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Abstract:

Endomyocardial fibrosis(EMF) and Chagas Disease(ChD) constitute the so-called neglected
cardiomyopathies.EMF ,a disease of unknown etiology, endemic in Equatorial Africa is the most
common restrictive cardiomyopathy in the world. Mysteriously large fibrotic plagues occupy the
cardiac apex and the subvalvular apparatus. Chagas disease, highly endemic in Latin America, is a
zooanthroponosis caused by the protozoa Trypanosoma Cruzi. Notwithstanding that the
epidemiology of the two diseases is very distinct it seems they also share similarities. Endemicity to
the tropics, strong correlation with poverty and parasitic infections, poorly understood and insidious
natural course, lack of effective treatment, poor prognosis, appearance in non-endemic settings and
high misdiagnosis rates characterize these conditions and justify their characterization as
“neglected”. Cardiac magnetic resonance (CMR), a novel imaging modality with capability of
tissue characterization could illuminate the course of the diseases and play a crucial role in early
diagnosis and risk stratification. In an attempt to raise awareness of the forgotten cardiomyopathies,
we conducted a systematic review of the literature including the application of CMR as a novel

diagnostic weapon.

Key words: endomyocardial fibrosis, endomyocardial sclerosis, chagas disease, chagasic

cardiomyopathy, restrictive cardiomyopathy, CMR, MRI ,late gadolinium enhancement

Hepiinyn:

To KMviKO GUVOPOLO TNG KOPILUKTNG OVETAPKELNG EXEL TAPEL OLUGTAGELS TOVONHIOG WOGTOGO
o1 utieg TOV SPEPOLV HETAED TOV AVATTLGOUEVOL KOl TOV OVETTVYUEVOL KOGLOV. ZTOV
avomtuocopevo Koopo 1 Evdopvokapdiaxr Tvwon kat n vocog tov Chagas oamotedduv Tig KOpleg
o1TieEG KopIOKNG OVETAPKELNS GE ATOLA YOUNADY KOWVMVIKOIKOVOUK®V 6Tpmudtov.H
Evdopvokapdiakr Tvoon kot n Nocog Chagas mapdtt minttovv 8 kot 12 ekatoppvpia aobeveic
avTIoTol MG Yopaktnpilovror g «Eeyaouéves pvokapdtondOeteg». H emdnuoioyia kot n akpPng
nafoucloloyia TV v AdY® VOOT|LATOV TOPAIEVEL LUGTIPLO EVD OTOTEAEGLATIKES Oepameieg dev

vIépyovV.

Tig tedevtaieg dexoeTieg o VEQ OTEIKOVIOTIKT LEOOSOG,T LLOYVITIKT TOUOYPO@ie KapdLdg
&xel Tpootedel GTNV S1AYVOOTIKY LOG QAPETPAL. XKOTAS TNG TOPOVCAS CUGTNHOTIKNIG OVACKOTNONG
elvar va mopabéoet o chvoyn g vdpyovoag PipAtoypagiog mave oTig EeYOoUEVES
HLOKAPOIOTADEIES OVOOEIKVVOVTOG TOPAAANAL TIC EPAPLOYES TNG HOYVITIKNG TOUOYPOPIOG KOpolog

oTNV 014yVeOoT TOVG.



MéBoodot:

Koatd ) dievépyeta TG CLGTNUOTIKNG avackKOTong avalntinkay dpbpa otic facels dedopévmy
Pubmed/Medline ka1 Scielo. Ot Aé&eig kAedd mov ypnoiporomdnkay ntov: Evéopvokapdiokn
‘Tvoon 1 «Nocog Chagas» 1 «Ileplopiotiki Mvokapdiondfein » KAI «emdnuoroyion 1
«oautoroyion 1 «ddyvoon» 1 «CMR» 1 « MRI» 1 kaBvotepnuévog eUTAOLTICUOG 1| XOPAKTNPIGLOC
10100 1 «yaptoypdonon TI» N «khdopa eEmkutTdpiov dykovy. Ot TpoavapepBivteg Opot
avalnmonkav ota ayyAkd Kot oto iormavikd. Ev téhet ,138 apbpa emaéyncav yio va

ocoumeptAneBovy otV epyacia.
Evdopvoxapdiaxn ivoon:

H evdopwoxapdiokmn ivoon arnotelel To GuyvOTEPO OTIO TEPLOPICTIKNG LLOKOPIOTADELNG
naykoopimg. Evonuet kupiog oty Yrnocoydpio A@piky| Kot Tn vOTloavatoAky] Acio evd
TEPLOTOTIKA EYovV avapepbel kat otny enapyio Guanxi g Kivac. H vocog mpocPdiet cuyvotepa
dropa 10-30 etov. H maboyéveon kou 1 axpiPng artioroyio TG EVOOHLOKOPINKNG vmong dev
&xovv dtahevkavlel. [lapdyovieg mov Exovv evoyomomBei eivor n etdyeLa, 1 O1ATPOPT) TTOYN GE

LLOYVIG10, 1] VTEPTWGIVOPIALD, Ol TOPUCITIKEG AOIUMEELS KoL 1] YEVETIKT TPod1dbeon.

H véoog gaivetor va dtadpapet o€ 3 otddia: i)o&éa eaon ii) ™ AavOdavovoa evotdpueon
@don iii) ™ ypovia otk edon. H o&eia pdomn g vocov gueaviletor kKAvikd e TupeTo
,mEPLOQOaApIKO oidnua, kvnoud, eEavinua Kot pookapditida. Xty edon ovtn n dmbnon tov
HLoKapoiov amd NSIVOPILL 00MYEL GE TALVOT| TOLYOUATOV KOl GYNUATIGHO EVOOTOTY®UATIKAOV
OpopPov. Ta copntdpaTo GLVNOME VTOGTPEPOVY Kot 1] VOGO LETOTITTEL 6T AavOavovca
evoldpeon eaon.Ilapodia avtd, n avartuén kepavvoBorov pouokapditdog e ToAd Bopld Tpoyveoon
Kot BGvato avapépetan onavidtepa ot PiAoypagio.H evoidpeon edon g vosov yapaktnpileton
and eEAPCELS KoL VOEGELS EVM amoLGLALEL 1) OONoN amd EAEYHOVAOOT KOTTAPO KO OVOTTOGETOL
oTOOKA V®OT 6T0 TPOocPePANUUEVO HVOoKAPS10.O1 TOPAYOVTIES TOL GLVETIKOVPOLY GTNV
TaXOTNTO LETATTOGNG TG VOGOV GTNV Xpovia ¢dct mopapevouy dyvootol.H ypovia votikn| edon
exdnraveral pe Kaye&io vrooifovpvarpio oidnuo TopOTIOOV ,LTEPYPMON YELEDV ,KEVIPIKN
KLAV®OOT], OOKITIKT] GUAAOYT] OTOLGI0 OONUOTOG COUVPADV Kol NTOTOCTANVOUEYOA oL ETNV
KapO1d,evUEYEDELS VOTIKEG TAAKEG OVOTTOGGOVTOL GTO VITEVOOKAPILO EMEKTEIVOUEVEG GTAOIOKA OTTO
TNV KOpLET| TPOG TNV vtoParfiokn cvokevn.H kopuen ¢ kapdidc cuyvd katorapupdvetor amnd
Opoupo. H ivawon g vroPaifidkng cuokeung mpokaiel mayidevon TevOvTiov YopdmV Kot
ONAocddV LoV TEPLOPIGUO BTNV Kivion TV YAOYIVOV T®V KOATOKOIAAK®V BaABIdmV Kot TEMKA

coPapn avemApKeELD LTPOEIOOVS Kot TPLYA®YIVAG. XAPOKTNPIGTIKAE amrovctalel 1| TpoGoAr Tov



Y®OPOL ££050V TOGO NG aploTEPNS OG0 Kot TG 0e&ldg Kotag. Ot acbeveic kaTaAnyovv

ovvnoioatepo oo Halikn TvVELUOVIKN EUPOAT ,oLOTNUATIKY EUBOAN N NTOTIKY OVETOPKELN.
M p pagun HOVIKT] EUBOAT npoTikn EPPOAT 1 M 1 p

H d1dyvoon g evoopvokapdiakng ivowong yivetal cuvifwg pe
VIEPTYOKOAPIOYPOUPT 0L ZVYVE ELPILLATO, TNG VITEPNYOKOPIIOYPAPIKG LEAETNG €V 1)
OULQPTIKOATIKT) O14TAOT GOPOPT| AVETAPKELD LTPOEOOVS /KoL TPLYADYIVAG KOl KOTAAN YT TG
KOPLONG amd vmon 1016 kot eviote Opoufo.Kotd t pekétn ue maipukd Doppler, yapoxtnpiotikd
elvar To meploplotikd mpdtumo mAnpwong( E>>A) kot n cofoapr| dtactoMkn dvchertovpyio
(E/e’>14). To HKT mapovoidletl un 81ka evpripata 0rmg dtatapayés Tov ST kot younAd
SUVOLIKA.ZTNV OtAT aKTvoypoeio Odpakog avevpioketal avENUEVog Kapdtofwpakikdg deiktng Kot
eviote mepikapdakn cvAroyr|. H dtapopikn d1dyvoon tng evoopvokapdlakng ivawons teprhapfdvet
ueta AoV Vv avopolio Ebstein, v vreptpoeikn pvokapdionddeio KOpvENG, TN PEVUOATIKA

KOPOLOKY| VOGO, T CUUTIECTIKY] TEPIKAPIITION, TNV AUVAOEISMOT KOl TNV KOPILUKT CUPKOEIdMON.

H Bepamneio g vosov meptlapfdvet m Ayn KOPTIKOEWOV Y®pig OUMG TO DOEAOS VAL EXEL
emPeforwbét amd KAviké dokipes. H khaotkn eappoakevtikn Oepomeio g Kopdlokng ovVETAPKELNG
yopnyeital ko o achevelg pe evdopvokapdtakn tvaon yia v fertioon tov copntoudtov.H
povadikr Oepamgvtikn TapépPacn 1 onoia gaivetal va ennpedletl v Tpdyvmon Tov aclevov pe
EVOOLLOKAPOLOKT tveo) givar 1 xelpovpykn enépufaon.Acbevelg pe evdopvokapdakn tvaon Kot
kapolakn avendprela khdong II/IV xatd NYHA &xovv évoeiEn yia xepovpyeio epdcsov dev
QEPOLV UM avaoTPEYILES NTATIKEG 1) Kapdlakés PAAPe. H evdopvokapdektopr| e avTIKOTAGTOON
N emd0pbwon TV TpocsPefAnuévav KoArokotMokdv BaiPidwv dmov Kpivetal amappaltnTo
amotedel TNV evoedetyuévn xelpovpyikt Oepaneio. H mepieyyeipnrtikny Bvntdtra vroroyiletan 6to
20% gvd 1 mEPLOPIGUEVT TPOGPRACIUOTNTO TV 0GOEVOV GE KOPILOYEPOVPYIKA KEVTPA ATOTEAEL

TPOYOTEDT) GTNV AMOTEAECUOTIKY] AVTILETMOTION THG VOGOV.
Nooog Chagas:

H véoog Chagas sivar pia ovOpomolmovocog evonuikyg ot AEKAVT TOV TOTAUOD
Apaléviov Tov petadidetar otov avlpwmo pé 1o tpmtdlwo Trypanosoma Cruzi. Ot kbpiot tpémToL
LETAS0ONG TOV TPLTOVOCHUATOG EivaL: 1) SIOUEGOV S YHOTOG EVOG EVOLAUEGOVL EVTOLOL EEVIOTY , W)
KOTOVOA®GT LOAVGUEVOV TPOPIL®V KOl TOTMV, 111) LOAVGUEVT] LETAYYIOT QipATOG,
IV)LeTouOoYELOT OPYAVOL 0Td LOAVGUEVO 60T, V) KAOETA aTd TI LOAVGUEVT UNTEPA GTO
KONUoLZTN AaTiviky] Apepikn,onpavtikég Tpoomdbeieg £xovv kataPAndel Tig televtaiec dekoeTieg
1660 Yo TNV €EAAELYN TOV EVIOLOL TOV UETAPEPEL TO TPLTOVOCMLLO GTOV AVOP®TO OGO Kot Y10, TOV

evoereyn éreyyo Tov petayyllopevav Tpotdvtv aipatos. H petavacsteuon poAvouévey atdpmy



amd T Aatvikn APEPIKT GTOV VTTOAOUTO KOGUO AALAEE PLlikd TNV EMONUIOAOYIM TG VOGOL

Chagas kot TpokaAleoe TV ELPAVIOT THG OE UT| EVOTUUKES YDPEG..

Metd tov evopBaiucud tov Tpumavocdpotog 610 avlpdmivo chpa, LecoAaBel TEPi000g
enmaong 2 gfdopddwv péxpt v évapén g o&eiag eaong g vosov 1 onoia dtopkel mepimov 2
uves.Metd v orokAnpwon g o&etog aong to 75% Tmv LOAVGUEV®V OTOUMV EIGEPYOVTOL OTN
AavBdvovca @pdon e vOsou 1 omtoio dtadpapel pe e£Apoelg kol PEceLS. Mo emc 000 dekaetieg
apyotepa,to 1/3 TV apytkdv HOAVCUEVOV aTOR®V B ovarTOEOLY T puoKapdlonddeio TG VOGO

Chagas 1 omoia éxet Bapvtatn tpdyvoon.

Klvikd 1 vooog katd v o&elo oo ekdNAmVeETAL e TUPETIO,ULOAYIES ,ePIdpwON,
Jbppota,EUETO AePPAdEVOTAOELN Kot NAEKTPOKAPIIOYPAPIKES AAAOLDGELS (YOUNAL SOVVOUIKA
Lwrapayés ST K.a). Xe 0pIopEVEG TTEPITTMOGELS YOpuKTNPLoTIKG givon Ta Toaykdpata(Chagomas)
-pAgypovadn olida otov TOmo voPOaAIGHOL TOV TPp@Toldov.AcOeveilg Tov TpocsePAnOncay and
10 Tpumavocwpo S1pEGOL KATAVAAMONG LOAVCUEVNS TPOPNS epeavilovy Baphtepn VOGO e
nrotocTANVouEyoAa Kot arpoppayiko iktepo.A&ilel va onuewmdel 611 610 1% 10OV 0cBevov pe
o&én vo60, aveEapTHTOC TPOTOV HETAOOONC, AVATTOCGETOL KEPAVVOBOLOG LLOKOPIITION KA/
gyKa@oAopLEMTION TOV EMPEPOLV TO BAvaTo.O1 060eVEIC TOV pETAminTOVY GTNV EVILAUEST PAGT
™™g vOcov elvar dTopa acvuntopotika, pe euotoloykd HKI pusioloykn axtvoypapio Odpakog
T0L 07010l WOTOGO EY0VV BETIKEG 0poAOYIKEG dokuacieg yia Trypanosoma Cruzi.H petdntoon and

NV eVOLIUEST] GTT YPpOVIQ LOPEN TNG VOGOV Yivetal pe puOuod 5% emcing.

Ortav eykatoaotadel, N pvokapdionddeio tnv vocov Chagas, avtr| exkdnidveton pe tpia
KAMVIKG cOvdpopa: i) appuOpioyovo chvopoo, i) KopdtoeuBoAcrog Kat YKEPOAKA enelcOdLa,
iii)kopdiokn avendpkelo. Tvyvi eivarl 1 euedvion t6co Bpadvappubudy 660 Kot ToLappLOULOY.
Noécog prefokdppov,2°’ 1 3°° Babpod KoAToKoIMOKOS ATOKAEIGOC, OTOKAEIGHOL OPIoTEPOD N
0eE100 GKELOVG ,TPOIEG KOTMOKEG GVGTOAEG Kot kokon0elg Kothakég appuvOuieg pmopel va
EULPAVIoTOOV LETOEL AAAV. Ta kapdroepfolikd parvopeva cuyvéd mapovstalovtal 6E vEapovg
acbeveig pe voso Chagas kot pmopei va eivor n tpdt exkdnimon g vocsov.Ilapdyovteg mov
GLVETIKOLPOVV GTNV EKONAW®GON TOVG £ivar o1 evookapdtakoi Opouporn didtacn aplotepod KOATOL
TOL OVEVPVGLOTO KOPLPNG(Emiong cuyva amavtopeva otn voco Chagas) kat 1 KoAmikn papuapoyn.
H ypoévio popen| g vocov Chagas odnyel o€ d10tatikod TOTov Huokapdtomadelo Kot TEMKA og

de€1d M /Kot oploTeEPN) KOPILOKN OVETAPKELDL.

H dudyvaoon g vooov kotd v o&eia pAcT TPayULATOTOLEITOL [UE GLEGT) TOPATH PTG TOV

TpuravoodpaTog Kot T PKPOSKOTNOT AiLOTOS TOV a60eVOLg. TNV VOLApEST Kot TV Ypdvio



(Ao M TapactTalio amoVcldlel YOPOKTNPLOTIKE Kot 1) S1dyvmon emPBEPotdvVETOL LE OPOAOYIKES
dokipacieg mov aviyvevovv anti-T.Cruzi 1gG. 1o HKI dgv vdpovv guprpoto toboyvmopovika yio
™ VOGO, OGTOGO 1 AVEVPEST ATOKAEIGLOV 05100 OKELOVG LE TPOGHLO OPIGTEPO NGKEMKO
amokAelopnd eyeipetl évrova v vroyia yio Chagas oe acbevi pe copufotd entdonporoykd
voBabpo.To vITEPNXOYPAPN LA OVOIEIKVVEL TEPIKOPIIOKT] GLAAOYN KO LEIOUEVO KAAGLO
eEdOnong. Kotlokd avevpdopata Kopueng Kot TUNUOTIKES O10TopoyES KIvNTIKOTNTOG GTO
KOTOTEPO TAAYL0 TOTYMULO KOl TV KOPLET| Elvat emiong YopakTnploTikd tg vocov.Xtn Doppler
LEAETT) OVIYVEVETOL GLYVA AELTOVPYIKY] OVETAPKELD TV KOATOKOIMAKAOV BaABidwv AOYm dtdtaong

TOV OUKTLALOV.

H Ogpomeio ¢ kopdiokng avendpkelag ot vooo Chagas amoteAei mpdkinon.
KategvuBuviipieg odnyieg ya ™ pvokapdiordadeto tng vocov Chagas dev vmdpyovv Kot GUVETMG
akoAlovBeitarl n TvwomomuEVN PapUAKELTIKT Bepameio KapPOOKNG AVETAPKELNS UM IGYOUKOD
TOTOV. LVYKEKPIUEVO EVOEIKVELTAL 1] YPTOT AVIAYOVIGTOV UETATPETTIKOV VELIOV
OLYYELOTEVOIVIG,AVTOYOVIGTOV DITOOOYEWV OYYEOTEVGIVIG 1, B- amOKAEIGTAOV, O10VPNTIKOV Kot
WOTPOTTWV PAPUAK®V.XE 00OEVELS e GUVLTTAPYOVCO KOATIKY LOPLLOPVYT ,KOIALKO OVEDPLGLLA 1)
Kapdlokd Opopupo amarteitol Kot 1 TPOGONKN AVTITINKTIKNAG ay®yns. Xt Oepomeio Tov appuimv
™m¢ vooov Chagas, 1 apmdapovn xpNGIULOTOLEITOL MG PAPUAKO TPMOTNG YPAUUNG EVD BEom €xet Kot
1N ELPVTELON AMVIOMTN 6€ 0oBevelg Tov gpeEavifovy KotlaKn TayvKapdic. Xe vYNAoD Baduov
KOATIOKOIAOKOUG OmOKAEIGOVG 1 vOo0o pAeBokdppov ot acbeveic pe vooo Chagas mpelovvtar oo
™V ELPVTELOT PNUaTOdOT. AVTUTapactTiKd eAappoka yio Ty ekpilwon tov TpuravocsodpaTog
&yovv emiong 0éon ot Oepanevtikny eopétpa. H Belvidaloin kot to nifurtimox ypnoiomrotovvral
LLE TKOVOTOMTIKG amroteAéopata wtaitepa otnv ofeio Aot TG VOGOL, ®GTOGO EXOVV GNUAVTIKES
avemBoUNTEG EVEPYELES Kat Ogv emnpedlovy Vv ékPaon Tov aclevodv epdcov eykatactadei n

pookopolomdheLo.

Epoappoyég g poyvnTtikng Topoypaeiog Kopolds oTig EEXUCUEVEG LLOKOPIIOTADEIES:

H payvnrikn topoypagio Kapddg £xel OEPEL TIG TEAELTAIEG OEKOETIEG EMOVACTACT) GTNV
axpiPn duyvoon tov pookapdionadeldv. Me m cuykekpipévn e€étaon pmopovv va a&toroynbovv
TOVTOYPOVO 1) OVATOUIN, 1 AEITOLPYIKOTNTA, 1) AUdT®OOoT Kot 1) Procipudtnto g kopdtds. To
HEYOAVTEPO TAEOVEKTLOL TNG HOLYVNTIKNG OH®G amoTeLel adtoppiofrnta n dvvatdtnto akplpoic
YOPOKTNPIGLOV 1GTAV KOl 1] TOCOTIKOTOINGT TG tvmong Kot TOL 01 LLITOG TOV LLOKAPIToV LE TN

Bonbela tv TEVIKOV TOL KaBvoTEPNEVOL eumAovTIGHOD Kot TG T1/T2 yaptoypdonong.



A&gdopévou 0Tt deV VTLAPYEL CLYKEKPIUEVO TPMOTOKOAAO Yid TIC EEYUGUEVES LVOKOPIIOTAOELES,
eQaPUOLETOL TO TPOTOKOAAO OTEIKOVIONG TMOV UT] IGYOUUKOD TOTOV HVOKAPIOTADEIDV GOUPOVOL LE

115 0dMyiec ¢ Society of Cardiovascular Magnetic Resonance (SCMR).

2V evéopvokapdloky| tvwon mapoatnpovpe kabvuotepnuévo EUTAOVTIGUO TOV YOOOAVIOL
07O LITEVOOKAPSI0 TNG KOPLPNG KO TOL YMDPOL E1GO0VL Y®PIC KaTavoun dpdevongoTepaviaiov
ayyeiov. 'Eva aAlo edpnua mov €xel meptypagel lvar n ELEAVIOT TPIOV GTPOUATOV TNG KOPILOKNG
KOPLONG LE YOUNAOD CUATOS PLGIOAOYIKO HVOKAPALO KO TOYVGUEVO VOTIKO EVOOUVOKAPILO TO
omoio KataAapPavetol amd xouniov oNpotog enacfectmpévo Opoupo kopveng. To avmbev gvpnua
ovopaletat onpeio double V ko Bempeitat yopaktnpiotikd e vocov.H payvntikni topoypoeio
Kapdlig paivetal vo el TANBOpa epapLoy®V oty 01dyvmon kot Ogpameio TG EVOOUVOKOPIOKNG
tvoong. Xvykekpiuéva, oe achevei pe Tomko vpRULaTe KABLGTEPUEVOL EUTAOVTIGHOD YOOOAVIOV
N HOYVNTIKNY TOHOYPAPio KOPILAG EVOEXOUEVMOS VO KATAGTHOEL N aoppaiTnT TNV
evoopwokapdlakn Broyia yio v emPePainon didyvoong g vocov. EmmpocHitmg pe
LLOyVITIKT TOPOYpapio Kopdldg emtuyydvetol KaADTepN anelkdvion evookapdlakav Bpoupwv ard
ot pe ) dwwbwpakikn Kot ) dotcoedysto vepnyoypaio.Ot evdokapdtakoi Opoppor, cuyva
ATOVTOUEVOL GTNV EVOOUVOKAPILOKT tVOOT|, TPOKAAOVV TVEVLOVIKEG | CLGTNATIKES EUPOAES KoL
amoTEAOVV (o oo TIS KVPLEG attieg Bavatov avtov towv asevav. O akpiPng eviomioprog tovg Ha
odnynoet o &ykopn Evapén avTimnkTikng Bepaneiog yio amoevyn avt®v v cuppdviov. Extog
aVTOV, CNUOVTIKOG Eival 0 pOAOG TNG LOYVNTIKNG TOUOYPOOING KOPIHG GTNV TPOEYYEPNTIKY Kot
HETEYXEPNTIKN 0E0AGYNON TV acBevdv e evdopvokapdlakn tvmorn mov vrofdilovtal oe
evoopvokapoektopn.H ev Adym ameikdvion emrpénel TpoceKTIKO YOG TOV XEPOLPYEIOL EVD
BonBd to yepovpyd oty 0phn MOV TNG XEPOVPYIKNG TPOGEYYIoNG oL Ba akolovdnBel. Metd
v enépPaon,n ev Aoy oaneikoviotikny pébodog fondd oty a&loldynon avtamdkpiong twv

acBevav ot xepovpyikn Bepomeio KaBMOG Kot TV aviyvevon mOavig VTOTPOTNG THG VOGOU.

Y1t vooo Chagas ,pe tn poyvnTikn Topoypoeio Kapdids EXLTUYYAVETOL TOLOTIKY) KoL
mocoTIKN a&loAdynon g tvwong Tov pvokapdiov. EmmpocsOétmg ancikoviCovton pe peydin
axpifela T avevpOGUATO KOPLPTC TOL OTAVIMOVIOL GUYVA GTNV YPOVIA LOPET| TNG VOooL. MeTd
NV EVOOPAEPLA £yYLON CKLOYPAPIKOV ,KaBuGTEPNUEVOS EUTAOVTIGUOC eppavileTor cuvnBéotepa
OTO LITEVOOKAPALO 1) TO VIOEMIKAPILO TOV KATDTEPOL TAAYLOV Kot KopuPaiov Totydpatog. Ot
TEPLOYES OTOV TapoTpEiTOn KaBVOTEPNUEVOG EUTAOVTICUOG CUUTITTOVY UE EKEIVEG OOV
avevpiokovtol TUNROTIKEG dtatapayé kivnTikotntoc. H poyvnrtiky topoypaeio kapdids pmopet
emiong va cupPdrel GTov VITOAOYICUO TOV KIVOVVOL gUPAvVioNS kakonBdv appuduidv Bondmvtog

OTNV EMAOYT TOV 0CHEVOV TOV AVOUEVETOL VO ®PEANB0VV omd TNV epeLTELST amvid®T. Télog N



SVVATOTNTO TNV LOYVNTIKNG TOHOYPOPTaS KapOlds Vo aviyVEDGEL EVOOKOIAOTIKOVS BpOpovg
OGLVETIKOLPEL GTNV £yKoupn EVapEn OVIUINKTIKNG 0y®YNG Kol TPOANYN KapOloeUPOAKOV

EMELGOBIMV KO IOYOLUIKDV EYKEPUAIKDV TOV OTAVIMOVTAL GLYVA 6T voco Chagas.

H mapovoa epyacio amotehel pior GLGTHOTIKY avackonnon g PAoypaiag Tave oTig
EeXOOUEVEG LLOKOPIOTADELEG dTvVOVTAG ELPAOTG TIG EPOPUOYES TIG LAYVNTIKNG TOHOYPOPIog
Kapoldg ot £ykaipn S1dyvoon Toug Kat dtacaenviorn g tabopucioroyiog tove. ['vopilovpe 6t ot
Eexaouéveg Lookapdlomabelec TANTTIOVY ¢ £mi TO0 TAEIGTOV 0l60EVEIg YoUNADY
KOW®MVIKOOIKOVOUIK®OV GTPOUAT®V, TOV OTOIMV 1 TPOSPOcT 68 HoyvnTIKO TOHOYPAPO £ivat
neproptopévn. [opdtt potdlet oEOHmPN, 1 ETAOYN Vo aGYOANBOVUE LE TV EQUPUOYN LG aKPPNG
e€€T0oomMg TOL SLTKOV KOGHOL GE dVO TopapeANEVES aoBiveleg £yve cuveldntd. O Adyog Tav M
avadelEn TpoémoV Tvé TG aVIcOTNTOS OMEVOVTL T VOGO LETOED OVETTVUYUEVOL KO
AVOTTUGGOUEVOL KOGLOL Kot 1] avaykaldtnto KoOOoAMKNG TPOoSPacoTnTaS OA0L ToV TANBVoHOD o8

TPAOTNG TAEEMG VINPETiEg vVYEiag.

Introduction:

Heart failure is a global pandemic with a huge economic burden for health systems(1).
Nevertheless, the causes of this clinical syndrome are very different between industrial and
developing countries. In Latin America and sub-Saharan Africa, two mysterious cardiovascular
conditions are leading heart failure causes in populations of low socio-economic status. Chagas
Disease(ChD) and Endomyocardial Fibrosis (EMF),the so-called forgotten cardiomyopathies, afflict
approximately 8million and 12 million people respectively(2), yet the interest of the scientific

community remains very restricted and effective treatment is missing.
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ChD (or American Trypanosomiasis) is a parasitosis caused by the protozoan Trypanosoma
Cruzi and transmitted to humans through hematophagous triatomine vector, endemic in the
Americas(3,4).Carlos Chagas, a Brazilian physician, identified Trypanosoma as the causative agent
and named it after his mentor Oswaldo Cruz(5).Approximately 30% of individuals infected by the
causative agent develop the deadly chronic chagasic cardiomyopathy(CCC) characterized by high
morbidity and mortality and poor prognosis. ChD is endemic in 21 Latin American countries and

chagasic cardiomyopathy is the leading cause of infectious cardiomyopathy worldwide(6,7).

EMF was firstly described in 1948, when the Ugandan pathologist Jack Davies
characterized it a distinct clinical entity(8). Endemic to the tropics with the vast majority of cases
coming from Sub-Saharan Africa, it is the most common cause of restrictive cardiomyopathy
worldwide(9). Mysteriously, large fibrotic plagues distributed typically at the apex and the
subvalvular apparatus develop, causing restrictive physiology(10). Detecting these conditions,
especially in early stage, remains a challenge, with misdiagnosis in non-endemic countries
exceeding 95% for ChD (11,12).

Cardiac magnetic resonance(CMR) is a promising imaging modality which may help shed
light on the insidious course of the neglected cardiomyopathies and reduce misdiagnosis rates.
With better temporal and spatial resolution than echocardiography and the ability of tissue
characterization, CMR plays a crucial role in the diagnosis, risk stratification, response to treatment

monitoring and prognosis of various cardiovascular diseases.

The purpose of this manuscript is to raise awareness of the forgotten cardiomyopathies and

outline the value of CMR in diagnosis and understanding of their natural course.

Methods:

Acrticle search was conducted using the electronic database of Medline/Pubmed and Scielo using the
following search terms: “Endomyocardial fibrosis/Sclerosis” OR “Chagas Disease” OR Restrictive
cardiomyopathy AND “Epidemiology” or etiology” or “diagnosis” or “CMR” or MRI or” late
gadolinium enhancement or “’tissue characterization” or”T1 mapping” or “”’Extracellular volume
fraction” (ECV).Equivalent terms in Spanish were used at the Scielo database. Articles in English
French and Spanish were recruited. Key references, book chapters, reviews and patients reports
were thoroughly reviewed. Finally, 138 articles were included in the review.
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Endomyocardial Fibrosis:

Epidemiology:

EMF is a restrictive cardiomyopathy endemic to the tropics with the vast majority of cases
coming from Sub-Saharan Africa. Nevertheless, large case series have been reported in the Kerala
State of southern India, Brasil, Colombia and Ganxi province in China(13).Migration-related cases
also appear in non-endemic European countries(14).Although EMF seems to be strongly related to
poverty and social deprivation, Caucasian foreigners who immigrated to Sub-Saharan Africa also
developed the condition thus making EMF epidemiology even more complex(15-17).

The frequency of EMF presents a bimodal distribution with first peak at age 10 and second
peak among women of childbearing age(12,13,17,18).Discrepancy exists among studies on EMF
sex preponderance. Males seem more commonly affected in Nigeria and Mozambique while
Ugandan studies show higher rates among females(12,17). It seems to primarily affect the right
ventricle(RVEMF) or both ventricles with left ventricular disease being more rare(19).

Epidemiologic data of the exact EMF prevalence are robust and regional variation of
distribution has been depicted in different countries. Interestingly, a community-based study with
1063 individuals, conducted by Mocumbi et al. ,showed an overall EMF prevalence of 19,8% in the
population of a rural area of Mozambique. Only 22,7% of those affected reported symptoms and

increased frequency in family members was also found(20).

Another prospective cohort study compared the clinical manifestations, severity and survival
between EMF patients from Trivandrum and Allepey district in Kerala State, India. Biventricular
disease and incidence of atrial fibrillation (AF) was significantly higher in a region named
Trivandrum compared to the Allepey region group of patients. Patients from Trivandrum also had
much lower 6-year survival rates than Allepey(61% vs 91,5% respectively).The authors attribute

their findings to malnutrition and lack of magnesium-rich foods (such as fish) from the diet of
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Trivandrum residents. Absorption of the heavy metal cerium in the place of magnesium is thought

to actively contribute to cardiotoxicity(21).

Etiology:

Various co-factors have been proposed to contribute to the development of EMF. Poverty,
malnutrition, ethnicity, autoimmunity, dietary habits, toxic agents, infectious agents,

hypereosinophilia and genetic susceptibility have been reported among others (22-24).

Increased occurrence of EMF between family members and among immigrants from
Rwanda-Burundi residing in Uganda(12), raised the question of EMF predisposition and genetic
susceptibility. Interestingly, Beaton et al. conducted HLA typing in EMF patients from Uganda and
Mozambique and compared them with healthy controls.HLA-B58 and HLA-A*02:02 was
significantly more frequent between EMF patients in Mozambique and Uganda respectively(24).

Hypereosinophilia seems to be a significant risk factor for EMF and eosinophil infiltration
of the myocardium has been found to be inversely related to the chronicity of the condition(16).
Immune stimulus-mediated eosinophil degranulation liberates major basic protein(MBP),
eosinophil peroxidase(EPO) and eosinophil derived neurotoxin(EDN),substances with deleterious
effects to the myocardial tissue(25,26) .After infiltration ,degranulation-induced necrosis occurs
and thrombus formation follows possibly due to cationic proteins capability to bind
thrombomodulin. Finally large fibrotic plagues involving the apex and the subvalvular apparatus are
created(26,27).Fibrotic plagues of end-stage EMF seem to be identical to those observed in
Loeffler’s endocarditis, a disease endemic to temperate countries. The hypothesis that these two
clinical entities represent the two extremes of the same disease triggered by eosinophil toxicity has
been postulated(6,7,17,20). Malignancy or connective tissue disorders could be the eosinophilic
trigger in Loeffler’s while parasitic or protozoan infections, highly endemic in the tropics, could

activate the eosinophilic cascade in EMF.

Indeed, various pathogens such as Microfilaria, helminthes, Plasmodium falciparum,
Schistosoma, and Toxoplasma gondhi have been reported as possible causes of the disease in Sub-
Saharan Africa(18).

In sharp contrast with the hypereosinophilia theory, other authors suggest a geochemical

hypothesis to explain the cause of EMF. Monazite, an abundant mineral in EMF-afflicted countries
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is rich in cerium and thorium. Increased levels of these toxic minerals in water and cassava tube
crops, consumed by the locals, seem to play a role in the development of EMF(29). High
concentrations of cerium and low levels of magnesium have been observed in the myocardium of
EMF patients suggesting a cerium-magnesium antagonism in cardiac energetics (29,30). Animal
data supporting the above hypothesis show the development of a cardiomyopathy similar to EMF in

monkeys fed with a diet low in meat and fish and rich in cassava(16).

It is possible that EMF is the result of a complex interplay of a genetically susceptible
person exposed to environmental triggers (dietary, eosinophilia, infections etc.). Nevertheless, its
pathophysiology and etiology still remain an unsolved mystery and further research is pending to

shed light on the subject and develop effective interventions.

Natural History and Clinical Manifestations:

Three phases of the disease have been described i) initial inflammatory phase ii)transitional
indeterminate phase and iii) chronic fibrotic phase (31).
1) Patients at the initial phase of the disease usually appear with fever, periorbital edema, itching and
urticaria. Hypereosinophilia has also been reported and peculiarly, circulating eosinophils are
morphologically abnormal(31).Infiltration of the myocardium results to edema, wall thickening and
development of mural thrombi in the apex or the subvalvular apparatus(32). Possibly due to limited
access to health facilities from poor populations, the initial EMF phase is scarcely detected(12).
Some patients rapidly deteriorate developing fulminant myocarditis and death while others have a

slow progression of the disease with recurrent flare-ups(13).

ii) The indeterminate phase is characterized by recurrent inflammation relapse. Myocardial
thickening and edema regresses and fibrotic tissue gradually develops in the affected areas. Factors

contributing to the velocity of progression to chronic form remain obscure(31).

iii) As the disease progresses to the chronic phase, cachexia, hypoalbuminemia and malnutrition
usually occur(12). Female sex secondary characteristics appear in male patients(32).Parotid
swelling ,lips hyperpigmentation and central cyanosis in the absence of patent foramen ovale are
sometimes present ,though the exact mechanism remains unknown(33).Cardiac involvement occurs
in all patients. Fibrotic plagues develop with distribution in the apex and the subvalvular apparatus

sparing the outflow tract. Subvalvular scar formation restricts tricuspid valve(TV) and mitral
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valve(MV) mobility provoking malcoaptation and massive tricuspid regurgitation (TR) and mitral
regurgitation(MR) respectively(34,35).Clinical manifestations mostly depend on the afflicted
ventricle. Left ventricular EMF (LVEMF) presents with dyspnea and orthopnea. Cardiac
auscultation reveals a soft systolic MR murmur and an increased pulmonary component of second
tone attributed to elevated left atrial pressures(13).Contrarily, in right ventricular EMF(RVEMF),
elevated systemic venous pressures provoke exophthalmos and congestive
hepatosplenomegaly(36).Giant ascites without peripheral edema is typical of the disease but cannot
be attributed to congestion solely(12,18).Ascitic fluid is exudative and cytology confirms
lymphocyte presence and high protein content. It is believed that coexisting peritoneal inflammation
mediates exudative ascitic fluid effusion. Fibrosis in skeletal muscles has also been observed in
EMF patients. Ascitic fluid composition and peripheral muscle fibrosis both suggest the concept of
EMF being an interstitial systematic condition with cardiac distribution rather than a cardiovascular
disease(37).

Pulmonary hypertension is regularly detected in both forms of the disease. Severe diastolic
dysfunction and retrograde increase of pulmonary pressures mediate the development of pulmonary
hypertension in LVEMF. Contrarily in RVEMF, acute or chronic thromboembolism due to blood
pooling seem to be the cause of pulmonary hypertension(36).

Massive pulmonary embolism, systemic emboli, arrhythmias and cirrhosis-induced hepatic
failure are the main causes of death among others(31).

Diagnosis and imaging modalities:

X-Ray

Typically, chest radiograph in EMF is notable for increased cardiothoracic index, due to left,
right or biatrial enlargement. Pericardial and/or pleural effusions are also a common finding(38).

Endocardial calcification may appear but it is exceptionally rare(13).
ECG

ECG findings are not disease-specific.ST-T changes, low voltage QRS and atrial
arrhythmias appear among others(39).In RVEMF , dominant R waves in V1 can be seen.
Conduction disease may occur but pacemaker implantation is rarely required(12).
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Echocardiography:

Increased echogenicity located at the apex and the subvalvular apparatus is frequently
detected, a clue indicative of fibrosis. Engulfment of atrioventricular valve leaflets in scar tissue
results in restricted motion and severe TR and/or MR(40). Filling pattern is characteristically
restrictive with E/A>2, DT <160 msec, E/e’>14(41). Respiratory variation in MV and TV velocities
is absent differentiating EMF from constrictive pericarditis. M-mode echocardiography of the
septum and posterior wall can show square root sign. The apex is typically obliterated with fibrous
tissue and thrombus in contrast with the hypercontractile base (Merlon sign). Massive biatrial
enlargement with shrunken ventricles is also evident (35,42).

In 2008 a severity score and diagnostic criteria were developed for EMF. The presence of 2
major and 1 minor or 1 major and 2 minor criteria is considered diagnostic of EMF. Severity score
<8, 8-15 and >15 is indicative of mild moderate and severe disease respectively(12).
Echocardiography has a renowned position in the diagnosis of EMF .Advantages are low cost,
availability even in endemic rural areas and portability. The main drawbacks of this imaging
modality are limited acoustic window, inadequacy for tissue characterization, operator dependence
and difficulty to differentiate between EMF and other conditions manifesting with obliterated
apex(34,35).
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Table 1
Criteria for assessment of the severity of endomyocardial fibrosis

Criterion Score

Major Criteria
Endomyocardial plaques >2 mm in thickness
Thin (<1 mm) endomyocardial patches affecting more than one ventricular wall

Obliteration of the right ventricular or left ventricular apex
Thrombi or spontaneous contrast without severe ventricular dysfunction
Retraction of the right ventricular apex (right ventricular apical notch)

Atrioventricular valve dysfunction owing to adhesion of the valvular apparatus to the 1-4°
ventricular wall

Minor Criteria
Thin endomyocardial patches localized to one ventricular wall
Restrictive flow pattern across mitral or tricuspid valves
Pulmonary valve diastolic opening
Diffuse thickening of the anterior mitral leaflet
Enlarged atrium with normal sized ventricle
M movement of the interventricular septum and flat posterior wall
Enhanced density of the moderator or other intraventricular bands

&b s jwiNn
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® The score is assigned according to the severity of atrioventricular regurgitation.
From Mocumbi AO, Ferreira MB, Sidi D, et al. A population study of endomyocardial fibrosis in a rural area of
Mozambique. N Engl J Med 2008;359(1):46; with permission.

Differential diagnosis:

Distinction of EMF from other diseases can be challenging. Differential diagnosis must
include constrictive pericarditis, rheumatic heart disease(RHD), Ebstein anomaly, apical
hypertrophic cardiomyopathy (HCM) and other causes of restrictive cardiomyopathy such as

amyloidosis, sarcoidosis,(8,13,18,42).

Signs present in RHD but not in EMF are: thickened valve leaflets, aortic valve
involvement, evidence of mitral stenosis, absence of apical obliteration and normal or dilated
ventricles(18,42).

Tuberculous constrictive pericarditis is quite common in EMF endemic countries and
distinction between the two can be troublesome. In constrictive pericarditis, a respiratory variation
pattern of the ventricular filling is characteristically seen with echocardiography. An increase of
>25% in MV inflow E velocity during expiration and an increase of >40 % in TV inflow E
velocity in inspiration support the diagnosis of constrictive pericarditis(43).Early diastolic mitral

annulus velocity (¢’) is reduced in EMF contrarily to constrictive pericarditis where it remains

17



normal(44). Pericardial adhesions to the lateral wall in constrictive pericarditis induces reduction of
e’ lateral velocity to an extent that e’ septal> e’lateral (annulus inversus).Thickened
pericardium>4mm and ventricular septum shift are also present in constrictive pericarditis in
contrast with EMF(45).When uncertainty still exists with echocardiography, CMR is the indicated

imaging modality to differentiate between the two par excellence.

RV apical obliteration and an aneurysmal RA can suggest the diagnosis of Ebstein’s
anomaly. Nevertheless, abnormal TV leaflet coaptation and involvement of the outflow tract
differentiate Ebstein anomaly from EMF(42).

In amyloidosis, diffuse myocardial hypertrophy, thickness of interatrial septum and absence
of apical thrombi can help the discrimination from EMF with echocardiography. Nevertheless the
gold standard to differentiate between the two is CMR(35).

Apical obliteration in systole is the hallmark to distinguish between apical HCM and EMF.

In EMF the apex remains obliterated during all the cardiac cycle(35).
Treatment:

In analogy with Loeffler’s endocarditis treatment, corticosteroids and immunosuppressants
could improve outcome in early forms of EMF(13).Interestingly, increased levels of IL-6 have been
observed in patients with recent onset EMF. Whether anti-IL6 monoclonal antibodies such as
tocilizumab- a drug used in rheumatoid arthritis- could be efficient in EMF, remains a field for
future research(8,46).

Administration of oral corticosteroids is often considered but randomized clinical trials to
ascertain their efficacy in EMF heart disease are still an unmet need. A randomized placebo-
controlled double blind clinical trial conducted by Nabunnya et al., questioned the efficacy and
safety of prednisolone to prevent ascites reaccumulation in patients with advanced stage EMF.

Disappointingly, after 8 weeks follow-up, prednisolone failed to prevent fluid reaccumulation(47).

Standard heart failure treatment is given to relieve symptoms in patients with EMF. B-
blockers, angiotensin converting enzyme inhibitors(ACEIs),angiotensin receptor blockers(ARBS)
and diuretics are used among others. Spironolactone, known for its antifibrotic effects and
capability to improve outcome in HF patients is often preferred from other diuretics(48).AF in EMF
is cardioversion-resistant and is thus managed with rate control. Patients with AF also receive oral

anticoagulants for thromboembolism prevention(8,49).
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Although technically difficult and inaccessible in many endemic areas, surgery seems to
improve survival in EMF patients compared to medical therapy(50).Individuals with EMF and
NYHA -1V class symptoms without irreversible hepatic or cardiac lesions are good candidates
for operation(50,51). Contraindications include chronic pulmonary thromboembolic disease,
cachexia, severe ascites, extensive fibrosis and leaflet shortening(18).Perioperative mortality rate is
approximately 20% with low cardiac output syndrome and complete heart block being the leading
causae mortis(34,52). Endocardectomy —careful excision of the fibrotic endocardium- and
atrioventricular valve repair or replacement is the preferred surgical procedure. Removal of thrombi
from the apex or the left atrial appendage, liberation of papillary muscles and chordae tendinae
engulfed in scar tissue is regularly performed (18). In cases where the atrioventricular valve
involved cannot be repaired, bioprosthesis is preferred from mechanical valve due to
anticoagulation issues(31).Individuals with severe RVEMF may benefit from cavopulmonary

anastomosis and 1,5 ventricle procedure(13,18).

B. Chagas Disease:

Epidemiology and Etiology:

Strongly correlated with poverty, causing a remarkable economic, social and human burden,
ChD was characterized by WHO as a neglected tropical disease (53,54). ChD is a
zooanthroponosis caused by the protozoa Trypanosoma Cruzi, primarily affecting sylvatic rural
areas of the Amazon basin. In endemic areas, the pathogen can be transmitted to humans through
the bite of a triatomine vector bug residing in local traditional housing settlements. Deforestation of
tropical rainforests and extinction of wild mammals , being major food source for triatomines seems
to be the main cause of vector immigration to peridomestic settings(3,54). Alternative non-
vectorial transmission pathways are i) infected blood transfusion, ii) organ transplantation ,iii)
vertical transmission from mother to fetus, iv) oral transmission via contamination of infected food
or beverage(6,54). Symptoms of the acute infection are either absent or mild in the majority of cases

but 30% of those infected will develop the deadly chronic chagasic cardiomyopathy (CCC)(55).

19



In previous decades, multinational initiatives targeted to minimize vectorial and eradicate
transfusion-related transmission, were launched in countries of the Southern Cone ,the Andes,
Central America and the Amazon basin (5,54).1n 1999, after successful completion of these
programs, the Pan-American Health Association (PAHO) declared T.infestans (triatominae vector)
,eradication from domestic areas in Brazil, Uruguay and Chile. Epidemic surveillance is of critical
importance as the Bolivian Gran Chaco region, Brazil, southern Peru, southern Mexico, Nicaragua ,

Ecuador and el Salvador remain highly endemic (39).

Noteworthy progress has been marked in blood products screening with 12 Latin American
countries achieving the goal of 100% coverage and 2 countries accomplishing 99%. Worryingly,
Bolivia has the highest ChD prevalence worldwide but its blood donor screening coverage rates do
not exceed 80%(56).0ral transmission via consumption of contaminated fruit juices or vegetables is
possible with 768 cases reported in Latin America between 2004 and 2013 (7,57).Congenital
transmission prevalence is 15000 ChD cases per year. High maternal parasitemia level, parasite
placenta-invading capability and maternal or neonate immunodeficiency seem to be significant co-
factors(58).

Immigration of infected individuals radically changed the epidemiology of ChD subserving
its expansion to non-endemic countries where the disease is transmitted through non-vectorial
pathways such as organ transplantation, blood transfusion or vertically (53)(59).A systematic
review and meta-analysis of 18 studies conducted in Italy, Switzerland, France, Germany and
Switzerland calculated a 4.2% pooled prevalence of chronic ChD infection in LA immigrants
living in Europe (95%CI :2.2-6.7%), p<o.01).According to literature, 300000, 122000 and 10000
ChD cases live in USA, Europe and other non- endemic countries respectively(6,56,57).European
data indicate highest prevalence of ChD in Spain Italy and the UK (59)while misdiagnosis rate in
the old continent exceeds 95%(60).
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Natural History-Pathogenesis:

After parasite inoculation, an incubation period of 1-2 weeks follows before manifestation
of acute infection symptoms(61,62).The duration of the acute phase is 2-3 months and after its
completion 70-75% of infected individuals enter the indeterminate form of ChD(62). One or two
decades later, 25-30% of seropositive individuals eventually develop chronic ChD : CCC and/or
gastrointestinal ChD(11).

ChD pathogenesis and the ways the infectious agent elicits myocardial damage is a field
yet remaining elusive(55). Trypanosoma- induced neuronal depopulation, autoimmunity , parasite
persistence coronary microvascular abnormalities and oxidative stress seem to play a critical
role(54,61,63). TGF-B, GM-CSF , Galectin-3 and a variety of other molecules produced by the
inflammatory cascade seem to mediate fibrosis and myocardial cells hypertrophy. Moreover, the
production of Th1 cytokines and the presence of T.cells recognizing cardiac myosin also correlate
with severe myocardial damage(55).

Clinical manifestations:

I)Acute ChD

Acute ChD infection is an asymptomatic or mild febrile illness. In vectorial transmission
cases, myalgias, sweating, diarrhea, vomiting, lymphadenopathy and facial/limb edema
occur(6,53,61) .A minority of cases may present with inflammation nodules at the site of
inoculation called Chagomas. Periorbital edema appears in cases of Trypanosoma invasion through
the conjunctiva(Romafa sign) (54,61).Oral transmission is correlated with more serious acute ChD
with painful abdomen, hemorrhagic jaundice and splenomegaly. Chagomas and Romaria sign are
characteristically absent in this form(53). Independently of transmission mode, fulminant
myocarditis, pericardial effusion and/or encephalomyelitis occur in 1% of infected individuals
leading to fatal outcome(55,60,62).Differential diagnosis of acute ChD includes leptospirosis,
hepatitis, dengue fever and hantavirus infection(64). Electrocardiographic findings of the acute
phase are sinus tachycardia, PR and/or QT prolongation, low voltage, ST-T changes(61,62).The

above findings resolve after the acute phase(64).
1) Indeterminate phase:

After the acute phase resolves the majority of those infected pass to the indeterminate form

of ChD This phase is characterized by: normal clinical examination, normal ECG and normal chest,
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radiograph in an asymptomatic person serologically positive for T. Cruzi (65).Transition rate from
the indeterminate to the chronic form of ChD is thought to be approximately 5% per year(66).
Surprisingly, despite being clinically silent, histopathological changes such as edema, myocardial
infiltration and fibrotic lesions can be observed in cardiac biopsy of patients with indeterminate
ChD(67). Decreased chronotropic response to exercise, diastolic dysfunction and decreased

velocities of circumferential shortening in the LV have also been described(67).

1ii) Chronic Chagasic Cardiomyopathy:

CCC eventually develops in 30 % of initially infected cases presenting with three clinical
syndromes: i)arrhythmogenic syndrome, ii)thromboembolism/stroke, iii)heart failure (54,56).CCC
combines characteristics of both the dilated and arrhythmogenic cardiomyopathy rendering its
diagnosis and management a clinical challenge. Clinical stages of CCC according to Andrade et al.
are: A: no heart failure symptoms, no structural cardiac disease, B: structural heart disease without
HF symptoms, B1: ECG alterations with or without the presence of echocardiographic findings
without the presence of ventricular dysfunction, B2: reduced LVEF due to ventricular dysfunction,
C: LV dysfunction accompanied by HF symptoms (NYHA 1-1V),D: end —stage therapy-resistant HF
(NYHA 1V)(68).

-Arrhythmogenic syndrome:

Clinical presentation of the arrhythmogenic syndrome in CCC, is variable with tachy- and
brady- arrhythmias of atrial and ventricular origin composing the clinical spectrum. Sinus node
dysfunction, sinus bradycardia , 2" or 3" degree A-V block ,left bundle branch block(LBBB),
monomorhic or polymorphic premature ventricular contractions(PVCs) and malignant ventricular

arrhythmias regularly occur to name a few(69,70).
Bradyarrhythmias:

Fibrosis is thought to be a major cause of conduction disease in CCC. Scar formation insults
the sinus node, A-V node and His bundle manifesting as sick sinus syndrome and A-V blocks(71).
Sick sinus clinical spectrum includes bradycardia episodes, sinus pauses, sinoatrial block and tachy-

brady syndrome. Pacemaker implantation and permanent pacing is often necessary in CCC
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patients(72).Advanced degree atrioventricular blocks (2",3'¥ and bundle brunch blocks also
orchestrate the conduction disease in CCC. RBBB+ LAFB pattern in resting ECG is suggestive of

ChD and should arouse suspicion for laboratory testing especially in endemic settings(73).

Atrial tachyarrhythmias:

Detected in more than 5% of individuals with CCC, AF predicts mortality and constitutes a
risk factor for stroke independently of LVEF(74-76). AF prevalence in ChD cardiomyopathy is a
field of conflicting results. Although increased prevalence of the arrhythmia has been associated
with CCC in previous studies, a meta-analysis of 3282 patients with cardiomyopathy did not show
differences in AF prevalence between patients with chagasic and non-chagasic cardiomyopathy(77).
AF prevalence in patients with heart failure of chagasic and non-chagasic etiology was compared in
a meta-analysis of 7 studies including 1974 persons but no statistical importance was observed
either( p=0.55), suggesting that AF prevalence in chagasic and non chagasic cardiomyopathy do not
seem to differ(77).

Ventricular tachyarrhythmias:

Ventricular arrhythmias, common in ChD , correlate with high rates of morbimortality and
may explain the worse prognosis of CCC compared to primary dilated cardiomyopathy patients(78).
Monomorhic/polymorphic PVCs, ventricular couplets and runs of NSVT are frequently observed
on ECG. Polymorphic PVCs NSVT and VT are independent high risk factors for sudden cardiac
death (SCD) (79). Complex ventricular tachyarrhythmias seem to correlate with the severity of
regional wall motion abnormalities but they may occur even in patients with preserved left
ventricular ejection fraction LVEF(80,81). SCD happens between 30 and 50 years of age and
ventricular fibrillation (VF) seems to be its major determinant(80).

The formation of the arrhythmogenic substrate in CCC is a multifactorial condition.
Inflammation-induced myocardial fibrosis and microvascular perfusion deficits contribute. Scar
tissue seriously damages the intercellular junctions causing stimuli conduction delay ,thus
prospering the formation of a re-entrant circuit (82). According to literature ,the predilection of
fibrosis pattern for the LV inferolateral wall renders it the most common focus of VT in chagasic
cardiomyopathy(53,71).Fibrosis quantification assessed with LGE-CMR is a cutting-edge
promising technology to identify high risk patients(71).
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Thromboembolism/Stroke:

Cerebrovascular events may develop in the progress of ChD frequently leading to fatal
outcome. Cardioembolism-induced strokes, routinely offend younger ages and may be the first
manifestation of CCC(83,84). Factors predisposing to stroke in CCC, are intracardiac thrombi, left

atrial enlargement, apical aneurysm, LV dysfunction and atrial fibrillation(71,84).

Interestingly Cardoso et al. in a meta-analysis of 8 studies and 4158 patients, demonstrated
an elevated Odds Ratio for the occurrence of stroke in ChD especially in individuals with
CCC(p=0.04). This correlation of CCC with stroke opens an interesting conversation regarding its
role in mortality risk assessment(85).

Currently, mortality risk evaluation in CCC is based on Rassi score(86). Independent factors
that predict mortality according to Rassi et al are: NYHAIII or 1V (5 points), cardiomegaly on chest
radiograph(5 points)segmental or global wall motion abnormalities(3 points),NSVT(3 points), low
QRS voltage( 2 points) and male sex( 2 points). Thus, chagasic patients are classified into 3 groups:
low risk (0-6 points), intermediate risk (7-11 points) and high risk(12-20 points). Respective
mortalities are 10%,44% and 84% after a decade follow-up(80,86). However, Rassi score does not
take into account cerebrovascular events in chagasic patients and supplementary research should be

conducted to evaluate the possible prognostic value of stroke in mortality risk calculation.

Heart failure:

ChD gradually progresses to dilated cardiomyopathy resulting in heart failure. In sharp
contrast to primary dilated cardiomyopathy, CCC frequently presents with right heart failure signs
and symptoms: hepatomegaly, ascites and peripheral edema are quite common. Left-heart failure

symptoms such as dyspnea on exertion, loss of consciousness, and weakness also occur(54,61,63).
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Diagnosis and imaging modalities:

Laboratory testing:

During the acute phase of the disease, trypanomastigotes can be viewed through
microscopic examination of the blood and set the diagnosis of ChD(87—-90). However, once the
disease proceeds to the indeterminate or the chronic form, evident parasitemia is non-detectable and
serological tests such as enzyme-linked immunoabsorbent assay, indirect
immunofuorescence(ELISA), immunochromatography and indirect hemagglutination are
recommended(91).These tests detect anti-T.Cruzi 1gG but have supoptimal sensitivity and
specificity. Positive results from two different serological tests are demanded in order for ChD
diagnosis to be confirmed(92). PCR can also diagnose ChD but is not the preferred diagnostic test

in clinical practice due to lower sensitivity and higher cost than serological tests(91).
X-ray:

Cardiomegaly with or without pulmonary venous congestion can be seen in chest radiograph
being a powerful indicator of ominous prognosis.(69) In the acute phase, x-ray can help estimate the
extent of pericardial effusion. Moreover in patients with a normal ECG and confirmed ChD
infection a normal chest radiograph is necessary to classify them in the indeterminate form of
ChD(65).

ECG:

No pathognomonic ECG finding exists for CCC to date. However, the coexistence of right
bundle branch block(RBBB) with left anterior fascicular block (LAFB) in resting ECG is highly
suggestive of CCC. Interestingly, recent meta-analysis data suggest that CCC patients have a 5-fold
increase in the odds of having RBBB+LAFB ECG pattern compared to non ChD patients with
cardiomyopathy(OR=5.31, CI:1.23-22.86 P=0.03).Positive prognostic value and specificity for the
diagnosis of CCC in patients with this ECG pattern was 92% and 99%

respectively(77).Consequently, this finding ,combined with compatible patient epidemiological

25



background, should arouse suspicion of CCC and prompt diagnostic testing. LBBB, although less

common is related with worse prognosis(79).

Echocardiography:

In patients with CCC the most common echocardiographic findings are pericardial effusion,
regional wall motion abnormalities and globally reduced LVEF. Ventricular aneurysms, typically
located at the LV apex, participate in the clinical spectrum(69).Independently predicting the
development of thrombi and stroke, aneurysms occur in 8% of asymptomatic cases and in 47-64%
of cases with moderate to severe cardiac impairment. Gradual chamber dilatation as the disease
progresses results in functional MR and/or TR(93).Wall motion abnormalities characteristically
have a predilection for the inderolateral wall and the apex(71).

Among echocardiographic parameters, LVEF is the most important independent predictor of
mortality and should be carefully assessed using Simpson’s biplane method or 3D

echocardiography when available.

Diastolic dysfunction precedes systolic dysfunction in CCC course(75,88). Patients with
recent onset of HF symptoms present with already advanced Grade 11/111 diastolic dysfunction
Interestingly, an E/e’ ratio>15 strongly predicts poor outcome in CCC and is correlated with BNP
levels, NYHA functional class and detection of fibrosis in LGE-CMR(94).

Challenging to evaluate with echocardiography the RV involvement in CCC can be
insidious correlating with pulmonary hypertension (95) and an ominous prognosis(78,93). In some
cases, RV apically located aneurysms can be the only echocardiographic finding indicating RV
involvement in ChD. Moreover, early in the course of ChD and in absence of LV dysfunction,
gradual scar formation in the RV may be a significant arrhythmogenic focus increasing the risk of
sudden death. In patients without LV impairment, RV scar quantification with CMR is the gold

standard to assess the arrhythmic risk(80).
Chagasic cardiomyopathy HF treatment:

HF management optimization in CCC is a field for future research as adequate clinical trials
are pending. In the absence of CCC-specific guidelines, management of HF in these patients is

based on non-ischemic HF treatment instructions(53).
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Standard therapy of chagasic HF includes blockade of the renin —angiotensin system with
ACEIs and ARBs(53,69,82). When kidney failure or hyperkalemia and CCC co-exist, replacement
of ACEIs/ARBs by hydralazine and isosorbite nitrate is indicated(53).

Beta-blockers seem to enhance clinical status and have been correlated with lower mortality
and increased survival(71,96,97). Their use in CCC has been controversial due to bradycardia,
hypotension and A-V blocks perceived risk (69,82). Interestingly a randomized, placebo-controlled,
double-blind clinical trial on carvedilol use was conducted by Botoni et.al. Results showed safe
carvedilol use and no correlation with bradycardia events (96,98). Metoprolol and bisoprolol also
constitute safe alternatives(53).Consequently, unless contraindication exists, b-blockade in

symptomatic CCC is recommended and should be encouraged.

In NYHA [1I/1V patients, treatment with potassium-sparing diuretics such as spironolactone
or eplerenone should be given in order to improve survival(53,69). Digoxin and diuretics do not
seem to influence outcome in CCC and are used for symptoms improvement in patients not
responding to standard therapy after maximal titration(53).Digoxin enhances exercise capacity but
its administration is contraindicated in patients with A-V blockade ,beta blockade or receiving

amiodarone(82).

Anticoagulation is indicated in all patients with paroxysmal or permanent AF, cardiac
thrombi or embolic events(68). Individuals with apical aneurysms may also benefit from

anticoagulants(99).

Heart transplantation should be considered in end-stage HF or when dependence on
inotropes occurs(69). Notwithstanding that CCC has worse prognosis than other cardiomyopathies,
graft recipients with CCC tend to have better survival rates compared to non-CCC
recipients(53,69). Nevertheless, post-transplantation treatment with immunosuppressive drugs may
reactivate ChD(100).

Stem cell therapy with bone marrow mononuclear cells (BMMCs) and mesenchymal stem
cells(MSCs) has been tested as a therapeutic strategy for CCC. Injection of BMMCs and MSCs in
the coronary arteries was efficient in animal models but results in humans have been

disappointing(101).

27



Chagasic cardiomyopathy arrhythmias treatment:

Polymorphic PVCs, NSVT and VT require antiarrhythmic therapy especially in patients
with decreased LVEF(102).Amiodarone, well-known for its antiarrhythmic properties and safety
profile, is a first-line agent against arrhythmias in CCC. Interestingly, a direct antiparasitic activity
of the drug has also been reported(92). Meta-analysis data suggest amiodarone effectively reduces
SCD incidence (p=0.01) and cardiovascular death(p=0.04) but failed to alter all-cause
mortality(79,103). Indications for its use are: individuals with impaired LVEF and symptomatic
NSVT, patients with LGE in CMR, presence of late potentials in Signal-Averaged-ECG, T wave
variability and patients with implantable cardioverter defibrillator (ICD) implanted to reduce
inappropriate shocks(71).Amiodarone major side effects include bradyarrhythmias, thyroid toxicity,

corneal deposits and pulmonary interstitial disease among others(69).

In patients presenting with VT events or resuscitated after SCD, pharmacologic treatment is
insufficient and implantation of an ICD should be considered as a secondary prevention
measure(53).Guidelines suggest that individuals with non-ischemic dilated cardiomyopathy with
LVEF<35% and NYHA 11 or Il functional class are candidates for ICD implantation. Clinical trials
to evaluate the applicability of these recommendation to CCC are still pending(69).

In a large observational study with 90 CCC patients bearing ICD for secondary prevention,
Cardinalli-Neto et al. analyzed mortality rates. After 1,2,3,4 and 5 years follow-up mortalities were
18%, 27%, 40% 50% and 73% respectively. Number of shocks delivered within the first month of
follow-up was the only determinant of all-cause mortality (p=0.05)(96,104).

ICD implantation as a primary prevention measure in CCC patients has been proposed by
some research groups. Results from the “CHAGASICS Trial”, investigating ICD implantation
supremacy over antiarrhythmic therapy for primary prevention of SCD in CCC, are expected to
shed light on the subject (105). Nevertheless, the cost-effectiveness of ICD implantation as primary

prevention in CCC, is an issue for many Latin American fragile economies(69).

Arrhythmic risk assessment in CCC is more challenging than other non-chagasic
cardiomyopathies as in CCC, ventricular arrhythmias sometimes precede LV dysfunction
development(79). RV scar formation, unrecognizable in echocardiography, and dysautonomia,
seem to actively contribute to this phenomenon. Scar quantification with CMR is anticipated to
bring revolutionary changes in the risk-stratification of these patients(78,80).
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Epicardial ablation may be considered in the following occasions: i) symptomatic
monomorhic VT recurring after full antiarrhythmic treatment or when antiarrhythmics are not
desired or tolerated, ii) VT storm without reversible transient etiology, interfascicular or bundle-
branch reentrant VT, iv) polymorphic drug resistant VT or VVF when specific trigger is
suspected(106).

Bradyarrhythmias occurring in CCC should be treated according to non-ischemic dilated
cardiomyopathy instructions. Pacemaker implantation is recommended in cases of sick sinus
syndrome and A-V block(69).

Anti-parasitic treatment:

Current anti-trypanosomal drugs available are beznidazole and nifurtimox (87-90). Both
drugs exploit trypanosomal vulnerability to free radicals. Beznidazole provokes T.Cruzi DNA
destruction by inducing free radicals production while nifurtimox acts by inhibiting a trypanosomal
enzyme responsible for detoxification of such metabolites(91). Antiparasitic treatment is indicated
in all acute ChD infections independently of transmission route (88,90). Patients<40 years old in
the indeterminate form of the disease also seem to benefit (107). Cure rates range from 60 to 90 %
of acute ChD cases and 10-20% of chronic infections. Interestingly children with acute congenital
infection seem to have better treatment outcomes with respective curative rate being >90% and
better tolerance compared to adults(91,108).

Unfortunately available treatments have major side effects such as erythema, peripheral
neuritis, pruritic rash, anorexia, gastrointestinal symptoms and ,in rare cases, severe
agranulocytosis. Twenty-one days after the initiation of beznidazole ,a general blood count exam is
recommended to assess for leukopenia(71). The recommended dosage for beznidazole is
10mg/kg/day in cases of acute infection or 2.5mg/kg/12hrs for 2 months in chronic ChD
infection(69). Respective dose for nifurtimox is 10mg/kg/day for 2 months in adults and
15mg/kg/day in children(53) .Prescription in pregnancy is contraindicated and alcohol use during

treatment must be avoided(53)

Another issue of available drugs is failure to modify clinical outcome in patients with
cardiomyopathy. The BENEFIT trial was the first placebo-controlled randomized clinical trial
evaluating the efficacy of beznidazole vs. placebo in CCC(109).Disappointingly, patients receiving
beznidazole for 2 months and followed for 5 years did not benefit from treatment compared to

placebo(89,109).Treatment achieved significant reduction of parasite load but failed to halt the
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progress of CCC (53). Consequently antiparasitic treatment in patients with established CCC should

be discouraged.

The present manuscript urges the need for new safer and more efficient anti-trypanosomal
drugs fabrication. International organizations should also guarantee drug availability in stranded

endemic areas of Latin American countries with restricted economic resources.

Screening prevention and public health:

Public health measures taken in the previous decades actively reduced ChD prevalence in
endemic areas(91).Housing improvements, insecticides use and blood donor screening programs

constituted the pillars of the eradication programs implemented(102).

However, globalization, unemployment and poverty in Latin America account for the
immigration of LA migrants and the expansion of ChD in non-endemic countries(88).Despite that
more than 400000 cases are calculated to live outside Latin America ,ChD still remains neglected
with misdiagnosis rates in Europe touching 95%(59,60,91). In countries with large numbers of
Latin American migrants, educational programs on ChD for health care workers could be applied to

increase awareness(89,91).

Blood banks screening for ChD is of major importance in non-endemic areas. Spain and
France are the only European countries that perform blood transfusion testing for ChD. The United
Kingdom and Italy exclude people of Latin American origin from blood donation(110).

Significantly increasing neonates morbidity and mortality, congenital ChD pooled
transmission rate in non-endemic countries was calculated 2.7%(111). In an attempt to restrict
congenital transmission, screening programs to detect pregnant women of Latin American origin in
Europe are conducted in Tuscany and Bergamo(ltaly), Valencia and Catalonia(Spain) and at the
Geneva University Hospital(Switzerland). Other countries such as the USA, Canada, New Zealand
and Japan have received great numbers of South American migrants in their territories but
congenital ChD prevalence in these states is unknown and no screening programs

exist(111).Serological screening of LA migrants(primary prevention),anti-parasitic treatment of
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infected mothers(secondary prevention) and infected new-borns (tertiary prevention) could

effectively help eradicate congenital transmission(91).

Vaccine development would be a hallmark in ChD prevention but no great progress has
been marked on the subject. To note, living vaccines may be dangerous and killed ones may not be
efficient in preventing ChD (89).

Interestingly, recent research assessed the cost-effectiveness of screening asymptomatic LA
migrants living in western Europe for ChD in primary health centers. According to this study by
Mendez et al, active screening of these people in primary health-care centers and treating

seropositive persons with anti-parasitic drugs, is cost-effective and should be encouraged(112).

C. The promising role of CMR
CMR characteristics:

Cardiac Magnetic Resonance (CMR) has made major inroads in the diagnosis and risk-
stratification of patients suffering from cardiomyopathy. Important information provided from
CMR, facilitates the assessment of cardiac anatomy, function perfusion and viability in a “single
window environment”(113).Chamber size and RV or LV ejection fraction are accurately quantified
par excellence but what distinguishes CMR among cardiac imaging modalities is the ability of
tissue characterization. Late gadolinium enhancement(LGE), T1 mapping and T2 mapping
constitute the main tissue tracking approaches with the potential of detecting and quantitating
diffuse fibrosis(114).Validated against biopsy in many clinical settings, these techniques have great
perspective to elucidate the natural course, reduce misdiagnosis rates and guide treatment of the

neglected cardiomyopathies.

Standard SCMR protocol for non-ischemic cardiomyopathy is used ,as disease-specific
recommendations both for ChD and EMF are currently lacking(35,115).Single-shot free
precession(SSFP) cine images are generated to assess LV segmental and global function and
provide information on flow. Standard views include basal short axis(SAX), mid-SAX ,apical-SAX
, 4-chamber,3-chamber and 2 —chamber. Additional views of the left ventricular outflow
tract(LVOT) and RV/(potentially of critical importance both in ChD and EMF) can be
obtained(115). Characterized by high signal to noise ratio (SNR) and good contrast between blood
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pool and myocardium, SSFP cine images have been proposed as an alternative to conventional

echocardiography(113).

Detection of local fibrosis can be achieved by intravenous administration of gadolinium-
based contrast agents(GBCAS) and the late gadolinium enhancement technique(LGE). In the course
of this technique, MRI images are acquired approximately 15 minutes after the injection of GBCA.
A preparatory inversion recovery radiofrequency pulse is used to null the normal myocardium
before image acquisition(116). Delayed gadolinium washout in regions with fibrosis, inflammation
or infiltration compared to normal myocardium, results in hyperintense signal in MRI T1 weighted
images(117).Geographical distribution of delayed enhancement in different myocardial
layers(subendocardial, midwall, subepicardial) and myocardial walls arouses suspicion of different
cardiac conditions facilitating differential diagnosis(118).Drawbacks of LGE technique include
gadolinium toxicity issues especially in patients with renal impairment. Although relatively rare,
allergic reactions, renal failure and nephrogenic systemic fibrosis have been reported among
others(119).Importantly, apart from restrictedly used in patients with renal impairment, the main
limitation of LGE technique is its incapability to quantitate scar and its suboptimality to detect

interstitial diffuse fibrosis ,prominent in early stages of cardiomyopathy(117).

In pursuit of tissue characterization and diffuse fibrosis quantification with CMR, T1 and
T2 mapping, two novel imaging techniques showing clinical promise have been developed(120).
The main concept of this technique is measuring T1 and T2 relaxation times of tissues after
disturbing the equilibrium with a radiofrequency pulse(121).Non-contrast native T1 and T2 values,
specific for each tissue, are calculated contributing in detection of myocardial pathologies. Diffuse
interstitial fibrosis, inflammation, edema and infiltration have all been reported to significantly alter
T1 times of the myocardium while T2 values are mainly influenced by increased myocardial water
(edema etc)(122). Color encoded T1 maps are generated using the Look-Locker, MOLLLI,
shMOLLI or SASHA sequences(121-123).After GBCA injection, the extracellular volume (ECV)
can be calculated measuring the T1 values of blood pool and myocardium before and after contrast
injection and correcting for the hematocrit level.

Unfortunately, T1/T2 mapping have not been tested in the clinical context of ChD or EMF
but they may help us illuminate their pathogenesis. In particular, authors suggest that native T1
mapping attained to distinguish acute from convalescent myocarditis and was superior to LGE in
diagnosing this condition(122).Furthermore, T2 mapping is used to detect and quantitate
myocardial edema in acute myocarditis(124). Myocarditis is thought to be a key feature in the
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natural course of both the neglected cardiomyopathies(13,55).Hopefully, these exciting advances in
CMR imaging may increase our understanding about the recurrent myocarditis flare-ups in ChD
and the fulminant myocarditis episodes reported in both ChD and EMF(13,55).

EMF CMR findings:

In cine SSFP images massive biatrial enlargement with shrunken ventricles and pericardial
effusion is regularly observed. LVEF, RVEF, mildly impaired in EMF, are accurately calculated.
(125,126).

Subendocardial hyperenhancement without coronary distribution located at the apex and the
inflow tract, characteristically sparing the outflow tract are the typical findings after injection of
contrast in EMF(35,125-127). Interestingly, a three-layered appearance of the cardiac apex with
hypointense normal myocardium, thickened fibrotic endomyocardium and overlying hypointense
apical thrombus/calcification -the so called double V sign- has been described in literature and
should be considered a typical finding(128). A single V sign with subendocardial LGE of the apex
in the absence of apical thrombus may also be found(35,125). Carneiro et al. ,in a retrospective
study of 44 EMF patients examined with CMR, found that 89% of patients presented with an apical
LGE pattern. From those, double V sign and single V sign was present in 54% and 28% of cases

respectively(129).
Clinical applications:

CMR is an imaging modality with various applications in the diagnosis and management of
EMF. Researchers have proposed that CMR could replace endomyocardial biopsy conducted during
surgery or cardiac catheterization for diagnostic purposes (35). Endomyocardial biopsy, an invasive
procedure not spared of complications, has been used as a diagnostic method for EMF, yet its role
remains controversial(18,130). Interestingly, Salemi et al demonstrated excellent correlation of the
delayed enhancement V sign observed in CMR with scar tissue detected in biopsy specimens
obtained intra-operatively(35,116).Hence, we can assume that in the near future, endomyocardial
biopsy may not be necessary in EMF patients with typical delayed enhancement pattern in CMR.
According to literature, a possible value of delayed enhanced CMR in guiding endomyocardial
biopsy optimizing its diagnostic potential has been proposed. Nevertheless, in a multicenter study
no significant differences in the number of positive biopsies was observed when related to the

regions of hyperenhancement suggesting preferential biopsy being of no incremental value(131).
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Taking into consideration that systemic and pulmonary embolization constitute important
causes of death in EMF(31), early diagnosis of intracavitary thrombi, is an imperative need to
prevent fatal outcomes. The diagnostic value of CMR has been demonstrated in this clinical
scenario outperforming transthoracic and transesophageal echocardiography. In a retrospective
study of 361 patients with confirmed LV thrombus, contrast-enhanced CMR was shown to be
highly sensitive and specific for the diagnosis (88+/- 9% and 99+/- 2% respectively) surpassing
both TTE and TEE(132). Detection of hypointense intracavitary filling defects adjacent to
hyperintense fibrotic areas is highly suggestive of thrombus in delayed enhanced
CMR(132,133).Thrombus chronicity and coexistence of calcification can also be
specified(116).Having knowledge of the presence of thrombi in EMF patients, is an important clue
both for clinical cardiologists to start anticoagulation and for surgeons performing
endocardectomy.

Endocardectomy is a technically difficult procedure including careful resection of scar
tissue from the endocardium. Superior to medical therapy, it seems to improve survival in NYHA
111/IV EMF patients(50). Pre-operative evaluation of surgery candidates with CMR, offers unique
anatomical details permitting careful surgery planning. Identification of fibrotic loci preoperatively
guides the surgical approach. Specifically, extensive apical calcification detected in CMR is of vital
importance and may alter the surgical approach followed(116).Aside from surgery planning ,CMR
can actively contribute to post-operative evaluation of EMF patients. Accurate quantification of
ejection fraction, ventricular volumes and mass, render CMR an appealing tool to monitor response

to surgical treatment. In addition, EMF recurrence after operation could be detected in early stages.

Chagas CMR findings:

CMR imaging in CCC can excellently assess cardiac anatomy and function allowing for
quantitative and qualitative assessment of myocardial fibrosis. Moreover, the apical aneurysms
commonly found in CCC, can be excellently visualized in cine SSFP images outperforming
echocardiography were the acoustic window can be limited(71). After the injection of GBCA
various LGE patterns are observed. In particular the LGE pattern in ChD may be subendocardial,
supepicardial, midwall or transmural(134).Interestingly its geographical distribution commonly
occurs at the apical or the inferolateral walls, coinciding with the predilection of regional wall

motion abnormalities for these myocardial segments(67,71).
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Clinical applications:

It has already been validated that fibrotic lesions constitute the main arrhythmogenic
substrate in CCC(71). Myocardial areas with perfusion deficits or regional wall motion
abnormalities often coincide with foci of ventricular tachycardia(135). Moreover, recent research
data has demonstrated a correlation between the amount of myocardial fibrosis and the Rassi
severity score and a significantly higher percentage of myocardial fibrosis in patients with CCC
presenting arrhythmic events(136).Hence, CMR , with its unique potential of tissue characterization
can accurately quantitate scar tissue and facilitate the risk-stratification of patients with CCC at
high arrhythmic risk(71) and potentially detect those who would benefit from an ICD.

Apart from identifying high-risk patients with ChD, CMR can also guide decisions on the
pharmaceutical therapy of arrhythmias in CCC. In particular, CMR-verified myocardial fibrosis

seems to be an indication for the initiation of amiodarone treatment(71).

Another application of CMR in CCC is its contribution at the prevention of stroke. As
mentioned before, stroke can be the first manifestation of CCC(83,84).Left atrial enlargement,
apical aneurysms and LV dysfunction prominent in CCC, predispose to the formation of
intracavitary thrombi which frequently provoke cardioembolism and stroke (71,84). CMR has been
proven superior than transesophageal and transthoracic echo in detecting intracavitary
thrombi(132).Satisfyingly depicting apical aneurysms and thrombi with CMR and promptly starting

anticoagulation ,clinicians can prevent cerebrovascular events in these patients.
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CMR in differential diagnosis:

Delayed enhanced CMR actively contributes to the differential diagnosis of EMF and ChD
from other cardiac conditions. Apical obliteration occurring in EMF can be misdiagnosed as apical
HCM. Suboptimal apical echo views and inability to characterize tissue with echocardiography
emphasize the complementary role of CMR in distinguishing between the two. Characteristically
apical obliteration in EMF takes place during both phases of the cardiac cycle in sharp contrast with
apical HCM where it occurs only in systole. Additionally, subendocardial enhancement pattern seen
in EMF greatly differs from patchy midwall delayed enhancement observed in apical
HCM(35,130).

Differentiation of cardiac amyloidosis from EMF in non-endemic countries can also be a
peremptory challenge for clinicians as apical hypertrophy and restrictive filling pattern are present
in both conditions. Abnormal gadolinium kinetics with early washout and unusually dark blood
pool are findings suggestive of amyloid disease(137). Diffuse subendocardial or transmural delayed
enhancement is observed in amyloidosis with transmurality being associated with ominous

prognosis(114).

Of interest, CMR may facilitate the distinction between EMF and ChD especially in non-
endemic countries. LV thrombi occupying the apex can be seen in the context of both the neglected
cardiomyopathies(12,69).Aneurysmal apical myocardium with impaired contractility predisposes to
thrombus formation in ChD(116,134) whereas in EMF systolic function of the apex is preserved
and aneurysms are characteristically absent(138). Additionally, delayed enhancement pattern in
ChD is inhomogeneous midwall, subepicardial, subendocardial or transmural with a predilection for

the apical and inferolateral wall(67), diverging from that observed in EMF.

Cardiac sarcoidosis is also included in the differential diagnosis of the neglected
cardiomyopathies. In patients with sarcoid, cine SSFP images demonstrate wall thinning and

regional wall motion abnormalities with predilection for the septum and the lateral wall(116,130).

In early stages of the disease round foci with increased T2 and low T1 signal, surrounded by
an area with increased T2 signal are highly suggestive of granulomas. In later stages, linear patchy

delayed enhancement appears in regions where granulomas were located(137).
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SWOT analysis:

Appraising our manuscript, this review is a scrutinizing study of the literature on the
neglected cardiomyopathies. We thoroughly studied and presented current knowledge on the
epidemiology etiology, natural course, clinical manifestations, treatment options and public health
issues regarding both ChD and EMF. Moreover, existing diagnostic weapons against these
conditions were analyzed focusing on the role of CMR. Its promising role on early diagnosis,

prognosis, risk stratification, and response to treatment monitoring was demonstrated.

Nevertheless our work also has limitations. Firstly, articles recruitment for the review was a
laborious procedure especially searching for articles about the role of CMR in EMF. Expectedly for
two neglected clinical entities randomized clinical trials are lacking and some of the information
included was based in case reports/series. Secondly, as it was outlined in our manuscript, the
neglected cardiomyopathies are both correlated with poverty, afflicting low socioeconomic groups
residing in rural stranded areas. CMR is a costly imaging modality, relatively inaccessible to these
populations. Nonetheless the choice of connecting CMR, a cutting-edge imaging modality , with
two forgotten cardiovascular diseases, was made deliberately. The reason was to showcase the
necessity of unanimous accessibility of low socioeconomic groups in first-class health care

facilities.

We hope that the application of CMR will illuminate the natural course of these clinical

entities contributing to the development of novel and efficient treatments in the future.
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Abbreviations

EMF

Endomyocardial fibrosis

RVEMF Right ventricular endomyocardial fibrosis
LVEMF Left ventricular endomyocardial fibrosis
ChD Chagas disease

CCC Chronic chagasic cardiomyopathy
CMR Cardiac magnetic resonance

LGE Late gadolinium enhancement
DE Delayed enhancement

MR Mitral regurgitation

SSFP Single Shot Free Precession

MV Mitral valve

TV Tricuspid valve

MR Mitral Regurgitation

TR Tricuspid regurgitation

LVEF Left Ventricular Ejection Fraction
SCD Sudden Cardiac Death

SNR Signal to Noise Ratio

LVOT Left ventricular Outflow Tract
LA/RA Left Atrium/Right Atrium

LV/RV Left ventricle/Right Ventricle
HCM Hypertrophic cardiomyopathy

AF Atrial Fibrilation

RHD Rheumatic Heart Disease
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