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1. Definicio d’insuficiencia cardiaca

Les guies actuals de practica clinica de la Societat Europea de Cardiologia (ESC-2021)1 ide
I’ Associaci6 Americana de Cardiologia (AHA/ACC)2 defineixen la insuficiéncia cardiaca (IC)
com una sindrome clinica complexa caracteritzada per simptomes tipics (dispnea, fatiga) i que
pot estar acompanyat de signes en 1’exploracio fisica (ingurgitacio jugular, estretors/crepitants
pulmonars o edemes periferics) a causa d’un augment de les pressions intracavitaries o d’un

cabal cardiac inadequat en exercici o en repos.

TAULA 1 Simptomes i signes tipics d’insuficiéncia cardiaca

SIMPTOMES SIGNES

TIPICS MES ESPECIFICS

* Dispnea  Elevacid de pressio venosa jugular Reflux

* Ortopnea hepato-jugular

 Dispnea paroxistica nocturna ¢ Tercer soroll cardiac (ritme de galop)

¢ Tolerancia reduida a 1’exercici  Impuls apical del cor (batec de 1’apex) desplacat
« Fatiga, cansament, temps incrementat de lateralment

recuperacio després de I’exercici
* Turmells inflats

MENYS TIPICS MENYS ESPECIFICS
* Tos nocturna * Augment de pes (>2Kg per setmana)
* Sibilancies  Pérdua de pes (en IC avangada)
* Perdua d’apetit * Buf cardiac
* Confusio * Edemes periférics (mal-leolars, sacre, escrotal)
* Depressiod ¢ Crepitants pulmonars
* Palpitacions * Vessament pleural Taquicardia
* Mareig ¢ Pols irregular
 Sincope * Taquipnea o respiracio de “Cheyne-Stokes”
* Bendopnea * Hepatomegalia o ascites
 Extremitats fredes
* Oligtria

* Pressi6 de pols disminuida

Adaptat de McDonagh et al. Eur Heart J. 2021 Dec 21;42(48):4901

Les dificultats per calcular I’augment de pressions intracavitaries o el cabal cardiac 1 la poca
sensibilitat 1 especificitat d’alguns signes 1 simptomes han provocat que les diferents socie-

tats consensuin una definicié universal que, a més, incorpori mesures objectives per reduir la
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variabilitat en el diagnostic. Per tant, en la definicié universal, a més dels signes i simptomes,
s’inclou la determinacid de peptids natriuretics o bé 1’evidéncia objectiva de congestid pulmonar

3
o sistémica en les modalitats d’imatge (RX de torax o ecocardiografia) .

FIGURA 1 Definicio universal d’insuficiéncia cardiaca

Simptomes i/o signes causats
per una anomalia cardiaca
estructural /o funcional

JUNTAMENT AMB

4 O

Nivells elevats de peptids
natriuretics

O BE

Evidéncia objectiva de
congestio sistémica o pulmonar
d’origen cardiac

A 4

Adaptat de Bozkurt et al. Eur. J. Heart Fail. 2021 Mar 23(3), 352—-380

2. Classificacio de la insuficiencia cardiaca

2.1 Fraccio d’ejeccio del ventricle esquerre

Tradicionalment la IC s’ha dividit en 2 subtipus segons la fraccid d’ejeccio del ventricle es-
querre (FEVE): diastolica o sistolica depenent de si la funci6 ventricular esquerra (estimada per
la FEVE) estava preservada o reduida, respectivament. EI motiu principal d’aquesta divisio es
basava en el fet que el tractament meédic de la IC només obtenia beneficis en termes de morta-
litat en els pacients amb FEVE reduida (inferior o igual al 40%)4_0. Tanmateix, la mesura de la

1,2
FEVE esta subjecte a una variabilitat substancial pel que les actuals guies de IC  segueixen la

segiient classificacio:
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TAULA 2 Classificacio de la insuficiéncia cardiaca en funcio de la FEVE

INSUFICIENCIA CARDIACA
IC FEVE REDUIDA IC FEVE INTERMEDIA IC FEVE PRESERVADA

FEVE=<40 FEVE 41-49 FEVE >50

Adaptat de McDonagh et al. Eur Heart J. 2021 Dec 21,;42(48):4901.

A més, en un mateix pacient la funci6 ventricular no és un concepte estable: depenent de la causa
etiologica, adheréncia al tractament, exposici6 a cardiotoxicitat, etc. pot empitjorar o millorar
al llarg del temps, 1 aixd no significa necessariament una recuperacio total del miocardi o una
normalitzacio total de la funcid ventricular. Tot 1 que la FEVE és un parametre indispensable
per definir el tipus d’IC, aquesta exploracié no esta disponible gairebé en la meitat dels pacients
ingressats per IC com va reflectir I’estudi ECO-EAHFE7 i, el maneig dels pacients, es basa en
els simptomes 1 signes que presenten. Malgrat que no con¢ixer 1’estat funcional del ventricle
esquerre no sempre repercuteix sobre la mortalitat intrahospitalaria, la mortalitat als 30 dies o la
proporcid de reingressos, per a un adequat diagnostic i posterior tractament de la sindrome de la
IC és recomanable realitzar un ecocardiograma a tots els pacients que la pateixen per coneixer

el seu valor de FEVE.
2.2 Gravetat dels simptomes
Una altra classificacio molt utilitzada en la IC és de la NYHA (New York Heart Association) que

es basa en els simptomes del pacient:

TAULA 3 Classificacio funcional de la NYHA

Sense limitacid per I’activitat fisica. L’activitat fisica ordinaria no causa

e dispnea, fatiga o palpitacions.

Lleu limitacié de I’activitat fisica. Es nota comode en repos, perd 1’activitat

Hhsgip I fisica ordinaria produeix dispnea, fatiga o palpitacions.

Marcada limitacié de I’activitat fisica. Comode en repos, perd una activitat

Classe III menor que 1’ordinaria produeix dispnea, fatiga o palpitacions.

Incapacitat de portar a cap qualsevol activitat fisica sense tenir molésties. Pot tenir simptomes en
repos. Si es porta a cap qualsevol activitat fisica, augmenta la sensacié de malestar.

Classe IV

Adaptat de McDonagh et al. Eur Heart J. 2021 Dec 21;42(48):4901



2.3 Evolucio temporal

La historia natural de la IC, cursa amb multiples descompensacions i un deteriorament progressiu
de la funcié cardiaca. Aixo condiciona consultes al servei d’urgeéncies i ingressos hospitalaris
en nombroses ocasions, especialment en una fase avancada de la malaltia . L’ingrés hospitalari
¢s un esdeveniment amb valor prondstic. En aquest sentit, un estudi realitzat al Regne Unit
amb 2,1 milions de pacients va reportar un augment de la mortalitat al cap de 5 anys en aquells
pacients diagnosticats d’IC que havien requerit almenys un ingrés hospitalari (56% vs. 78%) .
Després d’un primer ingrés hospitalari Chun et al. van descriure el risc de reingrés en 8.543
pacients amb IC i van constatar que el 30% dels reingressos es produien en els 2 primers mesos
després de ’alta 1 el 50% en els darrers 2 mesos de vida amb una fase “meseta” entremig, amb
una duraci6 variable que fins 1 tot pot durar diversos anys, on el risc de reingrés és menor . En
cada ingrés hospitalari es produeix un deteriorament progressiu de la funci6 cardiaca que no es
restablira completament una vegada superat I’episodi . A mesura que es progressa en el temps
la recuperaci6 sol ser més costosa i les descompensacions més freqiients fins a arribar a una
fase avangada de la IC, caracteritzada per simptomes persistents malgrat 1’optimitzacio de tot
el tractament medic. La prevalenca d’IC avangada esta augmentant a causa del nombre creixent
de pacients amb IC, I’envelliment de la poblacio6 i un millor tractament i supervivencia de la IC.

El prondstic continua sent pobre, amb una mortalitat anual que oscil‘la entre el 25% i el 75% .
3. Epidemiologia de la insuficiéncia cardiaca

Globalment, la IC afecta a més de 64 milions de persones i €s la causa més freqiient d’ingrés
hospitalari en la poblacidé de més de 65 anys . La prevalenca augmenta amb 1’edat i a escala
mundial va des d’un 1% en la poblacié de menys de 55 anys fins a més del 10% en els pacients
de més de 70 anys . Malgrat que als paisos desenvolupats, la incidéncia d’IC ajustada per edat
sembla estar disminuint sensiblement, i presumiblement reflecteix una millor gestio de les malal-
ties cardiovasculars, a causa de I’envelliment de la poblacio, la incidéncia global augmenta. En
I’ambit europeu, la incidéncia és de 3 casos per cada 1000 persones-any (en tots els grups d’edat)

0 5 casos per cada 1000 persones-any en individus adults .

En I’ambit estatal, I’estudi observacional retrospectiu PATWAYS-HF  utilitzant la base de dades
BIG-PAC amb individus d’edat > 18 anys que van sol-licitar atencio per IC entre 2017-2019
estima una prevalenca estatal d’1,89% (IC 95%, 1,70-2,08), amb una taxa d’incidéncia de 2,78
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casos nous per cada 1.000 persones/any. L’estudi PRICE indicava ja I’any 2008 que podien
haver-hi a Espanya entre 650.000—1.500.000 de persones afectades per IC amb una prevalenga
creixent segons 1’edat: en majors de 45 anys del 6,8% i en majors de 75 anys arribava a ser del
16%. El cost a escala estatal es calcula aproximadament en 3.200 milions d’euros (4,4% de la
despesa global en Salut). El cost global a escala mundial es calcula en més de 150.000 milions

anuals d’euros.
4. Definicio i concepte d’insuficiéncia cardiaca aguda

L’ICA es defineix com 1’aparicio rapida o gradual de signes i simptomes, de forma prou impor-
tant per condicionar una atencid urgent al pacient en un servei d’urgéncies 1 que en nombroses
ocasions provoca un ingrés hospitalari . El diagnostic es basa en la historia clinica, I’ex-
ploraci6 fisica amb signes 1 simptomes compatibles amb IC 1 la realitzacié de proves comple-
mentaries que haurien d’incloure un electrocardiograma (ECQG), una analitica amb Troponina
i un ecocardiograma al servei d’urgencies, a ser possible. Altres proves diagnostiques com la
radiografia (RX) de torax que s’ha utilitzat durant decades en tots els pacients amb ICA han
passat de recomanacio classe I en les guies d’IC de 2016 a la classe Ib en les de 2021 (“pot ser
considerat”). Per tant, tot i que la RX torax ¢és una eina util, altres técniques emergents com
I’ecografia pulmonar, han demostrat més sensibilitat que la RX torax en el diagnostic d’ICA
descompensada a urgéncies . Els nivells de peptids natriuretics (BNP, proBNP, proANP), son
recomanables encara que de vegades no estan disponibles en tots els centres d’urgencies. Uns
nivells normals o baixos de peptids natriurétics tenen un valor predictiu negatiu molt elevat, fent

el diagnostic d’ICA molt improbable.
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FIGURA 2 Algoritme diagnostic d’ICA de nova aparicio

DIAGNOSTIC D’INSUFICIENCIA CARDIACA (IC) DE NOVA APARICIO

4

Historia clinica, signes i/o simptomes suggestius IC aguda
« Electrocardiograma
+ Pulsioximetria

« Ecocardiografia

+ Estudi analitic inicial®
» Radiografia de Torax
« Ecografia Pulmonar
«  Altres avaluacions especifiques®
Péptid Natriurétic (BNP)
——

BNP < 100pg/mL BNP > 100pg/mL
NT-proBNP < 300pg/mL NT-proBNP > 300pg/mL
MR-proANP < 120pg/mL MR-proANP > 120pg/mL

4 ¥
—_— IC aguda descartada IC aguda confirmada | <+———

¥

Ecocardiografia reglada

(a) Analitica amb Troponina, creatinina, lonograma, urea, TSH, funcio hepatica, d-dimer (en cas de sospita d’em-
bolia pulmonar), procalcitonina (en cas de sospita de sépsia), lactat (en cas d’hipoperfusio) i gasometria arterial
en cas de distrés respiratori.

(b) Inclou coronariografia en cas de sospita de coronariopatia i angioTC en cas de sospita d’embolia pulmonar.
(c) Valors pel diagnostic d’ICA: >450 pg/mL en edat <55 anys, >900 pg/mL entre 55-75 anys i >1800 pg/mL en
majors de 75 anys.

Adaptat de McDonagh et al. Eur Heart J. 2021 Dec 21;42(48):4901.

5. Presentacio clinica i fisiopatologia de la insuficiencia cardiaca aguda

S’ha proposat I’existéncia de diferents fenotips clinics basats en la preséncia de signes de
congestio 1 perfusio de les extremitats . Els 4 grups soén: “calent i sec” (ben perfds sense
congestid), “calent 1 humit” (ben perfds, amb congestio), “fred 1 sec” (hipoperfos sense con-
gestid) 1 finalment “fred 1 humit” (hipoperfés amb congestio). El registre EAHFE (Epidemi-
ology of Acute Heart Failure in Emergency Departments) va analitzar els fenotips d’11.261
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pacients d’urgencies amb ICA 1 va concloure que el perfil més habitual era el calent 1 humit
(76%), seguit de fred 1 humit (17,1%), calent i sec (6%) 1 fred 1 sec (0,9%). Els perfils que
presentaven hipoperfusio (fred i humit o fred i sec) son els que tenien més incidéncia de xoc
cardiogenic 1 pitjor supervivencia anual [(HR 1,66; IC 95% 1,40-1,97) 1 (HR 1,67; IC 95%
1,19-2,35)] respectivament. El fenotip calent i sec €s el que presentava una evolucidé més
favorable i menor necessitat d’ingrés hospitalari. També és important destacar que el fenotip
calent i humit era més freqiient en pacients amb ICA descompensada i amb FEVE preservada
mentre que el fenotip fred i humit era més freqilient en els pacients amb ICA de nova aparicio

0 “de novo” i amb FEVE intermedia o deprimida.

En pacients amb ICA hospitalitzats el registre ESC Heart Failure Long-Term va emprar una
classificaci6 de fenotips lleugerament diferent, pero també va confirmar major mortalitat anual
en els pacients amb xoc cardiogeénic amb una mortalitat intrahospitalaria del 36,1% 1 mortalitat
anual del 54% . Aquesta troballa també va ser corroborada en altres estudis on el fenotip fred

1 humit també va presentar una major mortalitat.

En una revisio recent del grup d’ICA de ’ESC  s’analitzen els resultats dels diferents registres
i es posen de manifest qiiestions rellevants: en primer lloc, es planteja que és dificil presentar
ICA (que requereix tractament urgent) sense una minima congestio o hipoperfusio i, per tant, és
dificil que una descompensacid aguda pugui cursar amb un fenotip “calent i sec” pur. En segon
lloc, la incidencia de cada grup no és homogenia: el perfil “calent i humit” representa quasi el
80% dels casos 1, en canvi, els pacients “freds 1 secs” son excepcionals (<1%) 1, per tant,
possiblement no es justifica la seva inclusié com a grup. A més el terme congestié no distingeix
entre congestid pulmonar i sistémica, i pot succeir en els dos casos de forma independent, la
qual cosa impedeix una pauta de tractament unic per a ‘pacients congestius’. Una alternativa és
considerar un model basat en les tres alteracions fisiologiques principals en ICA responsables
dels diferents escenaris clinics amb interaccions entre elles : congestiéo pulmonar que resulta
en insuficiéncia respiratoria aguda; congestid sistémica per sobrecarrega de volum o mala dis-

tribuci6 1 hipoperfusio6 tissular que condueix a xoc i fallida multiorganica.

Seguint aquest concepte basat en les alteracions fisiologiques, la guia ESC-2021 recull 4 formes
de presentacio clinica de la ICA, amb algoritmes de tractament especifics en cadascun dels casos,

tal com il.lustra la figura 3.
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FIGURA 3 Perfils clinics de la ICA basada en les alteracions fisiopatologiques

Perfils clinics segons Incidéncia estimada de congestio
A congesti6 1 hipoperfusi6 1 hipoperfusi6é
- CONGESTIO +
g CALENT-SEC CALENT-HUMIT
3
E CALENT-HUMIT
S
By
[*]
E FRED-SEC FRED-HUMIT
+ FRED-HUMIT
FRED-SEC
Perfils clinics de Incidéncia estimada de congestié
B congestié pulmonar 1 sistémica i hipoperfusié

pulmonar INSUFICIENCIA
CARDIACA AGUDA
INSUFICIENCIA EDEMA AGUT DESCOMPENSADA

RESPIRATORIA DE PULMO

XOC CARDIOGENIC l

(a) Esquerra: 4 formes cliniques de les guies ESC-HF 2016 basades en les 2 alteracions: hipoperfusio i congestio.
Dreta: Area de cada requadre en relacié amb la seva incidéncia

(b) Esquerra: 3 principals perfils considerant congestié pulmonar i sistémica de forma separada. Dreta: Arees
dels cercles en relacio amb la seva incidencia i interaccions. 3 principals formes cliniques proposades a les guies
ESC-HF 2021 projectades en cada cercle.

Adaptat de Masip J et al. 2022 Eur Heart J Acute Cardiovasc Care, 11(2), 173—185

)?U- 2125 normalment relacionada amb

En primer lloc, la IC descompensada (50-70% de casos
una cardiopatia prévia coneguda amb presentacido més gradual que 1’edema agut depulmé. Habi-
tualment cursa amb una retencio progressiva de liquid amb congestio sistémica 1 rares vegades
amb hipoperfusio. El tractament es basa en la descongestio, corregir els factors precipitants i en

corregir la hipoperfusio si fos necessari.

En segon lloc, ’edema agut de pulmo, relacionat amb la congestié pulmonar que condiciona

dispnea, ortopnea, taquipnea, augment del treball respiratori i fracas respiratori. El tractament
. o e . N . . N . 26 \ 9

s’hauria d’iniciar precogment amb 3 terapies: oxigenoterapia (CPAP, VMNI, canules d’alt flux),

tractament diiirétic i1 vasodilatadors si la pressio arterial sistémica ho permet.
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En tercer lloc, la insuficiéncia ventricular dreta aillada, caracteritzada per 1’augment de pressions
en auricular dreta 1 congestid sistémica que pot condicionar en darrera instancia una afectacio del
cabal cardiac . En aquest cas els diiirétics son el principal tractament i els inotropics positius o

noradrenalina estan indicats en casos d’inestabilitat hemodinamica o reduccio del cabal cardiac.

En quart lloc, el xoc cardiogenic, en el que la manca de perfusid tindra un paper fonamental i pot
condicionar fracas multiorganic i mortzx_m. La hipoperfusidé no va sempre acompanyada d’hipo-
tensio, ja que la vasoconstriccid pot compensar la pressio arterial. L’estabilitzacié hemodinamica
amb inotropics, noradrenalina, suport mecanic circulatori i la prevencid del fracas multiorganic

de forma precog ¢s fonamental en aquest cas.

TAULA 4 Presentacions cliniques de la insuficiéncia cardiaca aguda

INSUFICIENCIA
CARDIACA
AGUDA
DESCOMPENSADA

INSUFICIENCIA
VENTRICULAR
DRETA AILLADA

EDEMA AGUT X0C

CARDIOGENIC

DE PULMO

1 postcarrega

MECANISME osfuneto VE Disfunci6  Disfuncio VDi/o  Disfuncio
PRINCIPAL R diastolicade VE ~ HTP precapil-lar cardiaca severa
de Na i orina .
Valvulopatia
CAUSA DELS 1 volémia, T pressio [ 111111 :rilsarai I;;::;ls ThP\i)C;r;(l):il(?t Hipoperfusio
SIMPTOMES intraventricular pu . . P p . sistémica
respiratori sistémica
APARICIO Gradual (dies) Rapida (hores) Gradual orapida  Gradual o rapida
. 1t PTDVE i .
ALTERACIONS 1 PTDYE i PECP, PECP. 0 PTDVP 1 PTDVE i 1?ECP
) Cabal cardiac N o], . Cabal cardiac | Cabal cardiac |
HEMODINAMIQUES PASN o | Cabal cardiac N PAS | PAS |
ol,PASNo1?
PRESENTACIO Calenti humlt . . Fred i sec o Fred . .
. o Fredi sec Calent i humit . . Fred i humit
CLINICA . . i humit
(en hipoperfusio)
Ditirétics Ditirétics
PRINCIPALS Inotropics 1 D1u.retlcs Inotropics 1 Inotropics 1
TRACTAMENTS Vasopressors en Vasodilatadors Vasopressors en  Vasopressors SMC
hipoperfusié Oxigenoterapia* hipoperfusio o TRS
SMC o TRS s/p SMC o TRS s/p

VE: Ventricle esquerre; VD: Ventricle dret; HTP: Hipertensio pulmonar precapil-lar; PVC: Pressio venosa central;
PTDVE: Pressio Telediastolica del VE; PECP: Pressio d’Enclavament Capil-lar Pulmonar; PTDV: Pressio Teledi-
astolica del VD, PAS: Pressio Arterial Sistolica; SMC: Suport Mecanic Circulatori; TRS: Terapia Renal Substitutiva.
*En casos puntuals amb perfil fred i humit pot requerir inotrops o vasopressors s/p: si precisa

Adaptat de McDonagh et al. Eur Heart J. 2021 Dec 21;42(48):4901.
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6. Insuficiéncia cardiaca aguda “de novo” o aguda descompensada

L’ICA pot ser de nova aparicio o “de novo” (ICAN), és a dir tractar-se de la primera manifesta-
c16 d’una IC o bé ser conseqiiencia d’una descompensacio aguda en context d’una miocardio-
patia preexistent (ICAD). La proporcid de pacients amb ICAN oscil-la entre el 25 i el 50% en
els diferents estudis . Alguns dels registres han comparat les diferéncies entre els pacients
amb ICAN respecte dels pacients amb ICAD. En destaquen el registre danés , el registre in-
ternacional ALARM-HF | el registre europeu EHFS-II , el registre italia , el registre fines
FINN-AKVA | el registre espanyol NOVICA i el registre asiatic HEARTS . La mortalitat
intrahospitalaria en ICAN oscil-la entre el 6,5-8,5% excepte en el registre ALARM que és del

14,2%, probablement per la major prevalenca de xoc cardiogenic en aquest registre (11,7%).

Si es compara la mortalitat intrahospitalaria en ICAN vs. ICAD, alguns estudis han reportat una
mortalitat lleugerament superior en [CAN ~ mentre d’altres han reportat una mortalitat similar
en els dos grups . En canvi, si s’analitza la mortalitat a més llarg termini, els pacients amb
ICAN presenten menys mortalitat després de 1’alta i menys probabilitat de reingrés comparat

amb els pacients amb ICAD en la majoria d’estudis realitzats

En la cohort EAHFE, I’estudi NOVICA va analitzar 3422 pacients amb ICAN atesos als serveis
d’urgencies estatals amb una mortalitat intrahospitalaria del 6,9%. L’esdeveniment combinat

(mort o reingrés als 90 dies post alta) va ser present en el 19,3% dels pacients.

Una metaanalisi recent amb 14 estudis publicats (38.000 pacients) comparant les caracteristiques
cliniques i el pronostic dels dos grups: ICAN vs. ICAD conclou que els pacients amb I[CAN son
més joves, presenten menys comorbiditats (HTA, DM, fibril-laci6 auricular, MPOC, cardiopatia
isquemica, ictus) 1 en alguns estudis presenten nivells més baixos de NT-proBNP respecte del
grup amb ICAD. Quan s’analitzen els factors precipitants i la mortalitat en els 2 grups es conclou
que la SCA ¢s el factor precipitant més freqiient en els pacients amb ICAN (OR 2.42; 12 89%)
1 que els pacients amb ICAN presenten menys mortalitat al cap de 3 mesos (OR 0.63; 12:91%)
ial’any (OR 0.59; 12 :59%), una vegada superat el procés agut.
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7. Factors precipitants de la insuficiéncia cardiaca aguda

Les descompensacions i hospitalitzacions constitueixen el 70% de la despesa generada per
IC ,1pertant a més d’identificar els factors etiologics, és imprescindible identificar els factors
precipitants dels esdeveniments aguts, la qual cosa permetra dissenyar estratégies de maneig
multidisciplinari, incloent-hi I’educacié sanitaria, destinades a evitar noves descompensacions.
Una revisio sistematica publicada el 2017 va analitzar la prevalenca dels factors precipitants
de ’'ICA i la seva relacié amb el pronostic (reingrés 1 mortalitat). En els estudis inclosos es va
identificar almenys un factor precipitant en els 60-98% dels casos. En 1I’ambit estatal, I’estudi
PAPRICA-2 va incloure 3532 pacients de la cohort EAHFE 1 en un 72% dels casos es va
identificar un factor precipitant. En la cohort EAHFE, la preséncia d’una SCA amb elevacio
del segment ST ¢és un criteri d’exclusio pero, en canvi, s’hi inclouen pacients amb SCA sense
elevaci6 del segment ST. Tenint aixo en compte, la infeccio (39% dels casos) 1 la fibril-lacio
auricular rapida (18% dels casos) van ser els factors precipitants més freqlients, mentre que la
SCA estava present en un 3%. Aquestes xifres son una mica diferents de les observades en altres
registres (EHFS II: 15% 1 32%; OPTIMIZE-HF: 15,3% 1 13,5%, ALARM-HF: 16,3% 1 26,9%,
REPORT-HF: 10% i 10%, GULF-CARE: 14,6% i 6%, GREAT: 7% i 7,8%, OFICA: 27% i
24%, SAFE-SIMEU 28,3% 1 13,8%) en els quals la SCA generalment hi t€¢ un ma-
jor percentatge (EHFS II: 42,2%, OPTIMIZE-HF: 14,7%, ALARM-HF: 36,9%, REPORT-HF:
13%, GULF-CARE: 27,3% , GREAT: 25,3%, OFICA: 13,4%, SAFE-SIMEU: 4,7%). A més,
la SCA era el factor que s’associava a major mortalitat (HR 1,79; IC 95% 1,19-2,70) i diversos
treballs coincideixen en el fet que es tracta del factor precipitant més freqiient en els pacients
amb ICAN . En canvi, tant la infeccié com la fibril-laci6 auricular (FA) rapida es van

associar a un menor percentatge de reconsulta.
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TAULA 5 Factors precipitants de la insuficiéncia cardiaca aguda

Sindrome coronaria aguda

Elevacid excessiva de la pressi6 arterial

Manca d’adheréncia a la dieta baixa en sal i amb restriccio de liquids o al tractament medic

Toxics (alcohol o drogues d’abus)

Exacerbaci6 de malaltia pulmonar obstructiva cronica

Cirurgia i complicacions perioperatories

Disfuncions hormonals o metaboliques (p.ex. tiroides, cetosi diabética, disfuncio adrenal)

Embaras i anomalies relacionades amb el part

Causa mecanica aguda: ruptura miocardica per SCA (ruptura de la paret lliure, defecte ventricular septal,
regurgitacié mitral aguda), traumatisme toracic o intervencio cardiaca, incompeténcia de valvula nativa o
protética secundaria a endocarditis, disseccié o trombosi aortica.

Adaptat de McDonagh TA et al. Eur Heart J. 2021 Dec 21,;42(48):4901

Entre els desencadenants de la ICA, I’arritmia és especialment prevalent en el cas d’ICAD. L’as-
sociaci6 entre ICA 1 FA ha estat ampliament estudiada, ja que coexisteixen de forma freqiientso’51

Els estudis més importants realitzats d’IC han revelat que la probabilitat de tenir FA augmenta
amb la gravetat de la IC de forma que va des del 10% en IC en classe funcional NYHA I o II

fins al 50% en IC en classe funcional NYHA IV com es reflecteix a continuacio.
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TAULA 6 Prevalenca de FA en assaigs clinics seleccionats de pacients amb IC

ESTUDI ANY . PREVALENCA C. FUNCIONAL
PUBLICACIO FA% NYHA
SOLVD prevention 1998 4228 4 I-1I
SOLVD preatment 1991 2569 10 II-101
V-HEFT 1993 1427 14 -1
CHF-STAT 1995 674 15 II-111
DIAMOND-MI 2000 1510 7 II-111
COMET 2003 3029 20% 1I-111
CAHRM-Added 2003 2558 27 1I-111
SCD-HeFT 2005 2521 16* I1-111
I.PRESERVE 2008 2128 17* 1I-111
ANDROMEDA 2008 627 25 1I-111
EMPHASIS-HF 2011 2737 31* -1
A-HeFT 2004 1052 17 m
GESICA 1994 516 29 HI-1v
DIAMOND-CHF 1999 1518 26 HI-1v
CONSENSUS 1987 253 50 v

Adaptat de Ling LH et al. Nat Rev Cardiol 2016, 13:131-147
* El percertantge inclou FA i Flutter

8. ’avaluacio del pronostic de la insuficiencia cardiaca aguda

La ICA és un punt d’inflexi6 pronostic en 1’evolucio 1 historia natural de la malaltia ja sigui en
forma de debut (ICAN) o de descompensacié d’una cardiopatia preexistent (ICAD). A pesar dels
avengos en el tractament de la malaltia el pronostic dels pacients continua sent pobre: la mortalitat
intrahospitalaria dels pacients després d’una descompensacio oscil-la entre el 4% 1 el 12% en els
diferents estudis* ESC-HF: 5,5%21, registre danés 6,2%32, ALARM-HF: 12%33, EHFS-II: 6,7%34,
registre italia: 7,3%33, FINN-AKVA: 7,1%36, EAHFE: 7,4% , OPTIMIZE-HF: 3,8% , AHEAD:
12,7%53, ADHERE: 4%54. Un fet important a considerar és el percentatge de reingrés dels pacients.

En un estudi a escala estatal en pacients que van requerir un ingrés hospitalari, la taxa de reingrés

de causa cardiovascular va ser del 32,6% anual . Pel que fa a la mortalitat anual després de
56 57 53

I’alta arriba a ser del 25-30% (ESC-HF: 26,7% , EAHFE: 30,2% ,AHEAD 24,6% , Goldberg:
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37,3% )1als 5 anys oscil-la entre el 60-75% (FINN-AKV: 60,3% , Goldberg: 78,5% ). Per
aquest motiu, aquesta patologia representa una de les majors carregues economiques 1 mediques

dins de qualsevol sistema public de salut.

La sobrecarrega que I’ICA exerceix sobre el sistema sanitari, sovint repercuteix en els serveis
d’urgencies 1 obliga a una presa de decisions que acostuma a ser heterogénia entre els diferents
professionals 1 també entre els diferents centres o regions sanitaries . Com queda reflectit en una
revisid la proporcio d’altes des del servei d’urgeéncies fluctua entre el 16,3% 1 el 36,2% 1 en el
cas del registre EAHFE presenta una xifra intermedia (23,9%). La mortalitat als 30 dies entre els
pacients donats d’alta oscil.la entre el 2.9-4% en els diferents registres i €s del 2.9% en el registre
EAHFE, amb una reconsulta a urgencies als 30 dies de I’episodi del 23.8%. La mortalitat global
per qualsevol causa als 30 dies en els pacients amb ICA en el registre EAHFE és del 10,3%

A més, el fet de no tenir sempre disponible una sala d’observacié de 12-24 hores ni una hospita-
litzaci6 domiciliaria pot condicionar en molts casos 1’ingrés hospitalari del pacient. La preséncia
d’unitats de curta estada (SSU- Short-Stay-Units) 1 la creacid d’unitats especialitzades en el
maneig de la IC, especialment en hospitals d’alta complexitat, disminueixen de forma signifi-
cativa la reconsulta per ICA a urgencies als 30 dies després i, per tant, son eines utils als serveis
d’urgencies per tal d’evitar altes inapropiades o amb un nivell alt de reconsulta , tot i que en

els estudis realitzats no hi ha diferéncies quant a mortalitat .

Per intentar homogeneitzar els criteris d’actuacio, s’han desenvolupat diverses escales que per-
meten saber quins pacients de baix risc poden ser donats d’alta amb seguretat des dels serveis
d’urgencies. Les variables incloses han estat objecte de diversos treballs: I’edat, I’estat funcional
basal, les comorbiditats, la funci6 ventricular, el fenotip clinic o els biomarcadors han estat les
més explorades .- Les dues escales de risc que han demostrat ser més ttils en ICA son la
Emergency Heart Failure Mortality Risk Grade (EHMRG) i la Multiple Estimation of risk based
on the Emergency department Spanish Score realitzades a partir de cohorts dels serveis d’ur-
gencies 1 validades externament (estadistic C de 0,73 per EHMRG 1 0,80 per MEESI-AHF)

L’escala MEESI mostra una excel-lent discriminacié 1 prediccidé de mortalitat des del servei
d’urgéncies (c-estadistica 0,83 per a mortalitat a 30 dies; 0,82 per mortalitat intrahospita-

laria 1 0,85 per mortalitat als 7 dies). Recull les seglients 13 variables: estat funcional basal
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(BARTHEL), edat, NT-proBNP, potassi, estat funcional NYHA, Troponina, respiracions per mi-

nut, simptomes de baix cabal, saturacié d’oxigen, SCA, hipertrofia a ’ECG i creatinina. Es troba

disponible a internet (http://meessi-ahf.risk.score-calculator-ica-semes.portalsemes.org) i agrupa
els pacients en 4 grups en funcio del risc de mortalitat als 30 dies per decidir de forma adequada
els pacients que haurien de ser hospitalitzats o els que podrien ser donats d’alta des del servei
d’urgéncies. Es interessant remarcar que gairebé la meitat dels pacients donats d’alta als serveis

d’urgencies (47%) son classificats com de risc intermedi, alt o molt alt a I’escala MEESSI

Entre els pacients de baix risc a I’escala MEESSI donats d’alta, la mortalitat als 30 dies no difereix
respecte dels hospitalitzats pero, en canvi, si que es constata un major risc de reconsulta als 7 dies
1 necessitat d’hospitalitzacio als 30 dies . Per tant, és necessari desenvolupar nous models que
prediguin aquests esdeveniments adversos. L’escala HEFESTOS, desenvolupada recentment en
14 centres de primaria en I’ambit estatal, ha demostrat un alt index de fiabilitat per mesurar I’es-
deveniment combinat mort o hospitalitzacié als 30 dies (estadistic C=0.656) respecte de les altres

escales, perd no ha estat aixi en la resta de categories pel que s’ha descartat el seu us rutinari .
9. Interpretacio fisiologica de I’electrocardiograma

En tots els pacients amb ICA esta recomanat la realitzaci6 d’un ECG de forma estandard per
estudiar els possibles trastorns del ritme cardiac o de la conducci6. Les diferents ones de I’ECG

que il-lustra la figura 8 marquen les diferents fases del cicle cardiac.

FIGURA 4 ECG estandard
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Extret de Klabunde R. E. (2017). Advances in physiology education, 41(1), 29-37)
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Ona P: despolaritzaci6 auricular

Interval PR: temps requerit per a la despolaritzacio auricular i el retard de la transmissié fins
al node A-V.

Interval QRS: despolaritzacio ventricular

Segment ST: interval de temps en qué els ventricles estan completament despolaritzats

Ona T: repolaritzacié ventricular

Interval QT interval de temps en qué es produeix la despolaritzacio i la repolaritzacié ven-

tricular

A continuaci6 analitzarem la morfologia de les ones i els intervals que es generen:

Ona P: En la majoria de les derivacions ¢és positiva. La seva durada no excedeix els 120 ms i
la seva amplitud els 0,3 mV. La seva morfologia és la d’una ona suau a causa de la seva baixa

freqiiéncia (10-15 Hz) com s’aprecia en la figura 10.

Interval PR: Indica el temps des que es despolaritzen les auricules fins que comencen a acti-
var-se els ventricles. Representa alhora el temps que demora I’impuls cardiac a propagar-se des
del seu origen al NSA fins als ventricles. En condicions normals dura entre 120-200 ms. La seva

prolongaci6 defineix el blocatge A-V de primer grau.

Interval QRS: Es compon de 3 ones. La primera deflexio negativa s’anomena ona Q; es conti-
nua amb una rapida deflexio positiva anomenada ona R 1 finalitza amb una altra rapida deflexio
negativa anomenada ona S. Si bé cada ona presenta les seves caracteristiques, I’analisi es realitza
sobre el conjunt de les 3 ones que representa un batec cardiac. En condicions normals, el complex
QRS dura entre 70-110 mseg. La despolaritzacio ventricular €s el senyal que genera més deflexio
a ’ECG. Pot assolir amplituds de fins a 3 mV. Les rapides deflexions produides al complex QRS

es deuen als seus majors components freqiiencials, principalment en el rang de 10-50 Hz.

Ona T: En general és positiva i és una ona suau com 1’ona P. De forma fisiologica és asimétrica
amb la part ascendent més lenta que la descendent. La seva durada normal arriba als 300 mseg
1 la seva amplitud no excedeix 0,5 mV en les derivacions periferiques i 1,5 mV en les deriva-
cions precordials. Hi ha altres parametres que si bé no son ones també s’analitzen. El punt J és
el final de I’ona S i s’utilitza per mesurar el segment ST. Aquest darrer representa el temps que

romanen despolaritzats els ventricles en un estat actiu. Acaba al mateix punt que ho fa I’ona T.
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Interval QT: L’interval QT indica el temps que triguen els ventricles a despolaritzar-se i repo-
laritzar-se en un cicle cardiac. La seva durada normal no sol excedir els 440 ms en els homes o

450 ms en les dones.

Interval R-R: L’interval R-R mesura la durada d’un cicle cardiac complet, mesurat entre dos

pics de I’ona R successius. Aquesta mesura permet calcular freqiiéncia cardiaca.

9.1 Durada de ’interval QRS. Definicio de Blocatge de Branca dreta i Esquerra

La durada de ’interval QRS ¢és un concepte important, ja que un allargament d’aquest interval
pot significar una interrupcié de 1’activitat eléctrica normal 1 retardar la despolaritzaci6 dels
ventricles. Segons el ventricle on es retarda la despolaritzaci6 parlem de blocatge de branca

dreta (BBD) o esquerra (BBE).

L’interval QRS es mesura des de I’inici de I’ona Q fins al final de ’ona S en totes les derivacions.
Amb els electrocardiografs moderns es poden obtenir enregistraments d’ECG en format di-
gital i emmagatzemar-los. En alguns centres encara es registren només en format paper, els quals
presenten algunes restriccions pel que fa a la possibilitat d’una analisi detallada dels patrons
d’ECG, especialment la durada i la forma del QRS, sobretot quan la linia de base esta distor-

sionada. La digitalitzaci6 d’alta precisid €s considerat el Gold Standard en el moment actual

Habitualment s’utilitzen metodes semiautomatics en els quals un analista especialitzat decideix

visualment si les mesures de I’interval de I’algoritme automatitzat requereix algun ajust manual.

Existeixen diferéncies en la durada del QRS depenent de I’edat, el sexe i el métode de mesu-
ra . El QRS és més ampli a les derivacions precordials que a les derivacions de les extremitats.

També pot augmentar en situacions patologiques com la cardiomegalia.

Segons I’AHA (American Heart Association) un QRS> 90 ms en nens menors de 4 anys, un
QRS> 100 ms en nens entre 4 1 16 anys i un QRS>110 ms en individus adults es considera pro-

longat. La guia europea ESC-2021 recull els criteris per a BBD i BBE
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TAULA 7 Criteris actuals per BBD i BBE (Guia Europea ESC-2021)

1.

QRS>120 ms amb eix variable. Es possible una desviacio extrema de 1’eix si asso-
cia hemiblocatge anterosuperior o inferoposterior del feix de His.

2. Pla Horitzontal: Patré rsR’ en V1 i en general també en V2 amb un empas-
Blocatge de s , ., .
Branca dreta tament en R LA més en general pres.enta una lleu depressio de ST en V1 i una
ol ona T negativa asimetrica en V1-V2 i ocasionalment en V3. qRs en V4-V6 amb un
empastament en 1’ona S.
3. Pla frontal: QR en avR amb R empastada i T negativa i QRS a I i normalment a avL
amb S empastada.
Blocatge de 1. QRS<120 ms
Branca dreta 2. Pla Horitzontal: rSr’en V1. La r’ no esta eixamplada i pot presentar un voltatge variable.
parcial 3. Pla Frontal: preséncia d’ona “r”” no eixamplada en avR i “s” en 11 V6
1. QRS>120 ms
2. Empastament en el ter¢ mitja del QRS en almenys 2 de les segiients derivaci-
ons: V1, V2, V5, V6, I, avL amb una prolongacio al final de I’ona R en V5-V6
ameés de 60 ms
3. En general el segment ST és lleugerament oposat a la polaritat del QRS i
Blocatge de particularment quan aquest és d’almenys 140 ms i és rapidament seguit d’'una ona T

Branca esquerra
complet

asimeétrica de polaritat oposada.

. Pla Horitzontal: QS o rS a V1 amb “r” de petita mida amb ST lleugerament elevat

i ona T positiva asimétrica i ona R tnica a V6 amb ona T negativa asimétrica.
Si el QRS<140 ms I’ona T pot ser positiva en V6.

. Pla Frontal: Ona R exclusiva en V1 i avL i sovint amb una ona T negativa i asime-

trica, lleugera depressio de ST i normalment QS en avR amb ona T positiva.

. Eix QRS variable

Blocatge de Bran-
ca esquerra parcial

. QRS<120 ms amb R tinica a I, avL i V6.
. La repolaritzacio a V6 pot ser positiva o negativa en context de la patologia conco-

mitant i el grau de despolaritzacio trans-septal

Retard de la conduc-
cié intraventricular

. QRS>110 ms amb criteris morfologics que no compleixen criteris de BBE o BBD

Hemiblocatge
anterosuperior de
la branca esquerra

. Desviaci6 de I’eix a I’esquerra entre -40° i -75°
. Pla Frontal: qR en V1 i avL, rS en II, III, avF amb S3 major que S2 i R2 major

que R3. Algunes vegades ona r final en avR

. Pla Horitzontal: S en V6 amb deflexio intrinsecoide en V6 inferior a aVL i amb un

temps de deflexi6 en avL>50 ms

del feix de His 4. QRS<120 ms. En casos aillats el QRS pot no sobrepassar els 100 ms
5. En casos avangats esta present un empastament mitja-terminal en I i avL
. Desviaci6 de I’eix a la dreta entre +90° i +140°
Hemiblocatge .rSenliavLiqRenIl, lIIiaVF

posteroinferior de
la branca esquerra
del feix de His

N AW -

. QRS<120 ms
. Retard de la deflexi6>50 ms en aVF i V6 amb retard de la deflecci6o<50 ms en aVL
. Empastament cap al mig o final en II, III, aVF en casos avancgats en abséncia

de BBD parcial
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9.2 Definicio d’interval QT i interval QT corregit

L’interval QT es defineix com I’interval des de I’inici del complex QRS, és a dir, la primera
indicacié de despolaritzacid ventricular, fins al final de ’ona T, és a dir, [’ultima indicacié de
repolaritzacié ventricular. En el cicle cardiac, representa la duracio de la sistole ventricular. Si
es perllonga aquest periode pot ser un signe d’inestabilitat eléctrica i es redueix el llindar per a
I’aparici6 d’arritmies ventriculars que poden ser potencialment mortals 1, per tant, la seva mesura

acurada és un dels majors reptes en electrocardiografia.

L’interval QT és variable en funcié de multiples factors com per exemple: génere, edat, freqiién-
cia cardiaca, ritme circadia  , alteracions analitiques, farmacs, etc. Un dels parametres més
importants és la freqliencia cardiaca. La durada de ’interval QT es relaciona inversament amb
la freqiiéncia cardiaca i, per tant, cal una correccid en funcié d’aquesta que permeti una mesura
estandard, aquest és el concepte del QT corregit (QTc). Des de fa décades s’han dissenyat algo-
ritmes que permetin una adequada mesura. Des d’un punt de vista técnic la principal dificultat
rau en la identificacio del final de ’ona T i ajustar I’interval QT en funci6 de la durada del QRS
1 la freqiiéncia cardiaca. Es considera que valors >450 ms en homes, o valors >460 ms en dones,
constitueixen un QT perllongat, 1 valors <390 ms un QT escurcat . A més la presencia d’una ona
U pot complicar encara més la mesura. L’ona U €s una ona de baix voltatge que es troba després
de I’ona T 1 la seva visibilitat depen, entre altres coses, de la freqiiéncia cardiaca (s’observa amb
més probabilitat amb freqliencies cardiaques baixes o moderades), pero és absent en el 50-75%
dels casos. En I’actualitat, el seu origen és motiu de debat i es considera normal sempre que
sigui de menor voltatge 1 tingui la mateixa direccid (polaritat) que I’ona T. En cas contrari, una

ona U prominent o invertida pot associar-se a diverses patologies

La variabilitat en la mesura de I’interval QT en les diferents derivacions era un fet destacable a
I’era analogica quan es realitzava manualment. Es podien detectar diferéncies en les diferents
derivacions de fins a 50 ms en persones sanes 1 per aix0 es recomanava prendre com a mesura la
derivacio amb el QT més llarg (normalment derivacions Il o V5). Actualment de forma habitual
s’utilitzen sistemes digitals automatics que mesuren totes les derivacions de forma simultania i
s’obtenen resultats més acurats. Per posar de manifest les dificultats per efectuar correctament la
mesura, Viskin et al. van realitzar un estudi amb 877 metges d’arreu del moén 1 els van demanar
si podien calcular I’interval QT en 4 ECG forga senzills (amb ones T de suficient amplitud i

en ritme sinusal) i classificar-los com a normals o com a QT perllongat. Les seves respostes es
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varen comparar amb el Gold Standard (25 experts en QT a escala mundial) 1 els resultats van
concloure que menys del 25% de metges van classificar correctament els ECG .Per explicar
aquests resultats existeixen alguns factors a tenir en compte: la definicio del final de ’ona T (difi-
cil en presencia d’una ona U), la correccio per la freqiiencia cardiaca, la prolongacio del QRS, la

preséncia d’arritmies i I’oscil-lacié en els valors de referéncia habituals.

En primer lloc, per definir de forma acurada el final de ’ona T, Postema et al.  varen realitzar
un estudi que pretenia ser una guia senzilla utilitzant el metode de la tangent, que ja havia estat
defensat per Lepeschkin i Surawicz el 1952 i1 van dibuixar una tangent a I’extrem amb més
pendent de la corba del final de I’ona T. La interseccié d’aquesta tangent amb la linia de base
defineix el final de I’ona T. En presencia d’una ona Us’utilitza la TU nadir (és a dir, el punt entre
I’ona T 1 U que és més proper a la linia de base) i sembla donar lloc a intervals QT una mica
més llargs. Altres metodes com el de Threshold s’han mostrat també efectius 1 s’han comparat

amb el metode tangencial.

En el metode Threshold, el final de I’ona T es considera en el punt on la part descendent de
I’ona T coincideix amb la linia base isoeléctrica. Un estudi recent de cohorts retrospectiu amb
1484 pacients va comparar els dos metodes entre si 1 va concloure que els dos metodes tenien
una alta correlacio (coeficient de correlacio intraclasse > 0,96) 1 una alta precisio diagnostica
(area sota la corba > 0,84). Ambdos métodes eren similars en especificitat, perd van tenir una
sensibilitat diferent: valors de tall de I’interval QTc pel métode tangencial eren més baixos en
comparacio amb el metode Threshold 1 diferents segons la correccid de la freqiiencia cardiaca,
I’edat i el sexe. Aquests resultats van concordar amb estudis previs similars. En canvi, en pre-
séncia d’ones U prominents un estudi va trobar I’interval QT calculat pel métode tangencial més

llarg que el métode Threshold
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FIGURA 5 Il-lustracio del métode de la tangent i el metode Threshold pel calcul del QT

Tangent method Threshold method

Postema, P. G., & Wilde, A. A. (2014). Current cardiology reviews, 10(3), 287-294.

En segon lloc, ’interval QT s’ha de corregir per la freqiiéncia cardiaca, per generar 1’interval
QTc, 1 aixi permetre una comparacié amb la mesura estandard. Una vegada corregit, el QTc és
igual a I’interval QT per a una freqiiencia de 60 b.p.m. Per establir aquesta correccio, la primera
formula proposada va ser el 1891 per A. D. Waller, qui calcula la sistole mecanica ventricular
mitjancant la férmula K x (on K és una constant = 0,343) 1 posteriorment aquesta equacid va
ser modificada per Bazett per adaptar-ho a la sistole electrica ventricular per I’interval QT. Anys
després, Taran i Szilagyi van donar origen a la férmula de Bazett modificada que perdura fins a
I’actualitat. Existeixen nombrosos meétodes lineals i exponencials per realitzar el calcul del QTc.

90
TAULA 8 Formules per al calcul de I’interval QTc

BAZETT modificada QTc=QT /VRR

FRIDERICIA QTc = QT / YRR

FRAMINGHAM QTc = QT + 0.154 (1 - RR)

HODGES QTc = QT + 1.75 (Fc - 60)

SCHLAMOWITZ QTc=QT 4 0.205 x (1 — RR)

RAUTAHARJU QTc = QT x (120 + Fc)/180

DMITRENKO QTc = QT/RR%413

ASHMAN QTc=QT/log,,(10 X (RR + 0.07)) x log,,(10.7)
SARMA QTc = QT — 0.04462 + 0.664 X e27*RR

RABKIN QTc = [QT"(60,0,50.3) + 1000 x QT — QT"(Fc, sexe, edat)]/1000
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Els principals metodes lineals son els de Hodges 1 el de Framingham 1 els principals metodes expo-
nencials els de Bazett i Fridericia. La férmula de Bazett ha estat tradicionalment la més utilitzada.
Un estudi recent va analitzar la variabilitat intrasubjecte dels diferents models . Com que la vari-
abilitat esta relacionada amb la correcci6 de la freqiiencia cardiaca, es van aplicar 10 correccions
diferents (Bazett, Fridericia, Dmitrienko, Framingham, Schlamowitz, Hodges, Ashman, Rautaharju,
Sarma i Rabkin) a 452.440 mesures d’ECG realitzades en 539 voluntaris sans. (259 dones, edat
mitjana 33,3+ 8,4 anys). Per a cada formula es va investigar la variabilitat a curt 1 a llarg termini
dels valors de QTc i els resultats van demostrar que tant a curt com a llarg termini, la férmula de
Bazett presentava més variabilitat en els valors de QTc respecte les altres formules (p<0,00001).
En canvi, en substituir Bazett per Fridericia o Framingham, el monitoratge del QTc millorava de
forma significativa. Aquestes conclusions han estat confirmades en altres estudis 1 també en
pacients amb cancer o en atletes . Els estudis animals en el camp de la IC, tamb¢ van confirmar

la formula de Fridericia més fiable que la de Bazett

En tercer lloc, les alteracions de I’interval QRS poden dificultar la mesura del QT . Toti que
les formules tradicionals poden utilitzar-se, els estudis que han fet comparacions han demostrat
que formules més especifiques com la de Rautaharju o Bogossian realitzen una millor correccio
de la freqliéncia cardiaca i una millora significativa en la prediccié de mortalitat en comparacid

a la resta de formules (p<0,001) .

En quart lloc, I’interval QT ha de ser mesurat preferiblement en ritme sinusal estable. La pre-
séncia d’arritmies com 1’arritmia sinusal, especialment en nens petits, poden alterar la mesura
del QT 1, en conseqiiéncia, augmenta la probabilitat d’un diagnostic erroni de QTc perllongat.
El mateix succeeix en fibril-laci6 auricular, en la qual les fluctuacions de I’interval RR podrien
desembocar en valors de QTc prolongats. Per tant, els valors QTc derivats d’ECG amb arritmies

s’han d’interpretar amb precaucio.

En cinque lloc, els valors de referéncia oscil-len i canvien segons el sexe. Els estudis de po-
blacio disponibles conclouen que els valors normals de referéncia de QTc per als homes estan
entre 350 1 450 ms i per a les dones entre 360 1 460 ms . EI 90% dels pacients amb sindrome
de QT llarg (SQTL) estan per sobre d’aquests valors. Tanmateix, existeix un 10% de poblacio
asimptomatica per sobre d’aquests valors que s’hauria de considerar altament susceptible de ser

diagnosticada de SQTL en cas de presentar episodis sincopals o historia familiar de mort sobtada.
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Per altra banda, el diagnostic de SQTL és molt improbable en homes amb valors QTc <390 ms
o en dones amb valors de QTc <400 ms. Com que la majoria de poblacio esta situada entre 400-
450 ms 1 la ratio entre SQTL i poblaci6 sana és 1 de cada 500, la majoria d’individus d’aquesta
franja no estaran afectats. No obstant aixo, si existeix clinica compatible (episodis sincopals) el
diagnostic en aquesta franja encara és possible mitjancant criteris electrocardiografics (ones T
dentades que difereixen en els diferents genotips de SQTL , arritmies com Torsades de Pointes),
historia familiar de morts sobtades o estudis genétics (tot 1 que les mutacions no es troben en
tots els pacients). Segons el valor de QTc i el sexe s’han desenvolupat models de risc 1 en aquest
sentit valors de QTc de més de 500 ms augmenten el risc d’arritmies de forma important

Per a la sindrome de QT curt (SQTC) el valor de tall seria de 330 ms o bé de 360 ms en cas de

presentar clinica o historia familiar compatible.

Existeixen dues limitacions importants en els estudis publicats: d’una banda, la determinacio6 de
I’interval QT es va realitzar electronicament amb algoritmes informatics que sovint tendeixen a
sobreestimar I’interval QT . D’altra banda, la manca d’analisis genétiques impedeix excloure la
possibilitat que alguns dels valors de 1’espectre QTc puguin ser pacients asimptomatics amb SQTL
0 SQTC en lloc d’individus normals com apunten Kobza et al . Per tant, és possible que I’interval

QT veritablement normal sigui una mica més estret del que suggereixen els estudis poblacionals.

FIGURA 6 Proposta d’escala per definir I’espectre d’intervals QT

ESCALA QT
HOMES DONES
QT molt perllongat
Diagnostic de SQTL fins 1 tot en assimptomatics. Excloure causes 2aries
470 480
QT perllongat
Diagnostic de SQTL quan presenta simptomes, H* familiar o proves
complementaries
= 450 460
a QT possiblement perllongat 'g
o & Proves complementaries si estan indicades: repetir ECG, Holter, ona T amb o &
8 é morfologia compatible = 9
o 390 400 9=
g B
QT normal
360 370
QT escurcat

Diagnostic de SQTC quan es presenten simptomes, H* familiar o proves
complementaries: repetir ECG, Holter, ona T amb morfologia compatible o estudis
electrofisiologics

330 340

QT molt escurcat
Diagnostic de SQTC fins 1 tot en assimptomatics. Excloure causes 2aries

Adaptat de Viskin et al . Heart rhythm 2009, 6(5), 711-715.
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10. Alteracions electrocardiografiques en ICA

L’estudi OFRECE  realitzat a escala estatal amb 8.343 participants de més de 40 anys asimp-
tomatics va evidenciar que només un 51,2% dels individus inclosos presentava un ECG ri-
gorosament normal. Les anomalies més freqiients van ser les alteracions inespecifiques de la
repolaritzacié (16%) associades amb malaltia coronaria i fibril-laci6 auricular; el blocatge de
branca dreta (8,1%) associat amb malaltia pulmonar obstructiva cronica; ’hemiblocatge ante-
rosuperior esquerre (6,5%) relacionat amb la hipertensi6 i la insuficiéncia cardiaca 1 I’interval

PR llarg (3,7%) que es van associar amb malaltia coronaria.

En el cas dels pacients amb IC és esperable que durant el primer any del diagndstic un 20% dels
pacients presenti un allargament en la durada del QRS  pel que possiblement les alteracions
de la conducci6 son un fenomen freqiient en aquests pacients. Les taquiarritmies 1 especialment
la fibril-laci6 auricular sén un factor precipitant ben documentat en el cas de I’'ICA i amb una
associacio clara, encara que amb resultats diferents quant al seu valor prondstic . En canvi,
I’associacid entre ICA 1 altres trastorns de la conduccid com els blocatges de branca o 1’allarga-
ment de I’interval QT ha estat menys explorada com reflecteix la cerca a PUBMED realitzada

en data 28 d’Octubre de 2022.

FIGURA 7 Cerca a PUBMED
3000 2867

2500

2000
1500
1000

500 446
170

50
0 - _—

AHF and atrial fibrillation AHF and bundle branch  AHF and QT interval AHF and wide QRS
block



34

Per tant, és necessari realitzar una revisid de I’estat actual dels trastorns de la conduccio en la
poblacio general i en els pacients amb ICA per plantejar noves linies de treball que puguin re-

percutir de forma positiva en els pacients.

10.1 Prolongacio de ’'interval QRS

La prolongaci6 de I’interval QRS ¢és ’alteracio que esta present de forma més freqiient en els
ECG de la poblacio sana de més de 40 anys a escala estatal, segons I’estudi OFRECE . Aquest
grup compren els blocatges, els hemiblocatges 1 les alteracions inespecifiques de la despolarit-
zaci6. Els blocatges 1 hemiblocatges estaven presents en el 17,5% dels individus i, a excepcio
del BBE, eren més habituals en homes. El trastorn inespecific de la conduccio intraventricular,
al qual normalment no es dona massa rellevancia, va presentar una prevalenga del 2,7% 1 es
va relacionar amb un major risc cardiovascular: els seus predictors independents van ser la
hipertensi6 arterial, la FA i la IC. Els pocs estudis que han analitzat la prolongacio del QRS en
pacients amb ICA generalment han reportat un pitjor prondstic i un augment de la mortalitat tot
1 que s’ha de tenir en compte una gran heterogeneitat en els estudis . Habitualment s’ha
considerat un valor superior a 120 ms per considerar un interval QRS perllongat encara que
alguns estudis han realitzat també¢ analisis en QRS>100 ms . A més la prolongacié del QRS
ha estat tractada com a variable continua en alguns estudis i com a variable dicotomica en
d’altres . Hi ha estudis que només inclouen pacients amb FEVE reduida . Un estudi va
reportar un pitjor pronostic en els pacients amb FEVE reduida pero no aixi en els pacients amb

FEVE preservada . La tipologia de pacients també difereix entre els estudis. Hi ha estudis que

inclouen pacients dels serveis d‘urgencies , pacients hospitalitzats o ambulatoris
Alguns d’ells son estudis post-hoc 1 tenen poc periode de seguiment mentre que d’altres
reporten resultats de mortalitat anual o seguiment a més llarg termini

10.2 Blocatge de branca dreta

El BBD té una prevalenga estatal del 8,1% en la poblacié de més de 40 anys segons I’estudi
OFRECE 1s’associa de forma independent a 1’edat, el sexe masculi 1 la patologia pulmonar. La
prevalenca de BBD augmenta amb 1’edat (en poblacions sanes de menys de 50 anys és inferior a
1’1%, 1 arriba fins a 1’11,3% en individus de més de 80 anys), amb un pic d’incidéncia entre els
60 1 els 70 anys. Globalment, el percentatge se situa entre el 2-3% 1 és major en esportistes
(9% en el cas de BBD incomplet i 2-3% en el cas de BBD complet ).
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En els individus asimptomatics la preséncia de BBD sense evidencia de patologia cardiovascular
coneguda ¢és font de controversia. Una revisio COCHRANE publicada el 2017  va identificar 29
publicacions al respecte: 18 reportaven resultats de mortalitat (tant cardiovascular com d’altres
causes) 1 16 de morbiditat. Tot 1 que existia una heterogeneitat important entre els estudis en 8
articles es va observar un augment de risc de mortalitat i en 11 d’esdeveniments cardiovasculars.
Per tant, probablement la presencia de BBD en pacients sans no ¢€s irrellevant i es necessiten més
estudis que analitzin el seguiment a realitzar en aquests pacients. La preséncia de BBD s’associa
a factors de risc cardiovascular (FRCV) com la hipertensio arterial , diabetis mellitus 1 multi-
ples malalties cardiaques com cor pulmonale, miocarditis, isquémia miocardica, tromboembolis-
me pulmonar 1 malalties congenites . Es tracta d’un predictor de mortalitat quan coexisteix amb
una malaltia cardiovascular i és un factor de mal pronostic quan apareix en les hores o dies poste-
riors a un infart agut de miocardi (IAM) . Pel que fa als pacients amb ICA, els estudis observa-
cionals han reportat una prevalenca que se situa entre el 5,4-14% . Alguns estudis han es-
tablert una associaci6 entre BBD 1 mortalitat en ICA encara que no ha estat confirmada
en altres . Una revisio sistematica amb metaanalisi de 2015 va reportar un increment de mor-
talitat en IC aguda i cronica  tot i que els estudis inclosos eren escassos, heterogenis 1 incloien
pacients d’urgencies , unitats de cures intensives , malalts hospitalitzats

o pacients ambulatoris

10.3 Blocatge de branca esquerra

El BBE té una prevalenga estatal del 1,6% en la poblacié de més de 40 anys segons 1’estudi
OFRECE 15s’associa de forma independent amb I’edat, la hipercolesterolémia 1 I’existéncia
d’antecedents d’IC o fibril-laci6 auricular. Tot i que algun estudi no ha revelat una associacio
entre BBE 1 malaltia cardiovascular , altres estudis han reportat un risc elevat de mort cardio-
vascular (50% als 10 anys posteriors a I’inici) entre les persones amb BBE o de mort sobtada
(augment de 10 vegades la incidéncia) . Estudis més recents han destacat el BBE com a pre-
dictor independent de mortalitat per insuficiéncia cardiaca (3,08 vegades més risc) i infart de

miocardi (2,90 vegades més risc), especialment entre persones de més de 50 anys

Pel que fa als pacients amb ICA, els estudis observacionals han reportat una prevalenga de BBE
que se situa entre 5-25% dels pacients pero, la seva associacié amb la mortalitat
¢s controvertida: alguns estudis han suggerit que s’associa a una mortalitat més alta

, mentre que d’altres no han pogut demostrar aquesta relacio . Alguns d’aquests
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resultats, pero, provenen de pacients ambulatoris , dels serveis d’urgéncies , pacients hospi-
talitzats , Ingressats a unitats de cures intensives , estudis que inclouen pacients
amb BBD i BBE junts o estudis en paisos en desenvolupament . Tots aquests factors podri-
en contribuir a un biaix de seleccio. A més, al voltant d’una quarta part dels episodis d’ICA es
gestionen als serveis d’urgencies sense hospitalitzacid , pel que serien necessaris més estudis

per extreure conclusions més fiables.

10.4 Prolongacio6 de ’interval QT

La sindrome de QT llarg (SQTL) es caracteritza per un interval QT perllongat i I’existéncia d’ar-
ritmies ventriculars provocades principalment per una activacié adrenérgica. L’edat mitjana de
presentacio és de 14 anys i la taxa anual de mort sobtada en pacients amb SQTL asimptomatics
¢s inferior a 0,5% mentre que arriba al 5% en cas de pacients amb antecedents sincopals . Una
subanalisi de I’estudi OFRECE va estudiar la prevalenca de patrons electrocardiografics amb
risc de mort sobtada (sindrome de Brugada, QT llarg o QT curt) i va concloure que el 0,6-1,1%
de la poblaci6 espanyola d’edat > 40 anys presenta un d’aquests patrons . La SQTL pot ser de

causa adquirida (molt més freqiient) o bé de causa congenita.

SQTL adquirida: La prevalenga exacta de la SQTL adquirida és desconeguda i pot aparcixer a
qualsevol edat, essent més freqiient en pacients d’edat avangada 1 polifarmacia. Alguns factors
de risc relacionats amb la prolongacio de I’interval QT son 1’edat, el génere femeni, la hipopo-
tassemia, la hipocalceémia, farmacs que perllonguen el QT i I’Gs de diiirétics de nansa .La
causa adquirida més freqiient d’un interval QTc prolongat €s 1’s de farmacs que interfereixen
amb els corrents ionics repolaritzants (sobretot IKr), especialment en individus predisposats
(dones amb hipertrofia ventricular hipertensiva o polimorfismes genétics), seguit de les altera-

cions electrolitiques.
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TAULA 9 Etiologia de la SQTL adquirida

Antiarritmics: Classe la (Quinidina, Procainamida, Disospiramida)
i Classe III (Sotalol, Amiodarona, Ibutilida)

Psiquiatrics: Haloperidol, Fenotiazines, ADT

Diiirétics de nansa

Antibiotics: Quinolones,Macrolids,Antihistaminics, Ketoconazol,
Itraconazol, Posaconazol, Tacrolimus

FARMACS

ALT. ELECTROLITIQUES Hipocalcémia, Hipopotassémia, Hipomagnessémia

Cocaina, organofosforats

Malaltia del node sinusal, BAV de 3er grau, Hipotiroidisme, Hipotérmia

ALTRES Infart de Miocardi, Accident Vascular Cerebral, SCA, VIH...

Llistat complet disponible a htttp://www.qtdrugs.org

SQTL congénita: Es menys freqiient que la causa adquirida (prevalenga 1:2500) i segons els ca-
nals i0nics afectats per les mutacions genétiques se’n poden distingir 3 tipus principals: SQTLI,
SQTL2 1 SQTLS3. Els gens que hi estan relacionats son KCNQ1, KCNH2 i SCN5A respectiva-
ment i cada subgrup presenta diferéncies en el mecanisme desencadenant de 1’episodi o “trig-
ger”: exercici (SQTL1), estrés emocional (SQTL2) i son o febre (SQTL3). El cribratge genetic
identifica la mutacio en el 75% dels casos de SQTL i els tres gens principals representen el 90%

dels casos genotipats positivament.

TAULA 10 Caracteristiques dels principals subtipus de SQTL congénit

Subtipus Mutacio Trigger Penetrancia

Hipofuncio
canal IKs

exercici 68%, emocions 14%,
son o descans 9%, altres 19%

ECG
Hipofuncio exercici 29%, emocions 49%, o
SO canal IKr J¥/\_/V\ son o descans 22% 75%

SQTLI1 62%

Hiperfuncio
canal Na™

exercici 4%, emocions 12%,

SIEANLY son o descans 64%, altres 20%

90%

Adaptat de Medeiros-Domingo, A. et al. Rev Esp Cardiol 2007, 60(7), 739-752.

e . 136 L
Els criteris diagnostics de la guia europea ESC-2022  consisteixen en presentar un

QTc >480 ms o bé una puntuacid de risc en I’escala de SQTL>3. En presencia de sincope, un
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QTc >460 ms ¢€s suficient per realitzar el diagnostic de SQTL. En cas de QRS aberrants o ritmes

de marcapassos es recomana aplicar la formula de Rautaharju. Els canvis posturals de decubit a
.. , .. 139 . .

posici6 ortostatica també poden ser d’utilitat en el diagnostic . En canvi, els tests d’epinefrina

C . vy or., 140
no es recomanen de forma rutinaria en 1’actualitat per la seva escassa reproductibilitat .

TAULA 11 Diagnostic de SQTL (ESC 2022)

TROBALLES PUNTUACIO
> 480 ms 3,5
=460-479 ms 2
QTe = 450-459 ms 1
> 480 ms durant el 4rt minut de recuperacid
de la prova d’esforg¢ en exercici 1
Torsada de Pointes 2
Alternanga d’Ones T 1
Ones T empastades en 3 derivacions 1
Fc baixa per I’edat 0,5
Amb estres 2
H* Clinica Sincope
Sense estres 2
Familiars amb SQTL confirmat 1
H* Familiar .
Mort sobtada en <30 anys en familiars de ler grau 0,5
Estudi Genetic ~ Mutacio patogénica 3,5

Diagnostic de SQTL amb una puntuacié > 3

La relacio entre les alteracions de I’interval QT (prolongaci6 o reduccio) i les arritmies ven-
triculars malignes en poblacid general 1 en pacients amb factors de risc cardiovascular és un
tema que esta ben documentatm_m. Un exemple concret n’és la Torsada de Pointes (TdP), una
arritmia que s’associa a la prolongacio6 de I’interval QTMS. Es tracta d’una taquicardia ventri-
cular polimorfica que pot ser potencialment mortal a causa de la seva tendéncia a degenerar en

fibril-lacio ventricular.
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FIGURA 8 ECG d’una Torsada de Pointes

Extret de Kahlon, S. S. et al. Cureus 2022. 14(8), e27833.

Pel que fa als pacients amb IC, hi ha menys treballs publicats al respecte. En pacients amb IC
cronica Vrtovec et al.  van reportar un augment de la superviveéncia 3 vegades més gran en
el grup control respecte als pacients amb QT>440 ms. A 1’analisi multivariant, un interval QT
perllongat va ser un predictor independent de mortalitat per qualsevol causa (HR 7,83; IC 95%
3,71-16,53; p=0.0001) i mort sobtada (p=0.004). En canvi, Brooksby et al. =~ van reportar re-

sultats significatius en 1’analisi univariant perd no aixi en I’analisi multivariant.

En el cas de pacients amb ICA, els pocs estudis observacionals que han analitzat el pronostic
de I’interval QTc en pacients amb ICA han obtingut resultats diversos: en 1’estudi del registre
corea (KorAHF) amb 4900 pacients i una mitjana de seguiment de 43 mesos, I’interval QTc va
ser un predictor independent de mortalitat global en homes, pero la seva importancia va dismi-
nuir en les dones. Malgrat tot, en ambdoés sexes hi havia una associacié entre I’interval QTc i la
mortalitat en forma de “J” . Aquests resultats estan en consonancia amb altres estudis, en els
quals I’interval QTc era un predictor independent de mortalitat intrahospitalaria i a llarg termi-
ni . En canvi, altres registres europeus, com el de BASEL, que va analitzar la variable QTc de
forma binaria en 173 pacients no va obtenir resultats estadisticament significatius en 24 mesos
de seguiment . De la mateixa manera, el registre de la republica txeca AHEAD, va reportar
un augment de risc de mortalitat intrahospitalaria en els pacients amb QTc>475 ms del 48% en
I’analisi multivariable (OR 1,483; IC 95% 1,02-2,2; p=0,041) pero no va assolir resultats sig-
nificatius en la mortalitat a llarg termini . La variabilitat o dispersié de la mesura de I’interval
QT també ha estat analitzada en alguns estudis i s’ha relacionat amb un augment de la mortalitat
intrahospitalaria , a curt termini , 1 a llarg termini especialment en els pacients amb etiologia
isquémica . Es important destacar que la majoria dels estudis han analitzat la mortalitat a llarg

termini, perd pocs estudis han estudiat la relacié entre el QTc i la mortalitat a curt termini.
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10.5 Escurcament de ’interval QT

SQTC congenit: La sindrome de QT escurgat va ser proposada com a entitat I’any 2000 per Gusaak
etal. com una entitat cardiologica congenita infreqiient que relacionava sincope, fibril-laci6 auri-
cular 1 parada cardiaca en un cor estructuralment normal. Posteriorment, Brugada et al. van descriure
les alteracions genetiques associades : es tracta d’una canalopatia associada a mutacions dels gens
reguladors dels corrents de potassi KCNH2, KCNQI i perdua de la funcié de la proteina SLC4A
(transportadora de bicarbonat a través de la membrana plasmatica per regular el pH intracel-lular)
d’heréncia autosomica dominant que condiciona una repolaritzacid accelerada amb una alta incidén-
cia de mort sobtada en totes les edats . El diagnostic segons la guia europea ESC-2021 es basa en
un interval QTc <320 ms de forma aillada, o bé un interval QTc <360 ms combinat amb antecedents
familiars de SQTC o episodis sincopals . L’ECG es caracteritza per ones T altes en qualsevol deri-

vacio, picudes i de base estreta tipiques d’hiperpotassémia que s’associen amb freqiiencia SQTC.

FIGURA 9 ECG tipic de SQTC
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En els estudis realitzats en poblacio general sana la prevalenca d’interval QT escurgat varia se-
gons el llindar utilitzat i la poblaci6 estudiada. Si prenem com a tall un interval QT <320 ms la
prevalenga va ser de 0,02% en la cohort Suissa i de 0,1% en la cohort Finesa . En la cohort
americana KPNC  (Kaiser Permanente of Northern California) només el 0,003% d’individus
presentava un QT<300ms 1 es va reportar un augment de risc de mortalitat de 2,6 vegades en
I’analisi multivariant a diferéncia de la cohort britanica on la prevalenca oscil-lava entre 0,1-
15,8% segons el llindar utilitzat per definir I’interval QT 1 sense comportar un augment de la mor-
talitat en els individus amb QT<320 ms . En la cohort japonesa només 3 persones van presentar

un QT<300 ms (0,03%) i cap va presentar simptomes . La reducci6 de I’interval QT va ser més



41

habitual en el genere masculi 1 la raga negra en les diferents cohorts . En els pacients
amb ICA, només Park et al.  van estudiar la variable QT com una variable continua reportant
una associacié en “J” en ambdos sexes entre ’interval QTc i la mortalitat, encara que només la

prolongaci6 de I’interval QT es va considerar un predictor de mortalitat en homes a llarg termini.
11. Terapia de Resincronitzacio Cardiaca

A pesar dels avencos en el tractament farmacologic dels pacients amb IC amb FEVE reduida,
molts pacients progressen a una fase d’IC avangada caracteritzada per simptomes persistents que
limiten la vida diaria de 1’individu (CF III-IV de la NYHA), cosa que condiciona una elevada
mortalitat i risc de mort sobtada . D’altra banda, el 30% dels pacients amb IC presenta altera-
cions de la conduccid intraventricular , fet que condiciona una asincronia en la contractilitat
normal del ventricle. L’asincronia cardiaca €s una difereéncia en el temps entre I’'impuls eléctric 1
I’activacio mecanica dels ventricles, que pot resultar en un deteriorament de la funcio6 ventricular
i una disminuci6 del cabal cardiac. La TRC aconsegueix una major sincronia en la contracti-
litat ventricular 1 millora els parametres hemodinamics, la qualitat de vida, el test de la marxa
dels 6 minuts 1 la classe funcional dels pacients . Des del 2005 les guies de practica clinica,
tant europees com americanes accepten la terapia de resincronitzacio cardiaca (TRC) com una
indicaci6 pel tractament de pacients amb IC refractaria en classe funcional III-IV de la NYHA
de qualsevol etiologia amb disfuncid ventricular esquerra (FEVE<35%) 1 signes d’asincronia
detectats com una prolongaci6 del complex QRS (Classe IA QRS>150 ms, Classe IIA QRS
130-149 ms) per millorar la simptomatologia dels pacients 1 reduir la morbimortalitat .La
majoria dels estudis fets fins al moment havien comparat TRC vs. terapia medica optimitzada en
classe funcional III-IV amb reduccid de la morbimortalitat, perd recentment s’han realitzat
estudis comparant la implantacio de TRC-D vs. terapia medica optimitzada en classe funcional
I reportant beneficis . Existeix menys evidéncia en classe funcional | . La majoria dels
estudis en que es basen aquestes indicacions son en pacients amb ritme sinusal (aproximadament
el 60% de pacients amb FEVE reduida) 1 s’han dut a terme en pacients amb una FEVE <35%,
pero alguns estudis com MADIT-CRT i RAFT s’han realitzat amb FEVE< 30% 1 d’altres
com el REVERSE amb FEVE <40% . Pocs estudis s’han dut a terme en pacients amb FEVE
entre 35-40%, pero no sembla haver-hi cap efecte negatiu en aquest subgrup - En els pacients
amb fibril-lacio auricular esta recomanada 1’ablacid per la restauraci6é del ritme sinusal — per

revertir la disfuncid ventricular esquerra. En la majoria dels pacients en fibril-lacié auricular amb
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conduccid A-V intacta, només s’aconsegueix una estimulacié biventricular adequada mitjangant
I’ablacié de la unio A-V. En cas contrari, el benefici de la realitzacio de TRC disminueix de

) 174
forma considerable

TAULA 12 Criteris per definir Insuficiéncia Cardiaca avangada’

Tots els criteris segiients han de ser presents malgrat tractament meédic optimitzat:

2. Simptomes greus i persistents d’insuficiéncia cardiaca avangada (NYHA Il o 1V)

2. Disfunci6 severa definida per un dels segiients criteris:
* FEVE<30%
¢ Fallida ventricular dreta aillada
 Disfuncions valvulars greus no operables
» Patologies congénites greus no operables
* Elevaci6 persistent de BNP o NT-proBNP i disfuncié diastolica greu de ventricle esquerre
o anomalia estructural

3. Episodis de congestio pulmonar o sistémica que requereixin elevades dosis de diiirétic endovends
o episodis de disminucid del cabal cardiac que requereixin drogues vasoactives o inotropiques o
arritmies malignes causants d’hospitalitzacio en el darrer any

4. Deteriorament greu de la capacitat d’esfor¢ amb incapacitat per fer exercici o pVO2 baix <12 0 <50%
del valor previst estimat com a origen cardiac

TAULA 13 Recomanacions per TRC en pacients en ritme sinusal’’

Recomanacions Classe Nivell

Es recomana TRC en pacients amb IC simptomatica, amb FEVE<35%
1 QRS>150 ms a pesar d’un tractament medic optimitzat per millorar 1 A
els simptomes i reduir la morbimortalitat

S’hauria de considerar TRC en pacients amb IC simptomatica, amb
FEVE<35% i QRS 130-149 ms a pesar de tractament medic optimitzat Ila B
per millorar els simptomes i reduir la morbimortalitat

S’hauria de considerar TRC en pacients amb IC simptomatica amb
FEVE<35% i QRS>150 ms a pesar d’un tractament meédic optimitzat Ila B
per millorar els simptomes i reduir la morbimortalitat

Pot ser considerada la TRC en pacients amb IC simptomatica, amb
FEVE<35% i QRS 130-149 ms a pesar d’un tractament meédic optimitzat 1Ib B
per millorar els simptomes i reduir la morbimortalitat

No esta indicada la TRC en pacients amb IC amb QRS<130 ms si no hi ha

o, . . ., . 111 A
indicacio de resincronitzacio del ventricle dret

No tots els pacients responen favorablement a la CRT. Algunes caracteristiques poden predir la

reduccio del volum ventricular (remodelacid inversa) i millorar la morbimortalitat. L’amplada
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del QRS ¢és la caracteristica que millor prediu aquesta resposta, pero hi ha estudis que també
han reportat una resposta més favorable en els pacients que presenten morfologia de BBE
mentre que existeix menys certesa en els pacients amb una altra morfologia. Una metaanalisi
realitzada amb els assajos COMPANION, CARE-HF, MADIT-CRT 1 RAFT amb 3349 pacients
va observar una reducci6 del risc de mortalitat o hospitalitzacio cardiovascular del 36% en els
pacients amb morfologia de BBE (RR 0,64, IC 95% 0,52-0,77; p <0,00001), perd no hi va be-
nefici en les altres morfologies . En canvi, en una altra metaanalisi que va incloure els estudis
MIRACLE, MIRACLE ICD, CARE-HF, REVERSE i RAFT excloent els estudis COMPANI-
ON 1 MADI-CRT, la morfologia de BBE no va ser predictora de mortalitat, pero si que ho va
ser ’amplada del QRS . En una metaanalisi incloent els estudis aleatoritzats: COMPANION,
CARE-HF, MADIT-CRT, RAFT, MIRACLE i REVERSE amb 6523 participants (1766 amb
LBBB QRS morfologia), la TRC no es va associar a reducci6 de mort i/o hospitalitzacio per IC
en pacients sense morfologia de BBE (HR 0,99; 1C 95% 0,82 - 1,2)

Pel que fa als pacients amb BBD existeixen pocs assajos aleatoritzats, sense un benefici evident
de laTRC . No obstant aix0, la resincronitzaci6 del feix de His en pacients amb BBD ola
TRC en subgrups de pacients amb BBD atipic han obtingut resultats positius en alguns
estudis. Les analisis post-hoc dels estudis COMPANION i MADI-CRT també van sug-
gerir un benefici de la TRC en pacients amb PR perllongat en els pacients sense morfologia
de BBE. També¢ s’ha de considerar que, els pacients amb FEVE<35% d’etiologia isquémica
amb grans arees de cicatrius que poden predisposar a arritmies ventriculars i mort sobtada, la
implantacié conjunta de la TRC amb un desfibril-lador automatic implantable (TRC-D) pot

ser beneficiosa

En I’ambit europeu, segons les estimacions vigents, 400 pacients per milio sén candidats a
TRC . Les dades es basen en una prevalenca estimada del 35% per als pacients amb FEVE <
35% en una mostra representativa de la poblacié amb IC, de la qual s’estima que el 41% dels
pacients t€ un QRS > 120 ms. Si es pren com a referéncia un QRS > 130 ms, aquestes estima-
cions es redueixen modestament . La taxa mitjana a escala europea segons ’EHRA indica que
la implantacid entre 2010 1 2013 va oscil-lar entre 106-123 per milions d’habitants i dades més
recents de 2018 van reportar una taxa de 56 implants de TRC-P i 119 de TRC-D per mili6 d’ha-
bitants. Per tant, a pesar de ser una de les terapies més efectives per a la IC amb FEVE reduida,

fins a dos tergos dels pacients elegibles no son derivats a TRC i les causes que porten a aquesta
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situacid no han estat investigades ampliament. A més, hi ha una heterogeneitat considerable entre
els diferents paisos europeus en 1’s de TRC: Italia presenta les taxes d’implantacio més altes
(seguida de Dinamarca i la Republica Txeca) i Ucraina la més baixalxs. També és controvertit
el moment precis de la realitzacié de TRC encara que un cop es compleixen els criteris, s’ha
suggerit que la implementaci6 sigui com més aviat millor, especialment en els pacients amb

. . ... 186
BBE, ja que, poden respondre pitjor al tractament medic

FIGURA 10 Implantacié de TRC per mili6 d’habitants (2013).
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FIGURA 11 Implantacié de TRC-P i TRC-D per milio d’habitants en I’ambit europeu.
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Hipotesi

La presencia d’alteracions electrocardiografiques diferents de la fibril-laci6 auricular és un fe-

nomen freqiient en els malalts amb ICA 1 pot condicionar el seu pronostic.

Objectiu general

Estudiar la prevalenca de les alteracions electrocardiografiques diferents de la fibril-lacié au-

ricular en els pacients amb ICA, els factors de risc associats, 1 el seu impacte en el pronostic.

Objectius especifics

1. Estimar la prevalenca de BBD en pacients amb ICA del registre RICA.

2. Determinar si la preséncia de BBD en pacients amb ICA del registre RICA t¢ influéncia en
el pronostic.

3. Estimar la prevalenca de BBE en pacients amb ICA de 3 registres independents (registres
RICA, EAHFE i BASEL-V).

4. Determinar si la presencia de BBE en pacients amb ICA de 3 registres independents (registres
RICA, EAHFE i BASEL-V) t¢ influéncia en el pronostic.

5. Estimar la prevalenca global de blocatges de branca i d’eixamplament de I’interval QRS 1 la
seva influéncia en el pronostic de I’ICA mitjangant una revisi6 sistematica de la literatura amb
metaanalisi.

6. Avaluar si les alteracions en I’interval QT tenen influéncia en el pronostic de pacients amb
ICA del registre EAHFE.

7. Analitzar el nivell d’implantacié de TRC en pacients amb ICA del registre EAHFE i la seva

relacié amb el pronostic.
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1. Estimar la prevalenca de BBD i BBE i la seva influéncia en el
pronostic de la ICA

1.1 Poblacions d’estudi

Per a aquests objectius s’han analitzat tres registres d’ICA: el registre RICA (Registre Espanyol
d’Insuficiencia Cardiaca), el registre EAHFE (Epidemiology of Acute Heart Failure in Emer-
gency Departments) 1 el registre BASEL-V (Basics in Acute Shortness of Breath EvaLuation).

REGISTRE RICA

El registre RICA  és un registre desenvolupat pel Grup de Treball d’Insuficiencia Cardiaca de
la Societat Espanyola de Medicina Interna. Es tracta d’un estudi de cohort prospectiu i multi-
céntric iniciat I’any 2008 incloent pacients que ingressaren de forma consecutiva a 34 Serveis
de Medicina Interna espanyols i que varen ser donats d’alta vius després d’un episodi index per
ICA que causa I’hospitalitzacid. Després de 1’ingrés index, es van dur a terme dues visites de
seguiment als 90 dies i als 12 mesos després de ’alta hospitalaria. El disseny de I’estudi va ser
aprovat pel Comité d’Etica de I’Hospital Universitari Reina Sofia de Cordoba i tots els pacients

van signar un consentiment informat abans de la seva inclusio.

REGISTRE BASEL-V

El registre BASEL-V  és un registre multicéntric, prospectiu que inclou pacients adults que
van requerir atencio médica per dispnea aguda en 2 Serveis d’Urgeéncies Hospitalaris (Hospital
Universitari de Basilea i Hospital Universitari de Zuric) 1 2 centres d’atencio terciaria no acade-
mics (Kantonsspital Aarau 1 Kantonsspital Lucerne) a Suissa, amb un diagnostic final adjudicat

d’ICA realitzat per 2 cardiolegs independents i amb un conjunt complet de variables.

Es van incloure pacients independentment de la funcid renal; tanmateix, es van excloure paci-
ents que requerien hemodialisi. El seguiment es va fer als 3,12 i 24 mesos després de I’estada
a urgencies. L’estudi compleix els principis de la Declaracio de Helsinki 1 va ser aprovat pels

comites locals d’¢tica. El consentiment informat escrit es va obtenir en tots els pacients.

REGISTRE EAHFE
El registre EAHFE  va ser desenvolupat pel Grup de Treball ICA-SEMES de la Societat Espa-

nyola de Medicina d’Urgéncies i Emergéncies. Es un estudi de cohort prospectiu i multicéntric
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que inclou pacients amb ICA atesos a 45 serveis d’urgeéncies d’hospitals de 1’estat espanyol

independentment del seu desti final després de la presentaci6 clinica.

El Registre EAHFE ha presentat fins a la data actual 8 fases inclusives de pacients:

« La primera (EAHFE-1): 15 d’abril - 15 de maig de 2007 (1 mes, 10 SUH)

- Lasegona (EAHFE-2): 1 - 30 de juny de 2009 (1 mes, 19 SUH),

- Latercera (EAHFE-3): 1 de novembre - 31 de desembre de 2011 (2 mesos, 29 SUH)
- La quarta (EAHFE-4): 1 de febrer - 31 de mar¢ de 2014 (2 mesos, 26 SUH)

- La cinquena (EAHFE-5): 1 de gener - 29 de febrer de 2016 (2 mesos, 30 SUH)

- Lasisena (EAHFE-6): 1 de febrer - 31 de marg¢ de 2018 (2 mesos, 42 SUH)

- La setena (EAHFE-7): 1 de gener — 28 de febrer de 2019 (2 mesos, 42 SUH)

- La vuitena (EAHFE-8): 1 d’octubre - 30 de novembre de 2022 (2 mesos, 42 SUH)

Els hospitals participants tenen una distribucié amplia en la geografia espanyola i bona repre-

sentativitat en incloure tant hospitals universitaris com hospitals comarcals.

Durant aquests periodes, els SUH participants inclouen de forma consecutiva a tots els pacients
atesos per ICA. Els criteris diagnostics d’ICA es basen en els criteris de Framingham i sén con-
trastats en tots els casos amb I’investigador principal de cada centre. Tots els investigadors prin-
cipals de cada centre es reuneixen un mes abans del reclutament per consensuar criteris. L’ inic
criteri d’exclusio és que el pacient sigui diagnosticat d’infart agut de miocardi amb elevacié de
ST com a diagnostic principal i que concomitantment desenvolupi una ICA. El motiu d’exclusio
dels pacients diagnosticats de SCA amb elevaci6 del segment ST és causat pel possible biaix en

els resultats per les diferéncies en 1’accés a les tecniques de revascularitzacid coronaria.

TAULA 14 Criteris de Framingham modificats (2 majors o 1 major & 2 menors)

MAJORS MENORS

Dispnea paroxistica nocturna Edemes a les extremitats

* Ortopnea e Tos nocturna

* Ingurgitaci6 jugular * Dispnea d’esforg

* Crepitants * Hepatomegalia

* Tercer soroll * Embassament pleural

e Cardiomegalia * Freqiiencia cardiaca >120 b.p.m.

Edema pulmonar Pérdua de pes >4.5 Kg si ha estat en

tractament amb diiirétic 5 dies previs
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Les variables recollides no han diferit practicament entre els diferents periodes. El registre es
realitza seguint la Declaracio de Helsinki sobre els principis €tics per a les investigacions medi-
ques amb éssers humans, i els pacients donen el seu consentiment per a participar en el registre.
El protocol complet va ser aprovat pel comite d’¢tica 1 d’investigacio clinica de 1’Hospital
Universitario Central de Asturias i pels comites d’¢tica i1 investigacid clinica dels hospitals

participants.

1.2 Variables d’estudi
Dades demografiques: edat i sexe.
Comorbiditats i factors de risc cardiovascular: tabac, hipertensio arterial, diabetis mellitus,
dislipémia, coronariopatia, valvulopatia, malaltia vascular periférica, accident cerebrovascular,
fibril-laci6 auricular, insuficiéncia cardiaca cronica, malaltia renal cronica, MPOC, deméncia
1 neoplasia activa.
Estat basal: index de comorbiditats de Charlson, Index de funcionalitat de Barthel, Index de
Pfeiffer (cribatje de deteriorament cognitiu) 1 Classe Funcional de la NYHA.
Variables relacionades amb I’ICA: etiologia 1 FEVE.
Variables relacionades amb I’ECG en la inclusio: tipus de ritme (sinusal, fibril-laci6 auricular,
ritme de marcapassos), preséncia de blocatges de branca i mesura de I’interval QT.
Tractament medic basal: diiiretics, inhibidors del sistema renina-angiotensina- aldosterona,
Blocadors Beta, antagonistes del receptor d’aldosterona, digoxina i amiodarona.
Dades de I’episodi agut: desencadenants de I’episodi (infeccid, fibril-lacid auricular rapida,
anemia, crisi hipertensiva, transgressio dietetic o farmacologica, SCA), gravetat de 1’episodi
(pressio arterial sistolica, freqiiéncia cardiaca, pulsioximetria, hemoglobina, creatinina, sodi,
potassi, NT-proBNP, troponina, escala MEESI), tractament a urgeéncies (diiirétic endovenos,
vasodilatadors endovenosos, inotrops o drogues vasoactives, ventilacié mecanica no invasiva,
necessitat d’hospitalitzacio).
Visites de seguiment i objectius o endpoints: El primer objectiu va ser la mortalitat per qualse-
vol causa a I’any de seguiment. El temps es va comptabilitzar des del dia de I’ingrés a urgeéncies
en les cohorts EAHFE i BASEL-V, 1 des de 1’alta hospitalaria en la cohort RICA. El segon
objectiu va correspondre a un esdeveniment combinat que comprenia la mortalitat per qualsevol
causa o la necessitat d’hospitalitzacié per ICA 90 dies després de ’alta. Per definicid, els paci-
ents que van morir durant I’episodi index d’ICA abans de I’alta (mortalitat intrahospitalaria) no

es van incloure en I’analisi. En les tres cohorts, el temps fins a I’esdeveniment final combinat
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es va comptabilitzar des del dia de 1’alta hospitalaria després de 1’episodi d’index d’ICA, ja
sigui des del servei d’urgencies o després de 1’hospitalitzacio. L’adjudicacio dels resultats
es va dur a terme en 1’ambit local pels investigadors principals de cada centre de les cohorts
EAHFE i RICA, mentre que a la cohort BASEL-V I’adjudicaci6 central va ser realitzada per

2 cardiolegs independents.

1.3 Analisi estadistica

Les variables qualitatives es van expressar en nombre de pacients i percentatges, i les
diferéncies entre els grups es van analitzar amb les proves de X2 o exactes de Fisher, segons cada
cas. Les variables quantitatives es van expressar amb la mediana i rang interquartilic (IQR). La
t de Student es va utilitzar per comparar variables quantitatives distribuides normalment (ava-
luades amb el test de Kolmogorov—Smirnov) i la prova no parametrica U de Mann—Whitney
quan la distribucié no era normal. Les corbes de supervivéncia acumulada de Kaplan-Meier es
van fer servir per representar la supervivencia dels pacients amb blocatge de branca i sense, i es

van comparar mitjangant la prova de log-rank.

Les diferéncies en la mortalitat a I’any i I’esdeveniment final combinat 90 dies després de 1’alta
per als pacients amb blocatge de branca respecte als pacients sense blocatge es van expressar
com a Hazard Ratio (HR) amb un interval de confianga del 95% (IC 95%) fent servir el model
de regressio de Cox, primer sense ajustar, i després ajustat per a variables amb una p<0,05 a
la comparacid bivariada de cada cohort particular. Els ajustos es van realitzar de forma pro-
gressiva, primer per a les variables basals (p<0,05), posteriorment per a les variables cliniques
(p<0,05), 1 finalment per a ambdues (model totalment ajustat). Finalment, es van elaborar tres
analisis de sensibilitat diferents dels resultats: eliminant del grup control els pacients amb altres
anomalies electriques a ’ECG (analisi de sensibilitat A); incloent-hi només casos 1 controls en
ritme sinusal (analisi de sensibilitat B); i només incloent casos i controls amb valors valids en
totes les variables incloses en el model totalment ajustat, sense aplicar imputacié multiple per
als valors que faltaven; (analisi de sensibilitat C). En tots els casos, la significaci6 estadistica
es va fixar en un valor p<0,05 i amb un IC del 95% que exclogués el valor 1. Les analisis es
van realitzar amb el paquet estadistic SPSS®, versid 23.0 (IBM®, Armonk, New York, USA).
L’analisi estadistica més detallada es pot consultar als treballs publicats 1 1 2 que conformen

aquesta tesi doctoral.
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2. Revisio sistematica de la literatura amb metaanalisi

2.1 Disseny

Per al desenvolupament d’aquest objectiu, es va dur a terme una revisio sistematica de la literatura
dels estudis publicats que investiguessin la relacio entre 1’eixamplament del QRS o els blocatges
de branca i la mortalitat en els pacients amb ICA. La cerca bibliografica es va realitzar entre abril
de 2021 1 febrer de 2022 en les bases de dades de Pubmed, Scopus 1 Web of Science. Els crite-
ris de cerca van ser [“Wide QRS” OR “Left Bundle Branch Block” OR “Right Bundle Branch
Block] AND [“Heart failure”] and [“Mortality”]. Les cites es van exportar al programari gestor
de referencies bibliografiques Mendeley Desktop (versid 1.19.8) per a la seleccio de titols, resums
1 caracteritzaci6 de dades. Es van seleccionar els treballs publicats en espanyol o angles multicén-
trics o uniceéntrics amb una mida de la mostra minima de 400 pacients que avaluessin 1’associacid
entre eixamplament del QRS o blocatges de branca 1 mortalitat per qualsevol causa en pacients
amb ICA atesos a Urgencies, Medicina Interna o Cardiologia o Unitats de Cures Intensives. Es
van excloure articles publicats abans de 1980, articles de revisio i articles que incloien pacients
amb insuficiencia cardiaca cronica estable 1 es van revisar tamb¢ les referéncies creuades per a
verificar que no s’havia omes cap treball. Per dur a terme aquest estudi, es van seguir les directrius
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) i el protocol
d’estudi es va registrar ala base de dades internacional PROSPERO de revisions sistematiques

registrades prospectivament. L’estudi va complir amb la Declaracié de Helsinki.

2.2 Objectius o endpoints de I’estudi

Dels 21 treballs seleccionats es van analitzar els segiients objectius o endpoints: mortalitat per
qualsevol causa, mortalitat intrahospitalaria, mort sobtada, reingrés i esdeveniments combinats
(mortalitat cardiovascular o hospitalitzacié per IC, mortalitat per qualsevol causa o hospitalit-
zaci6 per IC). L’objectiu primari principal va ser la mortalitat per qualsevol causa després de
I’alta hospitalaria. Per a qualsevol estudi que proporcionés un periode de temps diferent en el
seguiment, es van seleccionar els resultats obtinguts en el periode de seguiment més llarg. Com
a objectius secundaris, es van incloure objectius que fossin avaluats per més d’un estudi: mort
sobtada, mortalitat intrahospitalaria, reingrés hospitalari i els esdeveniments combinats: mort

cardiovascular o hospitalitzaci6 per IC i mortalitat per qualsevol causa o hospitalitzacio per IC.
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2.3 Analisi estadistica i metaanalisi

Els resultats individuals es van agrupar mitjancant una metaanalisi d’efectes aleatoris. Es van
elaborar dues analisis: 1) agrupant per cada alteracio de la conducci6 i la durada del seguiment,
12) fent servir els resultats del seguiment més llarg per a cada estudi 1 agrupant pel tipus d’alte-
raci6 de la conduccid. El nombre total de pacients inclosos va ser de 116.928. Es va investigar
el potencial de biaix de publicacié mitjangant una avaluaci6é de Funnel Plot. L’heterogeneitat
estadistica es va determinar calculant 1’estadistica I, que mesura el percentatge de variancia
entre estudis. Es van fer analisis de sensibilitat i també es va analitzar cada tipus de blocatge per
separat. L’analisi estadistica més detallada que es va dur a terme per a realitzar la metaanalisi es

pot consultar al treball publicat 3 d’aquesta tesi doctoral.

3. Avaluar si les alteracions de ’interval QT condicionen el pronostic
de la ICA

3.1 Disseny

Es basa en una analisi secundaria especifica del registre EAHFE amb una mostra de pacients elegibles
que van ser consentits 1 inscrits d’11 serveis d’urgencies espanyols que participaven en la fase 61 7
del registre EAHFE i complien els criteris d’entrada d’un ECG realitzat al servei d’urgéncies amb
mesura de QTc disponible. L’'tinica exclusio va ser la preséncia d’un ritme de marcapas a ’ECG
inicial que impedia la mesura precisa del QTc. Tots els ECG eren estandard de 12 derivacions (ve-
locitat del paper de 25 mm/s, amplitud de 10 mm/mV i freqiiéncia de mostreig de 250 Hz) i es van
inspeccionar visualment per comprovar la qualitat 1 les mesures incorrectes. Els valors extrems es
van verificar visualment o es van excloure. El valor QTc va ser proporcionat per I’electrocardiograf
i es va calcular mitjangant 1’algoritme DXL de mesura automatica de I’interval QT de Phillips. La
precisio de mesura de I’algoritme DXL es va mesurar en els ECG especificats per 1’estandard IEC
60601-2-51 per a la seguretat i el rendiment de 1’analisi d’electrocardiografs. L’interval QT es va
mesurar des de I’inici del complex QRS fins al final de 1’ona T, identificant el punt d’inflexié per
determinar el final de I’ona T definit com el retorn de la tensio a la linia isoelectrica. (Guia medica de
I’algoritme ECG de Philips DXL). Les correccions QT per a la freqiiencia cardiaca es van realitzar
mitjancant la formula exponencial de Fridericia, ja que es considera que té una sensibilitat més alta
que la formula de Bazett per detectar la prolongacio del QT. A més, €s més freqiient en els electrocar-
diografs utilitzats als serveis d urgencies estatals. En els centres en qué es va fer servir el métode de

Bazett-QTc, aquest es va transformar al metode de Fridericia-QTc abans de les analisis estadistiques.



55

3.2 Variables d’estudi

Variables demografiques: edat i1 sexe.

Comorbiditats: hipertensio, dislipémia, diabetis mellitus, malaltia coronaria, valvulopatia,
malaltia arterial periferica, malaltia cerebrovascular, malaltia renal cronica (definida com a
creatinina > 2 mg/ mL), malaltia pulmonar obstructiva cronica (MPOC), demencia, neoplasia
activa i cirrosi hepatica.

Estat basal: index de funcionalitat de Barthel, classe funcional NYHA.

Fracci6 d’ejeccio ventricular esquerra (FEVE).

Variables relacionades amb I’ECG a I’ingrés: ritme i durada del QTec.

Tractament cronic: diiirétics, inhibidors del sistema renina-angiotensina, beta- bloquejants,
antagonistes dels receptors de mineralocorticoides 1 digoxina.

Desencadenants de la descompensacié: infeccio, fibril-lacié auricular rapida (definida com a
FC >120 b.p.m.), anémia, transgressio dietético-terapeutica, sindrome coronaria aguda 1 crisi
hipertensiva.

Variables de 1’episodi agut: signes vitals a I’arribada: pressi6 arterial sistolica, freqiliencia car-
diaca, pulsioximetria, variables de laboratori (hemoglobina, creatinina, sodi, potassi, NT-pro-
BNP i troponina I).

Variables de seguiment i objectius o endpoints: Es va considerar la mortalitat per qualse-
vol causa 30 dies després de I’estada a urgéncies com I’objectiu principal. Com a objectius
secundaris, es va incloure la necessitat d’hospitalitzaci6, la mortalitat intrahospitalaria dels
pacients hospitalitzats i I’hospitalitzacié prolongada (> 7 dies) si es donava I’alta de 1’hospital.
L’adjudicacio dels resultats es va realitzar a escala local per I’investigador principal de cada
centre. Amb aquesta finalitat, els investigadors locals van contactar telefonicament amb el
pacient o els seus familiars, van revisar els informes medics dels pacients i/o van consultar el

registre espanyol de defuncions.

3.3 Analisi estadistica

Les variables quantitatives es van expressar com a mediana i rang interquartilic (IQR). Les va-
riables qualitatives com a nombre de pacients i percentatges. Per evitar dicotomitzar la durada
del QTc en nivells ordenats discrets i per evitar imposar linealitat, es va utilitzar una funcié RCS
(Restricted Cubic Spline) per modelar I’associaci6 continua de la durada del QTc i els objectius
primaris i secundaris. Es van col-locar cinc “spline knots” als 5, 27,5, 50, 72,5 1 95 centils de

cada distribucié marginal variable continua, seguint les recomanacions d’Harrel. Es va avaluar
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graficament la magnitud de I’efecte de cada canvi d’unitat de durada QTc sobre els resultats no

ajustats.

Com que la durada continua del QTc es va modelar amb RCS, les seves associacions no ajus-
tades 1 ajustades es van expressar de manera dosi-resposta per a la probabilitat o la relacié de
probabilitats (OR) amb intervals de confianca (IC) del 95% per a cada resultat d’interés. Per
calcular un OR per a les grafiques dosi-resposta, a priori es va triar arbitrariament la durada QTc
de 450 ms com a valor de referéncia. Es va realitzar un ajust per a la linia de base del pacient i
les caracteristiques de descompensaci6 citades anteriorment. Els valors que faltaven a les varia-
bles quantitatives es van substituir per la seva mediana, i els valors que faltaven a les variables
qualitatives es van substituir per la moda. En el model ajustat es va avaluar la interacci6 de 20
covariables independents seleccionades per la seva influéncia en els resultats amb la relacid
entre la durada del QTc 1 1’objectiu primari. Per a aquesta analisi, es va transformar variables no

dicotomiques en variables dicotomiques seguint talls clinics significatius.

Com que I’ampliaci6 del complex QRS -en el context de BBE- condueix a una prolongacio
de I’interval QT sense alteracions significatives de la durada de la repolaritzacio, també es va
investigar I’efecte potencial d’incloure pacients amb BBE a I’estudi. Amb aquest proposit i a
més d’investigar la interaccidé de BBE en la relaci6 entre la durada del QTc 1 el risc de mort 30
dies després (objectiu primari), tamb¢ es van fer 2 analisis de sensibilitat en el model ajustat per
al resultat primari, que van consistir en: 1) excloure pacients amb BBE (analisi de sensibilitat
A); 12) utilitzant la formula de Rautaharju [24] per corregir la durada del QT en pacients amb
BBE (analisi de sensibilitat B). Es va usar la formula de Rautaharju per ser més precisa per als
pacients amb BBE 1 cobrir I’espectre complet de la freqiiéncia cardiaca. Totes les proves d’hi-
potesis van ser de dues cues i els valors de p <0,05 0 OR amb un IC del 95% es van considerar
estadisticament significatius. L’analisi de dades es va realitzar mitjangant SPSS®, versio 23.0
(IBM®, Armonk, New York, USA) i Stata versio 16.1 (Stata Corp, College Station, TX, EUA),
1 es van realitzar alguns grafics amb Microsoft Office Power Point versio 2019 ( Microsoft Cor-
porate Office, Redmond, Washington, USA). L’analisi estadistica més detallada es pot consultar

al treball publicat 4 d’aquesta tesi doctoral.
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4. Estudiar el nivell d’implantacio de TRC en pacients amb BBE i
ICA del registre EAHFE i la seva relacio amb el pronostic

4.1 Poblacio d’estudi

L’estudi és una analisi secundaria de pacients inclosos en el registre EAHFE, el disseny del qual
s’ha explicat préviament. Es van incloure pacients del registre EAHFE amb BBE en els quals
es disposava d’informaci6 sobre 1’electrocardiograma (ECG) a la linia de base 1 ’estat vital. Els

pacients amb marcapassos 0 TRC en el moment de la inclusi6 en el registre van ser exclosos.

Els pacients amb BBE es van classificar segons si van ser tractats o no amb TRC després de la
compensacio de I’episodi index d’ICA. A més, els que no van ser tractats amb TRC en cap mo-
ment durant el seguiment, es van classificar segons si tenien criteris de TRC (tenint en compte

els criteris de TRC: una FEVE<35% 1 estar sota tractament medic optim).

4.2 Variables d’estudi
Dades demografiques: edat i sexe.
Comorbiditats i factors de risc cardiovascular: tabaquisme, hipertensio arterial, diabetis me-
llitus, dislipémia, coronariopatia, valvulopatia, malaltia vascular periférica, accident cerebro-
vascular, fibril-lacié auricular, IC cronica, malaltia renal cronica, MPOC, demencia, neoplasia
activa i cirrosi.
Estat basal: Index de funcionalitat de Barthel i Classe Funcional de la NYHA.
Variables relacionades amb la ICA: etiologia 1 FEVE.
Tractament basal: diiiretics, inhibidors del sistema renina-angiotensina- aldosterona, Blocadors
Beta, antagonistes del receptor d’aldosterona.
Variables de seguiment 1 objectius o endpoints: la mortalitat per qualsevol causa durant el
seguiment va ser 1’objectiu principal de I’estudi. Els pacients que van morir durant I’episodi
index d’ICA no es varen incloure en 1’analisi. Es va comptabilitzar el temps des del dia de
’alta hospitalaria en el grup sense TRC 1 a partir del dia segiient a la resincronitzacid en el
grup en que es va aplicar TRC. L’adjudicacio dels resultats es va dur a terme en I’ambit local
pels investigadors principals de cada centre. Amb aquesta finalitat, els investigadors locals van
contactar per telefon amb pacients o familiars, van revisar els informes medics dels pacients

i/0 van consultar el registre de defuncions.
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4.3.Analisi estadistica

Les variables qualitatives es van expressar en nombre de pacients i percentatges, i les diferéncies
entre els grups es van analitzar amb les proves de xz o exactes de Fisher, segons cada cas, per
comparar la distribuci6 de variables qualitatives en pacients amb TRC i sense. Les variables
quantitatives es van expressar com a mediana i rang interquartil (IQR). La prova no parametrica
de Mann-Whitney U es va utilitzar per comparar variables quantitatives. Les corbes de super-
vivencia acumulada de Kaplan- Meier es van fer servir per representar mortalitat per qualsevol
causa en 10 anys de seguiment. Es va utilitzar el metode invers de Kaplan-Meier per calcular el
temps mitja de seguiment a la cohort. Es va utilitzar un model de riscos proporcionals de Cox
multivariable per avaluar I’associacido de TRC amb la mortalitat per qualsevol causa en els 10
anys de seguiment. Per evitar el biaix d’indicacio, es va dur a terme un ajustament pels motius
coneguts per a la seleccio (és a dir, motius coneguts per indicar TRC), que va donar lloc a un
condicionament segons: edat, sexe, tractament medic optimitzat, ritme cardiac basal, FEVE i
index de Barthel. Per evitar el biaix d’immortalitat (és a dir, els pacients del grup amb TRC no
podrien haver mort fins a rebre TRC, per tant, hi ha un interval durant el qual I’esdeveniment
del resultat no podria haver-se produit), es va tractar la TRC com una covariable temps-depenent
mitjangant la funcid tmerge del survival package of R software. A més d’informar del risc (HR)
dels pacients que van rebre TRC, es va construir un grafic d’efectes condicionals per representar
la probabilitat de supervivencia d’un pacient “mitja” segons va rebre o no TRC. Com a analisi
de sensibilitat, es va calcular la HR ajustada per als pacients que rebien TRC comparant només
amb aquells pacients que no van rebre TRC, perd que tenien criteris per a la implementacié de
TRC. La significacio estadistica es va acceptar si el valor p <0,05 o si I’IC 95% excloia el valor
1. Totes les analisis estadistiques es van realitzar amb SPSS®, versio 23.0 (IBM, Armonk, NY,
EUA) i R Foundation for Statistical Computing, (versio 4.1.2). L’analisi estadistica més detallada

es pot consultar al treball 5 d’aquesta tesi doctoral.
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Introduction

Results: The prevalence of RBBB was 10.9%. Patients with RBBB were older, a higher proportion
were male, had more pulmonary comorbidities, had higher left ventricular ejection fraction
values, and had worse functional status. There were no differences in risk for patients with
RBBB, with an adjusted hazard ratio (95% confidence interval) for 1-year mortality of 1.05
(0.83-1.32), and for the composite endpoint of 90-day post-discharge hospitalization or death
of 0.97 (0.74-1.25). These results were consistent on the sensitivity analyses.

Conclusions: Few patients with AHF present with RBBB, which is consistently associated with
advanced age, male sex, pulmonary comorbidities, preserved left ventricular ejection fraction,
and worse functional status. Nonetheless, after considering these factors, RBBB in AHF patients
is not associated with worse outcomes.

© 2021 Elsevier Espafa, S.L.U. and Sociedad Espanola de Medicina Interna (SEMI). All rights
reserved.

Prevalencia e impacto en el pronéstico del bloqueo de rama derecha en pacientes
con insuficiencia cardiaca aguda: hallazgos del registro RICA

Resumen

Objetivos: Determinar la prevalencia, las caracteristicas y el impacto en el prondstico del
bloqueo de rama derecha (BRD) en una cohorte de pacientes con insuficiencia cardiaca aguda
(ICA).

Métodos: Analizamos prospectivamente 3.638 pacientes con ICA incluidos en el registro RICA
(Registro Nacional de Insuficiencia Cardiaca de la Sociedad Espanola de Medicina Interna).
Analizamos de forma independiente la relacion entre las caracteristicas basales y clinicas y
la presencia de BRD, y el impacto potencial del BRD en la mortalidad por todas las causas a 1
ano y el evento combinado de hospitalizacion o muerte a 90 dias después del alta.
Resultados: La prevalencia de BRD fue del 10,9%. Los pacientes con BRD eran de edad mas
avanzada, con mayor proporcion de sexo masculino y comorbilidades pulmonares, valores mas
altos de fraccion de eyeccion del ventriculo izquierdo y peor estado funcional. No hubo difer-
encias en riesgo para los pacientes con BRD, con un cociente de riesgo ajustado (intervalo de
confianza del 95%) para la mortalidad a 1 afo de 1,05 (0,83-1,32) y para el evento combinado a
90 dias después del alta de 0,97 (0,74-1,25). Estos resultados fueron consistentes en los analisis
de sensibilidad.

Conclusiones: Pocos pacientes con ICA presentan BRD, que se asocia consistentemente con edad
avanzada, sexo masculino, comorbilidades pulmonares, fraccion de eyeccion del ventriculo
izquierdo preservada y peor estado funcional. Sin embargo, después de tener en cuenta estos
factores, el BRD en pacientes con ICA no se asocia a peores resultados.

© 2021 Elsevier Espana, S.L.U. y Sociedad Espafnola de Medicina Interna (SEMI). Todos los
derechos reservados.

studies have associated it with increased mortality®. In
patients with established cardiovascular disease (particu-

Right-bundle branch block (RBBB) is an electrocardiogram
pattern that is visible when normal activity of the His-
Purkinje system is disrupted, and depolarization of the right
ventricle is delayed. It can be an incidental finding during an
electrocardiogram (ECG) or a manifestation of cardiac dis-
ease (congenital, ischaemic, or inflammatory) or pulmonary
disease (cor pulmonale or pulmonary embolism). The preva-
lence of RBBB increases with age and tends to be most
frequent in the presence of another underlying cardiac alter-
ation (structural or functional), particularly when the right
ventricle is affected’.

The prognosis of individuals with RBBB tends to be excel-
lent in the absence of underlying disease?, however some

larly coronary), it seems to be evident that the presence of
RBBB entails a worse prognosis*>. The association between
RBBB and heart failure (HF) has been studied less, and the
few studies on the topic seem to indicate a worse progno-
sis when the two entities are associated®™’. These studies
are heterogeneous and provide data on included patients
from intensive care units’, emergency departments?, and
admissions to cardiology services®’.

Therefore, we conducted this study with the aim of
determining the prevalence and impact on the progno-
sis of the presence of RBBB in hospitalised patients in
internal medicine departments due to acute heart failure
(AHF).
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Methods
Study population

This study is a secondary analysis of the patients included in
the RICA Registry created by the Spanish Society for Internal
Medicine HF Working Group. The design of the registry has
already been described in-depth in other publications'®'",
In short, the RICA Registry is a multicentre, prospective,
cohort study including consecutive patients admitted (and
discharged alive) to 34 Spanish internal medicine services.
After the index admission, there were 2 mandatory follow-
up visits at 90 days and 12 months post-discharge.

The Ethics Committee of the Reina Sofia University Hos-
pital in Cordoba approved the study design, and all the
patients signed an informed consent form prior to inclusion.

Patient selection and classification

For this study we included all RICA patients with available
ECG data from the baseline visit and their vital status at
12 months of follow-up. Patients who presented a pace-
maker rhythm on their baseline ECG and those who needed
to be fitted with a pacemaker during the index admission
were excluded. The included patients were divided into 2
groups according to the presence or absence of RBBB on the
baseline ECG.

RBBB was diagnosed by the local investigator at each par-
ticipating centre according to the international diagnostic
criteria’.

Independent variables

The variables were selected and classified into two groups:
an initial group of variables that included the patients’ base-
line characteristics and a second group of characteristics
from the decompensation episode.

In terms of the baseline characteristics, 28 variables
were included: 3 related to demographic data (age, sex,
and body mass index), 14 related to comorbidities (smok-
ing, arterial hypertension, dyslipidaemia, diabetes mellitus,
coronary artery disease, valvular heart disease, peripheral
artery disease, cerebrovascular disease, atrial fibrillation,
prior HF, chronic kidney disease, chronic obstructive pul-
monary disease [COPD], dementia, and active cancer), 5
related to the baseline condition (New York Heart Associa-
tion functional class, left ventricular ejection fraction [LVEF]
and the Barthel, Charlson and Pfeiffer indices), and 6 with
the baseline treatments (diuretics, renin-angiotensin system
inhibitors, beta blockers, mineralocorticoid receptor antag-
onists, digoxin, and amiodarone).

In terms of the decompensation characteristics, 14 varia-
bles were included: 6 related to the precipitating factor, 2 to
vital signs at admission (blood pressure and heart rate), and
6 blood test parameters (haemoglobin, creatinine, sodium,
potassium, NT-proBNP, and troponin).

Primary and secondary endpoints

For this study we selected two endpoints. The primary end-
point was one-year all-cause mortality following hospital
discharge. The secondary endpoint was a composite of 90-
day post-discharge hospitalization or death. The allocation
of said outcomes was made by the local investigator of each
participating centre at the 90-day and 12-month follow-up
visits.

Statistical analysis

The quantitative variables are expressed in medians and
interquartile ranges, and the qualitative variables in the
number of patients and percent. The Chi-squared test and
Fisher’s exact test were used to compare the qualitative
variables. Student’s t-test was used to compare quantita-
tive variables with a normal distribution (determined using
the Kolmogorov-Smirnov test), and the Mann-Whitney U
test when the distribution of said variables was not nor-
mal. The Kaplan-Meier analysis was used to analyse the
survival curves of the patients with and without RBBB, and
the log-rank test was used to compare them.

The differences in mortality at one year and in the
composite endpoint at 90 days for patients with RBBB, com-
pared to those without RBBB, are expressed in the hazard
ratio with a confidence interval of 95% (95% Cl) using a Cox
regression model, first without adjustment and subsequently
adjusted for the variables (for baseline characteristics and
the decompensation episode) with a value of p < 0.05 in the
bivariate comparison (completely adjusted model).

Lastly, we conducted two sensitivity analyses on the end-
points: the first by eliminating from the control group those
patients with other electrical anomalies on the ECG (sensi-
tivity analysis A), and the second by only including cases and
controls in sinus rhythm (sensitivity analysis B). Statistical
significance was accepted if p < 0.05 or the 95% Cl excluded
the value 1.

Analyses were performed using the Statistical Package for
Social Sciences version 23.0 (IBM, Armonk, New York, USA).

Results
Prevalence of right-bundle branch block

A total of 4,621 patients from the RICA registry were
analysed for this study. After excluding patients with no
information on the baseline ECG or their vital status after
one year of follow-up, as well as those with a pacemaker
rhythm on their baseline ECG or who needed to be fitted with
a pacemaker during the index admission, the final number of
patients analysed was 3,638 (Fig. 1). Of those, 398 had RBBB
on the baseline ECG, establishing a prevalence of 10.9% (95%
Cl: 9.9-12.0).

Baseline characteristics and characteristics of the
decompensation episode

The baseline characteristics of the patients is described in
detail in Table 1. In short, this is a cohort with advanced
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Patients with heart failure diagnosis in the RICA Registry
N = 4,621

.............. > No baseline ECG (n=48)

Patients with recorded baseline ECG
N =4,573

Baseline pacemaker rhythm
(n=336)

.............. > Pacemaker fitted at index

admission (n=32)

Patients without pacemaker
N = 4,205

Unknown vital status at 12
months (n=567)

Patients included in the study
N = 3,638

Patients with right-bundle
branch block

N = 398 (10.9%)

Figure 1

age (median of 81 years), with a similar proportion of male
and female subjects, and elevated comorbidity, the most
frequent (present in over 50% of the patients) being: arterial
hypertension, dyslipidaemia, atrial fibrillation, prior HF, and
chronic kidney disease.

We found significant differences between the patients
with and without RBBB for 7 of the 28 baseline variables com-
pared. The patients with RBBB were older and more often
male, active smokers, and had COPD. They also presented
higher LVEF ranges, worse functional status (lower score on
the Barthel Index), and lower prescriptions of beta blockers.

In terms of the characteristics of the decompen-
sation episode, the most common precipitating factors
were infections (32%), followed by rapid atrial fibrilla-
tion (26%), while acute coronary syndrome was uncommon
(270 patients [7.4%], of which only 58 had ST eleva-
tion). We did not find significant differences in relation to
the presence of RBBB, however the group with RBBB had
an almost significant tendency to present more anaemia

Patient flow for study inclusion. ECG: electrocardiogram.

and dietary/pharmacological transgressions, and less acute
coronary syndrome as precipitating factors (Table 2).

Nor did we find any differences between the two groups in
relation to blood pressure levels and heart rate at admission,
or for any of the blood test values compared.

The most frequent causes of mortality were cardiovascu-
lar, with the most common being worsening HF. We did not
find differences in cause of death according to the presence
or absence of RBBB.

Outcomes

Cumulative one-year mortality was 18.7% (95% Cl:
17.5-20.0) and the cumulative proportion of the composite
endpoint at 90 days was 15.8% (95% Cl: 14.6-17.0). We did
not find significant differences in survival in patients with
and without RBBB for either of the two outcomes (Fig. 2).
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Table 1 Baseline characteristics.
Global Lost data With RBBB Without RBBB p
N = 3,638 N =398 N = 3,240
Demographic
Age (vears)? 81 (75—86) 0 (0.0) 82 (76—86) 81 (75—86) 0.018
Female sex 1,841 (51) 0 (0.0) 171 (43) 1,670 (52) 0.001
BMI (kg/m?)? 28.1 (25.0-31.6) 1 (0.0) 28.6 (25.6—32.0) 28.0 (25.0—31.6) 0.102
Comorbidities
Active smoker 1,387 (38) 0 (0.0) 171 (43) 1,216 (38) 0.038
Hypertension 3,098 (85) 0 (0.0) 339 (85) 2,759 (85) 1.000
Dyslipidaemia 1,932 (53) 0 (0.0) 208 (52) 1,724 (53) 0.750
Diabetes mellitus 1,674 (46) 0 (0.0) 194 (49) 1,480 (46) 0.263
Coronary artery disease 957 (26) 0 (0.0) 93 (23) 864 (27) 0.166
Valvular heart disease 1,207 (33) 0 (0.0) 149 (37) 1,058 (33) 0.063
Peripheral artery disease 393 (11) 0 (0.0) 44 (11) 349 (11) 0.864
Cerebrovascular disease 475 (13) 0 (0.0) 51 (13) 424 (13) 0.937
Atrial fibrillation 2,301 (63) 0 (0.0) 261 (66) 2,040 (63) 0.322
Chronic heart failure 2,353 (65) 0 (0.0) 269 (68) 2,084 (64) 0.202
Chronic kidney disease® 2,073 (57) 0 (0.0) 223 (56) 1,850 (57) 0.707
COPD 888 (24) 0 (0.0) 117 (29) 771 (24) 0.016
Dementia 199 (5.5) 0 (0.0) 23 (5.8) 176 (5.4) 0.727
Active cancer 430 (12) 0 (0.0) 45 (11) 385 (12) 0.805
Baseline situation
NYHA functional class 0.270
| 317 (8.8) 49 (1.3) 29 (7.4) 288 (9.0)
] 1,929 (54) 49 (1.3) 201 (51) 1,728 (54)
1] 1,230 (34) 49 (1.3) 149 (38) 1,081 (34)
\% 113 (3.1) 49 (1.3) 15 (3.8) 98 (3.1)
LVEF (%)? 50 (35—60) 0 (0.0) 55 (37—62) 50 (35—60) 0.004
Charlson index® 3 (1-5) 0 (0.0) 3(1-5) 3(1-5) 0.067
Barthel index® 95 (75—100) 2 (0.1) 90 (65—100) 95 (75—100) 0.018
Pfeiffer index® 1(0-2) 292 (8.0) 1(0-2) 1(0-2) 0.121
Baseline treatment
Diuretics (any) 3,284 (90) 0 (0.0) 359 (90) 2,925 (90) 0.929
RAS inhibitors 2,507 (69) 0 (0.0) 262 (66) 2,245 (69) 0.168
Beta blockers 2,330 (64) 0 (0.0) 231 (58) 2,099 (65) 0.009
MRA 1,135 (31) 0 (0.0) 123 (31) 1,012 (31) 0.909
Digoxin 634 (17) 0 (0.0) 56 (14) 578 (18) 0.068
Amiodarone 114 (3.1) 0 (0.0) 8 (2.0) 106 (3.3) 0.221

BMI: body mass index; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; MRA: mineralocorticoid
receptor antagonist; NYHA: New York Heart Association; RAS: renin-angiotensin system; RBBB: right-bundle branch block.

p-Values in bold indicate statistical significance (p < 0.05).
2 The results are expressed in medians (interquartile range).

b Chronic kidney disease is defined as glomerular filtration < 60 mL/min/1.73 mZ.

The risk of presenting adverse results in the 2 outcomes
analysed is presented in Table 3.

The presence of RBBB was not associated with a higher
risk of one-year mortality nor with the composite endpoint
at 90 days in either of the adjusted models. The sensitiv-
ity analyses confirmed this lack of association between the
presence of RBBB and poor prognosis at 90 days and 12
months in the RICA cohort.

Discussion

Heart failure is a syndrome that has reached epidemic
proportions and has roused wide interest in the factors

determining its prognosis'>'#. Arrhythmias are one of those
factors and the relationship between HF and certain arrhyth-
mia, such as atrial fibrillation, has been studied in depth.
However, there is far less information on the prognosis
of other electrocardiogram alterations such as conduction
blocks™.

More research has been done on the association between
conduction blocks and HF for left bundle branch blocks
(LBBB), with some controversy regarding its impact on
prognosis as some studies show an increased risk of
mortality’®'” while others haven’t found that particular
association®? 8%, However, even fewer studies have anal-
ysed this relationship when the block is in the right branch
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Figure2 A. Kaplan-Meier survival curves for 1-year all-cause mortality. B. Kaplan-Meier survival curves for the composite endpoint
of 90 days post-hospital discharge. RBBB: right-bundle branch block.

Table 3

Cox regression analysis for 1-year mortality and for the composite endpoint at 90 days in patients with right-bundle

branch block in the RICA cohort, including the adjusted analysis and sensitivity analysis.

HR (95% Cl) p

All-cause mortality at one year of follow-up
Principal analysis
Not adjusted
Completely adjusted model

Sensitivity analysis for the completely adjusted model®
Sensitivity analysis A
Sensitivity analysis B

Composite endpoint at 90 days post-discharge
Principal analysis
Not adjusted
Completely adjusted model

Sensitivity analysis for the completely adjusted model®
Sensitivity analysis A
Sensitivity analysis B

1.182 (0.943—1.482) 0.146
1.050 (0.833—1.324) 0.677
1.053 (0.801—1.383) 0.712
1.418 (0.982—2.048) 0.062
1.084 (0.840—1.398) 0.536
0.967 (0.745—1.254) 0.800
1.075 (0.800—1.445) 0.632
0.969 (0.615—1.529) 0.894

HR: hazard ratio.

2 Sensitivity analysis A consisted of eliminating from the control group those patients with other electrocardiographic alterations;

sensitivity analysis B only included cases and controls in sinus rhythm.

of the bundle of His. These are small-scale studies that
are often single-centre, with a heterogeneous source of
patients (intensive care units’, emergency departments?
and cardiology services’) and are occasionally solely focused
on patients with depressed LVEF and therefore do not
address the entire ‘spectrum’ of HF®. On the other hand,
the mean age of patients included in these prior studies
(62—73 years)®~? is lower than that of the RICA Registry, for
which the mean age is much higher (mean age 81 years).
Therefore, in this study we’ve included a large sample
of “‘real world’’ patients, widely covering decompensated
HF syndrome, without any limitations on age, comorbidi-
ties, aetiology, or LVEF ranges. From this perspective, we
can present the following primary results: the prevalence of
RBBB in patients with AHF is 11%, the presence of RBBB is
consistently associated with some baseline clinical charac-
teristics but does not seem to be associated with a worse

prognosis. The prevalence of RBBB in our study is in line
with that described in other studies, with ranges between
5.4% and 14%°°, however clearly below the prevalence of
LBBB in HF, which ranges from 15% to 30%, depending on the
study?16:18-22

Similarly, some baseline characteristics associated with
the presence of RBBB in HF patients from the RICA Reg-
istry match those of other studies, such as advanced age®,
male sex®?, pulmonary comorbidities such as COPD? and
preserved LVEF’. The right bundle of His is vulnerable to
functional and/or structural cardiac alterations, such as
increased right ventricle pressure (like that which occurs
chronically in cor pulmonale)', and this can explain, in part,
the relationship between RBBB and some of these comorbidi-
ties.

Not all studies have found that RBBB was associated with
LVEF, and some have analysed only those with depressed
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LVEF®, meaning we cannot make any conclusions about the
relationship between RBBB and LVEF. The association of RBBB
with a worse functional status is something that, to our
knowledge, has not been reported previously, as the Barthel
Index is a variable that is clearly independently related to
the prognosis (short- and long-term) of patients with HF,
whether this be chronic or acute?>?.

Despite RBBB being associated with older age, certain
comorbidities and a worse functional status, in our study
we did not find the presence of RBBB on baseline ECG
to be independently associated with a worse long-term
prognosis (all-cause mortality at 12 months post-hospital
discharge). Though another study did not find a relation
between RBBB and mortality in AHF either'®, the majority of
studies that have analysed this aspect have indeed reported
higher mortality in relation to RBBB®~°. This finding, which is
controversial and hard to explain, is similar to that described
with LBBB and AHF.

As mentioned above, these studies are relatively small,
heterogeneous, some do not include patients with preserved
LVEF, and occasionally mix RBBB and LBBB analysis, making it
hard to reach any conclusions. It is likely that this dilemma
could be resolved by means of a systematic literature review
with meta-analyses to group together all these studies and
discern whether conduction blocks (RBBB and LBBB) truly
are or are not associated with a higher risk of death in
patients with AHF. To our knowledge, this study has not yet
been published, but it has been registered (registry number
CRD42021228958) in the PROSPERO international register of
systematic reviews?.

Regarding cause of death, we did not find any differences
based on the presence or absence of RBBB, and this fact also
differs from other studies in which RBBB was associated with
a higher number of deaths due to a cardiovascular cause,
particularly HF decline?.

On the other hand, we also did not find in our study
that patients with RBBB have a higher risk of readmission or
death at 90 days post-hospital discharge. This outcome has
been studied even less in previous studies, and only Hong
et al. report a higher risk of rehospitalization in patients
with RBBB’. In this early post-discharge phase, described as
the vulnerable phase, there is a higher risk of complications
and is when a large number of patients are readmitted?’-?%,
Despite this, with all the available information, we cannot
state that RBBB plays a role in said risk during the so-called
vulnerable phase.

Limitations

This study presents various limitations. First, despite includ-
ing a large series of patients with HF from multiple Spanish
hospitals, all were sourced from admissions to internal
medicine departments, which is why the results found can-
not be extrapolated to other scenarios. Second, the sample
size was not calculated, and despite the sample being larger
than those of other published studies, it may not have been
large enough to achieve the statistical power needed to find
an association with mortality. Third, the ECG readings and
interpretation were conducted by the principal investiga-
tors of each centre and the RBBB diagnosis was not double
checked. Despite that, in our opinion, the registry investi-

gators’ extensive experience in caring for patients with HF
leads us to think that interpretation errors of the right bun-
dle branch blocks would not be highly significant. Lastly, the
exclusion of patients who died during the index admission is
a limitation of the RICA Registry, and we cannot rule out
that including such patients could have modified the results
of our study.

Conclusions

The prevalence of RBBB in patients with HF from the RICA
Registry is 10.9%. It is associated with certain comorbidities,
higher LVEF ranges, and worse functional status, but not with
worse prognosis.
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RESUM DEL TREBALL 1

En aquest estudi s’analitza la prevalenga i impacte en el pronostic del BBD en els pacients in-

gressats per ICA als serveis de Medicina Interna de 1’ambit estatal a través del registre RICA.

L’objectiu primari va ser la mortalitat per qualsevol causa a I’any de seguiment. L’objectiu
secundari va ser la combinaci6 de mortalitat per qualsevol causa o hospitalitzacio per IC en els
90 dies posteriors a I’alta. Es van analitzar dos grups en funci6 de la preséncia o no de BBD en
I’ECG basal. En els estudis observacionals publicats préviament s’han reportat xifres de pre-
valenca de 5,4-14%. En el nostre estudi la prevalenga va estar en consonancia amb els estudis

previs, estimant una prevalenca del 10,9% (IC 95% 9,9-12%).

Pel que fa als factors associats, els pacients amb BBD eren més grans d’edat, amb més freqiiencia
de sexe masculi, tabaquisme actiu 1 MPOC. També¢ presentaven valors més alts de FEVE, pitjor
estat funcional (menor puntuacié a I’index de Barthel) i menor prescripcié de Blocadors Beta
respecte al grup control. Aquestes caracteristiques basals coincideixen també amb altres estudis
realitzats. Es conegut que la branca dreta del feix de His és vulnerable als augments de pressio
sobre el ventricle dret com succeeix en el cor pulmonale. i aix0 podria explicar la seva associacid
amb la MPOC, el tabaquisme o la menor prescripcio de Blocadors Beta. El pitjor estat funcional
¢€s un factor que no s’havia estat descrit préviament en altres estudis, encara que en nombroses
ocasions no s’havia analitzat. Tot i que I’associaci6 entre FEVE preservada i BBD en ICA no
esta present en tots els estudis publicats, podria explicar-se per mecanismes fisiopatologics, ja
que una afectacié de la branca dreta del feix de His, no té per queé tenir repercussio en un empit-

jorament funcional del ventricle esquerre.

La mortalitat a ’any de seguiment va ser del 18,7% (IC 95% 17,5-20,0%) 1 I’esdeveniment com-
binat es va presentar en el 15,8% (IC 95% 14,6-17,0%) sense trobar diferéncies significatives
entre els dos grups. Si bé €s cert que hi ha estudis que com el nostre no han trobat diferéncies pel
que fa al pronostic en els pacients amb BBD en ICA, altres estudis publicats si que han reportat
diferéncies. Aquesta discrepancia en els resultats podria explicar-se pel fet que, els estudis que
han reportat un augment de mortalitat en el cas del BBD, presenten una major proporcié de
pacients amb SCA com a desencadenant d’ICA i FEVE més deprimides, que, juntament amb la
presencia de BBD, pot esdevenir un signe d’hipertensié pulmonar i condicionar el pitjor pro-

nostic de la malaltia en aquests pacients.
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Prevalence, Related Factors and Association of Left Bundle
Branch Block With Prognosis in Patients With Acute Heart
Failure: a Simultaneous Analysis in 3 Independent Cohorts
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ABSTRACT

Objectives: To determine the prevalence, characteristics and association with prognosis of left
bundle branch block (LBBB) in 3 different cohorts of patients with acute heart failure (AHF).
Methods and Results: We retrospectively analyzed 12,950 patients with AHF who were
included in the EAHFE (Epidemiology Acute Heart Failure Emergency), RICA (National Heart
Failure Registry of the Spanish Internal Medicine Society), and BASEL-V (Basics in Acute Short-
ness of Breath Evaluation of Switzerland) registries. We independently analyzed the relation-
ship between baseline and clinical characteristics and the presence of LBBB and the potential
association of LBBB with 1-year all-cause mortality and a 90-day postdischarge combined end-
point (Emergency Department reconsultation, hospitalization or death). The prevalence of
LBBB was 13.5% (95% confidence interval: 12.9%—14.0%). In all registries, patients with LBBB
more commonly had coronary artery disease and previous episodes of AHF, were taking chronic
spironolactone treatment, had lower left ventricular ejection fraction and systolic blood pres-
sure values and higher NT-proBNP levels. There were no differences in risk for patients with
LBBB in any cohort, with adjusted hazard ratios (95% confidence interval) for 1-year mortality
in EAHFE/RICA/BASEL-V cohorts of 1.02 (0.89—1.17), 1.15 (0.95-1.38) and 1.32 (0.94—1.86),
respectively, and for 90-day postdischarge combined endpoint of 1.00 (0.88—1.14), 1.14
(0.92—1.40) and 1.26 (0.84—1.89). These results were consistent in sensitivity analyses.
Conclusions: Less than 20% of patients with AHF present LBBB, which is consistently associ-
ated with cardiovascular comorbidities, reduced left ventricular ejection fraction and more
severe decompensations. Nonetheless, after taking these factors into account, LBBB in
patients with AHF is not associated with worse outcomes. (J Cardiac Fail 2022,28:1104—1115)
Key Words: Acute heart failure, left bundle branch block, prognosis, mortality.
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Prevalence, Related Factors and Association of Left Bundle Branch Block

Bullet points

e The prevalence of left bundle branch block in
patients with acute heart failure ranges between
10% and 20%.

e The presence of left bundle branch block in acute
heart failure is associated with cardiovascular
comorbidities, reduced left ventricular ejection
fraction and more severe decompensations.

e Left bundle branch block is associated with a non-
significant increased risk of mortality in patients
with acute heart failure.

Brief lay Summary

The prognosis of left bundle branch block in acute
heart failure remains controversial. While some
studies have suggested that it is associated with
higher mortality others have failed to demonstrate
this relationship. To answer this question more stud-
ies including systematic reviews and meta-analysis
are needed.

Tweet: “Prevalence and association with progno-
sis of left bundle branch block in acute heart failure:
analysis in three independent cohorts” (RICA from
@icyfasemi, EAHFE from @IcaSemes and BASEL-V)”
by @jc_trullas @OmiroOscar et al.

Heart failure (HF) is highly prevalent in people over
the age of 65 years and constitutes the first cause of
hospitalization in this population. During recent dec-
ades, there has been an increase in the percentage of
patients with HF who also have multiple comorbid-
ities, due mainly to the increase in cardiovascular dis-
eases (such as hypertension, obesity and diabetes)
and the aging of the population (which is frequently
associated with frailty and dependence). In addi-
tion, mortality and the need for rehospitalization
that is associated with decompensations (acute HF
[AHF]) are high, and these adverse outcomes start
from the first episode of decompensation, even in
low-risk patients with HF.> >

Accordingly, many variables related to patient
baseline characteristics and to the acute episode of
decompensation able to predict such adverse out-
comes in patients with AHF have been investigated,
and some risk factors have been defined unequiv-
ocally.°>~® Conversely, the importance of electrocar-
diographic abnormalities has been poorly explored.
In fact, observational studies have shown that left
bundle branch block (LBBB) is present in the electro-
cardiograms (ECGs) of 15%—30% of patients with
AHF, but the association of LBBB with prognosis still
remains controversial; some studies have suggested
it is associated with higher mortality rates,®'°
whereas others have failed to demonstrate this
relationship.”’ "> Many of these results, however,
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come from either highly selected patients in ran-
domized controlled trials,'® patients admitted to
intensive care units,’>"* studies including patients
with right bundle branch block and LBBB together, '
or patients included in developing countries."” All
these factors impose a large selection bias. In addi-
tion, it is of note that around one-quarter of
patients with AHF are managed entirely in the emer-
gency department without hospitalization, and
around one-quarter of patients requiring hospitali-
zation are admitted to cardiology departments.'®
Accordingly, we designed the present study with
the objectives of determining the prevalence of
LBBB in patients with AHF, defining common risk
factors associated with the presence of LBBB and
analyzing the association between LBBB and the
prognosis of patients with AHF in 3 different cohorts
representing different clinical scenarios in an
attempt to avoid the aforementioned recruitment
partiality.

Methods
Study Population

The present study is a secondary analysis of
patients included in 3 independent cohorts of peo-
ple with AHF, the designs of which have been
explained in greater detail elsewhere.'®"'° Briefly,
the EAHFE (Epidemiology of AHF in Emergency
departments) cohort is a prospective multicenter
registry that includes patients with AHF attended to
in 45 Spanish emergency departments (EDs) inde-
pendent of their final disposition after the first med-
ical presentation (admission to a general ward,
admission to an intensive care unit or discharged
home);'®"” the RICA (from Registro de Insuficiencia
Cardiaca Aguda, in Spanish, or AHF Registry, in
English) cohort is a prospective multicenter registry
that includes patients consecutively admitted to 34
Spanish internal medicine departments (IMDs) for
AHF who were discharged alive after the index AHF
episode that caused the hospitalization;'”"'® and the
BASEL-V (Basics in Acute Shortness of Breath EvaLua-
tion) cohort is a prospective multicenter diagnostic
study that enrolled adult patients presenting with
acute dyspnea to 2 Swiss EDs.'® For the current
study, only patients in the BASEL-V cohort with adju-
dicated final diagnoses of AHF were included. The 3
registries were approved by their respective ethics
committees, and written informed consent was
obtained from all participating patients.

Patient Selection and Classification

For the present secondary analysis, we included
patients from the 3 cohorts for whom information
about the ECG at baseline and vital status after 1
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year of follow-up were available. We excluded
patients with pacemakers at admission and those
who required pacemaker implantation during the
index admission for 3 reasons: (1) a pacemaker
rhythm on the baseline ECG does not allow an ade-
quate assessment of the patient's baseline heart
rhythm; (2) pacemaker implementation could influ-
ence the prognosis; and (3) all studies that have ana-
lyzed conduction abnormalities in AHF have
systematically excluded patients with pacemakers.
Patients were then divided into 2 groups, according
to whether LBBB was or was not present in the first
resting 12-lead ECG, recorded either at the time of
ED presentation or during hospital admission. Adju-
dication of LBBB was made at a local level by the
principal investigator of each center and was based
on the presence in the ECG of a QRS duration > 120
ms; delayed onset of the intrinsicoid deflection in
leads I, V5 and V6 of > 50 ms; the presence of a
broad monophasic, often notched, R-wave in leads |,
V5 and V6, with rS or QS complexes in leads V1 and
V2; and ST-T-wave vectors opposite in direction
from the major QRS vector.”®

Independent Variables

We selected 2 different types of variables: 1 set
corresponded to the baseline characteristics of the
patients, and 1 set corresponded to the clinical char-
acteristics of the acute episode of decompensation.
Among all the variables reported in the registries,
we prioritized those that were present and com-
monly defined in at least 2 of the 3 registries. The
only exceptions were the Charlson and Pfeifer
indexes (recorded only in the RICA cohort) and treat-
ments provided in the ED (recorded only in the
EAHFE cohort). Regarding baseline variables, we
finally included 28 items: 3 demographic (age, sex,
body mass index); 14 comorbidities (active smoker,
hypertension, dyslipidemia, diabetes mellitus, coro-
nary artery disease, heart valve disease, peripheral
artery disease, cerebrovascular disease, atrial fibrilla-
tion, previous episodes of AHF, chronic kidney dis-
ease, chronic obstructive pulmonary disease,
dementia, active cancer); 5 corresponding to base-
line status (New York Heart Association class, left
ventricular ejection fraction (LVEF), Barthel index,
Charlson index, Pfeifer index); and 6 chronic treat-
ments (diuretics, renin-angiotensin system inhibi-
tors, beta-blockers, mineralcorticosteroid-receptor
antagonists, digoxin, amiodarone). Regarding clini-
cal variables, we included 21 items: 6 triggers of AHF
episodes (infection, rapid atrial fibrillation, anemia,
hypertensive crisis, dietetic/pharmacologic trans-
gression, acute coronary syndrome); 3 vital signs at
arrival (systolic blood pressure [SBP], heart rate,
room air oximetry), 6 analytical parameters

(hemoglobin, creatinine, potassium, sodium, NT-
proBNP, troponin); 1 variable assessing severity
(MEESSI risk stratification);?" and 5 variables related
to ED management (intravenous diuretics, vasodila-
tors and inotropes/vasopressors, noninvasive ventila-
tion, hospitalization).

Endpoints

We selected 2 coprimary endpoints. The first was
1-year all-cause mortality. Time was counted from
the day of ED admission by the EAHFE and BASEL-V
cohorts and from hospital discharge by the RICA
cohort. The second endpoint corresponded to a 90-
day postdischarge combined event, which was
formed by all-cause mortality or need for hospitali-
zation due to AHF. ED revisit due to AHF was also
included in the combined endpoint for the EAHFE
cohort. By definition, patients dying during the
index AHF episode before discharge (in-hospital
mortality) were not included in the analysis of the
90-day postdischarge combined event. In all 3
cohorts, the time to the combined endpoint was
counted from the day of hospital discharge after the
index AHF episode, either from the ED or after hos-
pitalization. Outcome adjudication was carried out
at a local level by the principal investigators of each
center in the EAHFE and RICA cohorts, whereas cen-
tral adjudication by 2 independent cardiologists was
performed in the BASEL-V cohort.

Statistical Analysis

All statistical analyses were independently per-
formed for each individual cohort. Quantitative vari-
ables are expressed as median and interquartile
range. Qualitative variables are expressed as the
number of patients and percentages. The x*> or
Fisher exact tests (as needed) were used to compare
qualitative variables. The t test was used to compare
normally distributed quantitative variables (assessed
by the Kolmogorov-Smirnov test), and the nonpara-
metric Mann-Whitney U test was used when distri-
bution was not normal. Kaplan-Meier curve analysis
was used to plot the survival of patients with and
without LBBB and compared using the log-rank test.
Differences in 1-year mortality and the 90-day post-
discharge combined endpoint for patients with
LBBB with respect to patients without LBBB were
expressed as hazard ratios (HRs) with the 95% confi-
dence interval (Cl) using the Cox regression model,
first unadjusted and then adjusted for variables
with a P < 0.05 in the bivariate comparison in each
particular cohort. Adjustments were made progres-
sively, first for baseline variables (P < 0.05), then for
clinical variables (P < 0.05) and, finally, for both
(fully adjusted model). Results of unadjusted analy-
ses and partial adjustments by baseline or acute-
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EAHFE =10,181 -

Patients with AHF diagnosis according to the ESC-2016 criteria* included in the registries
RICA=4,621 -

BASEL-V = 1,069
EAHFE = 334
—> Without ECGdata Rjca =48
BASEL-V = 23

EAHFE =9,847 -

ith ECG data recorded
RICA =4,573 -

Number of patients wi

Number of patients without pacemeker devices
EAHFE=8,456 - RICA=

BASEL-V = 1,046
. EAHFE = 1,349
———> Pacemaker present at index
event admission RICA =336
BASEL-V =179
EAHFE = 42
———> Pacemaker placed during the RIC}j\ B 324
index event admission BASEL-V = NA
4,205 - BASEL-V =867
EAHFE =5

> Vital status unknown RICA =567

BASEL-V=0

EAHFE = 8,451 -

Number of patients finally included in the present study

RICA=3,632 -

BASEL-V = 867

AHF patients with LBBB
in the EAHFE cohort

937 (11.1%)

AHF patients with LBBB
in the RICA cohort

699 (19.2%)

AHF patients with LBBB
in the BASEL-V cohort

106 (12.25%)

Fig. 1. Triage flow chart for patient inclusion.

episode characteristics were quite similar and, for
this reason, were not included in Table 3. We cre-
ated 5 sets of data with replacement of missing val-
ues by multiple imputation using chained equations
before proceeding with adjustments. The Rubin rule
was used to pool parameter estimates in the 5 data-
sets with multiple imputation. Finally, we ran 3 dif-
ferent sensitivity analyses of outcomes: by removing
from the control group patients with other electric
abnormalities in the ECG (including right bundle
branch block and left ventricular hypertrophy; sensi-
tivity analysis A); by including only cases and controls
in sinus rhythm (sensitivity analysis B); and by includ-
ing only cases and controls with valid values in all
variables included in the fully-adjusted model (ie,
without applying multiple imputation for missing
values; sensitivity analysis C). Statistical significance
was accepted if P < 0.05 or 95% Cl excluded the
value 1. The analyses were performed using the Sta-
tistical Package for Social Sciences, version 23.0
(IBM, Armonk, New York, USA).

Results
Relative Frequency of LBBB

Of the total of 15,871 patients with AHF included
in the 3 cohorts, the present study finally selected
12,950 patients for analysis: 8451 from EAHFE, 3632
from RICA and 867 from BASEL-V cohorts (Fig. 1).
The number of patients with LBBB (and the relative
frequency of LBBB) was 937 (11.1%), 699 (19.2%)
and 106 (12.2%) in the EAHFE, RICA and BASEL-V
cohorts, respectively, and considering all the
patients together, the relative frequency of LBBB
was 13.5% (95% Cl: 12.9%—14.0%)

Baseline and Acute Episode Characteristics

Patients included in the 3 cohorts had a median
age between 79 and 82 years, and there was a simi-
lar proportion of females and males (Table 1).
Comorbidities were common in every cohort; hyper-
tension, dyslipidemia, atrial fibrillation, and
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previous episodes of AHF were present in more than
half of the patients. There were significant differen-
ces between patients with and without LBBB in
every cohort in relation to the frequency of many
baseline characteristics (in 14 of 26 in the EAHFE
cohort, in 14 of 28 in the RICA cohort, in 8 of 24 in
the BASEL-V cohort), but 4 differences were consis-
tently found in the 3 cohorts: patients with LBBB
more commonly had coronary artery disease (CAD)
and previous episodes of AHF, were on chronic
treatment  with  mineralcorticosteroid-receptor
antagonists, and had lower LVEFs (Table 1).

With respect to the clinical characteristics of the
AHF episodes, the most common triggers for decom-
pensation were infections (in the EAHFE and RICA
cohorts) and rapid atrial fibrillation (in the BASEL-V
cohort) (Table 2). At admission, the median SBP was
between 134 and 139 mmHg, and the median NT-
proBNP level ranged from 3486 to 4465 pg/mL.
There were significant differences between patients
with and without LBBB in the frequency of some
baseline characteristics in every cohort (in 9 of 21 in
the EAHFE cohort, in 5 of 14 in the RICA cohort and
in 5 of 16 in the BASEL-V cohort). Among the 13
common clinical variables assessed in the 3 cohorts,
2 were consistently different in patients with LBBB:
SBP was lower, and NT-proBNP levels were higher
(Table 2).

Outcomes

The cumulative all-cause mortality rate at 1 year
was 31.9% (95% Cl 30.9—32.9) in the EAHFE cohort,
16.9% (95% Cl 15.2-18.5) in the RICA cohort, and
31.0% (95% Cl 27.9-34.1) in the BASEL-V cohort.
There were no statistically significant differences in
survival between patients with and without LBBB in
the EAHFE cohort, whereas the mortality rate was
higher in patients with LBBB in the RICA and BASEL-
V cohorts (Fig. 2). On the other hand, the cumulative
postdischarge combined event at 90 days was 49.0%
(95% Cl 47.2-50.8) in the EAHFE cohort, 15.8%
(95% ClI 14.6—17.0) in the RICA cohort, and 22.0%
(95% Cl 19.3—-24.8) in the BASEL-V cohort. For this
outcome, statistically  significant  differences
between patients with and without LBBB were
observed only in the BASEL-V cohort, where patients
with LBBB had an increased risk (Fig. 2).

The risk of adverse outcomes after adjustments
are presented in Table 3. LBBB was not associated
with significant differences in either 1-year mortal-
ity or the 90-day postdischarge combined event in
the EAHFE cohort in any of the adjusted models. In
the other 2 cohorts, the increased risk of crude 1-
year mortality in patients with LBBB was maintained
in the models adjusted for baseline characteristics
(BASEL-V cohort) or for characteristics of the acute
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episode (RICA cohort), but this significance was not
maintained in the remaining models, including the
fully adjusted model. On the other hand, the
increased risk of the crude 90-day postdischarge
combined event in patients with LBBB found in the
BASEL-V cohort was not observed in any of the
adjusted models. In summary, and remarkably, the
fully adjusted models did not uncover statistically
significant differences between patients with and
without LBBB for any of the outcomes analyzed.
Sensitivity analyses (which could not be run in the
BASEL-V cohort due to the small group size and low
number of events) confirmed this lack of association
between LBBB and adverse outcomes in the EAHFE
and RICA cohorts (Table 3).

Discussion

The main strength of this study is the inclusion of
a large number of real-world AHF patients from 3
independent cohorts, representing 3 different sce-
narios and covering a wide spectrum of this syn-
drome, with no limitations in age, comorbidities, HF
etiology, or LVEF values. From this unique perspec-
tive, we herein report 3 main findings. First, the
prevalence of LBBB in patients with AHF ranges
between 10% and 20%. Second, the presence of
LBBB is consistently associated with some baseline
and acute episode clinical characteristics. And third,
after adjusting for differences between patients
with and without LBBB, the presence of LBBB in the
ECG does not seem to be associated with adverse
outcomes.

The prevalence of LBBB was higher in the RICA
cohort (19%; hospitalized patients) than in the
EAHFE and BASEL-V cohorts (11%—12%; patients
recruited in the ED). LBBB probably constitutes a
marker of a more evolved cardiac disease (regardless
of the main cause leading to HF), so it is expected to
be more prevalent in hospitalized patients because
they probably have more severe cardiac diseases
and/or decompensations. In fact, the prevalence
found in the hospitalized patients of the RICA
cohort (19%) was close to that reported in previous
studies, ranging between 15% and 30%, and all of
these studies exclusively referred to hospitalized
patients.” '°

This result is likely to be linked to our second find-
ing: LBBB was more common in patients with CAD,
previous AHF episodes, reduced LVEF, and higher
increments of NT-proBNP in the 3 cohorts analyzed
in the present study. All these findings suggest a
prominent role of ischemic cardiomyopathy in the
development of LBBB and that LBBB could be
related to more highly evolved cardiac diseases. In
this regard, MEESSI risk stratification also agrees
with this concept, as patients with LBBB presented
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Fig. 2. Kaplan-Meier curves for 1-year survival (up) and 90-day

cohort (middle) and BASEL-V cohort (right).

to the ED with more severe decompensations than
patients without LBBB in the BASEL-V cohort
(P=0.026) and also with a marked trend in this
direction in the EAHFE cohort (P=0.054).

Although several studies have analyzed the rela-
tionship between LBBB and the prognosis of
patients with HF,° >22-2 only 2 have found worse
outcomes in patients with AHF and LBBB. Abdel-
Qadir et al.? analyzed 9487 patients and found an
increase in mortality rate and the need for rehospi-
talization because of HF in patients with LBBB; how-
ever, their analysis was limited to patients
hospitalized for AHF. On the other hand, Wang et
al.’® also found an increased risk of death associated
with LBBB in a cohort of 2962 patients, although
their analysis was limited to patients with reduced
LVEF. No differences in mortality rates were
reported in the remaining studies carried out to
date in patients with AHF."""'> Again, patients
included in these studies were highly selected and,
therefore, they could have ascertained the problem
only in a limited number of situations. Interestingly,
Tabrizi et al.’® suggested that an apparent increased
mortality rate in patients with LBBB could be, in
fact, due to the higher number of cardiac comorbid-
ities and myocardial dysfunction than to LBBB per
se. This hypothesis agrees with our findings; we
found an apparent increase in mortality rates in the
unadjusted analyses, which disappeared after

combined event (down) for the EAHFE cohort (left), RICA

adjustment using, among others, CAD and previous
AHF episodes (higher in patients with LBBB) and
LVEF (decreased in patients with LBBB). In summary,
and in concordance with our results, most of the
previous studies did not show a clearly significant
increase in mortality rates in the group of patients
with LBBB when adjusting for comorbidities, echo-
cardiographic data and laboratory tests.

Patients with AHF and LBBB surviving the index
episode did not exhibit a higher risk of a 90-day
postdischarge combined adverse events than did
patients with AHF but without LBBB. This early
phase after discharge has been defined as the vul-
nerability period, in which the risk of complications
is higher.?>~?” In fact, 20% of rehospitalizations for
AHF are seen within the first 30 days following hos-
pital discharge, and up to 50% occur within 6
months.?® However, LBBB does not seem to play a
role during this vulnerable period, even taking into
account ED revisits (not needing hospitalization)
due to mild episodes of AHF (as we described in the
EAHFE cohort). It is important to note that when
LBBB is associated with LVEF below 40% there is an
opportunity for further treatment with a cardiac
resynchronization therapy device (in most of these
patients LBBB persists, but in others LVEF improves
and cardiac resynchronization therapy is not neces-
sary). On the other hand, in most cases LVEF stays
below 40% if it was below 40% initially. For this



80

1112

Journal of Cardiac Failure Vol. 28 No. 7 July 2022

Table 3. Cox Regression Analyses for 1-Year All-Cause Mortality and 90-Day Postdischarge Combined Event for Patients
With Left Bundle Branch Block in the 3 Cohorts, Including Sensitivity Analyses in the Fully Adjusted Model

EAHFE cohort RICA cohort BASEL-V cohort
HR (IC 95%) pr* HR (IC 95%) pr* HR (IC 95%) pP**
1-year all-cause mortality
Main analyses
Unadjusted 1.093 (0.967-1.235) 0.155 1.320(1.107-1.573) 0.002 1.572(1.141-2.166) 0.006
Adjusted by baseline characteristics® 1.055(0.931-1.194) 0.403 1.131(0.940-1.360) 0.192 1.433(1.032-1.989  0.032
Adjusted by acute episode characteristics® 1.038 (0.911-1.183) 0.574 1.303(1.092-1.555) 0.003 1.333(0.952-1.864) 0.094
Fully-adjusted model 1.021(0.894-1.166) 0.756 1.148(0.953-1.382) 0.146 1.321(0.937-1.860) 0.112
Sensitivity analyses for the fully adjusted model
Sensitivity analysis A* 1.007 (0.882-1.151) 0.916 1.138(0.908-1.427) 0.262 NA'
Sensitivity analysis B* 1.174 (0.950-1.450) 0.138 0.943 (0.688-1.294) 0.718 NA'
Sensitivity analysis C* 1.124(0.886-1.425) 0.337 1.037 (0.813-1.323) 0.771 NA'
90-day post-discharge combined event
Main analyses
Unadjusted 1.015(0.901-1.142) 0.810 1.193(0.980-1.453) 0.078 1.554(1.063-2.272) 0.023
Adjusted by baseline characteristics® 0.979 (0.868-1.105) 0.736 1.106 (0.899-1.362) 0.340 1.382(0.938-2.037) 0.102
Adjusted by acute episode characteristics® 1.033(0.910-1.172) 0.620 1.178(0.965-1.437) 0.107 1.289 (0.871-1.909) 0.204
Fully-adjusted model 1.004 (0.883-1.142) 0.950 1.138(0.923-1.403) 0.226 NA'
Sensitivity analyses for the fully-adjusted model
Sensitivity analysis A* 1.007 (0.885-1.146) 0.911 1.155(0.903-1.476) 0.252 NA'
Sensitivity analysis B* 0.978 (0.797-1.199) 0.831 1.223(0.861-1.739) 0.261 NA'
Sensitivity analysis C* 0.907 (0.711-1.156)  0.431 1.156 (0.877-1.523) 0.303 NA'

*Sensitivity Analysis A consisted of removing from the control group patients with other electric abnormalities in the ECG (including
right bundle branch block, left ventricular hypertrophy); sensitivity analysis B included only cases and controls in sinus rhythm; and Sensi-
tivity Analysis C included only cases and controls with valid values in all variables included in the fully adjusted model, without applying

multiple imputation for missing values.

**Bold P values in shadowed cells denote statistical significance (P < 0.05)BASEL V: 90-day combined event: CHF-Rehosp, all-cause

mortality.

"These analyses were not performed in the BASEL V study because there were fewer than 10 events per included variable.
2For every cohort, covariates included in the adjustment by baseline characteristics were those variables with a P value < 0.05 in the

bivariate analysis for each particular cohort.

3For every cohort, covariates included in the adjustment by acute episode characteristics were those variables with a P value < 0.05 in

the bivariate analysis for each particular cohort.

reason, the lack of independent effect on mortality
could be explained also by the therapy applied in
those with persistent LVEF below 40% and LBBB.

It is worthy of note that in our study, the results of
the 3 cohorts show some differences in their main
outcomes. These differences are easily explained by
differences in cohort definition and composition.
For example, the RICA cohort accounted only for
hospitalized patients in IMD, and the AHF case mix
in the IMD is more heterogeneous than the AHF
case mix in cardiology departments. Moreover, the
follow-up in the RICA cohort was initiated just after
hospital discharge and, therefore, in-hospital mor-
tality did not account for 1-year mortality. This
resulted in a 1-year mortality of around half that 1
observed in the EAHFE and BASEL-V registries. On
the other hand, in the BASEL-V cohort up to 67% of
patients with CAD in the group had LBBB (around
double that of the EAHFE and RICA cohorts) and the
proportion of patients with advanced (lll or IV) New
York Heart Association functional class was higher
than 90% (about triple that of the EAHFE and RICA
cohorts). This probably explains why, in the unad-
justed analysis, we found higher differences in 1-

year mortality and 90-day postdischarge combined
event in patients with LBBB compared to those with-
out LBBB in the BASEL-V cohort in comparison with
the narrower differences found in the other 2
cohorts, as well as why a large part of these differen-
ces between patients with and without LBBB disap-
pears after adjustment for these confounders in the
BASEL-V cohort.

Limitations

There are some limitations that should be consid-
ered. First, the 3 cohorts included patients with AHF
but with heterogeneity in their characteristics and
with different perspectives at the time of inclusion
(EDs and IMDs) that may contribute to the differen-
ces shown in the results. However, this was inten-
tionally sought by the authors in order to provide 3
different perspectives on the same clinical problem
and, in some aspects, this should be taken into
account as a strength of our study. Second, as in
every observational study, causal relationships can-
not be inferred. Therefore, the results of the current
analysis are limited by the retrospective design, and
some important data could be lacking. For example,
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the onset of LBBB and its potential disappearance
during follow-up was unknown. Even more impor-
tant, a large number of LVEF values were missing in
the EAHFE and BASEL-V cohorts, and information
regarding cardiac resynchronization therapy imple-
mentation (that could modify the prognosis of
patients) is not available for any of the 3 cohorts.
Although we tried to manage this limitation by
using multiple imputation, we cannot exclude bias.
Therefore, our results should be considered to be
hypothesis generating. Third, there was no sample-
size calculation, and this could have influenced the
lack of statistical significance in some comparisons
(beta error). Indeed, a sensitivity analysis cohort
could not be performed in the BASEL-V cohort due
to the limitation of sample size. Fourth, Spain and
Switzerland have a nationwide universal public
health care system, and external validation of our
results might be needed to confirm their generaliz-
ability. For example, Spanish EDs are able to provide
observation for up to 24 hours, which is not the rule
in other countries, and this can influence the per-
centage of patients who are sent home directly
from the ED, without hospitalization, and their
prognoses.”’ Fifth, our study included a high per-
centage of elderly patients with AHF in whom frailty
and dependence are common, and these 2 factors
are strongly related to mortality."° And sixth, out-
come adjudication was performed externally only in
the BASEL-V cohort.

Conclusions

The prevalence of LBBB in our 3 large cohorts of
patients with AHF ranged between 11% and 19%,
and it is associated with some cardiovascular comor-
bidities, a reduced LVEF and probably more severe
decompensations. Nonetheless, after taking these
factors into account, the presence of LBBB in
patients with AHF does not seem to be associated
with a statistically significant increased risk of
adverse outcomes.
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RESUM DEL TREBALL 2

En aquest estudi s’analitza la prevalenga i ’impacte en el pronostic del BBE en els pacients
amb ICA de 3 cohorts independents (RICA, EAHFE 1 BASEL). L’objectiu principal va ser la
mortalitat per qualsevol causa després d’un any de I’episodi d’urgencies en el cas de les cohorts
EAHFE/BASEL i després d’un any de 1’alta hospitalaria en el cas de la cohort RICA. L’objectiu
secundari va ser la combinacié de mortalitat per qualsevol causa o hospitalitzacié cardiovascular

als 90 dies posteriors a 1’alta.

En les cohorts es van analitzar de forma independent i dividint-les en dos grups en funcio6 de la
preséncia o no de BBE a ’ECG basal. En els estudis observacionals publicats préviament s’han
reportat dades de prevalenca de BBE del 5-25% en els pacients amb ICA. En el present estudi
hem estimat una prevalenca del 13,5% (IC 95% 12,9-14,0%). La prevalenca era més elevada en
la cohort RICA (19%) 1 esta en consonancia amb els resultats d’altres cohorts d’ICA en pacients
hospitalitzats. Com que el fet de presentar BBE constitueix un marcador de malaltia cardiaca més
evolucionada és esperable trobar una prevalenca més elevada en els pacients hospitalitzats, ja que

probablement, presentin malalties cardiaques més evolucionades o descompensacions més greus.

En els tres registres, la presencia de BBE estava associada a més comorbiditats cardiovasculars
(coronariopatia i episodis previs d’ICA), reduccio de la FEVE, nivells més alts de NT-proBNP
1 descompensacions més greus. L’escala MEESSI reforga aquest concepte, ja que els pacients
amb BBE presentaven descompensacions més greus que els pacients sense BBE en els serveis
d’urgencies especialment en la cohort BASEL-V (p=0.026), pero també amb una tendéncia
marcada en aquesta direccio en la cohort EAHFE (p=0.054). Aquestes troballes suggereixen
un paper destacat de la miocardiopatia isquémica en el desenvolupament de BBE i que el BBE
podria estar relacionat amb malalties cardiaques més evolucionades. No obstant aixo, després
de tenir en compte aquests factors, no hi va haver diferéncies de risc de mortalitat anual en cap
cohort, amb HR ajustats (IC 95%) en les cohorts EAHFE/RICA/BASEL-V de 1,02 (0,89-1,17),
1,15 (0,95-1,38) 1 1,32 (0,94-1,86) respectivament, i tampoc per 1I’esdeveniment final combinat
90 dies després de I’alta de 1,00 (0,88-1,14), 1,14 (0,92-1,40) 1 1,26 (0,84-1,89).

Es interessant remarcar que, en el cas de BBE, els estudis que han trobat pitjors resultats de

mortalitat han estat en pacients amb FEVE deprimida o en pacients amb elevada preséncia de
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comorbiditats. En el nostre estudi, ’augment de la mortalitat en les analisis no ajustades, va
desapareixer després de 1’ajustament i, per tant, encara que les alteracions de la conducci6 po-
drien condicionar un pitjor pronostic en aquests malalts, la mortalitat en els pacients amb BBE
podria atribuir-se al nombre més gran de comorbiditats cardiaques 1 disfunci6 del miocardi més
que pel BBE per se. De tota manera, davant la variabilitat dels resultats en els estudis publicats
fins al moment, ens va semblar que la millor manera de respondre a aquesta pregunta era portar

a terme una revisio sistematica amb metaanalisi.



86 | RESULTATS EN PRODUCCIO CIENTIFICA

OBJECTIU 5. TREBALL 3.

THE PROGNOSTIC SIGNIFICANCE OF BUNDLE BRANCH BLOCK IN ACU-
TE HEART FAILURE: A SSYSTEMATIC REVIEW AND META-ANALYSIS

Oriol Aguild, Xavier Castells, Oscar Mir6, Cristian Mueller, Ovidiu Chioncel, Joan Carles

Trullas

Clin Res Cardiol 2022; 112 (8): 1020-1043

Factor d’impacte (2022): 5.0

Categoria: Q2 CARDIAC & CARDIOVASCULAR
SYSTEMS




87

Clinical Researchin Cardiology (2023) 112:1020-1043
https://doi.org/10.1007/s00392-022-02105-z

ORIGINAL PAPER ¢')

Check for
updates

The prognostic significance of bundle branch block in acute heart
failure: a systematic review and meta-analysis

Oriol Aguil6'? ® - Xavier Castells® - Oscar Miré* - Christian Mueller® - Ovidiu Chioncel® - Joan Carles Trullas®’

Received: 18 June 2022/Accepted: 6 September2022/Publishedonline: 18 September2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2022

Abstract

Aims The aim of this study was to conduct a meta-analysis of prospective studies assessing the relationship between bundle
branch block (BBB) or wide QRS and risk of all-cause mortality in patients with acute heart failure (AHF).

Methods and results We searched the PubMed, Scopus and Web of Science database from inception to February 2022 to
identify single centre or multicentre studies including a minimum of 400 patients and assessing the association between
BBB or wide QRS and mortality in patients with AHF. Study-specific hazard ratio (HR) estimates were combined using a
random-effects meta-analysis. Two meta-analyses were performed: (1) grouping by conduction disturbance and follow-up
length and, (2) using the results from the longest follow-up for each study and grouping by the type of BBB. The meta-
analysis included 21 publications with a total of 116,928 patients. Wide QRS (considering right (RBBB) and left (LBBB)
altogether) was associated with a significant increment in the risk of all-cause mortality (pooled adjusted HR 1.112, 95% CI
1.065-1.160). The increased risk of death was also present when LBBB (HR 1.121, 95% CI 1.042-1.207) and RBBB (HR
1.187, 95% CI 1.045-1.348) were considered individually. There was no difference in risk between LBBB and RBBB (P for
interaction =0.533). Other outcomes including sudden death, rehospitalization and a combination of cardiovascular death
or rehospitalization were also increased in patients with BBB or wide QRS.

Conclusions This meta-analysis suggests a modest increase in the risk of all-cause mortality among patients with AHF and
BBB or wide QRS, irrespective of the type of BBB.

Keywords Heart failure - Bundle-branch block - Right bundle branch block - Left bundle branch block - Mortality -
Prognosis

Introduction HF is characterised by a progressive decline in cardiac

function and clinical status, recurrent hospitalisations and
Heart failure (HF) is a complex clinical syndrome and a  premature death [2]. Acute heart failure (AHF) is broadly
leading cause of morbidity and mortality that affects an  defi as a rapid onset of new or worsening signs and
estimated 1 to 2% of adults in developed countries rising  symptoms of HF. Most patients presenting with AHF do so
to more than 10% in the population over 70 years old [1]. in the context of pre-existing cardiomyopathy, a situation
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described as acute decompensated heart failure (ADHF)
[3]. Clinical presentation and management of AHF does
not differ between acutely decompensated chronic heart
failure (ADCHF) and “de novo” AHF. In many cases,
decompensations require hospital admission [4], while in
others they can be managed on an outpatient basis. AHF is
associated with a 30-day mortality of between 5 and 10%
[5, 6]. Multiple system-, patient- and episode-related risk
factors for adverse outcomes have been defined in patients
with AHF [4-6].

Electrocardiogram (ECG) is a standard routine investi-
gation recommended in all patients with suspected AHF
[7]. The relationship between arrhythmias, especially atrial
fibrillation, and outcomes has been widely studied. Several
reports have suggested that atrial fibrillation may be related
to adverse outcomes, while rapid atrial fibrillation as a pre-
cipitating factor of AHF is linked to better prognosis [6].
Conversely, there is much less information on the impact on
prognosis of other electrocardiographic alterations such as
conduction blocks.

Approximately 20% of a generalized HF population
can be expected to have a prolonged QRS duration within
the first year of diagnosis [8, 9]. Prolonged QRS duration
with or without bundle branch block (BBB) has been asso-
ciated with increased morbidity and mortality in patients
with chronic HF with a reduced left ventricular ejection
fraction (LVEF) [10, 11] but remains controversial in the
global spectrum of patients with HF[12]. The relationship
between conduction blocks and HF has been slightly more
studied for left bundle branch block (LBBB) than for right
bundle branch block (RBBB) and while some studies have
suggested an association with higher mortality [13—15]
others have failed to demonstrate this relationship [16, 17].
There is controversy about the impact of both LBBB [18-29]
and RBBB [19-22, 24-27, 30-32] on the prognosis of HF.
The few studies that have analysed the two types of BBB
together seem to find an association between their presence
and higher mortality [33, 34].

Taking this controversy into account, the objective of this
study was to carry out a systematic review of the literature
and a meta-analysis to determine if there is a relationship
between BBB and mortality in patients with AHF. To our
knowledge, this is the first time that this type of approach
(systematic review with meta-analysis) has been carried out
in relation to this clinical question.

Methods
Patient and public involvement

Not feasible or appropriate in this systematic review.

Study selection and dataextraction

We performed a systematic review of published studies
investigating the association between BBB and all-cause
mortality in patients with AHF. For conducting this study,
we followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [37, 38]
and the study protocol was registered in the PROSPERO
international database of prospectively registered system-
atic reviews (registry number CRD42021228958) the 5th
of April 2021.

The inclusion criteria were: (1) single centre or multi-
centre studies; (2) sample size of at least 400 patients; and
(3) assessment of the association between BBB (or wide
QRS) and all-cause mortality in patients with symptomatic
heart failure including “de novo” AHF or acutely decom-
pensated chronic heart failure (regardless of whether they
were admitted or treated on an outpatient basis) attended on
the Emergency, Internal Medicine or Cardiology Depart-
ments or Intensive Care Units. In addition, studies had to
include patients consecutively and prospectively, although
intermittent pre-specified periods of consecutive recruitment
were also accepted. The exclusion criteria were as follows:
(1) studies performed before 1980; (2) studies that did not
provide primary data (i.e., review articles); and (3) studies
including stable chronic HF patients.

Studies were identified by a literature search in PubMed,
Scopus and Web of Science (WOS) databases through the
Sth of April 2021 (this search was later updated on the 1st of
February 2022). We used the search terms “Wide QRS” or
“Left bundle branch block” or “Right bundle branch block”
and “Heart failure” and “Mortality”. Only articles published
in English or Spanish were included. The reference lists of
pertinent articles were also reviewed to identify additional
studies.

Citations were uploaded to the reference manager soft-
ware Mendeley Desktop (version 1.19.8) for title and
abstract screening and data characterization. Documents
were reviewed based on title and abstract by two independent
reviewers (OA and JCT) and potentially eligible reports were
subsequently retrieved and the full text scrutinised for inclu-
sion. A third investigator or “tie-breaker” (OM) was involved
in the case of disagreement. Data extraction included: first
author name, study period and year of publication, country
(or countries) in which the study was performed, number of
patients included, mean age and gender, main HF aetiolo-
gies, LVEF values (when available) and main (adjusted and
unadjusted) outcomes. The characteristics of the eligible
studies are overviewed in Table 1 and detailed in Table 2.
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Table1l Overview of the 21 articles included in the systematic review

Characteristic of the publication Number (percentage)
Year of publication

2000-2005 3(14.3%)
2006-2010 7(33.3%)
2011-2015 6(28.6%)
20162022 5(23.8%)
Continents

Europe 11(52.4%)
Asia 4(19.0%)
North America 3(14.3%)
Africa 1(4.8%)
Different countries worldwide 2(9.5%)
Study design

Cohort study 11(52.4%)
Heart Failure Registry 8(38.1%)
Clinical Trial 2(9.5%)
Sample size

<1000 patients 4(19.0%)
10004999 patients 9 (42.9%)
5000-10,000 patients 5(23.8%)
>10,000 3(14.3%)
Type of conduction abnormality studied

Wide QRS (not specified) 6(28.6%)
Unspecified bundle branch block 2(9.5%)
Left bundle branch block 10 (47.6%)
Right bundle branch block 9(42.9%)

Definition of wide QRS and bundle branch block

QRS>120ms 3(14.3%)
QRS>120 ms and morphological criteria 14(66.7%)
At investigator discretion 2(9.5%)
Not specified 2(9.5%)
Main outcomes

All-cause mortality (after hospital discharge) 18 (86.0%)
In-hospital mortality 3(14.3%)
Sudden death 2(9.5%)
Hospital readmission™® 4(8.4%)
Combined endpoints** 7(33.3%)

*Including heart failure readmission (2 studies) and cardiovascular
readmission (2 study)

“Including cardiovascular death or heart failure readmission (2 stud-
ies) and all-cause mortality or heart failure readmission (5 studies)

Definitions of wide QRS and bundle branch block

Almost all studies (n=17, 81%) included in this review used
the standard criteria for wide QRS and BBB diagnosis[34,
35]. Wide QRS was diagnosed when the QRS duration was
greater than 120 ms, and the definition of complete LBBB
or RBBB was considered when morphological criteria were
also present. In two studies the diagnosis was made at the

investigator’s discretion and only in two studies these defini-
tions were not specified (Table 1).

Outcomes considered

The main outcome considered in the present study was all-
cause mortality after hospital discharge. For any study pro-
viding a diff ent timespan in follow-up, we selected the
results obtained in the longest follow-up. As secondary out-
comes, we presented outcomes that were assessed by more
than one study: sudden death [18, 34], in-hospital mortality
[17, 21, 23], hospital readmission [15, 21, 26, 34] and the
composite end-points cardiovascular death or HF hospitali-
sation [20, 34] and all-cause mortality or HF hospitalization
[22, 26-28, 32]. Hazard ratios (HRs) with their confidence
intervals (CIs) were the main values used to compare the
results.

Statistical methods

Individual results were pooled using a random effects meta-
analysis. Two analyses were performed: (1) grouping by
conduction disturbance and follow-up length, and (2) using
the results from the longest follow-up for each study and
grouping by the type of BBB. The potential for publication
bias was investigated using a visual assessment of the funnel
plot. Statistical heterogeneity was determined by calculating
the P statistic, which measures the percentage of variance
across studies due to heterogeneity rather than chance [38].
We checked the presence of significant differences in mortal-
ity risk found in independent meta-analyses of patients with
RBBB and LBBB by interaction. Statistical analysis was
performed with comprehensive meta-analysis version 3.0.

Ethics

This study complied with the Declaration of Helsinki. Ethi-
cal approval and consent to participate are not applicable for
a systematic literature review and meta-analysis.

Results
Study identification

A total of 4292 potentially relevant publications were
initially identified in three databases (PubMed, Scopus
and WOS) as shown in the PRISMA fl wchart illustrated
in Fig. 1. After the initial screening 2990 articles were
excluded based on title and abstract. The remaining 110
potentially relevant publications were identified for further
review and, after examining these articles in more detail,
21 were finally included in the systematic review. Seven
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Identification of studies

g Records identified through Records remov! ed before
k=1 database searching sereening
g (n=4292) (n=1,192)
g > Duplicate records (n = 1,182)
=} PubMed = 887 .. .
] N Ineligible records by automation
2 Scopus = 1,754 _
= || Webof Science = 1,651 )
- Other languages (n = 4)
l
Records screened Records excluded based on
(n=3,100) title and abstract (n = 2,990)
o0 Reports excluded (n = 89)
E - Non-original articles (n = 8)
15} - Old studies (n =9)
g - Different main outcome (n = 24)
77} Full-text articles - Single centre with N < 400 (n=7)
for eligibility (n = 110) - Chronic heart failure (n=11)
- Asymptomatic population (n = 8)
- Only dilated cardiomyopathy (n = 4)
- Only preserved LVEF (n=5)
- Only hypertensive cardiomyopathy
(n=3)
- Only acute cardiac events (n = 3)
- Patients with TRC or TAVR (n=2)
— - Other languages (n = 5)
g I .
= Articles included in the
T'é review (n =21)
=

Fig.1 PRISMA flow diagram describing the publication selection
process used for this meta-analysis

of these studies did not provide HR values and were not
included in the quantitative meta-analysis.

Study characteristics

The main characteristics of the 21 selected studies are
overviewed in Table 1 and detailed in Table 2. Studies
were published between 2000 and 2022, and most were
cohort studies or HF registries (except two post-hoc analy-
ses of clinical trials) conducted in European countries (11
studies) followed by Asia (4 studies) and North America
(3 studies) and only one study from Africa. The remain-
ing two studies were multicentre clinical trials with par-
ticipation from several continents. The sample size was
variable, ranging between 403 and 25,171 and adding all
the studies, the number of patients included in the meta-
analysis was 116,928. Overall, the mean age of the patients
included in the studies was 71 years (range 52-81) with a
higher representation of the male gender (57% on average).
Information on the LVEF was obtained in 14 studies and
the mean LVEF was 39%. In 8 studies, an acute coronary
syndrome was a possible trigger for HF decompensation
(from 2 to 36% of the causes depending on the study), in
another 7 it was an exclusion criterion, and in the remain-
ing 6 studies this information was not specified.

Meta-analysisresultsforall-causemortality (after
hospital discharge)

The pooled HR of the 14 studies providing post-discharge
all-cause mortality HR values for the presence of BBB in
patients with AHF was 1.11 (95% CI 1.06-1.16; 2=10.2%)
(Fig. 2). There was no indication of publication bias as no
relevant asymmetry was found in the funnel plot (Egger’s
test, p=0.330) and the inclusion of imputed missing stud-
ies did not change the main result (Fig. 3). The cumulative
meta-analysis showed that the association of BBB with an
increased risk of death was not statistically significant until
2008. Afterwards, the effect was consistent over time being
the increasing statistical significance the only effect of the
progressive accumulation of evidence (Supplemental Fig. 1).
In a sensitivity analysis, in which one study at a time was
excluded and the rest analysed, the HR ranged from 1.11 to
1.12, indicating that the calculated eff was not unduly
caused by the contribution of a single study (Supplemental
Fig. 2).

When we analysed LBBB and RBBB separately, the
pooled HRs were 1.121 (95% CI 1.042—1.207; >=52.28%)
for LBBB (including 11 diff ent cohorts from 9 studies
and a global sample of 66,908 patients) and 1.187 (95 CI%
1.045-1.348; I*=38.33%) for RBBB (including 9 studies
and a sample of 32,877 patients) (Fig. 4). There were no dif-
ferences in the increased risk of death observed for patients
with LBBB and those with RBBB (P for interaction=0.533).

Otheroutcomes

Although the main objective of this systematic review was
all-cause mortality, we were also interested in analysing
other endpoints reported in a few studies. In the studies in
which HR values were available, a meta-analysis was also
performed (the pooled results are available in Supplemental
Fig. 3).

The risk of sudden death in patients with AHF and BBB
was evaluated in two studies that reported a higher risk
for patients with LBBB [18] or prolonged QRS interval
[34] (but no study evaluated this risk in RBBB) and the
pooled HR was 1.301 (95% CI 1.129-1.500) (Supplemental
Fig. 3A).

In relation to in-hospital mortality, the results are more
controversial: while two studies described an increased risk
of in-hospital mortality in patients with LBBB and RBBB
[21] or wide QRS interval [17], another study found no sig-
nificant differences between having and not having LBBB
[23].

Seven studies presented the results of composite end-
points. Two found that wide QRS was associated with a
high risk of a composite endpoint including cardiovascu-
lar death or HF hospitalization, especially in patients with
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Author and year HR (95% CT)
Wang et al 2008 124 (102-151) —————————
Trullas et al 2022 103 (0.83-132) e
Tolppanen et al 2015 (RBEB) 138 (1.00-1.90)
Tolppanen et al 2015 (LBBB) 034 (0.64-110) [ —— ]
Lund etal 2013 111 (1.04-1.18) e
Hong et al 2012 (RBEB) 163 (1.00-2.66)
Hong et al 2012 (LBBB) 075 (0.37-1.52)
Harjola et al 2010 121 (0.90-1.59) —_
Dzudie et al 2014 (RBEE) 0.71 (0.18-2.80)
Dzudie et al 2014 (LBEB) 218 (0.64-743)
Breidhart et al 2007 167 (0.98-285)
Barsheshet et al 2008 (RBBB) 121 (0.94-1.36) - e
Barsheshet et al 2008 (LBEB) 096 (0.76-121) — e
Baldasseroni et al 2002 117 (0.99-138) e
Aguilo et al 2021 (BASEL-V cohort) 132 (0.94-1.86)
Aguilé etal 2021 (RICA cohort) 113 (093-1.38) e
Aguil et al 2021 (EAHFE cohorf) 1.02 (0.89-1.17) —fe——
Abdel-Qadir et al 2010 (RBBE) L1 (0.99-12) [ E—
Abdel-Qadir et al 2010 (LBEB) L1 (L02-118) —e—i
Global (1*=10.2%) 1.11 (1.07-1.16) ‘
05 10 15 2,0 25 30
Decreased riskof death Inereased riskof death

Fig. 2 Forest plot of hazard risks (HRs) with 95% confidence inter- from 1.065 to 1.160; 2=10,2%). Squares indicate study-specific HR
vals (CIs) of all-cause mortality for Bundle Branch Block (BBB). estimates (the size of the square reflects the study-specific statistical
The all-cause mortality analysis demonstrated that BBB is associ- weight); horizontal lines indicate the 95% CI; red diamond indicates
ated with an increased risk of all-cause mortality (HR 1.112: 95% CI the pooled HRs
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Fig. 3 No relevant asymmetry is found in the funnel plot to assess for evidence of publication bias (Egger test p value=0.330). The inclusion of
imputed missing studies does not change the main result, overall suggesting that publication bias is unlikely

reduced LVEF [20, 34], and the pooled HR was 1.249 (95% 26-28, 32], and only one reported higher risk, which was
CI 1.160-1.345) (Supplemental Fig. 3B). limited to patients with LBBB but not with RBBB[22].

The remaining five studies evaluated the composite BBB was not associated with an increased risk of all-
endpoint of all-cause mortality or HF hospitalisation|[22, cause mortality of HF hospitalisation, after analysing all
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Fig.4 A, BForestplotof
hazard risks (HRs) with 95%
confidence intervals (CIs) of all-
cause mortality for Left (LBBB)
and Right (RBBB) Bundle
Branch Block. Both LBBB and
RBBB are associated with an
increased risk of death with

HR 1.121: 95% CI from 1.042
to 1.207; 2=52.28% and HR
1.187: 95% CI from 1.045 to
1.348; P=38.33%, respectively.
Squares indicate study-specific
HR estimates (the size of the
square reflects the study-specific
statistical weight); horizontal
lines indicate the 95% CI; red
diamonds indicate the pooled
HRs for LBBB and RBBB

Author and year HR (9524 CT)
Wang etal 2008 140 (1.14-1.72) e A
Tolppanenetal 2015 0.84 (0.64-1.10) ——
Lundetal 2015 111 (L05-117) o
Hongetal 2012 075 (037-1.52) PR S
Dzudie etal 2014  2.18 (0.64-743) .
Barsheshet etal 2008 056 (0.76-121) —el—
Baldasseroni etal 2002 136 (115-161) —e—i
Amilé ctal 2021 (BASEL-V cohory -2 (084-1.86) e
Aguilé et al 2021 (RICA cohort) 10 (095-138) e
Agilo et al 2021 (EAHFE cohorty 102 (089-117) a—
Abdel Qadir eta 2010 L1 (1L02-118) e
Global LBBB (P=52,2804) 112 (1.04.1.21) <
0 i 2 3

Decreased risk of death Increased riskof death

Author and year HR (9526 CT)
Wang etal 2008 133 (1.12-2.09) e B
Trulasetal 2022 105 (0.83-1.32) —
Tolppanen et al 2015 138 (1.00-1.80) — e
Mueller et a 2006 179 (0.81-3.52) -
Hongetal 2012 163 (100-266) .
Dzudie etal 2014 071 (0-18-2.80) .
Barsheshet et al 2008 121 (0.04-1.36) H—e—
Baldasseroni etal 2002 0.86 (0.62-1.19) e
Abdel Qadir stal 2010  11(099-122) -
Global RBEE (P=3833%%) 1,19 (1.05-1.35) ‘
' ) ! > ; s

Decreased risk of death

Increased riskof death

the studies together or after grouping for the type of BBB
(pooled HR 1.169 (95% CI 0.999-1.368) (Supplemental
Fig. 30).

Finally, four studies analysed the risk of hospital read-
mission and found that a wide QRS interval [15, 34],
LBBB [21] and RBBB [26] were independent predictors
of readmission (HF and cardiovascular readmission). The
pooled HR was 1.261 (95% CI 1.159-1.373) (Supplemen-
tal Fig. 3D).

Discussion

The results of this meta-analysis showed that conduction
disturbances such as a wide QRS interval or BBB are asso-
ciated with a modestly 11% increase in the risk of all-cause
mortality in patients discharged following hospitalisation
for AHF. Furthermore, this increase in risk was present
when patients with RBBB and LBBB were evaluated
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individually, showing an increased risk for mortality of
18.7% and 12.1%, respectively. These results are consist-
ent as statistical heterogeneity was low and no relevant
asymmetry was found in the funnel plot. The cumulative
meta-analysis showed that the increased risk of mortal-
ity was not statistically significant until 2008. Since then,
the number of patients included in the published studies
largely increased, making it possible to obtain tighter esti-
mations, which, in turn, achieved statistical significance

The studies carried out to date on the influence of LBBB
on the mortality of patients with AHF have been controver-
sial, finding in some cases (but not all) an increased risk
of mortality [14, 18, 20-26, 29, 30]. On analysis of all the
studies together including almost 70,000 patients, this meta-
analysis showed that the presence of LBBB is associated
with a small increase in the risk of death in patients with
AHF.

It is important to note that some studies only included
patients with a reduced LVEF [20] and in others information
on LVEF was obtained in only a few patients [20, 21, 24,
25]. In this sense, Tabrizi et al. [23] reported that patients
with LBBB had a higher prevalence of cardiac comorbid
conditions than patients with no LBBB, and when adjust-
ing for these comorbidities LBBB was associated with an
increased five-year mortality. However, when LVEF was
included in the analysis, LBBB no longer had any inde-
pendent influence on mortality. In the study by Barshehet
et al. [24], in which only RBBB was associated with a higher
mortality, this correlation was stronger in patients with lower
LVEEF values. On the other hand, other studies found that the
prognostic impact of QRS prolongation is similar in HF with
reduced and preserved LVEF [14]. The potential differenti-
ated effect of BBB on mortality according to LVEF should
be analysed in further studies.

The relationship of RBBB with mortality in patients with
AHF has been less studied and, as for LBBB, its prognostic
significance is inconsistent across studies [19, 21, 22, 24-26,
28-30]. Again, in this meta-analysis analysing almost 33,000
patients, we found that the presence of RBBB was associ-
ated with a modestly albeit statistically significant increase
in the risk of death in patients with AHF. Some studies have
also described that this association is more pronounced
in patients with a reduced LVEF [25, 26]. These findings
are consistent with those of the meta-analysis by Xiong
et al. [40] which found that RBBB was associated with an
increased risk of all-cause mortality in the general popula-
tion as well as among patients with heart disease, including
both acute (HR 1.11; 95% CI 1.06-1.16) and chronic HF
(HR 1.75;95% C11.38-2.22).

Our results show that both LBBB and RBBB are asso-
ciated with poorer outcomes in AHF. Most recommenda-
tions for cardiac resynchronization therapy in patients to
overcome electro-mechanical dyssynchrony and improve

prognosis are in patients with LBBB and reduced LVEF
[41]. More studies are needed to assess the potential benefit
of cardiac resynchronization (or other therapies) in patients
with any type of intraventricular conduction abnormalities
and in those with a mid-range or preserved ejection fraction.

One clinical implication of these results is that BBB is
a “persistent” marker of risk in patients with AHF with the
exception of LBBB in the setting of HF with reduced LVEEF,
which can be amended with cardiac resynchronization ther-
apy. These patients should be allocated to close follow-up,
not only for QRS width change but also for changes in LVEF
and for other atrioventricular conduction delays that may
indicate cardiac pacing. It is important to ensure an early-
onset of guideline-directed medical therapy (including the
four major pillars of pharmacological treatment) and also
consider resynchronization therapy in all patients with heart
failure and reduced ejection fraction[42].

To our knowledge, this is the first meta-analysis that anal-
yses the impact of conduction disturbances on the prognosis
of patients with AHF. One of the strengths of this meta-anal-
ysis is that only prospective studies were included, and pro-
spective designs minimize the potential influence of recall
and selection bias, which could be a problem in retrospec-
tive case—control studies. Furthermore, as this meta-analysis
combined the results from many studies and a high number
of patients, we had more statistical power in the estimation
of HR estimates than in individual studies.

On the other hand, there are some limitations that should
be considered. First, this review included 21 articles from
the 4292 initially identified, and despite our efforts to be as
exhaustive as possible, we may have missed some (probably
few) articles. To avoid this, the reference lists of the eligible
articles were also reviewed to detect possible publications
not captured in the initial search. Second, the meta-analy-
sis included only studies reporting the adjusted HR values
and seven with unknown HR or reporting OR could not
be included in the quantitative meta-analysis. Third, some
studies presented their data on QRS width, but did not dif-
ferentiate between LBBB, RBBB and other non-specifi
intraventricular conduction diseases. Furthermore, QRS
duration was considered as a categorical variable (more
and less than) but the relationship between QRS width and
mortality could also be explored quantitatively. Fourth, this
meta-analysis inherently has the limitations of the studies
included: most studies were observational and the possibility
that the results observed were affected by confounding can-
not be ruled out, although most studies controlled for major
risk factors for HF. In addition, information regarding the
LVEF was not available in all studies and some important
data were lacking, for example, information regarding the
onset and duration of BBB was not provided in the stud-
ies and we cannot rule out the possibility that some BBB
could be transitory in the acute setting and with different
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influence on prognosis. Even more, information regarding
CRT implementation during the follow-up period (that could
have modified the prognosis) is not provided in any of the
studies in this review.

Finally, as we only included published studies, we can-
not exclude the possibility that publication bias may have
affected our results, although we found no evidence of such
bias.

Conclusion

In summary, this meta-analysis provides evidence that wide
QRS or BBB is associated with a modestly increased risk
of all-cause mortality in patients with AHF, and RBBB and
LBBB are both individually associated with an increased
risk of death.
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Supplemental Figure 1

Cumulative
Author and year HR (95% CI)
Baldasseroni et al 2002 1.17 (0.99-1.38) b
Breidhart et al 2007 127 (0.95-1.71)
Barsheshet et al 2008 (LBBB) 1.14 (0.92-1.42)
Barsheshet et al 2008 (RBBB) 1.15 (0.99-1.33) —————
Wang et al 2008 117 (1.04-131) —————
Abdel-Qadir etal 2010 (LBBB) 1.13 (1.05-1.22) ——i
Abdel-Qadir etal 2010 (RBBB) 1.12 (1.06-1.18) e
Harjola et al 2010 112 (1.07-0.18) e
Hong et al 2012 (RBBB) 1.13 (1.07-1.19) —e—i
Hong etal 2012 (LBBB) 1.13 (1.07-1.19) ——i
Lund etal 2013 112 (1.07-1.16) e
Dzudie etal 2014 (LBBB) 1.12 (1.08-1.17) —e—i
Dzudie etal 2014 (RBBB) 112 (1.07-1.16) i
Tolppanen et al 2015 (LBBB) 1.11 (1.06-1.17) [
Tolppanen et al 2015 (RBBB) 1.12 (1.06-1.18) —e—i
Aguilé et al 2021 (EAHFE cohort) 111 (1.06-1.17) ——i
Aguild et al 2021 (RICA cohort) 1.11 (1.06-1.16) ——i
Aguild et al 2021 (BASEL-V cohort) 112 (1.07-1.17) —e—i
Trullas et al 2022 1.11 (1.07-1.16) —e—i
Global 1.11 (1.07-1.16) ‘,
o':s 10 1:5 210

Supplemental Figure 1. Cumulative meta-analysis shows that the association of Bundle
Branch Block with an increased risk of all-cause mortality was not statistically significant until
2008. Afterwards the effect was consistent over time being the increasing statistical significance

the only effect of the progressive accumulation of evidence.

Supplemental Figure 2

HR (95% CI)

Author and year with study removed
Wang et al 2008 111 (1.06-1.16) —e—i
Trullas et al 2022 112 (1.07-1.17) —e—i
Tolppanen et al 2015 (RBBB) 111 (1.06-1.15) —e—i
Tolppanen et al 2015 (LBBB) 1.12 (1.08-1.16) e
Lund etal 2013 1.12 (1.06-1.18) P
Hong et al 2012 (RBBB) L1 (1.07-1.15) -
Hong etal 2012 LBBB) 111 (1.07-1.16) P
Harjola et al 2010 111 (1.06-1.16) —e—i
Dzudie etal 2014 (RBBB) 111 (1.07-1.16) e
Dzudie et al 2014 (LBBB) 111 (1.07-1.16) ——i
Breidhart et al 2007 L11 (107-L15) —e—i
Barsheshet et al 2008 (RBBB) 111 (1.06-1.16) P
Barsheshet et al 2008 (LBBB) 112 (1.07-116) —e—i
Baldasseroni et al 2002 L11 (1.06-1.16) P
Aguilé et al 2021 (BASEL-V cohort) L11 (1.06-1.16) —e—i
Aguilé et al 2021 (RICA cohort) 111 (1.06-1.16) [
Aguilé et al 2021 (EAHFE cohort) 112 (1.07-1.17) P
Abdel-Qadir etal 2010 (RBBB) 112 (1.06-1.17) —e—i
Abdel-Qadir et al 2010 (LBBB) 112 (1.06-118) -
Global 1.11(1.07-1.16) ‘
os 10 15 20

Decreased riskof death Increased riskof death
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Supplemental Figure 2. Sensitivity analysis (in which one study at a time was excluded and

the rest analysed) showed that the HR ranged from 1.11 to 1.12, indicating that the calculated

effect was not unduly caused by the contribution of a single study.

Supplemental Figure 3

A. Sudden death B. Cardi death or HF

Author and year  HR (95% CT) Author and year  HR (95% CT)

Hawkins etal2007 128 (1.08-152) | ——e— Hawkins etal 2007 124 (1.14-135) —e—i
Baldasseroni etal 2002 135 (1.05-1.74) | +——@— Wang etal 2008 128 (1.10-149) | +——e——
Global  1.30 (1.13-1.50) ‘ Global  1.25(1.16-1.35) ‘
o:5 1.0 1:5 210 0.5 1.0 15 20
C. All-cause mortality or HF hospitalization C. Readmission
Author and year HR (95% CI)
Trultas et a1 2022 097 (0.75-125) P R Author and year  HR (95% CT)
Hongetal 2012 ®RBBB) 0.73(046-12D) ¢+
) Goudaetal 2016  1.44(1.15-181) —_——————————
Hong etal 2012 (LBBB) 1.91(1.37-267) e
Dzudie etal 2014 (RBBB) 1.82(0.53-624) Hawkins etal 2007 126(1.15-138) ——i
Dzudie etal 2014 (LBBB) 227 (0.77-667)
Aguilé et al 2021 (RICA cohort) 113 (092-1.39) . Abdel-Qadir etal 2010 (RBBB) 132 (1.20-1.46) —e——i
Aguilé et al 2021 (EAHFE cohort) 100 (0.88-1.14) ——i
3 Abdel-Qadir etal 2010 LBBB)  110(085-127)  +——e——
Lee etal 2019 (RBBB) 139 (1.15-168) [ — et-Qadir o (BBE)
Leeetal 2019 (LBBB) 110(092-132) e Global  126(L16-137) -
Global 117 (0.99-1.37) .‘
. 1 3 05 1.0 15 2,0

Supplemental Figure 3A, 3B, 3C and 3D.

Forest plots of hazard risks (HRs) with 95%

confidence intervals (Cls) of other outcomes for Bundle Branch Block (BBB).
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RESUM DEL TREBALL 3

Davant la variabilitat en els estudis publicats fins al moment, amb controvérsia sobre si la pre-
séncia de blocatges de branca 1 eixamplament en el QRS s’associa a mal pronostic, i davant els
resultats obtinguts en els estudis abans presentats analitzant les cohorts RICA, EAHFE i BASEL,
va semblar oportu per respondre millor a aquesta pregunta portar a terme una revisio sistematica

amb metaanalisi, que en el nostre coneixement, no s’havia realitzat fins al moment.

L’ambit de cerca van ser les bases de dades Pubmed, Scopus i Web of Science. Es van identificar
estudis en llengua anglesa i espanyola multicéntrics o unicéntrics que incloessin almenys 400
pacients valorant 1’associacié entre BBB o QRS ample i mortalitat en pacients amb ICA. Es
van identificar 21 publicacions de mida heterogenia (entre 403 1 25.171 pacients) i es va dur a
terme una taula resum de les principals caracteristiques dels estudis incloent mida de la mostra,
etiologia de la insuficieéncia cardiaca i FEVE, resultats, conclusions i limitacions. En total es van
incloure 116.928 pacients. Es va seleccionar el periode més llarg de seguiment per comparar els

diferents estudis amb valors de HR.

Es van comparar 14 estudis incloent qualsevol alteraci6 en la despolaritzaci6 reportant un 11%
més de risc de mortalitat a llarg termini en aquests malalts [HR 1,11; IC 95% (1,06-1,16)]. Quan
s’analitzaven per separat els blocatges, el BBE presentava un 12% més de risc de mortalitat [HR
1,12; IC 95% (1,04-1,21)] per a una mostra global de 66.908 pacients i el BBD un 18% més de
mortalitat [HR=1,18; IC 95% (1,05-1,35)] amb una mostra global de 32.877 pacients. La mort
sobtada, el reingrés, i1 1’objectiu combinat de mort cardiovascular o reingrés, tamb¢ es van in-
crementar en els pacients amb blocatge de branca o QRS eixamplat encara amb menys estudis
inclosos. Per tant, encara que I’augment de risc pot considerar-se modest, el nostre estudi conclou
que les alteracions de la conduccio intraventricular en ’ECG es comporten com un marcador de

mal pronostic en els pacients amb ICA.
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Abstract

Objective To investigate the association of corrected QT (QTc) interval duration and short-term outcomes in patients with
acute heart failure (AHF).

Methods We analyzed AHF patients enrolled in 11 Spanish emergency departments (ED) for whom an ECG with QTc
measurement was available. Patients with pace-maker rhythm were excluded. Primary outcome was 30-day all-cause mor-
tality and secondary outcomes were need of hospitalization, in-hospital mortality and prolonged hospitalization (> 7 days).
Association between QTc and outcomes was explored by restricted cubic spline (RCS) curves. Results were expressed as odds
ratios (OR) and 95%CI adjusted by patients baseline and decompensation characteristics, using a QTc =450 ms as reference.
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mentioned in the Acknowledgements section.
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Results Of 1800 patients meeting entry criteria (median age 84 years (IQR =77-89), 56% female), their median QTc was
453 ms (IQR =422-483). The 30-day mortality was 9.7%, while need of hospitalization, in-hospital mortality and prolonged
hospitalization were 77.8%, 9.0% and 50.0%, respectively. RCS curves found longer QTc was associated with 30-day mortal-
ity if > 561 ms, OR=1.86 (1.00-3.45), and increased up to OR=10.5 (2.25-49.1), for QTc =674 ms. A similar pattern was
observed for in-hospital mortality; OR =2.64 (1.04-6.69), for QTc =588 ms, and increasing up to OR =8.02 (1.30-49.3), for
QTc =674 ms. Conversely, the need of hospitalization had a U-shaped relationship: being increased in patients with shorter
QTc [OR =1.45 (1.00-2.09) for QTc =381 ms, OR =5.88 (1.25-27.6) for the shortest QTc of 200 ms], and also increasing
for prolonged QTc [OR =1.06 (1.00-1.13), for QTc =459 ms, and reaching OR =2.15 (1.00—4.62) for QTc =588 ms]. QTc
was not associated with prolonged hospitalization.

Conclusion In ED AHF patients, initial QTc provides independent short-term prognostic information, with increasing QTc
associated with increasing mortality, while both, shortened and prolonged QTc are associated with need of hospitalization.

Graphical abstract
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A 12-lead electrocardiogram (ECG) is recommended
by European Society of Cardiology (ESC) guidelines to
be performed early in the evaluation of patients presenting
with AHF, as it allows prompt identification of decompen-

Introduction

Heart failure (HF) is highly prevalent in people over the
age of 65 years of age, and constitutes a leading cause of

hospitalization and death [1, 2]. Decompensations, termed
acute HF (AHF), are a crucial point in the natural history of
HF, because most deaths and health care costs are associ-
ated with this presentation [2, 3]. Therefore, it is a priority
to identify risk factors linked to AHF and adverse outcomes,
especially death, to help us to understand and risk stratify
patients. This may result in areas of intervention or future
research to improve prognosis of patients with HF [4, 5].

@ Springer

sation triggers, especially coronary ischemia and abnormal
rhythms such as rapid atrial fibrillation [6]. Alternatively,
less attention has been paid to other components of the
ECG in patients with AHF. Among them, the QT interval
could provide useful information to emergency physicians
when evaluating the severity of AHF and the risk of devel-
oping short-term adverse events. It is important to note
that, as the QT interval reflects the duration of ventricular
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depolarization and repolarization, its duration is a func-
tion of heart rate. Thus, a heart rate correction (the QT
corrected; QTc) is necessary to standardize its measure-
ment [7]. There are four different commonly used methods
to calculate QTc; two exponential (Bazett and Fridericia
methods) [8, 9] and two linear (Framingham et al. and
Hodges et al. methods) [10, 11]. When corrected, the QTc
is equal the QT at a heart rate of 60 beats per minute.

Because of the electrical instability and arrhythmo-
genesis associated with prolonged QTc, QTc duration has
been considered useful as prognosticator of long-term
adverse outcomes. Using the QTc, several authors have
reported a J-shaped association between QTc duration
and some adverse events in healthy people and patients
with cardiovascular risk factors, including HF [12-18].
However, less evidence exists about the potential utility of
QTc duration as marker of decompensation severity and
short-term risk for adverse events in patients with AHF.
The association between QTc duration and long-term sur-
vival was analyzed in a Swiss cohort of 173 consecutive
ED AHF patients that had been included in the B-Type
Natriuretic Peptide for Acute Shortness of Breath Evalua-
tion (BASEL) study during 2001-2002 and followed dur-
ing 2 years [19]. Although QRS duration was found related
to mortality, the authors failed to demonstrate a relation-
ship between QTc and death risk. This lack of correlation
may have been a function of the fact that QTc duration
was handled as a binary variable, defined as abnormal
if > 440 ms. A more recent study using the Korean AHF
(KorAHF) registry analyzed 4990 hospitalized patients
during 2011-2014 and followed a median 44 months. They
used restricted cubic spline (RCS) curves, to allow a more
dynamic analysis of the relationship between QTc and
long-term mortality, and reported a J-shaped relationship
between QTc and mortality for both sexes, with a higher
risk of dying for males [20]. Therefore, a more complete
understanding of association between QTc and short-term
outcomes in patients with AHF, not only limited to death
risk nor restricted to hospitalized patients, is an unmet
necessity. Accordingly, the purpose of our study was
to investigate short-term outcomes in ED AHF patients
included in the Epidemiology of AHF in the Emergency
Departments (EAHFE) registry.

Methods

Setting and patient selection

Extensive details about the EAHFE registry have been
reported elsewhere [2, 3, 21]. Briefly, EAHFE is a pro-

spective multicenter registry which includes patients with
AHF attended to Spanish EDs, independently of their final

disposition (e.g., admission to a general ward, admission to
intensive care unit or discharged home). The current study
is a specific secondary analysis of a multipurpose analysis.
Diagnosis is initially based on clinical criteria and, whenever
it is possible, confirmed by natriuretic peptides or echocar-
diographic criteria, as recommended by the ESC guidelines
[6]. For our analysis, eligible patients were consented and
enrolled from 11 Spanish emergency departments partici-
pating in the phase EAHFE registry 6 (January—February,
2018) and 7 (January—February, 2019) and met the entry
criteria of an ED ECG with QTc measurement available.
The sole exclusion was the presence of a ventricular paced
rhythms (thus precluding accurate QTc measurement) on
the initial ECG. All ECGs were standard 12-lead resting
ECGs (25 mm/s paper speed, 10 mm/mV amplitude, and
250 Hz sampling rate) and were inspected visually for qual-
ity and incorrect measurements. Extreme values were visu-
ally verified or excluded. The QTc value was provided by
the electrocardiograph and it was calculated using the Phil-
lips QT-interval automatic measurement DXL algorithm.
The measurement accuracy of the DXL Algorithm has been
measured on the ECGs specified by the IEC 60,601-2-51
standard for safety and performance of analyzing electrocar-
diographs. The QT interval was measured from the begin-
ning of the QRS complex to the end of the T wave, identify-
ing the inflexion point to determine end of T wave defined
as the return of voltage to the isoelectric line. (Philips DXL
ECG Algorithm Physician’s Guide). The QT corrections for
heart rates were conducted using the Fridericia's cube root
exponential formula [9, 22]. We chose Fridericia’s formula
as it is considered to have higher sensitivity than Bazett’s
formula in detecting QT prolongation than Bazett’s formula
In our study, we used the Fridericia’s correction as it is the
most frequently displayed in electrocardiographs used in
Spanish ED (while Bazett’s formula is more frequently used
in US, Fredericia’s formula is used in may electrocardio-
graphs in Europe). and for centers using Bazett’s formula,
Bazett-QTc duration was transformed to Fridericia-QTc
duration before statistical analyses.

Independent variables

We recorded age, sex, and 12 variables corresponding to
comorbidities that included hypertension, dyslipidemia, dia-
betes mellitus, coronary artery disease (CAD), heart valve
disease, peripheral artery disease, cerebrovascular disease,
chronic kidney disease (defined as creatinine >2 mg/mL),
chronic obstructive pulmonary disease (COPD), demen-
tia, active neoplasia and liver cirrhosis. Baseline status
was recorded as 3 variables consisting of functional class
according to Barthel index, respiratory class according to
New York Health Association (NYHA) and left ventricular
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ejection fraction (LVEF). Chronic treatment was evaluated
by the following medications: diuretics, renin-angiotensin
system (RAS) inhibitors, betablockers, mineralocorticos-
teroid receptor antagonists (MRA) and digoxin), and 6
triggers of decompensation were included; infection, rapid
atrial fibrillation (defined by a heart rate > 120 bpm plus
need of treatment to control such a rapid rhythm), anemia,
dietetic-therapeutic transgression, acute coronary syndrome
and hypertensive crisis. Vital signs at ED arrival (systolic
blood pressure, heart rate, pulse oximetry), 6 lab results
(hemoglobin, creatinine, sodium, potassium, NT-proBNP
and troponin I) and ECG findings in addition to QTc dura-
tion (atrial fibrillation, left-bundle branch block -LBBB-, left
ventricular hypertrophy) were documented.

Endpoint

We considered all-cause mortality during the following
30 days after ED presentation as the primary outcome to
assess the severity of the decompensation. As secondary
outcomes, we included the need for hospitalization, in-
hospital mortality for hospitalized patients and prolonged
hospitalization (> 7 days) if discharged from the hospital.
Outcome adjudication was performed at the local level by
the principal investigator from each center, without inde-
pendent external review. For this purpose, local investiga-
tors telephonically contacted the patient or their relatives,
reviewed the patients’ medical reports and/or consulted the
Spanish death registry.

Statistical analysis

Quantitative variables are expressed as median and inter-
quartile range (IQR), and qualitative variables as the num-
ber of patients and percentages. To avoid dichotomizing
QTec duration into a few discrete ordered levels and to avoid
imposing linearity, we used an RCS function to model the
continuous association of QTc duration and primary and
secondary outcomes. Five spline knots were placed at the
5, 27.5, 50, 72.5 and 95 centiles of each continuous vari-
able marginal distribution, following the recommendations
of Harrel [23]. The magnitude of the effect of each QTc
duration unit change on unadjusted outcomes was graphi-
cally assessed. Because the continuous QTc duration was
modeled with RCS, its unadjusted and adjusted associa-
tions were expressed in a dose—response manner for prob-
ability or odds ratio (OR) with 95% confidence intervals
(CI) for each outcome of interest. To compute an OR for
the dose—response plots, we a priori chose arbitrarily the
QTc duration of 450 ms as the reference value. Adjustment
was performed for patient baseline and decompensation
characteristics previously cited. Missing values in quantita-
tive variables were replaced by their median, and missing
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values in qualitative variables were replaced by their mode.
Interaction for 20 independent covariates selected for their
influence on outcomes with the relationship between QTc
duration and primary outcome was assessed in the adjusted
model. For this analysis, we transformed non-dichotomic
variables into dichotomous variables following clinical
meaningful cut-offs.

As widening of the QRS complex —in the setting of
LBBB- leads to QT-interval prolongation without signifi-
cant alterations to the repolarization duration, we also inves-
tigated the potential effect of including patients with LBBB
in our study. With this purpose and in addition to investigate
interaction of LBBB in the relationship between QTc dura-
tion and risk of death at 30 days (primary outcome), we also
run 2 sensitivity analyses in the adjusted model for primary
outcome, which consisted in: (1) excluding patients with
LBBB (sensitivity analysis A); and (2) using the Rautaha-
rju’s formula [24] to correct QT duration in patients with
LBBB (sensitivity analysis B). The Rautaharju’s formula has
been proposed to be more precise for patients with LBBB
and cover the complete heart rate spectrum [25].

All hypothesis testing was two-tailed and p values < 0.05,
or OR with a 95% CI excluding 1, were considered statisti-
cally significant. Data analysis was performed using Statisti-
cal Package for Social Sciences version 23.0 (IBM, Armonk,
NY, USA) and Stata version 16.1 (Stata Corp, College Sta-
tion, TX, USA), and some graphs were produced using
Microsoft Office Power Point version 2019 (Microsoft Cor-
porate Office, Redmond, Washington, USA).

Ethics

The EAHFE Registry protocol was approved by a central
Ethics Committee at the Hospital Universitario Central
de Asturias (Oviedo, Spain) with the reference numbers
49/2010, 69/2011, 166/13, 160/15 and 205/17. Due to the
non-interventional design of the registry, Spanish legislation
allows central Ethical Committee approval, accompanied by
notification to the local Ethical Committees. All participat-
ing patients gave informed consent to be included in the
registry and to be contacted for follow-up. The present study
was carried out in strict compliance with the principles of
the Declaration of Helsinki.

Results

We analyzed 1,800 AHF patients for whom an ECG
was performed, with a median QTc duration of 453 ms
(IQR=422-483) (Fig. 1). The median age was 84 years
(IQR =77-89), and 56% were women. Overall, reporting
rates were very high (above 95%) for almost all popula-
tion characteristics. Most common comorbidities were
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Fig. 1 Flow chart for patient
inclusion and patient distribu-
tion according to the QTc inter-
val duration. ED emergency

Patients diagnosed with AHF in the 11 ED participating in the study

N =2,923

department, ECG electrocar-
diogram

s 965 with ECG not being recorded or available

Patients with ECG being available

N=1,958

——> 158 with pace-maker rhythm in the ECG

Patients with QTc duration available included for final analysis in the present study

N =1,800

140

Cases
3
1

T T T T T
326 350 375 400 425 450 475 S00 525 550 575

QTc duration (msec)

ED: emergency department; ECG: electrocardiogram

hypertension (81%), dyslipidemia (44%), diabetes mellitus
(37%) and chronic kidney disease (30%). Additionally, most
patients had some degree of functional dependence (Bar-
thel index < 100 points) at baseline in 66%, and respiratory
capacity was affected in 76% (NYHA class II-IV). Although
left ventricular ejection fraction was reported in only 67%
of patients, it was found to be reduced (defined as <40%) in
25% of patients. The most frequent chronic treatments were
diuretics (73%) and RAS inhibitors (51%), but the infrequent
use of other heart failure therapies may suggest that goal
directed guideline compliant management may have been
underutilized.

Overall, the main triggers of decompensation were infec-
tion (43%) and rapid atrial fibrillation (14%). Although not
considered the cause of decompensation, atrial fibrillation
was found on the ECG of 50% of patients. In terms of lab-
oratory data, 70% of patients had a troponin result above
the 99th centile, although this was tested in only 57.3% of
patients. Additionally, 37% had a very high level of NT-
proBNP (> 5000 pg/mL), although this was only tested in
75.9% of patients. Finally, potassium measurement was
obtained in all but 8.2% of patients. While potassium abnor-
malities may alter QTc, this small value is unlikely to have
impacted our results. The remainder of baseline and decom-
pensation characteristics are detailed in Table 1.

The 30-day mortality was observed in 175 patients
(9.7%). The curve of 30-day all-cause death demonstrates
a flattened aspect for QTc duration below 500 ms, and then
shows a mortality increase in parallel with increasing QTc
(Fig. 2). In regards to secondary outcomes, need of hospi-
talization, in-hospital mortality and prolonged hospitaliza-
tion rates were 77.8% (1401 patients), 9.0% (126 out of the
1401 hospitalized patients) and 50.0% (637 out of the 1275
patients hospitalized and discharged alive), respectively.
The curve for in-hospital mortality shows a similar shape
as that observed for the relationship for prolonged hospi-
talization. The curve for probability of hospitalization has
a U-shape, with risk increased for both at the extremes of
long and short QTc, while the curve for prolonged hospi-
talization does not show a clear pattern (Fig. 2).

Odds ratio adjusted by patient baseline and decompen-
sation characteristics provides similar curves as in the
unadjusted analyses for both, primary (Fig. 3) and sec-
ondary outcomes (Supplementary Fig. 1). In the adjusted
30-day mortality model, there is a significant increase in
risk from QTc above 561 ms (OR 1.86, 1.00-3.45) and
higher, with an OR as high as 10.5 (2.25-49.1) for a QTc
of 674 ms (Fig. 3). Sensitivity analyses showed a very sim-
ilar estimation of risk of death at 30 days associated with
QTc duration, with adjusted OR being over 1 from around
580 ms, although due to low number of patients with long
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Table 1 Patient characteristics

included in the present study ;(Zall 800 nM(l;: )1 ng values
n (%)
Baseline patient characteristics
Demographic data
Age (years) [median (IQR)] 84 (77-89) 1(0.1)
Female 1004 (55.8) 1(0.1)
Comorbidities
Hypertension 1455 (81.5) 14 (0.8)
Dyslipidemia 786 (44.0) 14 (0.8)
Diabetes mellitus 662 (37.1) 14 (0.8)
Chronic kidney disease (creatinine >2 mg/mL) 533 (29.8) 14 (0.8)
Chronic obstructive pulmonary disease 436 (24.4) 14 (0.8)
Coronary artery disease 422 (23.6) 14 (0.8)
Heart valve disease 406 (22.7) 14 (0.8)
Active neoplasia 278 (15.6) 14 (0.8)
Cerebrovascular disease 231 (12.9) 14 (0.8)
Dementia 206 (11.4) 14 (0.8)
Peripheral artery disease 166 (9.3) 14 (0.8)
Liver cirrhosis 25(1.4) 14 (0.8)
Baseline status
Barthel Index (points) [median (IQR)] 90 (70-100) 47 (2.6)
NYHA class 48 (2.7)
1 413 (23.6)
I 891 (50.9)
1T 427 (24.4)
v 21(1.2)
Left ventricular ejection fraction (%) [median (IQR)] 57 (50-65) 596 (33.1)
Chronic treatments
Diuretics 1291 (72.7) 25(1.4)
Renin-angiotensin system inhibitors 913 (51.5) 28 (1.6)
Betablockers 841 (47.6) 32(1.8)
Digoxin 192 (10.6) 32(1.8)
Mineralocorticosteroid receptor antagonists 185 (10.3) 28 (1.6)
Characteristics of decompensation
Triggers of decompensation
Infection 766 (43.2) 28 (1.6)
Rapid atrial fibrillation 248 (14.0) 28 (1.6)
Anemia 117 (6.6) 28 (1.6)
Dietetic-therapeutic transgression 90 (5.1) 28 (1.6)
Acute coronary syndrome 77 (4.3) 28 (1.6)
Hypertensive crisis 62 (3.5) 28 (1.6)
Vitals at ED arrival [median (IQR)]
Systolic blood pressure (mmHg) 140 (122-155) 15 (0.8)
Heart rate (bpm) 87 (73-102) 59 (3.3)
Pulse oximetry (%) 94 (90-97) 26 (1.4)
Analytical findings
Hemoglobin (g/L) [median (IQR)] 122 (108-135) 12 (0.7)
Creatinine (mg/mL) [median (IQR)] 1.1 (0.9-1.5) 18 (1.0)
Sodium (mmol/L) [median (IQR)] 140 (137-142) 71 (3.9)
Potassium (mmol/L) [median (IQR)] 4.4 (4.0-4.8) 148 (8.2)
NT-proBNP (pg/mL) [median (IQR)] 3444 (1659-7433) 433 (24.1)
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Table 1 (continued)

Total Missing values
N=1800 n (%)
n (%)

Raised troponin 724 (70.2) 768 (42.7)

ECG findings

Atrial fibrillation 903 (50.2) 0

Left-bundle branch block 192 (10.7) 0

Left ventricular hypertrophy 75 (4.2) 0

Primary outcome

30-day mortality
N=1800 (for all patients)

Probability of 30-day all-cause death

200 250 300 350 400

450 500 550 600 650 700

QTc duration (msec)

Secondary outcomes

Need of hospitalization
N=1800 (for all patients)

Probabilty of in-hospital all-cause death

© LW BB N ® D -

Probability of hospitalization
© 4wk @ N @ © -

In-hospital mortality
N=1401 (for hospitalized patients)

Prolonged hospitalization (>7 days)
N=1273 (for hospitalized patients
discharged alive)

Probability of prolonged hosptalization
o Lvw s e N ® D a

200 250 300 350 400 450 500 550 600 650 700
QTcinterval duration (msec)

200 250 300 350 400 450 500 550 600 650 700
QTcinterval duration (msec)

200 250 300 350 400 450 500 550 600 650 700

QTc interval duration (msec)

Fig. 2 Restricted cubic spline curves showing the observed probability of primary and secondary outcomes according to the duration of the QTc

interval duration

QTc duration in both analyses, statistical significance was
not present for estimations (Fig. 3). A similar pattern was
observed for in-hospital mortality, with QTc above 588 ms
having an OR 2.64 (1.04—6.69) and reaching the highest
OR of 8.02 (1.30-49.3) for QTc of 674 ms (Fig. 4). Hospi-
talization risk demonstrated a U-shape characteristic, and

was highest at a QTc 200 ms, OR =5.88 (1.25-27.6) and
at QTc =588 ms, OR=2.15 (1.00-4.62). After this point,
although OR still increased in some extend up to 2.73 for
QTc =674 ms, it does not achieve statistical significance
(95% CI 0.57-12.8, Fig. 4). The risk of prolonged hospi-
talization was not associated with QTc duration (Fig. 4).
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Unadjusted
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25+ 251
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OR (95% Cl) for 30-day all-cause death

Adjusted o

200
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240
260
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300
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420
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Adj.

(msec) OR

0.49
0.53
0.58
0.63
0.69
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1.00
1.04
1.08
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1.12
1.12
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1.09
1.07
1.04

95% Cl

LL

0.07
0.09
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0.16
0.21
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0.37
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0.51
0.55
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0.61
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0.65
0.69
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0.98
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1.48
135
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460
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* Adjusted by baseline patient characteristics and characteristics of decompensation (Table 1)

0.95
0.90
0.86
0.81
0.78
0.75
0.75
0.79
0.87
1.00
1.16
1.35
1.57
1.83
1.86
2.14
2.90
3.49
4.60
6.44
8.48
10.5

0.91
0.82
0.72
0.63
0.56
0.50
0.45
0.46
0.50
0.58
0.68
0.78
0.89
0.99
1.00
1.10
1.30
1.42
1.61
1.86
2.07
2.25

1.00
1.00
1.01
1.04
1.08
113
1.24
1.37
153
1.72
1.98
233
2.78
3.38
3.45
4.16
6.48
8.55
13.1
22.3
34.8
49.1

Fig 3 Unadjusted and adjusted* representation of the magnitude of the effect of QTc duration on the primary outcome (30-day all-cause morta-
lity) expressed in a dose-response manner expressed as odds ratio (OR) with 95% confidence intervals (CI) taking QTc duration of 450 msec as
reference. Table on the right presents some selected OR, with 95% CI (LL: lower limit; UL: upper limit).

Analysis of interaction showed that adjusted OR curves
for 30-day mortality was only different depending on the
NYHA class of patient, being prolonged QTc a signifi-
cantly worse risk factor for dying in patient on class III-IV
than in patients on class I-1I (Fig. 5). For the remaining 19
variables tested, no interaction was found (Fig. 5).

Discussion

We have found that severity of decompensation in ED
AHF, when assessed by the rate of hospitalization, is “U”
shaped, with higher rates of admission for QTc below
381 ms, or above 459 ms. Additionally, a prolonged QTc
(>561 ms) is associated with increased risk of 30-day
mortality as well as with increased in-hospital mortality
risk (> 588 ms), but was not associated with prolonged
hospitalization. Notably, all these findings were consistent
even after adjusting for age, sex, multiple comorbidities
and baseline conditions, as well as for characteristics of
decompensation. Remarkably, it is important to note that
few studies in AHF patients have been performed in the
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ED using the first ECG recorded in ED, and that we have
used a continuous analysis of QTc duration, which have
demonstrated that risk of dying is progressively increased
above 560 ms. As QTc interval has not usually been con-
sidered in risk models of patients with HF (AHF), we
suggest potential of measurement of QTc duration in risk
stratification of patients with AHF should be tested in the
future.

Our findings are congruent with previous studies dem-
onstrating an association between prolonged QTc interval
and increased mortality in chronic HF patients [15, 16].
However, our study was unique because most prior studies
evaluated long-term prognosis, while ours examined short-
term outcomes in AHF patients. Interestingly, the nadir for
mortality in our study was around 480 ms and represents
a right-shift as compared to that in chronic HF [15]. This
fact agrees with the recent findings of Park et al., who
also reported right-shifted specific nadir in the relation-
ship between QTc duration and long-term mortality (about
440-450 ms in males, and about 470 —480 ms in females)
[20]. However, we did not find an increase in mortality
for shortened QTc, as Park et al. found, where a J-shaped
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Fig.4 Adjusted* representation of the magnitude of the effect of
QTc duration on the secondary outcomes (left: need of hospitaliza-
tion; middle: in-hospital all-cause mortality; right: prolonged hospi-
talization) expressed in a dose-response manner expressed as odds
ratio (OR) with 95% confidence intervals (CI) taking QTc duration
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of 450 ms as reference. Tables beside graphs present some selected
OR, with 95% CI (LL lower limit, UL upper limit). Bold numbers
in table denote statistical significance (p <0.05). *Adjusted by base-
line patient characteristics and characteristics of decompensation
(Table 1)

Fig.5 Analysis of interactions in the adjusted model (with imputa-
tion) for 20 selected variables in the relationship between QTc inter-
val duration and the primary outcome (30-day all-cause mortality).
Bold p values denote statistical significance (<0.05). NYHA Ney

association was reported. IEven for extremely short QTc
durations, we found a very low risk of death, although
this was not statistically significant probably due to the
limited number of cases with those values. This lack of
association of shortened QTc with mortality may appear
contradictory to the findings in other chronic HF studies.

P 100+
(interaction) NYHA class IlI-IV

Age > 80 years o 90
Female 0.811 2
Chronic kidney disease 0.314 g 80
Chronic obstructive pulmonary disease 0.859 o
Coronary artery disease 0.782 g 70
NYHA class llI-IV 0.044 3 60-
LVEF < 40% 0.235 ?
On chronic diuretic treatment 0.166 ; 50
On chronic RAS inhibitors treatment 0.315 ©
On chronic betablockers treatment 0.481 & 40-
On chronic MRA treatment 0.450 -o?
On chronic digoxin treatment 0.966 & 30 ——
Infection triggering the AHF episode 0.538 .§ Statistical slgnlﬂcal:ce starts at 536 msec
Creatinine > 1.3 mg/dL 0.790 o 20 OR=2.44 (95% C1 = 1.01-5.92)
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Left-bundle branch block in ECG 0.651 450 (Ref.)

QTec interval duration (msec)

York Health Association, LVEF left ventricular ejection fraction,
RAS renin-angiotensin system inhibitors, MRA mineralocorticosterid
receptor antagonists, OR odds ratio, 95% CI 95% confidence interval

However, it is possible that the negative effects of a short
QTec interval manifest slowly in chronic HF patients, and
this is the reason why it was only captured by a long-term
follow-up as previously reported by Park et al. (mortal-
ity at 44 month) but not in ours (in-hospital and 30-day
mortality). Remarkably, patients at advanced stages of
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HF, those with a baseline respiratory NYHA class III-1V,
resulted highly and distinctively vulnerable to prolonged
QTec (in comparison with patients at NYHA class I-1I).

It is well described that hospitalization rates demonstrate
great variability in clinical practice, from country to country,
and even from ED to ED [26]. They are highly influenced
by subjective perceptions and sometimes hospitalization
rates may not match the severity of decompensation in indi-
vidual patients [27]. The same variability can be applied
for length of hospitalization, and prolonged hospitalization
as an outcome may even be a less precise and more sub-
jective variable. To some effect, this is demonstrated when
comparing the length of hospitalization between Europe and
the United States [28, 29], where the former has generally
longer inpatient stays. However, we believe that hospitali-
zation rates for AHF can be a surrogate for severity, as the
majority of severely decompensated AHF patients are hos-
pitalized and stay longer, while less severe are more likely
to be discharged without hospital admission and, if hospital-
ized, will stay for a shorter period. Thus, a unique, and pre-
viously unreported, feature of our findings is the U-shaped
curve of hospitalization associated with the extremes of both
high and low QTc. Because our study was not designed to
identify the underlying physiology linking QTc interval
and hospitalization rates, we are unable to fully explain the
causal relationship between shortened QTc duration and the
need for admission. Hypothetically, the association of QTc
interval with the need for hospitalization could be an effec-
tive of variation in sympathetic and parasympathetic tone,
which are altered in HF patients in general, and to a greater
extent in stressed AHF patients in particular, with catecho-
lamines being markedly increased [30, 31]. This hypothesis
is supported by several experimental studies suggesting a
relatively short QTc duration and repolarization time could
be a substrate for multiple-circuit reentry excitation, which
would induce atrial/ventricular arrhythmia [32, 33], further
worsening the clinical presentation and thus the association
with hospitalization. Further studies will need to evaluate
the potential for a low QTc admission cut point requirement.

Last, but not least, our study underlines the importance
of a more flexible, dynamic exploration of the relationship
between a linear variable, like QTc duration, with an out-
come. Certainly, the selection of a specific cut point can
ignore important relationships between pathology, physiol-
ogy, and prognosis However, it is particularly challenging
for the clinician to accurately discern slight variations in
QTc and use of it in the context of subtle clinical presenta-
tions to predict outcomes. Hence, there is an opportunity for
artificial intelligence applications to outperform clinicians
[34, 35]. Some have demonstrated that machine earning pat-
tern recognition may perform better than physicians using
dichotomous cut points. This same technology may offer
solutions for the QTc in the near future.
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Limitations

There are some limitations that should be considered. First,
as in every observational study, causal relationships cannot
be inferred. For example, some data were not recorded in
many patients (troponin and natriuretic peptides were lack-
ing in 42% and 24% of cases). Therefore, the results of the
current analysis are limited by the retrospective design, as
should be considered as hypothesis generating. Second, adju-
dication of outcomes was made locally, by principal investi-
gators of each center without external overview. However,
we used easily identifiable and unequivocal outcomes to
overcome the need for external adjudication. Third, although
we recorded chronic treatment with digoxin, beta-blockers
and the presence of infection or acute coronary syndrome
as triggers of the AHF episode (and they were included as
covariates in the adjusted model), data on other well-known
drugs (such as amiodarone) and medical conditions (such as
fever) prolonging QTc were not recorded. Fourth, we did not
investigate if diagnostic or therapeutic approaches intending
to correct QTc duration were made during hospitalization
in patients with abnormal QTc. Therefore, the potential of
such correction to improve outcomes is not assessed by the
present study. Fifth, Spain has a nationwide universal public
health care system, and external validation of our results
might be needed to confirm their generalizability. Although
performed within a single country, organization of care to
patients with HF is not uniform in all Spanish territories
[36, 37], and strategies of ambulatory follow-up of patients,
specially of those at highest risk of complications, can affect
outcomes. Sixth, because this study was performed in a
“real world” registry environment, with likely lower rates
of guideline directed chronic HF therapy, how the unique
finding of a U-shaped curve predicting hospitalization could
be impacted by greater rates of chronic HF guideline compli-
ant treatment is unclear. Seventh, our study included a high
percentage of elderly AHF patients (as the EAHFE Registry
includes all patients diagnosed with AHF in the ED with
no age limit, and the only exclusion criteria is that AHF is
triggered by an ST-elevation myocardial infarction). Accord-
ingly, they predominantly have preserved ejection fraction,
as well as frailty and dependence are frequent in very older
population, being both conditions strongly related to mor-
tality [38]. Therefore, application of our results in younger
cohort of patients should be taken with caution.

Conclusions

In patients with AHF, initial measurement of QTc duration
in ED provides independent information of short-term out-
comes: prolonged QTc duration is associated with mortality
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while both, shortened and prolonged duration are associated
with need of hospitalization.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00392-023-02173-9.
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Supplemental Figure 2
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Bold numbers in table denote statistical significance (p<0.05)

Adjusted by baseline patient characteristics and characteristics of decompensation (Table 1)
**patients with left brunch-bundle block were eliminated in this sensitivity analysis

***¥QT duration was corrected with the Rautaharju’s formula in patients with left brunch-bundle block

Supplemental Figure 2. Sensitivity analysis A and B.
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RESUM DEL TREBALL 4

En aquest estudi s’analitza el paper pronostic de I’interval QTc en els pacients amb ICA. Pre-
viament, pocs estudis havien descrit la relaci6 entre les alteracions de 1’interval QTc, analitzat

com a variable continua, i la mortalitat en els pacients amb ICA.

L’estudi analitza 1800 pacients amb ICA en 11 serveis d’urgencies de I’ambit estatal. Es van
recollir 12 comorbiditats, 3 variables referents a I’estat basal, tractament cronic 1 6 desencade-
nants de la descompensacid. També es van recollir les constants d’arribada a urgéncies, analisis

de laboratori 1 les alteracions electrocardiografiques.

L’objectiu principal va ser la mortalitat 30 dies després de 1’estada a urgencies. Els objectius
secundaris van ser la necessitat d’hospitalitzacid, la mortalitat intrahospitalaria i1 I’estada per-

llongada a I’hospital (> 7 dies). La variable QT es va analitzar de forma continua.

La mediana de QTc va ser de 453 ms (rang 1Q=422-483). La mortalitat al cap de 30 dies va
ser del 9,7% (175 pacients). Les corbes RCS van trobar un augment de risc de mortalitat al cap
de 30 dies en QTc perllongat, perod no en QTc escurgat [OR 1,86 per a QTc> 561 ms, i va aug-
mentar fins a OR 10,5 per a QTc=674 ms]. Un patr6 similar es va observar per a la mortalitat
intrahospitalaria; [OR 2,64, per a QTc=588 ms, i va augmentar fins a OR 8,02 per QTc=674
ms]. Per contra, la necessitat d’hospitalitzaci6 tenia una relacio en forma de ”U”, augmentant en
pacients amb QTc perllongat [OR 1,06 per a QTc=459 ms i assolint OR 2,15 per a QTc=588 ms]
pero també en pacients amb QTc escurcat [OR 1,45 per a QTc=381 ms, OR 5,88 per a QTc<200

ms], Ni 'interval QTc perllongat ni escurgat, es van associar a una hospitalitzaci6 prolongada.

En conclusio, segons el present estudi, el QTc inicial al servei d’urgencies, proporciona informa-
ci6 rellevant de pronostic a curt termini en els pacients amb ICA: un QTc perllongat s’associa a
un augment de mortalitat intrahospitalaria 1 30 dies després de I’estada a urgéncies, mentre que
tant el QTc perllongat com escurcat, s’associen a una major necessitat d’hospitalitzacio. Per tant,
la mesura del QTc en els serveis d’urgencies, hauria de ser calculada de forma curosa en aquests

pacients per poder fer una millor valoraci6 del seu risc.
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Abstract
Objectives: To determine the prevalence, characteristics, timing of implementation and
prognosis of patients with left bundle branch block (LBBB) and acute heart failure (AHF)

treated with cardiac resynchronization therapy (CRT) in a real-life cohort.

Methods and results: We analysed the characteristics of 729 patients with AHF and LBBB
at the time of inclusion in the EAHFE (Epidemiology Acute Heart Failure Emergency)
cohort to determine the indication for CRT, timing of implementation and its impact on
10-year all-cause mortality. The median age was 82 years and there was a high burden of co-
morbidities and functional dependence. The median left-ventricle ejection fraction (LVEF)
was 40%. Forty-six (6%) patients were treated with CRT at some point during follow-up,
with a median time of delay for CRT implementation of 960 (IQR=1147 days) and at least
108 more untreated patients fulfilled criteria for CRT. Patients receiving CRT were younger,
had different comorbidities, less functional dependence (higher Barthel index) and lower

LVEF values. The median follow-up was 5.7 years (95% CI: 5.6-5.8) and CRT was not
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associated with changes in 10-year mortality (adjusted HR 1.33, 95% CI: 0.72-2.48; p-value
0.4). When compared with untreated patients fulfilling criteria for CRT, very similar results
were observed (adjusted HR 1.34, 95% CI: 0.67-2.68).

Conclusions: In this real-world cohort, CRT implementation was delayed and underused
in patients with AHF and LBBB. Under these circumstances, CRT is not associated with a

reduction in all-cause mortality in the long term.

Keywords: Heart Failure; Bundle-Branch Block; Cardiac Resynchronization Therapy;
Prognosis; Mortality.

Introduction

Heart failure (HF) is a prevalent clinical syndrome with high morbidity and mortality ra-
tes. The prognosis of patients with HF has improved considerably in the last decades but
it remains poor and the improvement in prognosis has been confined to those with redu-
ced ejection fraction (HFrEF), in approximately 50% of all patients with HF [1]. Cardiac
resynchronization therapy (CRT) was approved in 2005 to treat patients with refractory HF.
In appropriately selected individuals, CRT improves cardiac function, enhances quality of
life, and reduces morbidity and mortality [1, 2]. Nonetheless, assessing the response to CRT
is challenging and different studies have shown that patients with left bundle-branch block
(LBBB) morphology are more likely to respond favourably to CRT. Current guidelines
recommend the use of CRT in symptomatic patients with HF in sinus rhythm with a QRS
duration > 150 ms and LBBB QRS morphology and with a left-ventricle ejection fraction
(LVEF) < 35% despite optimal medical treatment to improve symptoms and reduce mor-
bidity and mortality [2, 3]. The question of the timing of CRT is controversial, and as the
efficacy of the medical treatment can be limited in patients with LBBB, earlier CRT im-
plementation has been suggested [3]. Nevertheless, despite being one of the most effective
therapies to treat the symptoms of patients with HFrEF, up to two-thirds of eligible patients
are not referred for CRT and causes leading to disregarding CRT have not been extensively
investigated. Moreover, there is considerable heterogeneity in CRT use among the different
European countries, with Italy having the highest implantation rates (followed by Denmark
and the Czech Republic) and the Ukraine the lowest [4, 5].
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The aim of the present study was to determine the indication and timing for CRT and its
impact on prognosis in patients with HF and LBBB from a real-live registry: the Spanish
EAHFE (Epidemiology of Acute Heart Failure in Emergency Departments) cohort.

Methods

Study population and patient selection

The present study was a secondary analysis of patients included in the EAHFE registry,
the design of which has been explained in greater detail elsewhere [6]. Briefly, the EAHFE
cohort is a prospective multicentre registry which includes patients with acute HF (AHF)
attended in 45 Spanish Emergency Departments (EDs) independently of their final disposi-
tion after the first medical presentation (admission to a general ward, admission to intensive
care unit or discharged home). Follow-up visits are mandatory at 90 and 365 days after
hospital discharge and subsequently the vital status of the patients is reviewed annually.
The EAHFE cohort design was approved by the Ethics Committees of all the participa-
ting hospitals. The study was performed in accordance with the ethical standards of the
Declaration of Helsinki and written informed consent was obtained from all participating
patients. For the present secondary analysis, we included patients from the EAHFE registry
with LBBB in whom information on the electrocardiogram (ECG) at baseline and vital sta-
tus were available. Patients with pacemaker or CRT at the time of inclusion in the registry

were excluded from this analysis.

Classificatory variables
Patients with LBBB were classified according to whether they were treated or not with CRT.
This included patients receiving CRT after compensation for the index AHF episode as well

as patients with CRT implantation at some point during their follow up.

Those who were not treated with CRT at any time during follow-up were classified accor-
ding to whether they had or did not have criteria for CRT. Criteria for patients with LBBB
to be treated with CRT implantation were to have for CRT a LVEF < 35% and receiving

optimal medical treatment.

Independent variables

We included age and sex, variables corresponding to patient baseline status (Barthel index,
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New York Heart Association [NYHA] and LVEF), 15 comorbidities (smoking, hypertensi-
on, dyslipidaemia, diabetes mellitus, coronary artery disease, heart valve disease, peripheral
artery disease, cerebrovascular disease, atrial fibrillation, chronic HF, chronic kidney dise-
ase, chronic obstructive pulmonary disease, dementia, active neoplasia and liver cirrhosis)

and baseline treatments.

Endpoints

The main outcome was all-cause mortality during 10 years of follow-up. Time was conside-
red from the day of hospital discharge after treatment and stabilization of the decompensa-
tion. Patients dying during the index AHF episode before discharge (in- hospital mortality)
were not included in the analysis. Outcome adjudication was carried out at a local level by
the principal investigators of each center. For this purpose, local investigators contacted
with patients or relatives by phone, reviewed patients’ medical reports and/or consulted the
of national healthcare registry (as more than 99% of Spanish population is covered by the

public healthcare system) to check for patient death.

Statistical analysis

Quantitative variables are expressed as median and interquartile range (IQR). Qualitative
variables are expressed as the number of patients and percentages. The chi-square or Fisher
exact tests (as needed) were used to compare distribution of qualitative variables in patients
with and without RCT. The non-parametric Mann—Whitney U test was used to compare
quantitative variables. Ten-year all-cause mortality for the whole cohort was plotted using
the Kaplan-Meier method. The reverse Kaplan-Meier method was used to calculate the me-
dian follow-up time in the cohort. A multivariable Cox proportional hazards model was used
to evaluate the association of CRT with 10-year all-cause death. To account for indication
bias, we adjusted for known reasons for treatment selection (i.e., known reasons for indica-
ting CRT), which resulted in conditioning for: age, sex, optimal medical therapy, baseline
cardiac rhythm, LVEF and Barthel index. To avoid immortal time bias (i.e., patients in the
CRT group could not have died until receiving the CRT, hence there is an interval during
which the outcome event could not have occurred), we modelled CRT as a time dependent
covariate by building a time-dependent set with the tmerge function of the survival packa-
ge of R software [7]. In addition to reporting the hazard ratio (HR) for patients receiving

CRT, a conditional effects plot was constructed to represent the survival probability of an
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“average” subject who either did or did not receive CRT [8]. As sensitivity analysis, we
calculated the adjusted HR for patients receiving CRT using as the comparator only those
patients who did not receive CRT but had criteria for CRT implementation.

Statistical significance was accepted if the p value was <0.05 or if the 95% confidence inter-
val (CI) excluded the value 1. All the statistical analyses were performed with the Statistical
Package for Social Sciences version 23.0 (IBM, Armonk, NY, USA) and R Foundation for
Statistical Computing (version 4.1.2).

Results

For the present study, 729 patients with AHF and LBBB not previously treated with pace-
maker or CRT were included (Figure 1). The baseline characteristics are presented in detail
in Table 1. Briefly, patients with AHF and LBBB from the EAHFE registry had advanced
age (median age 82 years), a high burden of comorbidities (the most frequent being hyper-
tension (84%), chronic HF (66%), dyslipidaemia (46%), diabetes mellitus (45%) and atrial
fibrillation (43%) and some degree of functional dependence (measured with the Barthel
index). With respect to the LVEF, the median [IQR] was 40 [25] and the predominant ca-
tegory according to LVEF was HFrEF, which comprised 46% of patients.

There were 46 patients (6.3%) treated with CRT at some point in the follow-up, with a
median [IQR] time for CRT implementation of 960 [1147] days. When comparing treated
and untreated patients (Table 1), patients treated with CRT were younger, had different
comorbidities (less hypertension, atrial fibrillation and dementia and more dyslipidaemia
and smoking habit), less functional dependence (higher Barthel index values) and lower
LVEF values. The only difference found according to treatment was that patients from the

CRT group were less frequently treated with loop diuretics.

In addition to the 46 patients treated with CRT, there were 108 patients with LVEF less than
or equal to 35%, on optimal treatment (fulfilling criteria for CRT according to guidelines)
at their initial evaluation for inclusion in the EAHFE cohort and had not received CRT at
any point during follow-up. This means that in only 3 in 10 patients (46 out of 154) fulfi-
lling criteria for CRT the device was finally implanted. Characteristics associated with not
receiving CRT in this subgroup were very similar to those observed for the whole group of

patients with LBBB not treated with CRT (Table 1).
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Outcome

The median follow-up was 5.7 years (95% CI: 5.6-5.8). Kaplan-Meier survival curves for
10-year all-cause mortality stratified according to CRT are presented in Figure 2A and sur-
vival probability curves for an average patient of our cohort in the CRT or no CRT group

are presented in Figure 2B.

When comparing patients with and without CRT, there was a lack of evidence supporting
CRT as a beneficial therapy for reducing 10-year mortality (adjusted HR 1.33, 95% CI:
0.72-2.48; p-value 0.4). Sensitivity analysis using only untreated patients fulfilling criteria
for CRT showed very similar results (adjusted HR 1.34, 95% CI: 0.67- 2.68).

Discussion

In this large series of real-life patients with AHF and LBBB we found that after a long- term
follow-up, CRT was only applied in 46 (6%) patients, with RCT being implemented after a
median time of nearly 3 years. The remaining 683 patients were not treated with CRT and,
in those for whom information on the LVEF was available, 108 would have been potential
candidates for CRT according to guidelines recommendations (LVEF < 35% and optimal
medical treatment). Therefore, at least 154 out of 729 patients (21%) were candidates to
receive CRT at the time of inclusion in the EAHFE cohort, although only 3 in 10 were fi-
nally treated despite the long follow-up performed in the present study. Other studies have
reported percentages of eligible patients ranging between 5 and 10% but these studies

included unselected patients hospitalized with HF and not only patients with LBBB.

Advanced age, comorbidities and functional status could explain, in part, this late and
scarce CRT implementation. Other factors that may have contributed to this very delayed
and low implementation of CRT are preserved or mildly-reduced LVEF (43%) or mildly
symptomatic patients (NYHA functional class II in 51% of patients) at the time of inclusi-
on, a low percentage of optimal medical treatment for HFrEF and/or the presence of atrial
fibrillation at baseline (43%).

The presence of LBBB in the context of HF constitutes a marker of a more evolved cardiac
disease and it is associated with an increased risk of all-cause mortality [3, 10]. It is there-

fore important, especially when the LVEF is reduced, to carefully assess the indication of
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CRT to improve the prognosis. In view of the results and consistent with other studies, it
seems that the use of CRT is highly delayed and underused [4, 5, 9] and there is room for
improvement to increase its use, as clinical trials have demonstrated that CRT is clearly

associated with an improvement in patient symptoms, functional capacity and survival.

In the present study, treatment with CRT was not associated with an improvement in long-
term prognosis despite adjusting the analysis for possible confounding factors as well as
selection and immortal time biases. The high risk of death at 10 years of follow- up in
advanced-age patients with comorbidities after an episode of AHF (survival was less than
25%) along with the delay in implementing CRT are likely to outweigh the benefits of im-
plementing CRT in this population. Furthermore, it is important to note that CRT studies
were mostly performed 20 years ago and thereby prior to the widespread use of current HF
therapies, and medical therapy may well have improved substantially, so that even in this
specific phenotype, this expensive invasive intervention may no longer provide improved

mortality, but it may still provide improved quality of life.

There are some limitations in this study that should be considered. First, although we ac-
counted for confounding by indication bias by adjusting for known reasons for CRT treat-
ment indication (e.g., sinus thythm, LVEF and optimal medical therapy), we were unable to
adjust for all the known reasons (e.g. QRS duration) as they were not recorded in our data
set. As a result, comparisons of risks for an outcome between exposed (CRT) and unex-
posed (no CRT) subjects would be biased toward a higher risk among the exposed (CRT),
explaining (in part) why we observed a lack of evidence for benefits in 10-year mortality
for CRT. Second, patient classification was based on LVEF values at inclusion and this
value was missing in 10% of cases. In addition, LVEF is a dynamic value that can change
throughout the evolution and natural history of HF (improving in some cases and worsening
in others) and some patients can be reclassified according to the new LVEF values. In the
present study we did not have this information which could have modified the criteria for

implementing CRT.

In conclusion, and despite these limitations, this real-world national cohort provides eviden-
ce that CRT implementation is delayed and underused in patients with AHF and LBBB. Un-

der these circumstances, CRT does not improve all-cause mortality in long term follow-up.



139

Statements and Declarations

Competing Interests: The authors declare that they have no conflict of interest.

Funding: This study has been funded by the Instituto de Salud Carlos III (ISCIII, Spain)
through the project P118/00393 and co-funded by the European Union.

References

1.- McDonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., Bchm, M.,
Burri, H., Butler, J., Celutkiené, J., Chioncel, O., Cleland, J. G. F., Coats, A. J. S.,
Crespo-Leiro, M. G., Farmakis, D., Gilard, M., Heymans, S., Hoes, A. W., Jaarsma, T.,
Jankowska, E. A., Lainscak, M., ... ESC Scientific Document Group (2021). 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure. European
heart journal, 42(36), 3599-3726. https://doi.org/10.1093/eurheartj/ehab368

2.- Cleland, J. G. F., Bristow, M. R., Freemantle, N., Olshansky, B., Gras, D., Saxon, L.,
Tavazzi, L., Boehmer, J., Ghio, S., Feldman, A. M., Daubert, J. C., & de Mets, D.
(2022). The effect of cardiac resynchronization without a defibrillator on morbidity and
mortality: an individual patient data meta-analysis of COMPANION and CARE-HF.
European journal of heart failure, 24(6), 1080—1090. https://doi.org/10.1002/ejhf.2524

3.- Glikson, M., Nielsen, J. C., Kronborg, M. B., Michowitz, Y., Auricchio, A., Barbash, I.
M., Barrabés, J. A., Boriani, G., Braunschweig, F., Brignole, M., Burri, H., Coats, A. J.
S., Deharo, J. C., Delgado, V., Diller, G. P, Israel, C. W., Keren, A., Knops, R. E., Ko-
techa, D., Leclercq, C., ... Witte, K. K. (2022). 2021 ESC Guidelines on cardiac pacing
and cardiac resynchronization therapy. Europace: European pacing, arrhythmias, and
cardiac electrophysiology : journal of the working groups on cardiac pacing, arrhythmi-
as, and cardiac cellular electrophysiology of the European Society of Cardiology, 24(1),
71-164. https://doi.org/10.1093/europace/euab232

4.- Raatikainen, M. J., Arnar, D. O., Zeppenfeld, K., Merino, J. L., Levya, F., Hindriks, G.,
& Kuck, K. H. (2015). Statistics on the use of cardiac electronic devices and electro-
physiological procedures in the European Society of Cardiology countries: 2014 report
from the European Heart Rhythm Association. Europace: European pacing, arrhythmias,
and cardiac electrophysiology: journal of the working groups on cardiac pacing, arrhyt-
hmias, and cardiac cellular electrophysiology of the European Society of Cardiology,

17 Suppl 1, 11-175. https://doi.org/10.1093/europace/euu300



140

5.- Mullens, W., Auricchio, A., Martens, P., Witte, K., Cowie, M. R., Delgado, V., Dickstein,
K., Linde, C., Vernooy, K., Leyva, F., Bauersachs, J., Israel, C. W., Lund, L. H., Donal,
E., Boriani, G., Jaarsma, T., Berruezo, A., Traykov, V., Yousef, Z., Kalarus, Z., ... Le-
clercq, C. (2020). Optimized implementation of cardiac resynchronization therapy: a call
for action for referral and optimization of care: A joint position statement from the Heart
Failure Association (HFA), European Heart Rhythm Association (EHRA), and European
Association of Cardiovascular Imaging (EACVI) of the European Society of Cardiology.
European journal of heart failure, 22(12), 2349-2369. https://doi.org/10.1002/ejhf.2046

6.- Llorens, P., Javaloyes, P., Martin-Sanchez, F. J., Jacob, J., Herrero-Puente, P., Gil, V.,
Garrido, J. M., Salvo, E., Fuentes, M., Alonso, H., Richard, F., Lucas, F. J., Bueno,
H., Parissis, J., Miiller, C. E., Miro, O., & ICA-SEMES Research Group (2018). Time
trends in characteristics, clinical course, and outcomes of 13,791 patients with acute
heart failure. Clinical research in cardiology, 107(10), 897-913. https://doi.org/10.1007/
$00392-018-1261-z

7.- Lévesque, L. E., Hanley, J. A., Kezouh, A., & Suissa, S. (2010). Problem of immortal
time bias in cohort studies: example using statins for preventing progression of diabetes.
BMJ (Clinical research ed.), 340, b5087. https://doi.org/10.1136/bm;j.b5087

8.- Bradburn, M. J., Clark, T. G., Love, S. B., & Altman, D. G. (2003). Survival analysis part
II: multivariate data analysis--an introduction to concepts and methods. British journal
of cancer, 89(3), 431-436. https://doi.org/10.1038/sj.bjc.6601119

9.- Osmanska, J., Hawkins, N. M., Toma, M., Ignaszewski, A., & Virani, S. A. (2018). Eli-
gibility for cardiac resynchronization therapy in patients hospitalized with heart failure.
ESC heart failure, 5(4), 668—674. https://doi.org/10.1002/ehf2.12297

10.- Aguilo, O., Castells, X., Mir9, 0., Mueller, C., Chioncel, O., & Trullas, J. C. (2022).
The prognostic significance of bundle branch block in acute heart failure: a systematic
review and meta-analysis. Clinical research in cardiology: official journal of the German
Cardiac Society, 10.1007/s00392-022-02105-z. Advance online publication. https://doi.
org/10.1007/s00392-022-02105-z



141

Table 1. Baseline characteristics and differences according to cardiac resynchronization

therapy.

Demographic data

(RAASI+BB+MRA)

‘Age (years) - median [IQR] 82 [13] 0 66.9[16.1] 828[11.9] <0.001 81.4[11.9] <0.001
Sex female 381 (52.3%) 0 20 (43.5%) 361 (52.9) 0226 46 (42.6%)  1.000
BMI (kg/m?) - median [IQR] 276 (58] 309 (42%) | 29.2[20.3] 274160] 0063 27.7[59] 0.062
Comorbidity
Active smoker 47 (64%)  169(232%) | 5 (13.5%) 42(80%) 0017  9(102%) 0.197
Hypertension 612 (84.0%)  1(0.1%) 33(71.7%) 579 (84.9%)  0.034 92 (852%) 0.051
Dyslipidaemia 333 (45.7%)  2(03%) 28(60.9%)  305(44.8%) 0.046 50 (46.3%)  0.098
Diabetes mellitus 325 (44.6%)  1(0.1%) 23 (50.0%) 302 (443%) 0449 62 (574%) 0398
Coronary artery disease 233(32.0%)  1(0.1%) 1021.7%) 223 (32.7%) 0.143 58 (53.7%) <0.001
Heart valve disease 211 (289%)  1(0.1%) 14(304%) 197 (28.9%)  0.867 41(38.0%) 0372
Peripheral arterial discase 68 (9.3%) 1(0.1%) 4(8.7%) 64 (94%)  1.000  8(74%)  0.785
Cerebrovascular discase 89 (12.2%) 1(0.1%) 4(8.7%) 85(12.5%)  0.641 11(102%) 0.775
Atrial fibrillation 312 (428%)  1(0.1%) 10(21.7%) 302 (44.3%) 0.003 45 (41.7%) 0.018
Chronic heart failure 478 (65.6%) 24 (33%) | 27(60.0%) 451 (683%) 0252 90 (833%) 0.002
Chronic kidney disease 198 272%)  1(0.1%) 12(26.1%) 186 (27.3%)  1.000 38 (352%) 0270
COPD 152(20.9%)  2(0.3%) 9. (19.6%) 143 21.0%)  1.000 18 (16.8%) 0.683
Dementia 69 (9.3%) 54 (7.4%) 0(0%) 68(10.8%)  0.016 9 (9.8%)  0.034
Active cancer 88 (12.1%) 54 (7.4%) 8 (18.6%) 80(12.7%) 0246 14(152%) 0.620
Cirthosis 6 (0.8%) 54 (7.4%) 0(0%) 6(09%)  1.000 _ 0(0%) -
Baseline status
NYHA class 37 (5.1%)

I 170 (23.3%) 7 (16.7%) 163 (25.1%) 0.059 17 (16.8%)

1t 373 (51.2%) 31(73.8%) 342 (52.6%) 57(56.4%)  0.133

1 147 (20.2%) 4(9.5%) 143 (22.0%) 26 (25.7%)

v 2(0.3%) 0 (0%) 2(0.3%) 1(1.0%)
LVEF (%) - median [IQR] 40 [25] 35 [24] 40 [25] 0017 30[10]  <0.001
Preserved LVEF (50%) BICESR) 10 a0 | 12CLEW  240G95%) 0(0%)
Mildly Reduced LVEF (41-49%) 64 (8.8%) 3(6.5%) 61(10.0%)  0.085  0(0%)  <0.001
Reduced LVEF (<40%) 337 (46.2%) 31(674%) 306 (50.4%) 108 (100%)
Barthel index (points) - median [IQR] 90 [30] 68 (9.3%) 100 [0] 90[30]  <0.001  95[23]  <0.001
Chronic treatments at home
Loop diuretics 477 (654%) 11 (1.5%) | 19(41.3%) 458 (682%) <0.001 83 (76.9%) <0.001
RAASI 463 (63.5%)  11(1.5%) | 35(71.6%)  428(63.7%) 0O.111 108 (100%) <0.001
Beta-blockers 369 (50.6%) 10 (1.4%) | 23(50.0%) 346 (51.4%) 0.880 108 (100%) <0.001
MRA 139 (19.1%) 10 (14%) | 11(23.9%) 128 (19.0%) 0440 26 (24.1%) 0.983
Optimal treatment 1 (RAASI +BB) 256 (35.1%)  11(1.5%) | 21(@57%)  235(35.0%) 0.154 108 (100%) <0.001
Optimal treatment 2 56 (7.7%) 11 (1.5%) 8 (17.4%) 48(7.1%)  0.021 26 (24.1%)  0.360

*Bold p values denote statistical significance (p<0.05)

Abbreviations: BMI: body mass index; COPD: chronic pulmonary obstructive disease; CRT: cardiac resynchronization
therapy,; I0R: interquartile range; LBBB: left bundle branch block; LVEF': left ventricular ejection fraction; MRA:
mineral corticosteroid-receptor blockers; NYHA: New York Heart Association; RAASI: renin-angiotensin-aldosterone
system inhibitors (includes angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists or angiotensin

receptor-neprilysin inhibitors); BB: beta-blockers
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Figure 1: Flowchart for patient inclusion and analysis
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*Optimal medical treatment includes renin-angiotensin-aldosterone system inhibitors and beta blockers

Abbreviations: AHF: acute heart failure; CRT: cardiac resynchronization therapy; LBBB: left bundle-branch block;

LVEF: left-ventricle ejection fraction
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Figure 2: Analysis of survival. Panel A shows the Kaplan-Meier curves with cardiac

resynchronization therapy (CRT) with CRT modelled as a time dependent covariate to

avoid the immortal time bias due to the fact that patients in the CRT group could not have

died until receiving the CRT, hence there is an interval during which the outcome event

could not have occurred. For this reason, despite 46 patients being included in the CRT

group, the number of patients at risk in this group at time zero is 6 instead of 46, and then

the number of patients at risk increases (as they are treated with RCT) or decreases (as

they die or are censored) during follow-up. Panel B shows the survival probability

obtained in the adjusted Cox model with conditional effects of an “average” subject which

either received or did not receive CRT.
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40% and a Barthel index of 90 points.
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Abbreviations: CRT: cardiac resynchronization therapy
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RESUM DEL TREBALL S

En aquest estudi s’analitza 1’us de la TRC en 729 pacients amb morfologia de BBE de la cohort
EAHFE 1la seva relacié amb el pronostic a llarg termini. L’objectiu primari va ser la mortalitat
per qualsevol causa als 10 anys de seguiment. Els pacients presentaven una mitjana d’edat de
82 anys, una elevada carrega de comorbiditats, algun grau de dependéncia funcional (mesurada
amb I’index de Barthel) 1 una FEVE del 40% de mediana. Es va realitzar tractament amb TRC
en 46 pacients (6,3%) en algun moment del seguiment amb un temps mitja des de la inclusio

fins a la implementacio de 960 dies.

Els pacients tractats amb TRC eren més joves, presentaven diferents comorbiditats (menys hiper-
tensio, fibril-lacié auricular i demencia amb més dislipemia i fumadors), menys dependéncia
funcional (valors més alts de I’index de Barthel) i menors valors de FEVE. L’tnica diferéncia
trobada segons el tractament va ser que els pacients del grup TRC van ser menys tractats amb
diiiretics de nansa. Hi va haver 108 pacients amb FEVE<35%, amb tractament optim (complint
els criteris de TRC segons les directrius) que no van rebre TRC en cap moment del seguiment.
Les caracteristiques associades en aquest subgrup van ser molt similars a les observades per a

tot el grup de pacients amb BBE que no van ser tractats amb TRC.

Les corbes de supervivencia de Kaplan-Meier van comparar la mortalitat per qualsevol causa en
els 2 grups i1 van concloure una manca d’evidencia que recolzés la TRC com a terapia beneficiaria
per reduir la mortalitat als 10 anys [HR=1,33; IC 95% (0,72-2,48); p=0,4)]. Un fet important s
que la TRC només es va aplicar en 46 (6%) pacients, i dels 683 pacients restants que no van ser
tractats amb TRC -segons la informacié de que disposem sobre la seva FEVE-, 108 d’ells serien
candidats potencials a TRC segons les recomanacions de les guies (FEVE<35% i tractament
medic optimitzat). Altres estudis han informat de percentatges de pacients elegibles que oscil-len
entre el 5 1 el 10%, pero aquests estudis inclouen pacients no seleccionats hospitalitzats per IC

1 no només pacients amb BBE.

Alguns factors que podrien explicar la baixa proporci6 d’implementaci6 de la TRC en la cohort
EAHFE son I’edat avancada, les comorbiditats 1 I’estat funcional dels pacients. També hi poden
haver contribuit la FEVE preservada o lleugerament reduida (43%), els pacients lleugerament

simptomatics (classe funcional II de la NYHA: 51%), un baix percentatge de tractament medic
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optimitzat en els pacients amb IC amb FEVE reduida 1 la preséncia de fibril-laci6 auricular en

un elevat percentatge de pacients (43%).

Els nostres resultats, d’acord amb altres estudis previs, reflecteixen una infrautilitzaci6 de la
TRC 1 un marge de millora per augmentar-ne 1’0s, ja que esta clarament associat a una millora
del pronostic. Tanmateix, en el present estudi, el tractament amb TRC no es va associar a una
millora en el pronostic a llarg termini tot 1 ajustar 1’analisi per possibles factors de confusio, aixi
com la seleccid i els biaixos temporals immortals. Per tant, és probable que el risc de mortalitat
després d’un episodi d’ICA en pacients d’edat avancada amb comorbiditats després de 10 anys

de seguiment, superi els beneficis de la implementaci6 de la TRC en aquesta poblacio.
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Els resultats de la present tesi doctoral demostren 1’important paper que tenen les alteracions

electrocardiografiques en el pronostic dels pacients amb ICA.

La IC és una patologia amb una elevada prevalenga, especialment en 1’edat avangada 1, encara
que el tractament médic ha aconseguit augmentar la supervivéncia d’aquesta malaltia en la fase
cronica, la morbimortalitat a causa de les seves descompensacions, relacionada amb I’envelli-
ment poblacional, continua incrementant-se 1 aixo repercuteix de forma considerable en el nostre

sistema de salut.

En aquest sentit, els esforcos terapeutics en la ICA s’han centrat en el tractament de les descom-
pensacions, pero la cerca de models predictius i variables que permetin estratificar el risc de les
descompensacions, permet anar més enlla i ajudar a comprendre millor I’abordatge d’aquesta
patologia i el seu pronostic. L’escala MEESI ha estat una eina que ha demostrat la seva utilitat
en la prediccié de mortalitat 30 dies després de ’estada a urgencies en els pacients amb ICA
perd els pacients tipificats com a “baix risc” que s6n donats d’alta, presenten riscos més elevats
de reconsulta 1 hospitalitzaci6 30 dies després de 1’alta al servei d’urgencies [HR 1,86; IC
95% (1,57-2,20) 1 HR 1,92; IC 95% (1,54-2,40) respectivament] en comparacié amb els paci-
ents ingressats, per la qual cosa és necessari desenvolupar nous models que prediguin aquests
esdeveniments adversos. La nostra hipotesi de treball es basa en el fet que les alteracions elec-
trocardiografiques en els pacients amb ICA poden condicionar el pronostic i1 ajudar a predir
esdeveniments adversos i, considerem que amb els resultats que s’han obtingut, hem ajudat a

clarificar el paper d’aquestes alteracions.

El primer treball de la tesi, analitza la prevalenca i el pronostic dels pacients amb BBD hospita-
litzats per ICA de la cohort RICA. El nostre estudi constata una prevalenca del 10,9% (IC 95%
9,9-12), 1 és similar a la d’altres estudis observacionals previs, en els que s’havien reportat pre-
valences entre 5,4-14%. La mortalitat anual ¢s del 18,7% (IC 95% 17,5-20,0) i ’esdeveniment
combinat (mort o reingrés cardiovascular en els primers 90 dies després de ’alta) del 15,8%
(IC 95% 14,6-17,0) sense trobar diferéncies significatives en els pacients amb BBD i sense
BBD en cap de les dues categories. En la nostra cohort el BBD s’associa a gent de més edat, de
sexe masculi, fumadors i FEVE preservada. Encara que alguns estudis previs s’havia constatat
un augment de la mortalitat, aquest havia estat de forma predominant en pacients amb FEVE

deprimida en els quals, el fet de presentar un BBD, constitueix un marcador de
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disfunci6 ventricular dreta, 1 pot indicar la preséncia d’una hipertensié pulmonar que condiciona
el pronostic dels malalts. També s’ha de tenir en compte, com han demostrat alguns estudis
que el BBD ¢és un marcador de mal pronostic en la SCA, i en la nostra cohort només un 7,4%
dels pacients presenten SCA com a mecanisme desencadenant d’ICA, que €s una proporciod
menor a la d’altres registres en els quals la SCA té un major percentatge (EHFS II: 42,2%, OP-
TIMIZE-HF: 14,7%, ALARM-HF: 36,9%, REPORT-HF: 13%, GULF-CARE: 27,3%, GREAT:
25,3%, OFICA: 13,4%, SAFE-SIMEU: 4,7%). A més, alguns dels estudis que havien constatat
un augment de la mortalitat en els pacients amb BBD, ho havien fet especialment en els pacients
amb ICAN . En aquest subgrup, el factor precipitant més habitual d’ICA és la SCA ,
que s’associa a xifres més altes de mortalitat en la majoria dels registres. Per tant, €s probable que
la baixa proporci6 de pacients amb SCA en la nostra cohort, i el fet de presentar un percentatge
elevat de pacients amb una FEVE preservada, pugui condicionar que no s’observin diferéncies

de mortalitat en els pacients amb BBD respecte al grup control.

El segon treball de la tesi, analitza la prevalenca i el pronostic dels pacients amb BBE descom-
pensats per ICA en 3 cohorts independents: dues cohorts d’urgencies (EAHFE 1 BASEL-V) 1
una de pacients hospitalitzats (RICA). El nostre estudi constata una prevalenca de BBE en el
13,5% (IC 95%: 12,9,-14,0%) dels pacients. Aquesta xifra, és similar a la d’altres estudis ob-
servacionals previs, en els que s’havien constatat prevalences entre 5-25% dels pacients amb
ICA. En els tres registres, el BBE s’associa a més comorbiditat cardiovascular (coronariopatia
1 episodis previs d’ICA), FEVE deprimida, nivells alts de NT-proBNP i descompensacions més
greus. La prevalenga és més elevada en la cohort RICA (19%), cosa esperable tenint en compte
que els pacients hospitalitzats presenten de forma habitual més comorbiditats respecte als que

no requereixen ingrés.

Un fet a destacar €s que, en els serveis d’urgencies de les cohorts EAHFE 1 BASEL-V, les des-
compensacions son més greus en els pacients amb BBE com ho demostren els resultats de 1’es-
cala MEESI. Pel que fa a la mortalitat anual, es constata un lleuger augment en les cohorts RICA
1 BASEL-V que desapareix en el model ajustat. [HR 1,02 (0,89-1,17), HR 1,15 (0,95-1,38) 1 1,32
(0,94-1,86); (IC 95%) en les cohorts EAHFE / RICA / BASEL-V respectivament]. Tampoc es
detecten diferéncies per a ’esdeveniment final combinat en els primers 90 dies després de I’alta
(mort, reconsulta a urgencies o reingrés cardiovascular) [HR 1,00 (0,88-1,14), 1,14 (0,92-1,40)
11,26 (0,84-1,89) (IC 95%)] en les diferents cohorts.
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Fisiopatologicament, el BBE causa una disincronia ventricular amb el seu conseqiient remodelat
ventricular, que ¢€s el principal mecanisme pel qual pot empitjorar el curs de la IC. En el cas dels
nostres resultats podriem concloure que la mortalitat no és atribuida al BBE “per se”, sin6 a la
preseéncia de més comorbiditats en aquests pacients. Si analitzem aquests resultats, son similars al
d’alguns estudis publicats , pero son contradictoris amb els resultats d’altres registres,
on s’havia constatat un pitjor pronostic atribuit al BBE propiament especificat

Habitualment, els estudis que han reportat un augment de mortalitat inclouen pacients amb
FEVE inferior en comparacio als estudis que no han constatat diferéncies. En aquest sentit, esta
demostrat que els pacients simptomatics en fase d’IC refractaria i FEVE<35%, que presenten
un QRS>120 ms amb morfologia de BBE es beneficien d’un tractament amb TRC 1 milloren el
seu pronostic . En les 3 cohorts del nostre estudi, hi ha un percentatge elevat de pacients
FEVE preservada i aix0 podria explicar el fet que, a pesar de detectar més comorbiditats car-
diovasculars 1 descompensacions més greus, no observem diferéncies de mortalitat en els dos
grups. De tota manera, davant els resultats obtinguts, s’ha dut a terme una revisio sistematica
amb metaanalisi, avaluant la relaci6 entre les alteracions de la conduccié intraventricular (BBD,

BBE o QRS eixamplat) i el risc de mortalitat en els pacients amb ICA.

Els resultats del tercer treball de la tesi, conclouen que les alteracions de la conducci6 intraven-
tricular en ’ECG poden comportar-se com un marcador de mal pronostic 1 afegeixen un 11%
més de risc de mortalitat a llarg termini en els malalts amb ICA (HR 1,11; IC 95% 1,06-1,16).
Quan s’analitzen per separat els blocatges, el BBE presenta un 12% més de risc de mortalitat
(HR 1,12; IC 95% 1,04-1,21) i el BBD un 18% més de mortalitat (HR 1,18; IC 95% 1,05-1,35).

La mort sobtada, rehospitalitzacio i 1’objectiu combinat de mort cardiovascular o rehospitalitza-
ci6 també¢ s’ incrementen en els pacients que presenten alteracions de la conduccid intraventricu-
lar. Els nostres resultats en els pacients amb ICA soén concordants amb els estudis que s’havien
realitzat préviament en els pacients amb IC cronica i conclouen que BBE i BBD s’associen a
diferents perfils clinics, pero tots dos presenten un augment del risc de mortalitat. Una implicacid
clinica d’aquests resultats és que les alteracions de la conducci6 intraventricular constitueixen un
marcador de risc en els pacients amb ICA, que podrien beneficiar-se d’un potencial tractament
amb TRC. Aquests pacients es beneficiarien d’un seguiment estret, no nomeés per valorar el canvi
en ’amplada del QRS, sin6 també pels canvis en la FEVE i altres retards de la conducci6 auri-

culoventricular que poden indicar un tractament amb estimulacié cardiaca. L’evidéncia actual
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per a la realitzacidé de TRC en IC, es basa sobretot en la realitzaci6é d’estimulacid ventricular
esquerra amb ’objectiu de reduir ’amplada de I’interval QRS en pacients simptomatics amb
morfologia de BBE i FEVE reduida a pesar d’haver optimitzat el tractament medic . Alguns
estudis han suggerit que la TRC també¢ pot ser beneficiosa en subgrups de pacients amb BBD
“atipic” 1 de la mateixa manera es posa de manifest 1’as d’altres terapies de TRC com per
exemple 1’estimulacio hisiana en els pacients amb morfologia de BBD . De tota manera, son
necessaris estudis prospectius més grans per avaluar el benefici d’aquests dispositius en pacients
amb BBD i també per avaluar el benefici potencial de les diferents terapies de resincronitzacio
cardiaca en pacients amb qualsevol anomalia de la conduccié intraventricular i en aquells amb

FEVE en rang intermedi o preservada.

L’interval QT i la seva relaci6 amb els esdeveniments adversos en ICA ¢s una altra variable
important que s’ha analitzat en aquesta tesi. L’interval QT reflecteix la durada de la despo-
laritzaci6 i repolaritzacié ventricular i una alteracio d’aquest interval podria condicionar un

augment dels esdeveniments adversos.

Els nostres resultats confirmen un augment de la mortalitat intrahospitalaria en els pacients que
presenten un QTc perllongat, perd no en QTc escurgat, és a dir, en forma de “J”. Aquests resultats
concorden amb els pocs estudis previs que han analitzat la mortalitat intrahospitalaria en ICA

reportant un augment en pacients amb QT perllongat

Un patré similar, amb un augment de la mortalitat en els pacients amb QTc perllongat, pero no
aixi en QTc escurgat, es va obtenir quan es va analitzar la mortalitat 30 dies després de 1’estada
a urgencies. El risc de mortalitat al cap de 30 dies, era gairebé del doble si I’interval QTc era
superior a 561 ms, 1 augmentava de forma exponencial a mesura que augmentava el valor de
I’interval QTc. Fins aquest moment, la majoria d’estudis havien analitzat la mortalitat de les
alteracions de I’interval QT a llarg termini amb resultats diversos, pero cap estudi ho havia fet
a curt termini. Si ens centrem en els estudis que han analitzat la mortalitat a llarg termini en
IC cronica, alguns estudis han reportat un pitjor prondstic que no ha estat confirmat en d’al-
tres . En el cas de pacients amb ICA, alguns estudis han reportat un augment de mortalitat a
llarg termini amb una corba en “J” , pero altres estudis que han analitzat la variable no han

obtingut resultats significatius
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Els nostres resultats confirmen que un QTc perllongat s’associa a un augment de mortalitat
intrahospitalaria 1 30 dies després de ’estada a urgencies, mentre que tant el QTc perllongat
com escurgcat, s’associen a una major necessitat d’hospitalitzaci6. En conclusio, segons els
nostres resultats, el QTc inicial al servei d’urgencies, proporciona informacio rellevant de
pronostic a curt termini en els pacients amb ICA i pot comportar-se com un marcador de risc

a curt termini.

El darrer treball de la tesi, avalua 1’aplicabilitat de la TRC segons les guies actuals en 729
pacients amb morfologia de BBE de la cohort EAHFE. Els nostres resultats confirmen que es
va realitzar TRC en 46 pacients (6%) pero, en canvi, es van identificar 108 pacients candidats
potencials segons les recomanacions de les guies, que no van ser tractats amb TRC. Aquesta
infrautilitzacio de la TRC ja ha estat descrita en I’ambit europeu, on fins a dos tercos dels pa-
cients elegibles no son derivats a TRC 1 les causes que porten a aquesta situacidé no han estat

investigades ampliament

Alguns factors que podrien explicar la baixa proporci6é d’implementacié de la TRC en la cohort
EAHFE son I’edat avancada, les comorbiditats i I’estat funcional dels pacients. També hi poden
haver contribuit la FEVE preservada o lleugerament reduida (43%), els pacients lleugerament
simptomatics (classe funcional II de la NYHA: 51%), un baix percentatge de tractament medic
optimitzat en els pacients amb IC amb FEVE reduida i la preséncia de fibril-laci6 auricular en
un elevat percentatge de pacients (43%). Tanmateix, en el nostre estudi, el tractament amb TRC
no es va associar a una millora en el pronostic a llarg termini tot i1 ajustar 1’analisi per possibles
factors de confusid, aixi com la selecci6 i els biaixos temporals immortals. Per tant, és probable
que el risc de mortalitat després d’un episodi d’ICA en pacients d’edat avancada amb comorbi-
ditats després de 10 anys de seguiment, superi els beneficis de la implementaci6 de la TRC en

aquesta poblacio.

Els resultats d’aquesta tesi, poden contribuir a millorar el maneig dels pacients amb ICA als
serveis d’urgencies. S’ha demostrat que les alteracions electrocardiografiques son freqiients en
aquests pacients i constitueixen una variable important que pot condicionar el seu prondstic.
En aquest sentit, €s crucial disposar de models predictius amb variables que facilitin la presa de
decisions als professionals en les fases de descompensacio d’aquesta malaltia 1, per tant, millorin

la seguretat del pacient.
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Conclusio 1:
La prevalenca de BBD en els pacients amb ICA del registre RICA ¢és del 10,9% [IC 95%: 9,9-
12,0%] 1 s’associa a edat més avancada, sexe masculi, tabaquisme, comorbiditats pulmonars,

FEVE més elevada i pitjor estat funcional.

Conclusio 2:

La presencia de BBD en els pacients amb ICA del registre RICA no s’associa a un pitjor pro-
nostic: ni major mortalitat a ’any (HR 1,050; IC 95%: 0,833-1,324), ni major risc de presentar
I’esdeveniment combinat de mort o reingrés cardiovascular als 90 dies (HR 0,967; IC 95%:
0,745-1,254).

Conclusio 3:

La prevalenga de BBE en els pacients amb ICA de tres cohorts independents (EAHFE/RICA/
BASEL-V) és del 13,5% [IC 95%: 12,9-14,0%] i1 s’associa a més comorbiditat cardiovascular
(malaltia coronaria i episodis previs d’ICA), FEVE més reduida, nivells alts de NT-proBNP i

descompensacions més greus.

Conclusio 4:

La presencia de BBE en els pacients amb ICA no s’associa a un pitjor pronostic (mortalitat a
I’any o esdeveniment combinat de mort o reingrés cardiovascular als 90 dies) en cap de les tres
cohorts amb una HR ajustada (IC 95%) per mortalitat a I’any de 1,02 (0,89-1,17), 1,15 (0,95-
1,38) 11,32 (0,94-1,86) i per I’esdeveniment combinat de 1,00 (0,88-1,14), 1,14 (0,92-1,40) i
1,26 (0,84-1,89) per les cohorts EAHFE, RICA 1 BASEL-V, respectivament.

Conclusio 5:

La revisi6 sistematica de la literatura amb metaanalisi conclou que la preséncia d’alteracions de
la conducci6 intraventricular en ’ECG en els pacients amb ICA incrementa en un 11% el risc de
mortalitat per totes les causes a 12 mesos (HR global ajustat de 1,112; IC 95%: 1,065—1,160).
Quan s’analitza per separat el tipus de blocatge, el BBE presenta un 12% més de risc de mor-
talitat (HR 1,121; IC 95%: 1,042—1,207) i el BBD un 18% més de mortalitat (HR 1,187; IC
95%: CI 1,045—1,348). El risc de presentar altres esdeveniments com mort sobtada, reingrés i
I’esdeveniment combinat de mort cardiovascular o reingrés, també s’incrementa en els pacients

amb ICA que tenen alteracions de la conducci6 intraventricular.
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Conclusio 6:

La mesura de I’interval QT condiciona el pronostic a curt termini dels pacients amb ICA de la
cohort EAHFE. Un QTc perllongat s’associa a un augment de mortalitat intrahospitalaria i de
mortalitat als 30 dies. El risc de mortalitat €s més elevat com més allargat és I’interval QT. Per
altra banda, el risc d’hospitalitzacio i la mida del QT presenten una relacio o corba “en U”, tant

el QTc perllongat com el QTc escurgat, s’associen a una major necessitat d’hospitalitzacio.

Conclusio 7:

Només un 6% dels pacients de la cohort EAHFE van ser tractats amb TRC i aquesta terapia va ser
implementada una mitjana de 3 anys després de la descompensacio. Després de 10 anys de segui-
ment, la implementacié de TRC no s’associa a una millora en el pronostic. Es probable que el risc
de mortalitat després d’un episodi d’ICA en pacients d’edat avangada amb comorbiditats després

de 10 anys de seguiment superi els beneficis de la implementacié de la TRC en aquesta poblacio.
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Conclusio final:

Les alteracions electrocardiografiques de la conducci6 intraventricular (blocatges de branca,
eixamplament del QRS i alteracions de I’interval QT) son freqiients en els pacients amb ICA i
la seva presencia s’associa a un modest increment de la mortalitat per qualsevol causa 1 del risc
d’hospitalitzacio. Es necessari disposar de més tractaments (com la terapia de resincronitzacio
cardiaca) que permetin millorar el pronostic en pacients amb ICA i trastorns de la conduccid

intraventricular.
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* AVK (Acenocumarol/Warfarina)----- : lECA%/ARA 1
T N2 DOSIS VACUNA COVID *  Estatinas
e ACO Accion Directa ---------------=---- Lo
*  Trasfusion de sangre ----
* Estatina c A | ° Antiagregantes
> AINEs la semana previa --------------- . ¢ AVK (Acenocumarol/Warfarina)--
+ ADOS ‘ Metformina *  ACO Accién directa
Sulfonilureas .
* Insulina HBPM
iy Acarbosa * Feintravenoso
Meglitinidas * Inhibidores de Neprilisina (Sacubitrilo)-------
Pioglitazonas e Cardioversion eléctrica urgente -
€ A iDPP4 +  Ultrafiltracién/Dialisis:
*  Suero hiperténico -------------==--mmmeeemmmeee]
Dosis diurético ASA /dia arGLP1 S lifozi
Empaglifozina mpagliozina
Dosis HIDROCLOROTIAZIDA/dia Dapaglifozina Dapaglifozina
Dosis CLORTALIDONA/dia . . .
Dosis primer bolo de Furosemida (mgr) l:l

DBl FRaeIeRIs0aiol P2 50 por Unidad de Observacién ou)| | ALTA D INGRESO:D L

(el paso por la UO no supone un ingreso): desde SUH: RS
Otro
Lugar de ingreso: | Cardiologia | Ml l Geriatria | UVI/Coronarias l UCE “ Otro (cudl) |
Tino de alt | —— | P— | - | ) Fecha del alta (de URG, Unidad OBS, [ ]
Ipo de afta) Domiclio | Residencia | Exitus C”'dad‘”- Hosp. o de EXITUS INTRAHOSPITALARIO):
 BLOQUE 8: Seguimiento Fecha del 12 contacto (entrelos 30y los 60 dias tras la asistencia): [ ]
Mortalidad:| No No | Motivo reconsulta > [ ¢y I - | s
Reconsulta a urgencias:
Sl Si 4 No CV ‘ NoICA ‘
Fecha de | v Hay ingreso hospitalario
echadela .
. [ ] Fecha 12 reconsulta.[ ] en esta reconsulta:
muerte:

Fecha del 22 contacto: Mortalidad:| o o r_' A | Fecha de :]
(a partir del afio de la [ ] muerte:
inclusién del paciente) S| |y | NoCV No ICA
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Certificat comité d’¢tica registre EAHFE

HOSPITAL UNIVERSITARIO CENTRAL DE ASTURIAS =

CI0 DE SALUD .
ls;:xlkr‘:uluar.\no DE ASTURIAS Comité de Etica de la Investigacion del
Principado de Asturias
Awda. de Roma sin
33011, -Oviedo
Tino; 885.10,79.27/885.10.80.28

e-mail- caicr_asturias@ihca.es

Area Sanitaria

Oviedo, 15 de Diciembre de 2017

El Comite de Etica de la Investigacion del Principado de Asturias, ha revisado
el Provecto de [nvestipuoion n” 205/17, titulado: “EPIDEMIOLOGIA DE LA
INSUFICIENCIA CARDIACA AGUDA EN LOS SERVICIOS DE URGENCIAS. FACTORES
ASOCIADOS A LA MORTALIDAD A LOS 30 DIAS Y AL ANO EN PACIENTES CON
INSUFICIENCIA CARDIACA'AGUDA ATENDIDOS EN LOS SERVICIOS DE URGNECIA
HOSPITALARIOS™, Estudio EAHFE-6. Promotor [Grupo ICA-SEMES), Investigador
Principal Dr, Pablo Herrero Puente del S. de Urgencias del HUCA

El Comite ha tomado el acuerdo de considerar que €] citado provecto retine las
condiclones ¢licas necesarins para poder realizarse v en consecuencia emite su
autonzacion.

Los Consentimientos informados deberan firmarse por duplicado (para dejar
canstancia de ello] v una copia deberii ser archivada con la documentaciéon del
estudio,

Le recaerdo que debera guardarse ln maxima confidencialidad de los datos
utthzados en este provecto

Fdo: Maurici Telenti Asensio
Secretario del Comité de Etica de Ia Investigacion
del Princilpﬂdo de Asturias
[
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Certificat comité d’Etica registre RICA

"::'. Hospital Universitari de Girona
?'i- Doctor Josep Trueta

Marta Riera Junca, Secretaria del Comité d’Etica d'Investigacio CEIC GIRONA, amb domicili a
I'Hospital Universitari de Girona Dr. Josep Trueta Avinguda de Fran¢a s/n 17007 Girona

CERTIFICA

Que el Comité d'Etica d'Investigacié CEIC GIRONA, segons consta en I'acta de la reunio
celebrada el dia 17/07/2018 ha avaluat el projecte: Registro nacional de Insuficiencia
Cardiaca. Cod RICA. Protocol Agost 18 i Full d'Informacié al Pacient V.HOlot agost 18 en
catala i castella, amb el Dr. Joan Carles Trullas Vila com a investigador principal.

Que els documents s’ajusten a les normes étiques essencials | per tant, ha decidit la seva
aprovacio.

I, perqué consti, expedeixo aquest certificat.

Girona, a 07/11/2018



La insuficieéncia cardiaca és una patologia cronica amb una elevada prevalenca en el nostre medi.
Malgrat que el tractament medic ha aconseguit augmentar la supervivencia d’aquesta malaltia
en la fase cronica, la morbimortalitat a causa de les seves descompensacions en forma d’insu-
ficiencia cardiaca aguda (ICA) continua incrementant-se. Aixd comporta consultes als serveis

d’urgencies 1 ingressos hospitalaris en nombroses ocasions.

En aquest sentit, els esfor¢os terapeutics en la ICA s’han centrat basicament en el tractament de
les seves descompensacions, pero la cerca de models predictius i variables que permetin estrati-
ficar el risc 1 les possibles complicacions, constitueix una eina que permet millorar 1I’abordatge

d’aquesta patologia per part dels professionals sanitaris.

L’associaci6 entre ICA i fibril-laci6 auricular ja ha estat ampliament estudiada, pero les altera-
cions de la conducci6 intraventricular, com els blocatges de branca, 1’eixamplament del QRS 1
les alteracions de I’interval QT, son freqiients en els pacients amb ICA 1 han estat menys explo-
rades. L’objectiu d’aquesta tesi és estudiar-ne la prevalenca, els factors de risc associats, i el seu

impacte en el pronostic dels pacients a curt i llarg termini.

Els resultats obtinguts permeten aprofundir en el coneixement de la ICA 1 poden contribuir a

millorar el maneig dels pacients als serveis d’urgéncies.



