65.61+8.15
4 years 56.71+5.52 50.36+4.84 35.38+4.22 29.04£2.8 52.83+10.81 65.29+8.28

Values of the echocardiographic indexes LVEDD, LVESD, LVEF in the 2
groups of patients at various timepoints during 4 years’ follow up



SERCA (arb.u.)
1
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Figure 1: Time-course of the expression of SERCA in patients in the 2 groups.
Arb. U: arbitrary units
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