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WHF definition may include HF-specific patient-re-
ported outcomes (eg, Kansas City Cardiomyopathy
Questionnaire), or alternative biomarkers such
as bioimpedence.28

PROXIMITY TO THE PRIOR WHF EVENT. Although
the vulnerable phase following a WHF event is widely
recognized, there is no consensus on how long such a
period may last.2 Although patients with WHF may
remain at greater absolute risk than those never
hospitalized, it is possible for relative risk to decline
over time in response to therapy. As such, although
HF is generally recognized as a progressive disease,
utilizing classification introduced in the recent
guidelines, it is possible for patients to transition
from WHF back to “persistent HF” (or less likely,
remission of HF).8

Where to draw the line between WHF and persis-
tent HF is uncertain. For example, a patient with most
recent WHF event a year ago and with continuing HF
symptoms may be termed persistent HF; however,
the appropriate term for a patient with a WHF event
6 months ago is unclear. Even trials generally regar-
ded as enrolling “stable” outpatient chronic HF have
generally included a sizeable proportion of patients
with prior HF hospitalization, with varying durations

of time between prior hospitalization and trial
enrollment. For example, among 8,399 patients in the
PARADIGM-HF trial, 5,274 (63%) had a history of prior
HF hospitalization. This included 1,611 (19%) with a
HF hospitalization within the prior 3 months, and
1,009 (12%) with a HF hospitalization 3 to 6 months
before enrollment.29 For clinical trials, as a matter of
practicality in order to operationalize a WHF eligi-
bility criterion, a time duration following a WHF
event must be set. The recent VICTORIA (VerICiguaT
GlObal Study in Subjects With Heart Failure With
Reduced EjectIon FrAction) trial defined the eligi-
bility criterion for WHF as recent HF hospitalization
within the past 6 months or outpatient IV diuretic
visit within the past 3 months.30 The arbitrary nature
of such time horizons in defining WHF and the
absence of guidance in guidelines should provide
impetus for further efforts to define WHF by objec-
tive, reproducible, and biological measures that are
reliably congruent with clinical risk.

DEFINING THE ADEQUATE LEVEL OF BACKGROUND

MEDICAL THERAPY. Implicit in the definition of WHF
is the assumption that patients have worsened
despite background therapy.1 Worsening of any
chronic condition may be expected in the absence of

FIGURE 2 Traditional and New Theories of HF Clinical Course and WHF
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Blue line reflects the traditional view of the course of chronic HF with episodes of acute decompensation. Red dotted line reflects the newer
theory that the worsening event is preceded by gradual progressive subclinical worsening, and a subclinical high-risk state that follows an
apparent clinical recovery and discharge. Adapted with permission from Gheorghiade et al.41,42 Abbreviations as in Figure 1.
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appropriate therapy. However, there is no consensus
on what level of background therapy or duration of
stable background therapy is required to differentiate
WHF breaking through reasonable medical therapy vs
poorly treated chronic HF. Medication scores
including use and dosing of available therapies may
be considered in efforts to objectively grade and
compare level of background therapy.1,31 However,
such scores do not account for the possibility of
maximally tolerated but subtarget doses, prior intol-
erance, or absolute or relative contraindications.
Intolerance or ineligibility for medical therapy reflect
a high-risk patient population that should motivate
efforts for developing alternative therapies that are
efficacious and well-tolerated. At the same time, it is
important to acknowledge the gaps in quality of care
in clinical practice. For example, among eligible pa-
tients with HFrEF in U.S. clinical practice, 1 in 3 may
not receive a beta-blocker and 2 in 3 may not receive a
mineralocorticoid receptor antagonist (MRA).32

Despite this, considering the challenges regarding
intolerance, comorbidities, and contraindications,

mandating that patients receive all available thera-
pies at target doses in order to potentially qualify as
having WHF is impractical. It is therefore a reasonable
approach to require some background therapy and
stability of clinical course before the development of
WHF as a transition phase requiring further efforts to
reduce the risk for future worsening events.
DEFINING CRITERIA FOR ESCALATED ORAL THERAPY.

Although data have established a need for outpatient
escalation of oral diuretic therapy as a predictor of
clinical risk, the details of what magnitude of esca-
lation to include as criteria for WHF remain uncer-
tain. In the Danish cohort study, intensification
was defined as: 1) newly prescribed oral loop diuretic
of minimum 80 mg/day furosemide equivalent;
2) doubled dosage of loop diuretic to minimum
160 mg/day furosemide equivalent; or 3) newly pre-
scribed thiazide diuretic in addition to $160 mg/day
furosemide equivalent.15 The CHAMP-HF study
utilized a definition as either: 1) any change in total
daily dose higher than previous dose; 2) addition of
metolazone; or 3) switch from any dose of furosemide

FIGURE 3 Progression of HF Clinical Risk Over Time
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A heart failure (HF) diagnosis carries significant intrinsic clinical risk (baseline risk). This risk can be substantially reduced with aggressive use and titration of
guideline-directed therapy (residual risk), although risk still remains high compared with patients without HF and compared with patients with other cardiovascular
diseases. Many patients experience episodes of clinical worsening over time despite stable therapy (worsening risk), termed worsening HF (WHF). Key questions remain
with regard to defining clinical worsening and distinguishing worsening status in the context of optimal and maximally tolerated background therapy vs
undertreatment and underdosing of therapy. Adapted with permission from Greene et al.1 CRT ¼ cardiac resynchronization therapy; GDMT ¼ guideline-directed
medical therapy; ICD ¼ implantable cardioverter-defibrillator; IV ¼ intravenous.
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ABSTRACT

Heart failure (HF) is a progressive disease characterized by variable durations of symptomatic stability often punctuated

by episodes of worsening despite continued therapy. These periods of clinical worsening are increasingly recognized as a

distinct phase in the history of HF, termed worsening HF (WHF). The definition of WHF continues to evolve from a

historical focus solely on hospitalization to now include nonhospitalization events (eg, need for intravenous diuretic

therapy in the emergency or outpatient setting). Most HF clinical trials to date have had HF hospitalization and death as
primary endpoints, and only recently, some studies have included other WHF events regardless of location of care.

This article reviews the evolution of the WHF definition, highlights the importance of considering the onset of WHF as an

event that marks a new phase of HF, summarizes the latest clinical trials investigating novel therapies, and

outlines unmet needs regarding identification and treatment of WHF. (J Am Coll Cardiol 2023;81:413–424)

© 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

M ost patients with new-onset heart failure
(HF) transition to chronic HF and can be
symptomatically stabilized on therapy

for a variable period ranging from months to years.1

During this chronic phase, despite apparent clinical
stability, a significant residual risk of clinical deterio-
ration and death remains.1 This risk is increased
several fold if signs and symptoms consistent with

worsening HF (WHF) develop (Figure 1).1-3 WHF is
defined by escalating signs and symptoms of HF in
patients with chronic HF despite previously stable
therapy.4 At present, this definition requires the
need for a hospitalization for HF, treatment of HF in
the emergency department (ED), or receipt of intrave-
nous (IV) diuretic therapy in the outpatient setting.4,5

WHF is considered a phase in the natural history of
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(Dapagliflozin and Prevention of Adverse Outcomes
in Heart Failure) trial found that compared with
patients without a WHF event, risk of death was
w3-fold higher following an urgent IV diuretic visit,
but w6-fold higher after HF hospitalization.13

Nonetheless, given the strong prognostic signifi-
cance of outpatient IV diuretic administration for
WHF seen across studies, such urgent HF visits are
now a formally defined clinical trial endpoint and
are increasingly included as an outcome in large,
randomized trials.5

Outpatient escalation of oral diuretic therapy. Histori-
cally, escalation of outpatient oral diuretic treatment
has been poorly characterized. Although the escala-
tion of oral diuretic treatment during a hospitaliza-
tion is within the accepted definition of a HF
hospitalization event, augmentation of oral diuretic
treatment in the outpatient setting is not routinely

considered a WHF event in clinical trials.5 Accumu-
lating data suggest that the need to increase oral
diuretic therapy in the outpatient setting is not
benign and is associated with substantial risk of
morbidity and mortality.13 For example, an analysis
of the nationwide Danish registry found that outpa-
tient intensification of oral diuretics was common
(9 events per 100 patient-years) and was associated
with a 75% higher relative risk of 1-year mortality.15

Likewise, an analysis from the CHAMP-HF (Change
the Management of Patients with Heart Failure) reg-
istry in the United States outpatient practice found
that 1 in 4 patients with HFrEF may have outpatient
escalation of oral diuretic therapy over longitudinal
follow-up.16 In the aforementioned secondary anal-
ysis of DAPA-HF, intensification of oral therapy,
including diuretics, carried similar risk of subsequent
mortality as outpatient IV diuretic visits, although

FIGURE 1 Contextualizing Risk of WHF
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The 2018 American College of Cardiology/American Heart Association Cholesterol Guidelines applied terms (eg, “high risk”) to describe patients based in
part on absolute event rates. Although all subsets of patients with heart failure (HF) with reduced ejection fraction (HFrEF) generally face absolute rates
of cardiovascular events much higher than patients with atherosclerotic cardiovascular disease (ASCVD), comparison of absolute event rates support
worsening heart failure (WHF) as a “very extreme high risk” condition. Reused with permission from Greene et al.33 NYHA ¼ New York Heart Association.
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Los pacientes hospitalizados por IC 
incrementan 2.5 veces el riesgo de 

mortalidad

CI, confidence interval; HF, heart failure; HFH, HF hospitalization; HR, hazard ratio Ahmed et al. J Card Fail  2008;14:211-
18
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r  e  s  u  m  e  n

Introducción y objetivos: La insuficiencia cardiaca (IC) es un problema creciente de salud y una
carga  importante para la sociedad. Pese a ello, con frecuencia se minusvalora globalmente la
gravedad del pronóstico. Este estudio estima el pronóstico al año en pacientes con IC aguda
y  crónica en España y resto de Europa.
Métodos: Un total de 2.829 pacientes con IC (589 IC aguda y 2.240 IC crónica) seleccionados
en  27 centros hospitalarios en España, atendidos por cardiólogos y que participan en el
registro ESC-EORP-HFA Heart Failure Long-Term, con 211 centros y 12.440 pacientes en total,
se  siguieron un año para monitorizar la mortalidad y el ingreso hospitalario.
Resultados: La mortalidad al año en IC aguda fue del 29,3% en España (IC95%, 25,6-33,2)
y  27,7% en el resto de Europa (p = 0,4303). En IC crónica, las cifras correspondientes fue-
ron  6,4% (IC95%, 5,4-7,5) y 9,5% (p < 0,0001). La hospitalización al año por cualquier causa
tras  un ingreso por IC aguda en España fue de 46,2% (IC95%, 41,8-50,7) y 44,6% en Europa
(p  = 0,4977); en IC crónica, estas cifras fueron 22,3% (IC95%, 20,6-24,1) y 30,0%, respectiva-
mente (p < 0,0001).
Conclusiones: Se confirma la gravedad de la IC, en particular cuando ya necesita ingreso,
incluso en centros con buen seguimiento de guías clínicas. En pacientes ingresados por IC
en España casi un tercio fallecerá en el primer año tras ese ingreso índice (incluyendo el
5,9% que fallece durante el mismo) y casi la mitad fallecerá o necesitará reingresar por IC.
La  comparación favorable con Europa en hospitalizaciones y mortalidad en IC crónica se
debe  interpretar con cautela por insuficiente ajuste por potenciales variables de confusión.

©  2020 Publicado por Elsevier España, S.L.U. en nombre de Sociedad Española de
Cardiologı́a.

One-year  prognosis  of  patients  with  heart  failure  in  Spain.  ESC-EORP-HFA
Heart  Failure  Long-Term  Registry

Keywords:
Heart failure
Prognosis
Mortality
Registry
Spain

a  b  s  t  r  a  c  t

Introduction and objectives: Heart failure (HF) is a growing health problem that constitutes an
important burden to society. In spite of this, its importance is frequently underestimated,
particularly regarding prognosis. This study estimates one-year prognosis among acute and
chronic heart failure patients in Spain and the rest of Europe.
Methods: 2829 HF patients (589 acute HF and 2240 chronic HF) treated by cardiologists were
recruited in 27 Spanish hospitals that participate in the ESC-EORP-HFA Heart Failure Long-
Term Registry (that includes a total of 12 440 patients from 211 hospitals) and followed-up
for  one year to monitor hospital admissions and death.
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Tabla 2 – Modo de presentación al ingreso y eventos
intrahospitalarios (grupo IC-aguda)

IC-aguda (n = 589)

Modo de presentación al ingreso
Edema pulmonar 80/589 (13,6%)
Shock cardiogénico 9/589 (1,5%)
IC descompensada 452/589 (76,7%)
IC hipertensiva 18/589 (3,1%)
IC derecha 17/589 (2,9%)
SCA/IC 13/589 (2,2%)

Exploraciones y procedimientos realizados durante el ingreso
ECG 561/589 (95,2%)
Eco-Doppler 327/588 (55,6%)
Radiografía de tórax 541/588 (92,0%)
TC cardiaca 11/589 (1,9%)
Cateterismo derecho 20/589 (3,4%)
Cardioversión eléctrica 11/589 (1,9%)

Dispositivos terapéuticos previos
No 499/587 (85,0%)
Marcapasos 55/587 (9,4%)
Resincronizador-desfibrilador 13/587 (2,2%)
Desfibrilador implantable 20/587 (3,4%)

Estancia hospitalaria
Duración (en días); mediana (Q1-Q3) 7,0 (4,0-12,0)
Mortalidad intrahospitalaria 35/589 (5,9%)

ECG: electrocardiograma; IC: insuficiencia cardiaca; Q1-Q3: cuar-
til 1-cuartil 3; SCA: síndrome coronario agudo; TC: tomografía
computarizada.

todos los fármacos estudiados que los pacientes ingresados,
con la excepción de diuréticos, nitratos, antagonistas del cal-
cio y anticoagulantes, en los que hay una mayor proporción
de pacientes que los recibieron entre los ingresados (compa-
raciones no incluidas en la tabla). Es de destacar que apenas
hubo cambios en ninguno de los 2 grupos entre la visita basal
y el seguimiento al año.

En la tabla 5 se presenta la incidencia de complicaciones en
ambos grupos tras un año de seguimiento y se compara con lo
observado en el resto de países participantes. En los eventos
considerados no hay diferencias en los pacientes ingresados
(IC-aguda) pero sí en los pacientes con IC-crónica en los que
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Figura 1 – Supervivencia al año en pacientes
con insuficiencia cardiaca aguda (hospitalizados
y ambulatorios) en España.

la incidencia acumulada al año es inferior en España en todos
los eventos considerados. Así, en estos últimos pacientes, en
términos relativos, el resto de países muestra una mortalidad
un 48,4% mayor que España (diferencia absoluta = 3,1%; IC95%,
1,7-4,4), una tasa de hospitalización por cualquier causa un
34,5% superior (diferencia absoluta = 7,7%; IC95%, 5,4-9,9) y
por IC un 41,5% superior (diferencia absoluta = 3,9%; IC95%,
2,2-5,5). El evento compuesto «muerte por cualquier causa o
ingreso por IC» presentó tasas un 50,7% superiores en el resto
de países que en España (diferencia absoluta = 7,1%; IC95%,
5,2-9,1).

La figura 1 presenta las curvas de supervivencia al año
de ambos grupos (pacientes ingresados y ambulatorios), con
mucho peor pronóstico en los pacientes ingresados.

En la tabla 6 y tabla 7 se comparan las características
del grupo de pacientes hospitalizados (IC-aguda, tabla 6) y
ambulatorios (IC-crónica, tabla 7) entre España y el resto de
países participantes en el registro. En general, los pacientes
hospitalizados son mayores en España (3 de cada 4 tienen

Tabla 3 – Tratamientos en la visita basal y al año de seguimiento en pacientes con IC crónica

IC-crónica Visita basal (n = 2.240) Al año de seguimiento (n = 2.223) p

IECA/ARA-II 1.961/2.240 (87,5%) 1.692/1.978 (85,5%) 0,0566
Bloqueadores beta 2.007/2.240 (89,6%) 1.744/1.976 (88,3%) 0,1660
ARM 1.422/2.240 (63,5%) 1.240/1.978 (62,7%) 0,5945
Diuréticos 1.745/2.239 (77,9%) 1.511/1.978 (76,4%) 0,2322
Digital 444/2.239 (19,8%) 358/1.978 (18,1%) 0,1528
Estatinas 1.460/2.239 (65,2%) 1.335/1.978 (67,5%) 0,1173
Antiagregantes plaquetarios 979/2.239 (43,7%) 838/1.976 (42,4%) 0,3893
Nitratos 363/2.239 (16,2%) 302/1.955 (15,4%) 0,4986
Antagonistas del calcio 194/2.239 (8,7%) 160/1.978 (8,1%) 0,5012
Anticoagulantes 967/2.239 (43,2%) 867/1.978 (43,8%) 0,6741
Amiodarona 240/2.239 (10,7%) 220/1.978 (11,1%) 0,6751
Ivabradina 301/2.239 (13,4%) 305/1.977 (15,4%) 0,0669

ARA-II: antagonista del receptor de la angiotensina II; ARM: antagonistas del receptor mineralocorticoide; IC: insuficiencia cardiaca; IECA:
inhibidores de la enzima de conversión de la angiotensina.

Cómo citar este artículo: Crespo-Leiro MG, et al. Pronóstico al año en pacientes con insuficiencia cardiaca en España. Registro ESC-EORP-HFA
Heart Failure Long-Term. REC CardioClinics. 2020. https://doi.org/10.1016/j.rccl.2020.02.001
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Desde el punto de vista del tratamiento, el alto cumpli-
miento en la visita basal de aquellos recogidos en las guías,
ya publicado con anterioridad13, se mantiene tras un año de
seguimiento sin apenas cambios, lo que es una buena noticia.

Si comparamos España con el resto de países participantes
en el registro se merecen comentar ciertos aspectos. Así, hay
diferencias importantes en el perfil de pacientes ingresados
(IC-aguda), siendo los españoles de más  edad (una diferencia
9 años en la media de edad y 3 de cada 4 mayores de 70 años en
comparación con uno de cada 2 en el resto de los países), con
mayor proporción de mujeres (45 frente a 36,2%) y con más  IC
con fracción de eyección preservada. Pese a diferencias nota-
bles en el perfil, la más  llamativa es la edad, no se observan
diferencias en los desenlaces al año salvo en las causas de
muerte y no a expensas de las muertes cardiovasculares, sino
a una mayor proporción de causa desconocida en el resto de
los países, atribuible a diferencias en los criterios y o calidad
de la codificación de los certificados de defunción. La grave-
dad de la IC que requiere ingreso no es exclusiva de España y
el mensaje citado es generalizable.

Las diferencias importantes en el perfil de los pacientes
ingresados que se observan entre España y el resto de los
países no se reproducen en los pacientes ambulatorios. Las
diferencias citadas en edad, sexo de los pacientes y tipo de IC
en función de la fracción de eyección se reducen mucho o des-
aparecen casi completamente. El que no haya diferencias en
pacientes ambulatorios, pero sí entre los ingresados en España
y el resto de países, sugiere que los patrones o usos de ingreso,
muy dependientes de la disponibilidad y accesibilidad, difie-
ren entre España y el resto de países. Esto tiene importancia
desde el punto de vista clínico y a efectos de comparar diferen-
tes poblaciones. Así, en el estudio TOPCAT16 (espironolactona
en IC con fracción de eyección preservada), en aquellos hospi-
tales cuyo criterio de inclusión se basó en hospitalización (y no
en nivel de la fracción aminoterminal del propéptido natriu-
rético cerebral, un criterio más  objetivo) no hubo evidencia de
beneficio, mientras que en los otros sí.

Existen aún ciertas diferencias en comorbilidades, no obs-
tante, con más  pacientes en el resto de países con fibrilación
auricular, hipertensión arterial tratada, anemia y disfunción
renal y hepática y más  diabéticos y fumadores entre los
pacientes españoles. En paralelo, los pacientes españoles
tienen más  dispositivos implantados y reciben con más
frecuencia antagonistas del receptor mineralocorticoide e iva-
bradina entre los fármacos recogidos en las guías y algo
menos inhibidores de la enzima de conversión de la angioten-
sina/antagonista del receptor de la angiotensina II (87,5 frente
a 89,9%).

En cuanto a los desenlaces de interés, apenas se obser-
van diferencias en los pacientes ingresados mientras que
en IC-crónica hay diferencias de cierta importancia en los
eventos acumulados al año. Si bien estos resultados des-
critos apuntan a un mejor pronóstico de los pacientes con
IC-crónica en España que en el resto de países, esta compara-
ción se debe tomar con cautela debido a que la información de
determinadas variables, como la proporción de pacientes sin
información de seguimiento para hospitalización o la propor-
ción de pacientes con causa de muerte desconocida, sugieren
que la calidad de la información de seguimiento ha sido mejor
en España que en el resto de países y limita las comparaciones.

Limitaciones

El trabajo presenta algunas limitaciones. La principal es que,
pese al protocolo e instrumento de recogida común, la exhaus-
tividad de los datos (y tal vez la calidad de los recogidos,
en especial en el seguimiento), como se ha indicado, parece
superior en España que en el resto de países. Esto limita
la posibilidad de comparación directa con Europa, en espe-
cial en lo que se refiere a asignación de posibles causas de
las diferencias por lo que se ha obviado en este trabajo y
hace recomendable la cautela en la comparación directa entre
España y el resto de los países.

Conclusiones

Este trabajo destaca la necesidad de traer a primer plano de
la agenda sanitaria la importancia de la IC como problema
de salud y su gravedad por el impacto que esto puede tener
en la mejora de los autocuidados. Los centros participantes
en España muestran un alto cumplimiento de las guías y, en
paralelo, un pronóstico mejor que el que tienen los pacientes
en otros países, y pese a esto, el pronóstico, en especial tras
sufrir ingresos, es muy grave.

¿Qué  se  sabe  del  tema?

- La IC es un problema de salud frecuente y grave y está
documentado que se asocia clásicamente a mal  pronós-
tico. Pese a ello, se tiende a minusvalorar el riesgo real de
esta condición.
- Los avances recientes en su tratamiento pueden haber
cambiado el riesgo de mortalidad e ingreso tanto en IC
aguda como crónica.
- No existen estimaciones recientes de pronóstico de la
IC aplicables a España.

¿Qué  novedades  aporta?

- Incluso en centros con buen cumplimiento de las guías,
la IC continúa siendo una condición grave, en especial
cuando ya necesita ingreso.
- Globalmente, tras un ingreso por IC en España, es de
esperar que un año después casi uno de cada 3 pacien-
tes (29,3%) haya fallecido (incluyendo el 5,9% que fallece
durante el ingreso) y casi uno de cada 2 (46,4%) o bien
haya fallecido o haya necesitado reingresar por IC. En
los pacientes con IC crónica estas cifras son muy infe-
riores (6,4 y 14,0%, respectivamente), lo que confirma el
alto riesgo asociado a la necesidad de ingreso.

Financiación

Este estudio está patrocinado a través de la Sección de Insufi-
ciencia Cardiaca de la Sociedad Española de Cardiología.
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• Los antagonistas neurohormonales han 
mejorado dramáticamente los 
resultados para HFrEF. Cuando sea 
posible, hay que mantener  la  terapia 
modificadora de la enfermedad 
(GDMT) durante la hospitalización o 
iniciaciarla antes del alta  ya que se 
asocia con resultados sustancialmente 
mejores.

Fernández Rodríguez JM, et al. Consenso de actuación básica durante el ingreso hospitalario por insuficiencia cardiaca aguda. 
Rev Clin Esp. 2020. hBps://doi.org/10.1016/j.rce.2020.01.002 

jugular venous distention and edema. Elevated natri-
uretic peptides can help identify HF in the urgent care
setting but with less utility in certain situations,
including decreased sensitivity with obesity and
HFpEF and decreased specificity in the setting of
sepsis. Resting hypoperfusion is often underappreci-
ated in patients with chronic HF but can be suspected
from narrow pulse pressure and cool extremities (1,9)
and by intolerance to neurohormonal antagonists.
Elevated serum lactate levels may indicate hypo-
perfusion and impending cardiogenic shock (12). When
initial clinical assessment does not suggest congestion
or hypoperfusion, symptoms of HF may be a result of
transient ischemia, arrhythmias, or noncardiac disease
such as chronic pulmonary disease or pneumonia, and
more focused hemodynamic assessment may be

warranted. Assessment of arrhythmia, device profiles
such as percent LV pacing versus RV pacing in patients
with CRT, and device therapy and shocks in patients
with ICD can provide important information.

3. Hospitalization for HF is a sentinel event that signals
worse prognosis and the need to restore hemodynamic
compensation but also provides key opportunities to
redirect the disease trajectory. During the HF hospi-
talization, the approach to management should include
and address precipitating factors, comorbidities, and
previous limitations to ongoing disease management
related to social determinants of health (1). Patients
require assessment and management of ischemia,
arrhythmia, and other precipitating factors and
comorbidities. The presenting profile, reversible fac-
tors, appropriate work-up for cause of HF including
ischemic and nonischemic causes, comorbidities, dis-
ease trajectory, and goals of care should be addressed.
Establishment of optimal volume status is a major goal,
and patients with residual congestion merit careful
consideration for further intervention before and after
discharge, because they face higher risk for rehospi-
talization and death (2-5). The disease trajectory for
patients hospitalized with reduced EF is markedly
improved by optimization of recommended medical
therapies, which should be initiated or increased to-
ward target doses once the efficacy of diuresis has been
shown (13,14).

9.2. Maintenance or Optimization of GDMT During
Hospitalization

TABLE 21
Common Factors Precipitating HF
Hospitalization With Acute Decompensated HF

ACS

Uncontrolled hypertension

AF and other arrhythmias

Additional cardiac disease (e.g., endocarditis)

Acute infections (e.g., pneumonia, urinary tract)

Nonadherence with medication regimen or dietary intake

Anemia

Hyper- or hypothyroidism

Medications that increase sodium retention (e.g., NSAID)

Medications with negative inotropic effect (e.g., verapamil)

ACS indicates acute coronary syndrome; AF, atrial fibrillation; HF, heart failure; and
NSAID, nonsteroidal anti-inflammatory drug.

Recommendations for Maintenance or Optimization of GDMT During Hospitalization
Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE RECOMMENDATIONS

1 B-NR
1. In patients with HFrEF requiring hospitalization, preexisting GDMT should be continued and optimized to

improve outcomes, unless contraindicated (1-5).

1 B-NR
2. In patients experiencing mild decrease of renal function or asymptomatic reduction of blood pressure

during HF hospitalization, diuresis and other GDMT should not routinely be discontinued (6-11).

1 B-NR
3. In patients with HFrEF, GDMT should be initiated during hospitalization after clinical stability is achieved

(2,3,5,12-18).

1 B-NR
4. In patients with HFrEF, if discontinuation of GDMT is necessary during hospitalization, it should be

reinitiated and further optimized as soon as possible (19-22).
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ABSTRACT

AIM The “2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure” replaces the “2013 ACCF/AHA Guideline for the

Management of Heart Failure” and the “2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management
of Heart Failure.” The 2022 guideline is intended to provide patient-centric recommendations for clinicians to prevent, diagnose, and

manage patients with heart failure.

METHODS A comprehensive literature search was conducted from May 2020 to December 2020, encompassing studies, reviews,
and other evidence conducted on human subjects that were published in English from MEDLINE (PubMed), EMBASE, the Cochrane

Collaboration, the Agency for Healthcare Research and Quality, and other relevant databases. Additional relevant clinical trials and

research studies, published through September 2021, were also considered. This guideline was harmonized with other American

Heart Association/American College of Cardiology guidelines published through December 2021.

STRUCTURE Heart failure remains a leading cause of morbidity and mortality globally. The 2022 heart failure guideline provides
recommendations based on contemporary evidence for the treatment of these patients. The recommendations present an evidence-

based approach to managing patients with heart failure, with the intent to improve quality of care and align with patients’ interests.

Many recommendations from the earlier heart failure guidelines have been updated with new evidence, and new recommendations

have been created when supported by published data. Value statements are provided for certain treatments with high-quality

published economic analyses.
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MONITORIZACIÓN  
DIARIA NO INVASIVA:

 FC
 PA
 Sat. O2

 Diuresis cada 8-24 h
 Peso diario

FÁRMACOS MODIFICADORES DE LA ENFERMEDAD 
(BB, ARNI, ARM)*:

Sólo retirar si:
• Inestabilidad hemodinámica
• Hiperpotasemia (K+>6)
• Creat >2,5 / descenso del FGe del 50% respecto al basal

SOPORTE RESPIRATORIO: OXIGENOTERAPIA (si saturación O2 <90% o PaO2 <60 mmHg)

• pH 7,25-7,34      
• 25 rpm  VMNI                                                                              
• Consciente

• pH < 7,25 o
• Bajo nivel de consciencia o
• Saturación O2<90% (o PaO2<60)

a pesar de VMNI

SOPORTE HEMODINÁMICO:

Nitroglicerina iv 

(en casos de ICA con 

hipertensión [PAs >160 

mmHg] y/o EAP)

• Monitorización
horaria de PA

• Si PAs <90 mmHg:
retirar

PA<90 mmHg:

1. Retirada o reducción de dosis
de antihipertensivos concomi-
tantes.
2. Si asocia síntomas de hipo-
perfusión iniciar inotrópicos
 • LEVOSIMENDÁN (sobreto-
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Hasta conseguir PA >90 mmHg, 
combinar con inotrópicos hasta  
la retirada de vasoconstrictores 
Precisa monitorizar PA y ECG
• NORADRENALINA (preferente)
• DOPAMINA

Si fracaso, valorar dispositivos 
implantables 

TRATAMIENTO DESCONGESTIVO: DIURÉTICOS

 AL INGRESO:  
Furosemida iv 
(en la primera hora 
de asistencia)

• No diurético previo:
20-40 mg bolo iv

• Sí diurético previo:
de 1 a 2,5 veces la
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previa, ahora iv
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*Los IECA o ARA-II se deben sustituir por ARNI, que ha demostrado un beneficio neto 
mayor en el paciente con IC-FEr tanto en paciente hospitalizado como ambulatorio.

bSe puede utilizar perfusión continua en vez de bolos
c Se recomienda valoración multimodal de la congestión utilizando signos, 

síntomas, ETT, ecografía de cava y pulmonar, Rx y biomarcadores
dAnexo de protocolo suero salino hipertónico
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ABSTRACT

OBJECTIVES The authors sought to evaluate the association of heart failure hospitalization (HFH) with guideline-

directed medical therapy (GDMT) prescribing patterns among patients with heart failure with reduced ejection fraction

(HFrEF).

BACKGROUND HFH represents an important opportunity to titrate GDMT among patients with HFrEF.

METHODS The CHAMP-HF (Change the Management of Patients With Heart Failure) registry is a prospective registry of

adults with HFrEF (ejection fraction #40%). Using data from the CHAMP-HF registry (N ¼ 4,365), adjusted time-to-

event models were created to study the association of HFH with GDMT prescribing patterns.

RESULTS HFH (compared with no HFH) was positively associated with initiation of angiotensin-converting enzyme

(ACE) inhibitor/angiotensin receptor blocker (ARB), angiotensin receptor-neprilysin inhibitor, beta-blocker, and miner-

alocorticoid receptor antagonist (MRA). HFH positively associated with dose escalation of ACE inhibitor/ARB (probability

ratio: 1.71, 95% confidence interval [CI]: 1.36 to 2.16) and MRA (probability ratio: 8.71, 95% CI: 4.19 to 18.10). In those on

prior therapy, HFH was associated with discontinuation and de-escalation of all classes of GDMT. ACE inhibitor/ARB,
angiotensin receptor-neprilysin inhibitor, beta-blocker, and MRA de-escalation/discontinuation after HFH was associated

with increased risk of all-cause mortality with hazard ratios of 3.82 (95% CI: 2.42 to 6.03), 4.76 (95% CI: 2.06 to 11.03),

2.94 (95% CI: 2.04 to 4.25), and 4.81 (95% CI: 2.61 to 8.87), respectively.

CONCLUSIONS HFH positively associated with changes in GDMT, including initiation, dose escalation, discontinuation,

and dose de-escalation. De-escalation/discontinuation of GDMT after HFH associated with increased risk of all-cause

mortality. Educational endeavors are needed to ensure GDMT is not inappropriately held in the setting of HFH. For those

in whom GDMT must be held/decreased, improvement tools at discharge and post-discharge titration clinics may help

ensure lifesaving GDMT regimens remain optimized. (J Am Coll Cardiol HF 2021;9:28–38) © 2021 by the American
College of Cardiology Foundation.

A dvances in pharmacological therapy have led
to the discovery of several drug classes that
improve morbidity and mortality among

patients with heart failure (HF) with reduced

ejection fraction (HFrEF) (1). These drugs, known
collectively as guideline-directed medical therapy
(GDMT), have demonstrated significant population-
level benefits in both clinical trial and real-world
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•N=4365 CON TMO previo a ingreso.
•La reducción de dosis o re<rada innecesaria de ARNI, BB, IECAs/ARA II o ARM:

•Aumenta de tres a cinco veces la mortalidad total o los ingresos por IC.

(18). In 1 randomized trial, pre-discharge BB initiation
plus biweekly nurse visits was associated with
improved outcomes and higher BB utilization rates
(19). In other studies, however, rates of GDMT ther-
apy remained low despite protocols specifically
designed to encourage medication up-titration (20).
Aside from provider-level factors, system-level fac-
tors are also likely contributing. In a prior analysis of
the CHAMP-HF cohort, 1 factor that was associated
with dose decrease or discontinuation of GDMT was a
lack of private insurance or full-time employment,
suggesting access to care may be impairing patients’
abilities to see providers and/or pay for prescribed
GDMT (21).

Encouragingly, our findings suggest that HFH as-
sociates with initiation of all classes of GDMT as well
as with transition from an ACE inhibitor/ARB to ARNI.
Initiation of GDMT is safe and efficacious, and leads
to improved rates of post-discharge use (5). For
example, in the OPTIMIZE-HF program, patients
initiated on BBs before discharge experienced lower

mortality at 60 to 90 days (7). In the PIONEER-HF
(Comparison of Sacubitril-Valsartan Versus Enalapril
on Effect on NT-proBNP in Patients Stabilized From
an Acute Heart Failure Episode) study, ARNI initia-
tion inpatient was shown to be safe and associated
with a decreased probability of rehospitalization for
HF (22).

Overall, our results demonstrate that HFH associ-
ates with both GDMT initiation and escalation, as well
as GDMT discontinuation and de-escalation. Though
seemingly paradoxical, these results highlight the
complexity of managing patients with HF and the
many factors that may influence decision-making in
the inpatient setting. Given the broad spectrum of
disease presentations, some patients may present
stable enough to have GDMT continued, initiated, or
up-titrated, whereas others may present with clinical
pictures that mandate GDMT discontinuation. From a
provider perspective, education endeavors may help
ensure GDMT is not inappropriately held in the
setting of HFH. For patients in whom GDMT must be

TABLE 4 Association Between Interval HFH and Achievement of GDMT Target Doses/Transition From ACE Inhibitor/ARB to ARNI

All At Least 1 HFH No HFH
HFH vs. No HFH

Unadjusted PR (95% CI) p Value
HFH vs. No HFH

Adjusted PR (95% CI) p Value

Achievement of target dose

ACE inhibitor/ARB 54/2,089 (2.6) 6/371 (1.6) 48/1,718 (2.8) 1.10 (0.68–1.79) 0.704 0.90 (0.52–1.55) 0.695

ARNI 57/489 (11.7) 10/106 (9.4) 47/383 (12.3) 0.85 (0.44–1.64) 0.623 0.86 (0.40–1.85) 0.693

Beta-blocker 112/2,165 (5.2) 12/409 (2.9) 100/1,756 (5.7) 0.94 (0.59–1.51) 0.811 0.74 (0.43–1.26) 0.265

MRA 34/370 (9.2) 12/77 (15.6) 22/293 (7.5) 5.05 (2.68–9.53) <0.001 8.07 (3.63–17.98) <0.001

ARNI switch rate

ACE inhibitor/ARB 271/2,718 (10.0) 61/454 (13.4) 210/2,264 (9.3) 1.72 (1.32–2.24) <0.001 1.49 (1.13–1.96) 0.005

Values are n/N (%), unless otherwise indicated.

Abbreviations as in Tables 1 and 2.

TABLE 5 Association Between GDMT Dose Change and All-Cause Mortality Among Those With History of HFH

N

No Dose De-Escalation/Discontinuation
After HFH

Dose De-Escalation/Discontinuation
After HFH Dose De-Escalation/Discontinuation

After HFH vs. Not
Adjusted PR (95% CI) p ValueEvents/100 pt-yrs (Total Events) Events/100 pt-yrs (Total Events)

ACE inhibitor/ARB 449 11.4 (51) 45.0 (41) 3.82 (2.42–6.03) <0.001

ARNI 121 10.0 (11) 46.8 (16) 4.76 (2.06–11.03) <0.001

Beta-blocker 662 13.4 (84) 36.8 (58) 2.94 (2.04–4.25) <0.001

MRA 303 12.7 (38) 54.5 (31) 4.81 (2.61–8.87) <0.001

N

No Dose Initiation/Escalation
After HFH

Dose Initiation/Escalation
After HFH Dose Initiation/Escalation

After HFH vs. Not
Adjusted PR (95% CI) p ValueEvents/100 pt-yrs (Total Events) Events/100 pt-yrs (Total Events)

ACE inhibitor/ARB 603 21.6 (124) 15.7 (22) 0.73 (0.46–1.16) 0.189

ARNI 677 21.3 (150) 9.4 (9) 0.44 (0.21–0.90) 0.024

Beta-blocker 489 21.9 (105) 21.3 (19) 0.87 (0.54–1.42) 0.584

MRA 484 18.2 (85) 24.4 (24) 1.20 (0.73–1.97) 0.462

Abbreviations as in Tables 1 and 2.
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held or decreased at admission, process-of-care
improvement tools and the use of reminders in the
electronic medical system may prompt providers to
reinitiate or up-titrate GDMT at discharge. For those
who truly cannot tolerate GDMT during hospitaliza-
tion, post-discharge HF titration clinics and/or timely
follow-up with primary care doctors and HF special-
ists are essential to ensure lifesaving GDMT regimens
remain optimized. HFH should also be used as an
opportunity to review patient medications to ensure
HF-exacerbating medications are discontinued.
Quality metrics should account for the heterogenous
nature of patients who present with HFH, and for the
trend toward shorter lengths of stay and telehealth
initiatives, by including time intervals that

encompass both time of discharge and several weeks
after acute HF stabilization when considering adher-
ence to GDMT use in patients with a history of HFH.

STUDY LIMITATIONS. Data capture for the CHAMP-
HF registry is from voluntary participating patients
and cardiology/primary care practices, and may not
generalize to other HFrEF patient cohorts and set-
tings. The data are derived from documentation
within the medical record, and despite pre-specified
features designed to enhance data quality and
completeness, there are inherent limitations. These
data do not capture details of the HFHs or when
medication changes were made. Further, they do not
associate vital signs or laboratory values with

CENTRAL ILLUSTRATION Heart Failure Hospitalization Associations With Guideline-Directed Medical Therapy
Changes and Subsequent Hazards of All-Cause Mortality

A
Association of Heart Failure Hospitalization with GDMT Dose Change

Dose Change Rate at 12 Months Characteristics of Patients with Dose Change

HFH No HFH
Adjusted Probability

Ratio (95% CI)
Age,
Years

Heart Rate,
Beats per

MinuteFemale

Initiation

13.9%ACEI/ARB 11.9% 2.62 (1.83–3.73) 62.6 74.036.4% 120.2
13.9%ARNI 9.2% 1.63 (1.25–2.13) 61.9 76.925.9% 120.3
56.8%Beta Blocker 25.1% 13.23 (6.42–27.27) 67.6 77.933.3% 124
14.7%MRA 6.6% 3.35 (2.50–4.50) 66.6 76.023.3% 120.5

Dose Escalation

20.5%ACEI/ARB 16.9% 1.71 (1.36–2.16) 61.2 77.026.3% 118.8
18.9%ARNI 22.5% 1.02 (0.57–1.80) 59.0 75.055.0% 122.3
11.8%Beta Blocker 13.9% 1.29 (0.95–1.75) 61.7 78.340.0% 116.8
15.6%MRA 8.5% 8.71 (4.19–18.10) 55.6 79.325.0% 115.2

Dose De-Escalation

29.0%ACEI/ARB 10.9% 2.96 (2.34–3.76) 65.4 78.026.8% 114.9
35.8%ARNI 14.0% 4.34 ( 3.09–6.09) 60.8 75.327.9% 109.9
23.6%Beta Blocker 8.0% 3.30 (2.62–4.16) 64.2 75.625.3% 112.8
27.2%MRA 15.2% 2.26 (1.75–2.93) 65.6 77.128.8% 112.6

Discontinuation

18.0%ACEI/ARB 5.7% 3.16 (2.47–4.06) 66.6 77.628.9% 114.3
28.4%ARNI 9.3% 6.05 (3.91–9.36) 61.2 74.525.0% 110.3
8.1%Beta Blocker 2.0% 4.41 (3.28–5.93) 65.1 74.028.3% 112.4
21.1%MRA 10.4% 2.58 (1.98–3.36) 66.3 76.926.8% 112.9
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Srivastava, P.K. et al. J Am Coll Cardiol HF. 2021;9(1):28–38.

(A) HFH and probability of GDMT dose change. Models compare patients with HFH to those without. (B) Association between GDMT dose change after HFH and all-
cause mortality. Models compare those with drug initiation/escalation after HFH to those without, and those with drug discontinuation/de-escalation after HFH to
those without. Models were adjusted for patient characteristics and medical comorbidities. Continuous variables are presented as means.
ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; ARNI ¼ angiotensin receptor-neprilysin inhibitor;
CI ¼ confidence interval; GDMT ¼ guideline-directed medical therapy; HFH ¼ heart failure hospitalization; MRA ¼ mineralocorticoid receptor antagonist.
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who truly cannot tolerate GDMT during hospitaliza-
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opportunity to review patient medications to ensure
HF-exacerbating medications are discontinued.
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nature of patients who present with HFH, and for the
trend toward shorter lengths of stay and telehealth
initiatives, by including time intervals that

encompass both time of discharge and several weeks
after acute HF stabilization when considering adher-
ence to GDMT use in patients with a history of HFH.

STUDY LIMITATIONS. Data capture for the CHAMP-
HF registry is from voluntary participating patients
and cardiology/primary care practices, and may not
generalize to other HFrEF patient cohorts and set-
tings. The data are derived from documentation
within the medical record, and despite pre-specified
features designed to enhance data quality and
completeness, there are inherent limitations. These
data do not capture details of the HFHs or when
medication changes were made. Further, they do not
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35.8%ARNI 14.0% 4.34 ( 3.09–6.09) 60.8 75.327.9% 109.9
23.6%Beta Blocker 8.0% 3.30 (2.62–4.16) 64.2 75.625.3% 112.8
27.2%MRA 15.2% 2.26 (1.75–2.93) 65.6 77.128.8% 112.6
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(A) HFH and probability of GDMT dose change. Models compare patients with HFH to those without. (B) Association between GDMT dose change after HFH and all-
cause mortality. Models compare those with drug initiation/escalation after HFH to those without, and those with drug discontinuation/de-escalation after HFH to
those without. Models were adjusted for patient characteristics and medical comorbidities. Continuous variables are presented as means.
ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; ARNI ¼ angiotensin receptor-neprilysin inhibitor;
CI ¼ confidence interval; GDMT ¼ guideline-directed medical therapy; HFH ¼ heart failure hospitalization; MRA ¼ mineralocorticoid receptor antagonist.
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ARB, a beta blocker, and MRA offered significant
benefit (2). Thus, the combination of hydralazine and
isosorbide dinitrate is appropriate for African Ameri-
cans with HFrEF who remain symptomatic despite
concomitant use of ACEi (or ARB), beta blockers, and
MRA. There are insufficient data for concomitant use
with ARNi.

2. The economic value of hydralazine and isosorbide ni-
trate therapy was assessed by the A-HeFT trial (3). This
analysis found hydralazine and isosorbide dinitrate
increased survival and reduced health care costs over
the 12.8-month trial. Extrapolating beyond the trial, the

analysis found hydralazine and isosorbide dinitrate
remained high value over a lifetime with a cost per life-
year <$60,000 despite conservative assumptions
regarding the durability of therapy effectiveness and
previously higher hydralazine and isosorbide dinitrate
costs.

3. It is unclear if a benefit of hydralazine-isosorbide
dinitrate (suggested in a trial before the use of ACEi)
(4) exists for non–African Americans with HFrEF.
Despite the lack of data with the vasodilator combina-
tion in patients who are intolerant of ACEi or ARB,
especially those with renal insufficiency, the combined

FIGURE 6 Treatment of HFrEF Stages C and D

Colors correspond to COR in Table 2. Treatment recommendations for patients with HFrEF are displayed. Step 1 medications may be started simultaneously at initial
(low) doses recommended for HFrEF. Alternatively, these medications may be started sequentially, with sequence guided by clinical or other factors, without need to
achieve target dosing before initiating next medication. Medication doses should be increased to target as tolerated. ACEi indicates angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor-neprilysin inhibitor; COR, Class of Recommendation; CRT, cardiac resynchronization therapy;
GDMT, guideline-directed medical therapy; ICD, implantable cardioverter-defibrillator; hydral-nitrates, hydralazine and isosorbide dinitrate; HFrEF, heart failure with
reduced ejection fraction; LBBB, left bundle branch block; MCS, mechanical circulatory support; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; NSR, normal sinus rhythm; NYHA, New York Heart Association; and SGLT2i, sodium-glucose cotransporter 2 inhibitor. *Participation in investigational
studies is appropriate for stage C, NYHA class II and III HF.
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diuretic use compared with no diuretic use after hos-
pital discharge for HF (9). The most commonly used
loop diuretic for the treatment of HF is furosemide, but
some patients respond more favorably to other agents
in this category (e.g., bumetanide, torsemide), poten-
tially because of their increased oral bioavailability (10-
12). In outpatients with HF, diuretic therapy is
commonly initiated with low doses, and the dose is
increased until urine output increases and weight de-
creases, generally by 0.5 to 1.0 kg daily. Patients may
become unresponsive to high doses of diuretic drugs if
they consume large amounts of dietary sodium, are
taking agents that can block the effects of diuretics
(e.g., NSAIDs), or have significant impairment of renal
function or perfusion.

2. Diuretic resistance can be overcome in several ways,
including escalation of loop diuretic dose, intravenous
administration of diuretics (bolus or continuous infu-
sion) (6), or combination of different diuretic classes

(13-16). The use of a thiazide or thiazide-like diuretic
(e.g., metolazone) in combination with a loop diuretic
inhibits compensatory distal tubular sodium reabsorp-
tion, leading to enhanced natriuresis. However, in a
propensity-score matched analysis in patients with
hospitalized HF, the addition of metolazone to loop
diuretics was found to increase the risk for hypokale-
mia, hyponatremia, worsening renal function, and
mortality, whereas use of higher doses of loop diuretics
was not found to adversely affect survival (17).
Although randomized data comparing the 2 diuretic
strategies are limited, the DOSE (Diuretic Optimization
Strategies Evaluation) trial lends support for the use of
high-dose intravenous loop diuretics (18).

7.3. Pharmacological Treatment* for HFrEF

7.3.1. Renin-Angiotensin System Inhibition With ACEi or ARB or
ARNi

TABLE 12 Commonly Used Oral Diuretics in Treatment of Congestion for Chronic HF

Drug Initial Daily Dose Maximum Total Daily Dose Duration of Action

Loop diuretics

Bumetanide 0.5–1.0 mg once or twice 10 mg 4–6 h

Furosemide 20–40 mg once or twice 600 mg 6–8 h

Torsemide 10–20 mg once 200 mg 12–16 h

Thiazide diuretics

Chlorthiazide 250–500 mg once or twice 1000 mg 6–12 h

Chlorthalidone 12.5–25 mg once 100 mg 24–72 h

Hydrochlorothiazide 25 mg once or twice 200 mg 6–12 h

Indapamide 2.5 mg once 5 mg 36 h

Metolazone 2.5 mg once 20 mg 12–24 h

HF indicates heart failure.

Recommendations for Renin-Angiotensin System Inhibition With ACEi or ARB or ARNi
Referenced studies that support the recommendations are summarized in the Online Data Supplements.

COR LOE RECOMMENDATIONS

1 A
1. In patients with HFrEF and NYHA class II to III symptoms, the use of ARNi is recommended to reduce

morbidity and mortality (1-5).

1 A
2. In patients with previous or current symptoms of chronic HFrEF, the use of ACEi is beneficial to reduce

morbidity and mortality when the use of ARNi is not feasible (6-13).

1 A
3. In patients with previous or current symptoms of chronic HFrEF who are intolerant to ACEi because of

cough or angioedema and when the use of ARNi is not feasible, the use of ARB is recommended to reduce
morbidity and mortality (14-18).

Value Statement: High Value (A) 4. In patients with previous or current symptoms of chronic HFrEF, in whom ARNi is not feasible, treatment
with an ACEi or ARB provides high economic value (19-25).
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ABSTRACT

AIM The “2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure” replaces the “2013 ACCF/AHA Guideline for the

Management of Heart Failure” and the “2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management
of Heart Failure.” The 2022 guideline is intended to provide patient-centric recommendations for clinicians to prevent, diagnose, and

manage patients with heart failure.

METHODS A comprehensive literature search was conducted from May 2020 to December 2020, encompassing studies, reviews,
and other evidence conducted on human subjects that were published in English from MEDLINE (PubMed), EMBASE, the Cochrane

Collaboration, the Agency for Healthcare Research and Quality, and other relevant databases. Additional relevant clinical trials and

research studies, published through September 2021, were also considered. This guideline was harmonized with other American

Heart Association/American College of Cardiology guidelines published through December 2021.

STRUCTURE Heart failure remains a leading cause of morbidity and mortality globally. The 2022 heart failure guideline provides
recommendations based on contemporary evidence for the treatment of these patients. The recommendations present an evidence-

based approach to managing patients with heart failure, with the intent to improve quality of care and align with patients’ interests.

Many recommendations from the earlier heart failure guidelines have been updated with new evidence, and new recommendations

have been created when supported by published data. Value statements are provided for certain treatments with high-quality

published economic analyses.
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Figure 3. The difference between no treatment and
comprehensive treatment for all ages was similar
between ASIAN-HF and BIOSTAT-CHF.

DISCUSSION

In the most comprehensive network-meta-analysis on
pharmacotherapy for HFrEF to date, we found that
the combination of ARNi, BB, MRA, and SGLT2i was
most effective in improving outcomes among therapy
combinations. In secondary analyses, the combina-
tion of ACEi, BB, MRA, and SGLT2i, when compared

with no treatment, was estimated to extend the
number of life-years for a 70-year-old by as much as
5.0 years in 2 independent cohorts. Results of this
study support the concept of treating patients with a
combination of ARNi, BB, MRA, and SGLT2i as first-
choice therapy, and highlight its significant benefit.

Current guidelines for HF recommend starting
with ACEi/ARB as first-line treatment (2,3). In our
analyses, ARNi showed a smaller HR for all-cause
mortality than ACEi/ARB and a lower risk for
discontinuation compared with placebo. Therefore,
our results support starting with ARNi as first-line

CENTRAL ILLUSTRATION Relative Risk Reduction of Different Pharmacological Treatment
Combinations for Heart Failure

0.25

ARNI + BB + MRA + SGLT2

TreatmentA All-Cause Mortality HR 95%-CI

ARNI + BB + MRA + Vericiguat
ARNI + BB + MRA + Omecamtiv

ACEI + BB + MRA + Omecamtiv
ARNI + ARB + BB + Dig
ARNI + BB + MRA
ACEI + BB + MRA
ACEI + MRA + Dig

ACEI + ARB + Dig

ACEI + BB

ACEI + Dig

ACEI

ARB + Dig

Dig
PLBO

BB

ARNI + BB
Dig + H−ISDN

ACEI + BB + Dig
ARB + BB + Dig

ARB + BB

ARB

ACEI + BB + Dig + H−ISDN
ACEI + BB + MRA + IVA
ACEI + BB + MRA + Vericiguat

0.5 1 2

0.39 [0.31; 0.49]
0.41 [0.32; 0.53]
0.44 [0.36; 0.55]
0.46 [0.35; 0.61]
0.48 [0.39; 0.58]
0.49 [0.39; 0.62]
0.52 [0.43; 0.63]
0.65 [0.55; 0.76]
0.44 [0.37; 0.54]
0.52 [0.44; 0.61]
0.66 [0.56; 0.78]
0.68 [0.59; 0.78]
0.73 [0.64; 0.83]
0.83 [0.72; 0.96]
0.67 [0.53; 0.86]
0.58 [0.50; 0.68]
0.69 [0.61; 0.77]
0.74 [0.66; 0.82]
0.87 [0.78; 0.98]
0.94 [0.84; 1.05]
0.78 [0.72; 0.84]
0.89 [0.82; 0.96]
0.95 [0.88; 1.02]
0.99 [0.91; 1.07]
1.00

Tromp, J. et al. J Am Coll Cardiol HF. 2021;-(-):-–-.

Combination of treatment effect on all-cause mortality (A), CV death or HF hospitalization (B), or CV mortality (C). ACE ¼ angiotensin-converting
enzyme; ARB ¼ angiotensin receptor blocker; HF ¼ heart failure.

Continued on the next page
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CENTRAL ILLUSTRATION Continued

Treatment CV Mortality HR 95%-CI

ACEI

Dig
PLBO

BB

ARB

ARNI + BB + MRA + SGLT2
ARNI + BB + MRA + Vericiguat
ARNI + BB + MRA + Omecamtiv

ACEI + BB + MRA + Omecamtiv

ARNI + BB + MRA
ACEI + BB + MRA

ACEI + BB + Dig
ACEI + BB

ACEI + Dig
Dig + H−ISDN
ARB + Dig

ARB + BB

ACEI + BB + Dig + H−ISDN

ACEI + ARB + BB + Dig
ACEI + MRA + Dig

ACEI + BB + MRA + IVA
ACEI + BB + MRA + Vericiguat

0.2 0.5 1 2

0.33 [0.26; 0.43] 
0.35 [0.26; 0.47]
0.36 [0.27; 0.46]
0.43 [0.35; 0.54]
0.44 [0.33; 0.57]
0.44 [0.35; 0.56]
0.57 [0.37; 0.88]
0.38 [0.31; 0.47]
0.47 [0.39; 0.57]
0.57 [0.47; 0.70]
0.62 [0.52; 0.74]
0.65 [0.56; 0.76]
0.64 [0.56; 0.73]
0.68 [0.59; 0.78]
0.84 [0.75; 0.96]
0.88 [0.58; 1.34]
0.89 [0.78; 1.02]
0.77 [0.70; 0.85]
0.83 [0.76; 0.91]
0.88 [0.80; 0.98]

1.01 [0.93; 1.10]
1.00

TreatmentB

C

CV-Mortality or HF-Hospitalisation HR 95%-CI

ARNI + BB + MRA + SGLT2
ARNI + BB + MRA + Vericiguat
ARNI + BB + MRA + Omecamtiv

ACEI + ARB + BB + Dig
ARNI + BB + MRA
ACEI + BB + MRA

ACEI + BB + Dig
ACEI +  Dig

ACEI + BB
ARNI + BB
ACEI + BB

BB

ACEI + BB + MRA + IVA
ACEI + BB + MRA + Vericiguat

0.25 0.5 1 2

0.36 [0.29; 0.46]
0.43 [0.34; 0.55]
0.44 [0.35; 0.56]
0.49 [0.39; 0.61]
0.54 [0.43; 0.67]
0.73 [0.62; 0.85]
0.47 [0.38; 0.58]
0.58 [0.47; 0.71]
0.65 [0.55; 0.77]
0.68 [0.58; 0.79]
0.84 [0.73; 0.96]
0.84 [0.73; 0.96]
1.00
0.75 [0.65; 0.87]
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A Systematic Review and
Network-Meta-AnalysisofPharmacological
Treatment of Heart FailureWith Reduced
Ejection Fraction
Jasper Tromp, MD, PHD,a,b,c,* Wouter Ouwerkerk, PHD,b,d,* Dirk J. van Veldhuisen, MD, PHD,a

Hans L. Hillege, MD, PHD,a A. Mark Richards, MBCHB, PHD,e,f,g Peter van der Meer, MD, PHD,a Inder S. Anand, MD,h

Carolyn S.P. Lam, MBBS, PHD,a,b,c Adriaan A. Voors, MD, PHDa

ABSTRACT

OBJECTIVES This study sought to estimate and compare the aggregate treatment benefit of pharmacological therapy

for heart failure (HF) with reduced ejection fraction.

BACKGROUND The estimated treatment effects of various combinations of contemporary HF medical therapies are not

well characterized.

METHODS We performed a systematic network meta-analysis, using MEDLINE/EMBASE and the Cochrane Central
Register of Controlled Trials for randomized controlled trials published between January 1987 and January 2020. We

included angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers (BB), mineralocorticoid

receptor antagonists (MRAs), digoxin, hydralazine-isosorbide dinitrate, ivabradine, angiotensin receptor–neprilysin in-

hibitors (ARNi), sodium glucose cotransporter-2 inhibitors (SGLT2i), vericiguat, and omecamtiv-mecarbil. The primary

outcome was all-cause death. We estimated the life-years gained in 2 HF populations (BIOSTAT-CHF [BIOlogy Study to

TAilored Treatment in Chronic Heart Failure] and ASIAN-HF [Asian Sudden Cardiac Death in Heart Failure Registry]).

RESULTS We identified 75 relevant trials representing 95,444 participants. A combination of ARNi, BB, MRA, and

SGLT2i was most effective in reducing all-cause death (HR: 0.39; 95% CI: 0.31-0.49); followed by ARNi, BB, MRA, and
vericiguat (HR: 0.41; 95% CI: 0.32-0.53); and ARNi, BB, and MRA (HR: 0.44; 95% CI: 0.36-0.54). Results were similar for

the composite outcome of cardiovascular death or first hospitalization for HF (HR: 0.36; 95% CI: 0.29-0.46 for ARNi, BB,

MRA, and SGLT2i; HR: 0.44; 95% CI: 0.35-0.56 for ARNi, BB, MRA, and omecamtiv-mecarbil; and HR: 0.43; 95% CI:

0.34-0.55 for ARNi, BB, MRA, and vericiguat). The estimated additional number of life-years gained for a 70-year-old

patient on ARNi, BB, MRA, and SGLT2i was 5.0 years (2.5-7.5 years) compared with no treatment in secondary analyses.

CONCLUSIONS In patients with HF with reduced ejection fraction, the estimated aggregate benefit is greatest for a

combination of ARNi, BB, MRA, and SGLT2i. (J Am Coll Cardiol HF 2021;-:-–-)
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LA CUADRUPLE TERAPIA COM ARNI+BB+ISGLT2+ARM ES LA 
QUE MÁS REDUCE LA MORTALIDAD, CONSIGUIENDO EN 

MAYORES DE 70 AÑOS FRENTE A PLACEBO AUMENTAR CINCO 
AÑOS LA SUPERVIVENCIA



Identificación de factores desencadenantes y tratamiento de la FA
Se debe identificar y corregir las causas potenciales o los

factores precipitantes, como hipertiroidismo, alteraciones electro-
lı́ticas, hipertensión no controlada, valvulopatı́a mitral e infección.

El empeoramiento de la congestión causado por la FA se debe
tratar con diuréticos. El alivio de la congestión puede reducir la
respuesta simpática y la frecuencia ventricular y aumentar la
posibilidad de un retorno espontáneo a ritmo sinusal. La presencia
de FA disminuye o elimina el beneficio pronóstico de los
bloqueadores beta y hace que la ivabradina sea inefectiva12,125.
Algunos tratamientos de la IC reducen el riesgo de FA, como los
IECA, que lo reducen ligeramente, y quizá la TRC7,527.

Prevención de complicaciones embólicas
Salvo que existan contraindicaciones, se recomienda la

administración de un anticoagulante oral a largo plazo para todos
los pacientes con FA paroxı́stica, persistente o permanente. Los
anticoagulantes orales de acción directa (ACOD) son preferibles
para la prevención de complicaciones tromboembólicas en los
pacientes con FA sin estenosis mitral grave o válvula protésica
mecánica, ya que tienen una eficacia similar a la de los antagonistas
de la vitamina K (AVK) pero con menos riesgo de hemorragia
intracraneal528.

Recomendaciones sobre la atención antes del alta y el seguimiento
temprano después del alta de los pacientes hospitalizados por insuficiencia
cardiaca aguda

Recomendaciones Clasea Nivelb

Se recomienda evaluar exhaustivamente a los
pacientes hospitalizados por IC para descartar
signos de congestión antes del alta y optimizar el
tratamiento oral427,472

I C

Se recomienda la administración de tratamiento
farmacológico oral basado en la evidencia antes
del alta103,513

I C

Se recomienda una consulta de seguimiento 1-2
semanas después del alta para descartar signos de
congestión, examinar la tolerancia al tratamiento
farmacológico e iniciar o ajustar el tratamiento
basado en la evidencia517,518

I C

Se debe considerar la carobximaltosa férrica en caso
de déficit de hierro, definido como ferritina
sérica<100ng/ml o 100-299ng/ml con Sat-T
< 20%, para mejorar los sı́ntomas y reducir las
hospitalizaciones512

IIa B

IC: insuficiencia cardiaca; Sat-T: saturación de transferrina.
aClase de recomendación.
bNivel de evidencia.[(Figura_14)TD$FIG]

Figura 14. Tratamiento de la fibrilación auricular en pacientes con insuficiencia cardiaca. Código de colores para las clases de recomendación: verde para clase I;
amarillo para clase IIa; anaranjado para la clase IIb; rojo para la clase III (véase la tabla 1 para más detalles sobre las clases de recomendación).
AV: auriculoventricular; CVE: cardioversión eléctrica; FA: fibrilación auricular; IC: insuficiencia cardiaca; VP: venas pulmonares.
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a Centre d’Investigations Cliniques-Plurithématique (CIC-P) 14-33, Centre Hospitalier Régional Universitaire (CHRU) de Nancy, Institut National de la Santé et de la Recherche Médicale
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A B S T R A C T

Major international practice guidelines recommend the use of a combination of 4 medication classes in
the treatment of patients with heart failure with reduced ejection fraction (HFrEF) but do not specify
how these treatments should be introduced and up-titrated. Consequently, many patients with HFrEF do
not receive an optimized treatment regimen. This review proposes a pragmatic algorithm for treatment
optimization designed to be easily applied in routine practice. The first goal is to ensure that all
4 recommended medication classes are initiated as early as possible to establish effective therapy, even
at a low dose. This is considered preferable to starting fewer medications at a maximum dose. The second
goal is to ensure that the intervals between the introduction of different medications and between
different titration steps are as short as possible to ensure patient safety. Specific proposals are made for
older patients (> 75 years) who are frail, and for those with cardiac rhythm disorders. Application of this
algorithm should allow an optimal treatment protocol to be achieved within 2-months in most patients,
which should the treatment goal in HFrEF.

!C 2023 Published by Elsevier España, S.L.U. on behalf of Sociedad Española de Cardiologı́a.

Optimización de los tratamientos de la insuficiencia cardiaca con fracción de
eyección reducida en la práctica diaria: propuesta de un grupo de expertos

Palabras clave:
Insuficiencia cardiaca
Optimización del tratamiento
Titulación
Algoritmo de tratamiento de guı́as de

práctica clı́nica
Enfermedades cardiovasculares

R E S U M E N

El tratamiento de los pacientes con insuficiencia cardiaca con fracción de eyección reducida (IC-FEr) con
una combinación de 4 clases de fármacos se recomienda en las principales guı́as de práctica clı́nica
internacionales. Sin embargo, no especifican cómo deben introducirse y ajustarse estos tratamientos. En
consecuencia, muchos pacientes con IC-FEr no pasan a un régimen de tratamiento optimizado. El
objetivo de esta revisión es proponer un algoritmo pragmático para optimizar el tratamiento, diseñado
para que sea lo más fácil posible de aplicar en la práctica diaria. El primer objetivo es garantizar que las
4 clases de medicación recomendadas se inicien cuanto antes para establecer una terapia eficaz, incluso a
dosis bajas. Esto se considera preferible a iniciar menos medicamentos a una dosis máxima. El segundo
objetivo es garantizar que los intervalos entre la introducción de los medicamentos y entre los distintos
pasos de titulación sean lo más breves posible, por la seguridad del paciente. Se hacen propuestas
especı́ficas para los pacientes de edad avanzada (> 75 años) frágiles, y para aquellos con trastornos del
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Management of patients with cardiac rhythm disorders

Cardiac rhythm disturbances, such as supraventricular and
ventricular arrhythmias, bradycardia and conduction disturbances
(mainly left-bundle branch block) are common in patients with HF,
and contribute to the increased mortality and morbidity of these
patients.4 For these reasons, it is important to ensure a specific
diagnostic work-up for rhythm disorders and their appropriate
management in all patients diagnosed with HF. Associated rhythm
disorders can have an impact on the titration strategy, as in patients
with ventricular tachycardia or premature ventricular contractions,
BB should be introduced in the first treatment step, in preference to
ACEIs or ARNIs, due to their beneficial effect on rate control.

In addition, the decision to implant a cardioverter-defibrillator
should be made after drug optimization, according to ESC practice
guidelines,4 in all patients with symptomatic HF (NHYA class II-III)
and a left ventricular ejection fraction ! 35% with ischemic
cardiomyopathy (Class IA recommendation) and nonischemic
cardiomyopathy (Class IIa A). Rapid initiation of HF drugs is
advisable to ensure timely implementation of cardioverter-
defibrillators in patients in whom left ventricular ejection fraction
remains ! 35%. In patients with HF and wide QRS and conduction
disorders, cardiac resynchronization therapy should be considered,
the level of recommendations depending on the QRS width and the
type of conduction disorder (presence or absence of left-bundle
branch block).4

Figure 2. Central illustration. A proposed algorithm for the introduction and optimization of the 4 medications in guideline-directed medical therapy based on the
factors influencing drug tolerability and providing recommendations for monitoring and titration to achieve optimal dosing within 30 days. ACEI, angiotensin-
converting enzyme inhibitor; ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta-blockers; BP, blood pressure; HR, heart rate; MRA, mineralocorticoid
receptor antagonist; SGLT2I, sodium-glucose like transporter type 2 inhibitor.
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ABSTRACT
The advent of newly available medical therapies for heart failure with
reduced ejection fraction (HFrEF) has resulted in many potential ther-
apeutic combinations, increasing treatment complexity. Publication of
expert consensus guidelines and initiatives aimed to improve imple-
mentation of treatment has emphasized sequential stepwise initiation
and titration of medical therapy, which is labour intensive. Data taken
from heart failure registries show suboptimal use of medications,

R!ESUM!E
L’avènement de nouveaux traitements m!edicaux de l’insuffisance car-
diaque avec fraction d’!ejection r!eduite (ICFER) a multipli!e les associa-
tions th!erapeutiques possibles, ce qui augmente la complexit!e du
traitement. La publication de lignes directrices reposant sur le
consensus de groupes d’experts et lamise enœuvre d’initiatives visant à
am!eliorer les strat!egies de traitement ont fait ressortir l’importance
d’une amorce et d’un ajustement posologique progressifs et s!equentiels

The last decade has seen substantial increase in the number of
approved medical therapies for patients with heart failure
(HF) caused by reduced ejection fraction (HFrEF). Increased
treatment complexity, coupled with inadequate application of
highly efficacious treatments, mandates a revamp of our
approach to ensuring optimal and timely treatment. We will
briefly review the pathophysiology of HFrEF and highlight
mechanisms to target. We propose a novel framework for
initiation and titration of combination medical therapy
medication characterized by therapeutic class and placed in 2
therapeutic groups: Foundational Therapy and Personalized
Therapy. Foundational Therapies are characterized by their
rapid and additive benefits in both morbidity and mortality in
most patients with HFrEF and include 4 medication classes:
b-adrenergic receptor antagonists (b-blockers), renin-
angiotensin-aldosterone system (RAAS) antagonists
(including neprilysin inhibitors), mineralocorticoid receptor
antagonists (MRAs), and sodium-glucose cotransporter-2
(SGLT2) inhibitors. Personalized Therapies may provide
further benefits in selected patients already receiving Foun-
dational Therapy and include ivabradine, hydralazine-nitrate
combinations, soluble guanylate cyclase (sGC) stimulators,
diuretics, and oral inotropes. We advance new concepts,

including the prioritization of initiating all Foundational
Therapies before dose optimization, categorization of medi-
cation classes into 3 concurrently managed "Clusters,"
emphasis on in-hospital initiation and titration, and use of
medication titration protocols using multidisciplinary teams
and remotely assisted titration. Implantable cardiac devices,
cardiac surgical interventions, and treatment of infiltrative or
congenital cardiomyopathies or advanced heart failure are not
included within the scope of this paper.1-4

Pathophysiology of HFrEF
HF is defined as a clinical syndrome caused by reduced

cardiac output, resulting in insufficient end-organ tissue
perfusion or maintenance of end-organ perfusion at the
expense of elevated ventricular-filling pressure. HF is broadly
categorized by left ventricular (LV) ejection fraction (LVEF)
into HFrEF (EF < 40%), HF with mid-range ejection frac-
tion (EF 40% to 50%), HF with preserved ejection fraction
(EF > 50%), and HF with recovered LVEF (EF previously <
40% but improved to > 40% with medical therapy). Each of
these patient groups deserves a specific approach to manage-
ment; therefore, this paper will focus only on chronic HFrEF.
The pathophysiology of HFrEF includes multiple complex
mechanisms and pathways. These processes can be divided
broadly into neurohormonal and hemodynamic alterations.5

Although initially activated to preserve end-organ perfusion,
these alterations eventually become maladaptive, propagating
the adverse structural changes that characterize HF and cause
the clinical syndrome.6 This process is widely referred to as
adverse remodelling, and its attenuation or reversal is the
primary goal of most HFrEF therapies.
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why no medication changes were made, and the most com-
mon answer was "patient stability."46 Jarjour et al. reported a
somewhat higher dosage level after 6 months of follow-up.47 A
detailed chart review determined that many patients poten-
tially eligible for dose titration had already demonstrated
intolerance to higher doses, suggesting that physiological
intolerance to high-dose therapy may be more common than
expected.47 The result was an approximate 10% to 15% rate
of unexplained use of any Foundational Therapy, although
this rate was much higher (46%) for prescription of ivabra-
dine. Despite this, the authors noted "ongoing titration" of at
least 1 Foundational Therapy in more than 30% in which
dose was not optimized. This rate was highest (21%) for
titration of b-blocker therapy, similar to previous reports.
Ultimately, there are many potential barriers to optimization
of medical therapy in patients with HFrEF, including patient,
physician, and system factors such as intercurrent illness.46,48

Time Is of the Essence
Slow optimization of HF medications postpones initiation

other life-prolonging medical therapies as well as device
therapies, creating an unnecessary window of excess risk.
Zaman et al. suggested that delayed initiation of optimal
medical therapy may lead to excess absolute mortality of ~1%
per month that therapy is delayed.49 Another potential
concern is the occurrence of sudden death. Of 1117 first
primary endpoints in the Prospective Comparison od ARNi
With ACEi to Determine Impact on Global Mortality and
Morbidity in Heart Failure (PARADIGM-HF) trial, these
459 (41%) were cardiovascular deaths, of which one-half were
sudden cardiac deaths.50 This supports early initiation of
guideline-directed medical therapy (GDMT) in those patients
considered to be clinically stable.

However, it is reasonable to consider whether the
guideline-endorsed iterative approach to initiating medica-
tions is contributory.51 This approach evolved with the HF
evidence base and was designed to mirror clinical trial
enrollment criteria. Indeed, titration protocols of landmark
trials supporting Foundational Therapy have mandated

completion of titration within 2 to 3 months.52,53 Never-
theless, as mentioned here, reports from HF registries
repeatedly simultaneously indicate ongoing titration and
minimal net dosage change following 6 to 12 months.43,44

Delaying the implantation of cardiac devices until after
medical therapy is optimized potentially avoids the risks
associated with implantation of devices in selected patients.
However, the rationale for sequential initiation of medical
therapy is related to avoiding potentially unnecessary costs
associated with newer therapies, which is mitigated by an
increased number of clinic visits and testing.54 For example,
Grant et al. demonstrated that de novo initiation of ARNI is
more cost effective compared with delayed initiation.55 In
addition, only w25% of patients with HFrEF managed
with current medical therapy will have an improvement in
LVEF to !40%.56 The effectiveness of HF therapies may
not vary by symptom status.57 As a result, medication-
initiation strategies that rely on patient response, either in
terms of LVEF recovery or symptom status, may unneces-
sarily deprive patients of beneficial therapies and induce
delays in medication titration. New strategies are clearly
needed, but there is a paucity of evidence regarding the
optimal initiation and titration of medications for patients
with HFrEF.58

In-Hospital Initiation and Optimization of
Medical Therapy

One clear path for more rapid medication initiation and
titration is during hospitalizations, which most patients with
HFrEF experience during the course of their diseases. Reports
from several registries demonstrate the benefit of mulitple
drug initiations registries demonstrate the benefit of multiple
drug initiations over a short period of time during hospitali-
zation. For example, of 158,922 patients enrolled during
hospitalization in the Get With the Guidelines HF (GWTG-
HF) registry, more than 20% of patients were eligible for 3
new medications during a median 4-day hospital stay, with
more than 50% of them receiving them by hospital
discharge.59 Recent studies have significant clinical event

Table 3. Probable relative benefits of foundational HFrEF therapy: initiation vs target dose*

Outcome affected Initiation of therapeutic class Titration from initial to target dosey

Heart failure hospitalization endpoint Up to two-thirds of overall benefit with
ACE/ARB.

Significant benefit with ARNI, MRA,
SGLT2I observed within 4 to 6
weeks following randomization

Further ~one-third benefit in ACE
Uncertain for other Foundational

Therapies

Cardiovascular mortality endpoint Improvement observed, event curves
separate within 3 months following
randomization

No clear further benefit with ACE,
ARB

Further benefit possible with MRA, b-
blockers

Time course of benefits on combined
cardiovascular death þ heart failure
hospitalization endpoint

Initial 2 to 4 weeks for all Foundational
Therapies

Event curves begin to separate 6
months following randomization

Side effects Withdrawal in < 10% Dose-related increase in side effects
Combination with other Foundational

Therapies
Additive benefits in combination Additive benefits in combination

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; HFrEF, heart failure with reduced
ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2I, sodium-glucose cotransport-2 inhibitor.

* For clarity, titration to target doses is associated with accrual of clinical benefits following drug initiation.
y SGLT2I trials have evaluated only 1 dose.
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differences and associated SEs in each level of a 
subgroup factor. Event rates from cohort 1 were down-
weighted in these subgroup analyses.

Secondary endpoints were to be tested sequentially. For 
the prespecified main analysis of the EQ-VAS, we used 
only observed data and excluded patients for whom no 
linguistically validated EQ-5D translation was available. 
We compared treatment groups using ANCOVA, with 
fixed terms for treatment, LVEF (≤40 vs >40%), 
geographical region, and baseline value. We analysed the 
secondary, prespecified exploratory, and sensitivity 
180-day clinical outcomes similarly to the primary 
endpoint. For 90-day outcomes, patients enrolled at all 
sites were included and the results of cohort 1 were not 
down-weighted.

We calculated the Finkelstein-Schoenfeld hierarchal 
composite endpoint by comparing each patient with 
every other patient within randomisation strata with 
respect to a hierarchy of outcomes: time to death up to 
day 90, number of heart failure readmissions up to 
day 90, and categorised change in EQ-5D VAS from 
baseline to day 90. We present the treatment effect 
as the Mann-Whitney odds adjusted for LVEF 
(≤40% vs >40%) and geographical region using Mantel-
Haenzsel weights. We compared treatment groups 

using the van Elteren’s test, stratified by LVEF 
(≤40% vs >40%) and geographical region, using modified 
ridit scores.

We did prespecified sensitivity analyses of the primary 
endpoint in which the results in cohort 1 were fully 
weighted according to its sample size and in which 
results in cohort 1 were discarded thus including only 
results in cohort 2. We also did a prespecified sensitivity 
analysis to assess the effect of COVID-19 on the result, 
in which we censored the time to event in patients who 
died due to COVID-19 without a previous hospitalisation 
due to heart failure on the date of death due to COVID-19. 
To assess the effect of investigator experience on the 
findings, we did a prespecified sensitivity analysis of the 
primary endpoint only including patients at sites that 
enrolled more than ten patients. We did a prespecified 
sensitivity analysis of the change in EQ-VAS from 
baseline to day 90 in which a missing value due to death 
was set to 0 (“the worst health you can imagine”) and 
then remaining missing values were multiply imputed; 
estimates and tests of treatment effect were then 
combined over the imputation datasets using Rubin’s 
algorithm. We did post-hoc exploratory analyses to 
assess all-cause death or all-cause readmission to 
hospital at 180 days, including COVID-19-related events 
and excluding COVID-19-related events. In these 
analyses, we used the same methods as for the primary 
endpoint, with the same adjustment for LVEF and 
geographical region and with results in cohort 1 down-
weighted.

We compared treatment groups with respect to 
changes in vital signs and in local laboratory values from 
baseline to day 90 using ANCOVA models with fixed 
terms for treatment, LVEF (≤40% vs >40%), geographical 
region, and baseline value; we present least square mean 
(SE) for each treatment group along with the estimated 
adjusted mean treatment group difference (95% CI). 
Local measurements of NT-proBNP greater than the 
upper reporting limit for the assay used were set to the 
upper reporting limit; values were log-transformed for 
analysis. Geometric means with associated 95% CIs at 
each visit, and adjusted ratios of follow-up to baseline 
geometric means are presented in each treatment group, 
along with the treatment group ratio of these ratios. We 
compared the treatment groups with respect to ordered 
categorical measures of heart failure signs and symptom 
severity using van Elteren’s tests, stratified by LVEF 
(≤40% vs >40%), geographical region, and baseline value; 
we present treatment effects as Mann-Whitney odds 
stratified by LVEF (≤40% vs >40%), geographical region, 
and baseline value.

As stated in the protocol, the DSMB could recommend 
that the study be discontinued for futility at either of 
two planned interim futility analyses if the estimated 
conditional power for the primary endpoint—assuming 
that the treatment effect assumed for the sample size in 
the protocol applies to the remainder of the study—was 

Figure 2: Oral guideline-directed medical therapies for heart failure prescribed, in high-intensity care and 
usual care groups by visit
Full optimal doses for each treatment are given in the appendix (p 5). ACE=angiotensin converting enzyme. 
ARB=angiotensin receptor blocker. ARN=angiotensin receptor-neprilysin.
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Safety, tolerability and efficacy of up-titration of guideline-
directed medical therapies for acute heart failure 
(STRONG-HF): a multinational, open-label, randomised, trial
Alexandre Mebazaa, Beth Davison, Ovidiu Chioncel, Alain Cohen-Solal, Rafael Diaz, Gerasimos Filippatos, Marco Metra, Piotr Ponikowski, 
Karen Sliwa, Adriaan A Voors, Christopher Edwards, Maria Novosadova, Koji Takagi, Albertino Damasceno, Hadiza Saidu, Etienne Gayat, 
Peter S Pang, Jelena Celutkiene, Gad Cotter

Summary
Background There is a paucity of evidence for dose and pace of up-titration of guideline-directed medical therapies 
after admission to hospital for acute heart failure.

Methods In this multinational, open-label, randomised, parallel-group trial (STRONG-HF), patients aged 18–85 years 
admitted to hospital with acute heart failure, not treated with full doses of guideline-directed drug treatment, were 
recruited from 87 hospitals in 14 countries. Before discharge, eligible patients were randomly assigned (1:1), stratified 
by left ventricular ejection fraction (≤40% vs >40%) and country, with blocks of size 30 within strata and randomly 
ordered sub-blocks of 2, 4, and 6, to either usual care or high-intensity care. Usual care followed usual local practice, and 
high-intensity care involved the up-titration of treatments to 100% of recommended doses within 2 weeks of discharge 
and four scheduled outpatient visits over the 2 months after discharge that closely monitored clinical status, laboratory 
values, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentrations. The primary endpoint was 180-day 
readmission to hospital due to heart failure or all-cause death. Efficacy and safety were assessed in the intention-to-treat 
(ITT) population (ie, all patients validly randomly assigned to treatment). The primary endpoint was assessed in all 
patients enrolled at hospitals that followed up patients to day 180. Because of a protocol amendment to the primary 
endpoint, the results of patients enrolled on or before this amendment were down-weighted. This study is registered 
with ClinicalTrials.gov, NCT03412201, and is now complete.

Findings Between May 10, 2018, and Sept 23, 2022, 1641 patients were screened and 1078 were successfully randomly 
assigned to high-intensity care (n=542) or usual care (n=536; ITT population). Mean age was 63·0 years (SD 13·6), 
416 (39%) of 1078 patients were female, 662 (61%) were male, 832 (77%) were White or Caucasian, 230 (21%) were 
Black, 12 (1%) were other races, one (<1%) was Native American, and one (<1%) was Pacific Islander (two [<1%] had 
missing data on race). The study was stopped early per the data and safety monitoring board’s recommendation 
because of greater than expected between-group differences. As of data cutoff (Oct 13, 2022), by day 90, a higher 
proportion of patients in the high-intensity care group had been up-titrated to full doses of prescribed drugs (renin-
angiotensin blockers 278 [55%] of 505 vs 11 [2%] of 497; β blockers 249 [49%] vs 20 [4%]; and mineralocorticoid receptor 
antagonists 423 [84%] vs 231 [46%]). By day 90, blood pressure, pulse, New York Heart Association class, bodyweight, 
and NT-proBNP concentration had decreased more in the high-intensity care group than in the usual care group. 
Heart failure readmission or all-cause death up to day 180 occurred in 74 (15·2% down-weighted adjusted Kaplan-
Meier estimate) of 506 patients in the high-intensity care group and 109 (23·3%) of 502 patients in the usual care 
group (adjusted risk difference 8·1% [95% CI 2·9–13·2]; p=0·0021; risk ratio 0·66 [95% CI 0·50–0·86]). More adverse 
events by 90 days occurred in the high-intensity care group (223 [41%] of 542) than in the usual care group 
(158 [29%] of 536) but similar incidences of serious adverse events (88 [16%] vs 92 [17%]) and fatal adverse events 
(25 [5%] vs 32 [6%]) were reported in each group.

Interpretation An intensive treatment strategy of rapid up-titration of guideline-directed medication and close follow-
up after an acute heart failure admission was readily accepted by patients because it reduced symptoms, improved 
quality of life, and reduced the risk of 180-day all-cause death or heart failure readmission compared with usual care.

Funding Roche Diagnostics.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
The period starting with an admission to hospital due to 
acute heart failure and the couple of following months, 
often called the vulnerable period, is a time of increased 

risk of heart failure-related morbidity and death of 
patients with history of heart failure. Despite this 
substantially increased risk, few patients admitted to 
hospital after acute heart failure are closely followed up 
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ten patients. Moreover, patients’ symptoms, signs of 
congestion, and NT-proBNP concentrations, as well as 
functional NYHA class and quality of life measured 
with the EQ-5D VAS, were significantly improved in the 
high-intensity care group compared with the usual care 
group, suggesting additional benefit. However, these 
results should be interpreted with caution because the 
study was open label and so patients might have been 
biased to report greater improvements if they knew they 
were in the high-intensity care group.

Although the numerical adjusted RRs for both heart 
failure readmission and all-cause death favoured the 
high-intensity care group, the effect on heart failure 
readmission by 180 days was nominally significant while 
that for all-cause death by 180 days was not; and all-cause 
death was not significant even after excluding deaths due 
to COVID-19. Nonetheless, the fact that both heart failure 
readmission and all-cause death trended in the same 
direction adds to the evidence that intensive follow-up 
coupled with rapid up-titration of treatment is beneficial 
after admission to hospital for acute heart failure.

The high-intensity care strategy required an average 
of approximately five visits within 3 months after 

discharge, compared with an average of one visit during 
this period with usual care. The effect of more intense 
management (ie, more visits) early after admission to 
hospital for an acute heart failure by itself (ie, without 
up-titration) has been examined in four previous 
reasonably sized and powered prospective randomised 
studies.8,19–21 In all these studies, no effect was seen for 
intensified follow-up alone on endpoints of readmission 
or death. Therefore, without rapid up-titration to 
maximally tolerated doses, additional early follow-up 
visits alone do not seem to affect patient outcomes.8,19–21 
Furthermore, adjustment of loop diuretic dose does not 
seem to explain the strategy’s effect, because the dose of 
loop diuretics administered to patients before 
randomisation was similar between the high-intensity 
and usual care groups, but at day 90 patients in the 
high-intensity care group were treated with lower doses 
of loop diuretics than were patients in the usual care 
group, and despite this fact patients in the high-intensity 
care group still had greater bodyweight loss and 
decongestion. Hence, the reduction in the rates of death 
or heart failure readmission observed in the study in the 
high-intensity care group were most likely not related to 

High-intensity care group 
(n=542)

Usual care group 
(n=536)

Adjusted treatment 
effect (95% CI)

Adjusted risk ratio 
(95% CI)

p value

Primary endpoint

All-cause death or heart failure readmission by 
day 180*

74/506 (15·2%) 109/502 (23·3%) 8·1 (2·9 to 13·2) 0·66 (0·50 to 0·86) 0·0021

Secondary endpoints

Change from baseline to day 90 in EQ-5D VAS† 10·72 (0·88) 7·22 (0·90) 3·49 (1·74 to 5·24) NA <0·0001

All-cause death by day 180* 39/506 (8·5%) 48/502 (10·0%) 1·6 (–2·3 to 5·4) 0·84 (0·56 to 1·26) 0·42

All-cause death or heart failure readmission by 
day 90*

55 (10·4%) 72 (13·8%) 3·4 (–0·4 to 7·3) 0·73 (0·53 to 1·02) 0·081

Prespecified exploratory endpoints

Cardiovascular death by day 180* 32/506 (6·9%) 44/502 (9·3%) 2·4 (–1·2 to 6·1) 0·74 (0·47 to 1·16) 0·19

Cardiovascular death by day 90* 17 (3·3%) 28 (5·4%) 2·1 (–0·3 to 4·6) 0·60 (0·33 to 1·09) 0·086

All-cause death by day 90* 23 (4·3%) 30 (5·7%) 1·4 (–1·2 to 4·0) 0·76 (0·45 to 1·29) 0·28

Heart failure readmission by day 180* 47/506 (9·5%) 74/502 (17·1%) 7·6 (3·0 to 12·1) 0·56 (0·38 to 0·81) 0·0011

Heart failure readmission by day 90* 36 (6·9%) 48 (9·5%) 2·5 (–0·8 to 5·8) 0·67 (0·43 to 1·04) 0·13

Finkelstein-Schoenfeld hierarchical composite‡ ·· ·· 1·28 (1·13 to 1·46) NA 0·0002

Proportion of comparisons where group is superior§ 40·4% 29·4% ·· ·· ··

Proportion of comparisons where groups are tied 30·2% NA ·· ·· ··

Sensitivity analyses

All-cause death or heart failure readmission by 
day 180, excluding COVID-19 deaths*

69/506 (14·1%) 108/502 (23·0%) 8·9 (3·9 to 14·0) 0·61 (0·46 to 0·82) 0·0005

All-cause death by day 180, excluding COVID-19 
deaths*

33/506 (7·1%) 47/502 (9·8%) 2·7 (–1·0 to 6·4) 0·72 (0·47 to 1·12) 0·15

Data are n (adjusted Kaplan-Meier %), n/N (down-weighted adjusted Kaplan-Meier %), or mean (SD), unless otherwise stated. For 180-day outcomes, results for patients in cohort 1 are down-weighted 
proportional to half its sample size. For 90-day outcomes, cohort 1 is fully weighted. LVEF=left ventricular ejection fraction. NA=not applicable. VAS=visual analogue scale. *Kaplan-Meier estimated cumulative risks 
adjusted for LVEF (≤40% vs >40%) and geographical region using Mantel-Haenszel weights are shown for each treatment group. Treatment effect is the adjusted risk difference between treatment groups. 
†Analysis of change in EQ-5D VAS is based on available data and excludes patients from Mozambique because of the unavailability of a linguistically validated translation of the EQ-5D VAS in that country 
(ie, analysis includes n=461 from the high-intensity care group and n=454 the from usual care group). Statistics are estimated from an ANCOVA model with fixed terms for treatment, LVEF (≤40% vs >40%), 
geographical region, and baseline value. Treatment effect is the adjusted mean difference between treatment groups. ‡Treatment effect is the Mann-Whitney odds adjusted for LVEF (≤40% vs >40%) and 
geographical region, using Mantel-Haenzsel weights. p value calculated from van Elteren’s test stratified by LVEF (≤40% vs >40%) and geographical region, using modified ridit scores. A Mann-Whitney odds value 
of >1·0 favours high-intensity care. §Proportion of 78 666 total pairwise patient comparisons within strata where outcome in given treatment group is superior.

Table 3: Primary, secondary, and exploratory analyses
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STRONG-HF, El úl%mo grupo recibió una terapia de 4 
fármacos rápidamente aumentada para lograr dosis 
óp%mas dentro de las 2 semanas posteriores al alta. Este 
enfoque fue fac%ble y seguro, y el ensayo demostró que 
la %tulación rápida de GDMT redujo significa%vamente el 
riesgo de muerte por todas las causas de 180 días o de 
hospitalización por insuficiencia cardíaca.
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ABSTRACT
The advent of newly available medical therapies for heart failure with
reduced ejection fraction (HFrEF) has resulted in many potential ther-
apeutic combinations, increasing treatment complexity. Publication of
expert consensus guidelines and initiatives aimed to improve imple-
mentation of treatment has emphasized sequential stepwise initiation
and titration of medical therapy, which is labour intensive. Data taken
from heart failure registries show suboptimal use of medications,

R!ESUM!E
L’avènement de nouveaux traitements m!edicaux de l’insuffisance car-
diaque avec fraction d’!ejection r!eduite (ICFER) a multipli!e les associa-
tions th!erapeutiques possibles, ce qui augmente la complexit!e du
traitement. La publication de lignes directrices reposant sur le
consensus de groupes d’experts et lamise enœuvre d’initiatives visant à
am!eliorer les strat!egies de traitement ont fait ressortir l’importance
d’une amorce et d’un ajustement posologique progressifs et s!equentiels

The last decade has seen substantial increase in the number of
approved medical therapies for patients with heart failure
(HF) caused by reduced ejection fraction (HFrEF). Increased
treatment complexity, coupled with inadequate application of
highly efficacious treatments, mandates a revamp of our
approach to ensuring optimal and timely treatment. We will
briefly review the pathophysiology of HFrEF and highlight
mechanisms to target. We propose a novel framework for
initiation and titration of combination medical therapy
medication characterized by therapeutic class and placed in 2
therapeutic groups: Foundational Therapy and Personalized
Therapy. Foundational Therapies are characterized by their
rapid and additive benefits in both morbidity and mortality in
most patients with HFrEF and include 4 medication classes:
b-adrenergic receptor antagonists (b-blockers), renin-
angiotensin-aldosterone system (RAAS) antagonists
(including neprilysin inhibitors), mineralocorticoid receptor
antagonists (MRAs), and sodium-glucose cotransporter-2
(SGLT2) inhibitors. Personalized Therapies may provide
further benefits in selected patients already receiving Foun-
dational Therapy and include ivabradine, hydralazine-nitrate
combinations, soluble guanylate cyclase (sGC) stimulators,
diuretics, and oral inotropes. We advance new concepts,

including the prioritization of initiating all Foundational
Therapies before dose optimization, categorization of medi-
cation classes into 3 concurrently managed "Clusters,"
emphasis on in-hospital initiation and titration, and use of
medication titration protocols using multidisciplinary teams
and remotely assisted titration. Implantable cardiac devices,
cardiac surgical interventions, and treatment of infiltrative or
congenital cardiomyopathies or advanced heart failure are not
included within the scope of this paper.1-4

Pathophysiology of HFrEF
HF is defined as a clinical syndrome caused by reduced

cardiac output, resulting in insufficient end-organ tissue
perfusion or maintenance of end-organ perfusion at the
expense of elevated ventricular-filling pressure. HF is broadly
categorized by left ventricular (LV) ejection fraction (LVEF)
into HFrEF (EF < 40%), HF with mid-range ejection frac-
tion (EF 40% to 50%), HF with preserved ejection fraction
(EF > 50%), and HF with recovered LVEF (EF previously <
40% but improved to > 40% with medical therapy). Each of
these patient groups deserves a specific approach to manage-
ment; therefore, this paper will focus only on chronic HFrEF.
The pathophysiology of HFrEF includes multiple complex
mechanisms and pathways. These processes can be divided
broadly into neurohormonal and hemodynamic alterations.5

Although initially activated to preserve end-organ perfusion,
these alterations eventually become maladaptive, propagating
the adverse structural changes that characterize HF and cause
the clinical syndrome.6 This process is widely referred to as
adverse remodelling, and its attenuation or reversal is the
primary goal of most HFrEF therapies.
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expert consensus guidelines and initiatives aimed to improve imple-
mentation of treatment has emphasized sequential stepwise initiation
and titration of medical therapy, which is labour intensive. Data taken
from heart failure registries show suboptimal use of medications,

R!ESUM!E
L’avènement de nouveaux traitements m!edicaux de l’insuffisance car-
diaque avec fraction d’!ejection r!eduite (ICFER) a multipli!e les associa-
tions th!erapeutiques possibles, ce qui augmente la complexit!e du
traitement. La publication de lignes directrices reposant sur le
consensus de groupes d’experts et lamise enœuvre d’initiatives visant à
am!eliorer les strat!egies de traitement ont fait ressortir l’importance
d’une amorce et d’un ajustement posologique progressifs et s!equentiels

The last decade has seen substantial increase in the number of
approved medical therapies for patients with heart failure
(HF) caused by reduced ejection fraction (HFrEF). Increased
treatment complexity, coupled with inadequate application of
highly efficacious treatments, mandates a revamp of our
approach to ensuring optimal and timely treatment. We will
briefly review the pathophysiology of HFrEF and highlight
mechanisms to target. We propose a novel framework for
initiation and titration of combination medical therapy
medication characterized by therapeutic class and placed in 2
therapeutic groups: Foundational Therapy and Personalized
Therapy. Foundational Therapies are characterized by their
rapid and additive benefits in both morbidity and mortality in
most patients with HFrEF and include 4 medication classes:
b-adrenergic receptor antagonists (b-blockers), renin-
angiotensin-aldosterone system (RAAS) antagonists
(including neprilysin inhibitors), mineralocorticoid receptor
antagonists (MRAs), and sodium-glucose cotransporter-2
(SGLT2) inhibitors. Personalized Therapies may provide
further benefits in selected patients already receiving Foun-
dational Therapy and include ivabradine, hydralazine-nitrate
combinations, soluble guanylate cyclase (sGC) stimulators,
diuretics, and oral inotropes. We advance new concepts,

including the prioritization of initiating all Foundational
Therapies before dose optimization, categorization of medi-
cation classes into 3 concurrently managed "Clusters,"
emphasis on in-hospital initiation and titration, and use of
medication titration protocols using multidisciplinary teams
and remotely assisted titration. Implantable cardiac devices,
cardiac surgical interventions, and treatment of infiltrative or
congenital cardiomyopathies or advanced heart failure are not
included within the scope of this paper.1-4

Pathophysiology of HFrEF
HF is defined as a clinical syndrome caused by reduced

cardiac output, resulting in insufficient end-organ tissue
perfusion or maintenance of end-organ perfusion at the
expense of elevated ventricular-filling pressure. HF is broadly
categorized by left ventricular (LV) ejection fraction (LVEF)
into HFrEF (EF < 40%), HF with mid-range ejection frac-
tion (EF 40% to 50%), HF with preserved ejection fraction
(EF > 50%), and HF with recovered LVEF (EF previously <
40% but improved to > 40% with medical therapy). Each of
these patient groups deserves a specific approach to manage-
ment; therefore, this paper will focus only on chronic HFrEF.
The pathophysiology of HFrEF includes multiple complex
mechanisms and pathways. These processes can be divided
broadly into neurohormonal and hemodynamic alterations.5

Although initially activated to preserve end-organ perfusion,
these alterations eventually become maladaptive, propagating
the adverse structural changes that characterize HF and cause
the clinical syndrome.6 This process is widely referred to as
adverse remodelling, and its attenuation or reversal is the
primary goal of most HFrEF therapies.
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reductions with in-hospital initiation of ARNI and SGLT2
inhibitors.60,61 Thus, hospitalizations may represent an
attractive opportunity to initiate and titrate medications,
including a transition to ARNI therapy.

Relative Benefits of Dose Escalation vs New
Drug Initiation

Retrospective analyses of clinical trials and HF registries
have reported variable morbidity and mortality advantage in
patients taking higher doses of HF medications.39,44,62,63 This
has, in part, led to a strategy of single-drug initiation and
titration before addition of other drug classes, which may
contribute to less comprehensive treatment and slower times
to medical optimization. Increasingly, calls for a change to
early drug combination, drug initiation followed by dose
escalation has been made. The advantages of this approach are
summarized in Table 3.

The dose-related effects of ACEIs have been best studied.
Packer et al. randomized 3793 patients with HFrEF to lisi-
nopril, either 37.5 mg or 2.5 mg daily, and found no differ-
ence in mortality during a median of 47 months of follow-up
and a 12% reduction in hospitalization that only became
apparent after > 6 months of follow-up.64 However, it is
worth noting that the study may have been underpowered,
owing to greater-than-expected benefit in the low-dose group.
Similar findings were reported for the Heart Failure Endpoint
Evaluation of Angiotensin II Antagonist Losartan (HEAAL)
study, in which high-dose losartan reduced hospitalizations for
HF by 12%, but no significant mortality benefit was
demonstrated during 4.7 years' follow-up.65 In a meta-
analysis, Turgeon et al. demonstrated that high-dose RAAS

inhibition led to modest reduction of HF hospitalization and
no significant reduction of mortality.66 In relative terms,
approximately two-thirds of the benefits in hospitalization
occur at low doses.66 However, dose titration is associated
with significant increases in hypotension, worsening renal
function, and hyperkalemia.

Large randomized studies of high-dose vs low-dose
b-blockade or MRA therapy do not exist. In the case of
b-blockade, meta-analyses of small studies point to a dose-
dependant benefit in recovery of LVEF and occurrence of
side effects.67 Retrospective analyses of the large b-blocker
trials suggest that the most important factors associated with
mortality benefits are relative reduction of heart rate and
lower on-treatment heart rate.68 Wikstrand et al., in
Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure (MERIT-HF), showed a mortality
reduction from b-blockade of 38% (95% confidence interval
[CI], 16-55) in patients taking > 100 mg per day (P ¼
0.0022) and also 38% (95% CI, 11-57) in those taking
lower doses (P ¼ 0.010).62 In the Cardiac Insufficiency
Bisopropol in the Elderly (CIBIS-ELD) study,69 despite the
forced-titration study design, only 25% of elderly patients
given b-blockers for HFrEF reached target dose within the
12-week time window. Short-term heart rate response to b-
blockade, rather than b-blocker dose, was associated with
improved rates of mortality.69 This finding was reinforced
by conclusions made in a meta-regression by McAlister
et al., in which reduction of heart rate was the primary
mediator of b-blockade benefit.67

b-blockers improve outcomes irrespective of baseline ACEI
dose, with subgroups from the Carvedilol Prospective Ran-
domized Cumulative Survival (COPERNICUS) and

Figure 4. Cluster titration scheme. For specific drug dosages, please refer to the 2021 CCS/CHFS HF Guidelines update.84 At each clinical
interaction, efforts should be made to initiate or titrate a drug within each cluster. For most nonfrail patients, this will result in 3 medication ad-
justments per interaction. Our preferred drug for each cluster includes SGLT2I (excepting the need for diuretic manipulation symptoms of
congestion or evidence of volume depletion) in Cluster A, ARNI (excepting hypotension) for Cluster B, and b-blocker for Cluster C.* For Cluster C,
rapid and progressive b-blocker titration to target dose is preferred before use of ivabradine. Published trials indicate that titration may occur weekly,
with maximum titration time of 2 to 3 months. Thus, prolonged or repeated attempts to titrate b-blockers unsuccessfully before initiation of a sinus
node inhibitor (SNI) should be avoided if the sinus rate remains > 70 beats per minute. ARNI, angiotensin receptor neprilysin inhibitor; BB, b-
blocker; MRA, mineralocorticoid receptor antagonist; SGLT2I, sodium-glucose cotransport-2 inhibitor.
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the 10 135 patients studied, 85% have been enrolled in
trials reporting since 1996; most of these trials were
ended prematurely on the recommendation of the data
and safety boards because large clinical benefits were
observed.

The combined odds ratio for total mortality among
all patients in the studies was 0.65 (95% credible inter-
val, 0.53 to 0.80). To fully appreciate the magnitude of
benefit associated with !-blocker therapy, it is impor-
tant to remember the high baseline mortality rate. For
example, the hierarchically determined mortality rate
among placebo recipients in the three largest and most
recent trials (17, 18, 28) was 12% (credible interval, 4%
to 26%) in the first year of follow-up. If we assume that
mortality rate among placebo recipients is exactly 12%,
this implies a best estimate of the absolute mortality
reduction of 3.8 lives saved per 100 patients treated
(credible interval, 2.1 to 5.3) during the first year of
treatment.

An advantage of Bayesian analysis is that the reduc-
tion in mortality may be displayed as a probability den-

sity curve, in which the area under the curve between
any two points shows the probability that the reduction
in mortality is in that interval (Figure 3). From this
perspective, the probability that !-blocker therapy saves
at least 2 lives per 100 patients is 99%. The probability
that 3 or more lives are saved per 100 patients is 85%
(Table 2). Although we used the normal distribution to
fit these curves, almost identical curves result if a log-
normal distribution is fitted.

!-Blockers are often categorized according to their
adrenergic receptor selectivity. Bisoprolol, metoprolol,
and nebivolol are considered to have !1-selective prop-
erties, whereas carvedilol and bucindolol are nonselec-
tive agents. All of these agents are lipophilic, although
bisoprolol is less so than the others. Other individual
characteristics among the !-blockers may be pertinent,
but we thought it especially clinically relevant to see
whether mortality differed between selective and non-
selective agents. Both selective agents, predominately
metoprolol and bisoprolol, and nonselective agents,
predominately carvedilol, were associated with reduced

Figure 1. Mortality in the placebo and !-blocker groups of 22 studies.

Arrows indicate that the credible interval exceeds the scale; circles indicate point estimates; the bottom circle (in the “Total” row) indicates the overall best
estimate of the effect. Aust/NZ ! Australia/New Zealand Heart Failure Research Collaborative Group; CIBIS ! Cardiac Insufficiency Bisoprolol Study;
MERIT-HF ! Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure; RESOLVD ! Randomized Evaluation of Strategies for
Left Ventricular Dysfunction Pilot Study.
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mortality (odds ratio, 0.67 [credible interval, 0.57 to
0.79] and 0.52 [credible interval, 0.28 to 0.89], re-
spectively).

!-Blocker therapy in these trials has also been asso-
ciated with a clear reduction in morbidity; 754 of 4862
placebo recipients required hospitalization for heart fail-
ure compared with 540 of 5273 !-blocker recipients
(odds ratio, 0.64 [credible interval, 0.53 to 0.79]). Us-
ing the trials from 1996 onward, the weighted average
number of admissions for congestive heart failure among
placebo recipients in the first year of follow-up was
14%. This translates into a best estimate of 4.0 fewer
hospitalizations per 100 patients treated (credible inter-
val, 2.4 to 5.6) (Figure 3 and Table 2).

This analysis can easily be repeated as more data
become available. For example, it may be updated with
the data from the recently reported but as-yet unpub-
lished results of the !-Blockers Evaluation Survival Trial
(43). This multicenter, randomized, placebo-controlled
trial of bucindolol randomly assigned 2708 patients
with a primary end point of all-cause mortality. After 2
years of follow-up, the mortality rate was 33% in the

placebo group and 30.2% in the treatment group. The
incorporation of these data leads to an accumulative
odds ratio of 0.72 (credible interval, 0.61 to 0.84).

Figure 4 shows the progression of our knowledge of
the effect of !-blockers on mortality in congestive heart
failure with the publication of large trials since 1999.
The accumulation of data leads to improved estimation
of the benefits of !-blockers, as demonstrated by nar-
rowing of the probability density curves, and an in-
creased probability that the benefits are clinically mean-
ingful, demonstrated by the shift of the curves to the
right.

DISCUSSION

Our meta-analysis demonstrates that !-blockers
have a large beneficial effect on mortality (3.8 lives saved
per 100 patients treated) and morbidity (4.0 fewer hos-
pitalizations per 100 patients treated) in stable patients
with NYHA class II or III congestive heart failure. This
benefit is statistically and clinically significant and is ob-
tained with selective and nonselective !-blockers. The

Figure 2. Hospital admission for congestive heart failure in the placebo and !-blocker groups of 22 studies.

Arrows indicate that the credible interval exceeds the scale; circles indicate point estimates; the bottom circle (in the “Total” row) indicates the overall best
estimate of the effect. Aust/NZ ! Australia/New Zealand Heart Failure Research Collaborative Group; CIBIS ! Cardiac Insufficiency Bisoprolol Study;
MERIT-HF ! Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure; n/a ! not available; RESOLVD ! Randomized Eval-
uation of Strategies for Left Ventricular Dysfunction Pilot Study.
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!-Blockers in Congestive Heart Failure
A Bayesian Meta-Analysis
James M. Brophy, MD, PhD; Lawrence Joseph, PhD; and Jean L. Rouleau, MD

Purpose: Congestive heart failure is an important cause of pa-
tient morbidity and mortality. Although several randomized clini-
cal trials have compared !-blockers with placebo for treatment of
congestive heart failure, a meta-analysis quantifying the effect on
mortality and morbidity has not been performed recently.

Data Sources: The MEDLINE, Cochrane, and Web of Science
electronic databases were searched from 1966 to July 2000. Ref-
erences were also identified from bibliographies of pertinent articles.

Study Selection: All randomized clinical trials of !-blockers
versus placebo in chronic stable congestive heart failure were
included.

Data Extraction: A specified protocol was followed to extract
data on patient characteristics, !-blocker used, overall mortality,
hospitalizations for congestive heart failure, and study quality.

Data Synthesis: A hierarchical random-effects model was used
to synthesize the results. A total of 22 trials involving 10 135
patients were identified. There were 624 deaths among 4862

patients randomly assigned to placebo and 444 deaths among
5273 patients assigned to !-blocker therapy. In these groups, 754
and 540 patients, respectively, required hospitalization for conges-
tive heart failure. The probability that !-blocker therapy reduced
total mortality and hospitalizations for congestive heart failure
was almost 100%. The best estimates of these advantages are 3.8
lives saved and 4 fewer hospitalizations per 100 patients treated
in the first year after therapy. The probability that these benefits
are clinically significant (>2 lives saved or >2 fewer hospitaliza-
tions per 100 patients treated) is 99%. Both selective and non-
selective agents produced these salutary effects. The results are
robust to any reasonable publication bias.

Conclusions: !-Blocker therapy is associated with clinically
meaningful reductions in mortality and morbidity in patients with
stable congestive heart failure and should be routinely offered to
all patients similar to those included in trials.
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Congestive heart failure has reached pan-epidemic
proportions in industrialized countries and is re-

sponsible for vast patient morbidity and mortality (1–
4). Mortality associated with moderate to severe conges-
tive heart failure may exceed that associated with many
neoplasms, and the 1-year survival rate is as dismal as
50% (5). Quality of life is also adversely affected, and
congestive heart failure is the most common cause of
hospital admission in elderly persons in North America
(6). Clearly, additional therapies are urgently needed.

Randomized clinical trials are the gold standard for
comparative research and have been used to investigate
both new and old therapies for congestive heart failure.
For example, trials have clearly demonstrated the bene-
ficial effect of angiotensin-converting enzyme inhibitors
on patient mortality (7), the neutral effect of digitalis
(8), and the deleterious effects of other inotropic agents
in congestive heart failure (9–11).

Although conventional medical education previ-
ously viewed congestive heart failure as a contraindica-
tion for the use of !-blockers because of their potential
short-term negative inotropic effects, benefits of !-blocker
treatment in this condition have been sporadically reported
since 1975 (12). Initially, these studies had only modest

samples, thereby limiting definite conclusions. Subse-
quently, at least four meta-analyses of the cumulative
experience of randomized trials with !-blockers in heart
failure were published (13–16). It is legitimate, there-
fore, to question whether another summary article is
necessary.

The answer appears to be affirmative for two rea-
sons. First, results of the largest published trials of
!-blockers in congestive heart failure (17, 18) have not
been included in previously published meta-analyses.
With the new larger studies, we can provide a narrower
confidence interval, so that clinical benefit is better esti-
mated. Second, unlike previous meta-analyses, we used a
Bayesian hierarchical random-effects model. Such a
model has several advantages, including the ability to
account for possible between-study variation, which
may be an important consideration in a meta-analysis of
trials covering 15 years and using a variety of !-blockers.

METHODS

Randomized trials of !-blockers in congestive heart
failure were identified by performing a systematic elec-
tronic review of the literature. The MEDLINE database
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the 10 135 patients studied, 85% have been enrolled in
trials reporting since 1996; most of these trials were
ended prematurely on the recommendation of the data
and safety boards because large clinical benefits were
observed.

The combined odds ratio for total mortality among
all patients in the studies was 0.65 (95% credible inter-
val, 0.53 to 0.80). To fully appreciate the magnitude of
benefit associated with !-blocker therapy, it is impor-
tant to remember the high baseline mortality rate. For
example, the hierarchically determined mortality rate
among placebo recipients in the three largest and most
recent trials (17, 18, 28) was 12% (credible interval, 4%
to 26%) in the first year of follow-up. If we assume that
mortality rate among placebo recipients is exactly 12%,
this implies a best estimate of the absolute mortality
reduction of 3.8 lives saved per 100 patients treated
(credible interval, 2.1 to 5.3) during the first year of
treatment.

An advantage of Bayesian analysis is that the reduc-
tion in mortality may be displayed as a probability den-

sity curve, in which the area under the curve between
any two points shows the probability that the reduction
in mortality is in that interval (Figure 3). From this
perspective, the probability that !-blocker therapy saves
at least 2 lives per 100 patients is 99%. The probability
that 3 or more lives are saved per 100 patients is 85%
(Table 2). Although we used the normal distribution to
fit these curves, almost identical curves result if a log-
normal distribution is fitted.

!-Blockers are often categorized according to their
adrenergic receptor selectivity. Bisoprolol, metoprolol,
and nebivolol are considered to have !1-selective prop-
erties, whereas carvedilol and bucindolol are nonselec-
tive agents. All of these agents are lipophilic, although
bisoprolol is less so than the others. Other individual
characteristics among the !-blockers may be pertinent,
but we thought it especially clinically relevant to see
whether mortality differed between selective and non-
selective agents. Both selective agents, predominately
metoprolol and bisoprolol, and nonselective agents,
predominately carvedilol, were associated with reduced

Figure 1. Mortality in the placebo and !-blocker groups of 22 studies.

Arrows indicate that the credible interval exceeds the scale; circles indicate point estimates; the bottom circle (in the “Total” row) indicates the overall best
estimate of the effect. Aust/NZ ! Australia/New Zealand Heart Failure Research Collaborative Group; CIBIS ! Cardiac Insufficiency Bisoprolol Study;
MERIT-HF ! Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure; RESOLVD ! Randomized Evaluation of Strategies for
Left Ventricular Dysfunction Pilot Study.
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mortality (odds ratio, 0.67 [credible interval, 0.57 to
0.79] and 0.52 [credible interval, 0.28 to 0.89], re-
spectively).

!-Blocker therapy in these trials has also been asso-
ciated with a clear reduction in morbidity; 754 of 4862
placebo recipients required hospitalization for heart fail-
ure compared with 540 of 5273 !-blocker recipients
(odds ratio, 0.64 [credible interval, 0.53 to 0.79]). Us-
ing the trials from 1996 onward, the weighted average
number of admissions for congestive heart failure among
placebo recipients in the first year of follow-up was
14%. This translates into a best estimate of 4.0 fewer
hospitalizations per 100 patients treated (credible inter-
val, 2.4 to 5.6) (Figure 3 and Table 2).

This analysis can easily be repeated as more data
become available. For example, it may be updated with
the data from the recently reported but as-yet unpub-
lished results of the !-Blockers Evaluation Survival Trial
(43). This multicenter, randomized, placebo-controlled
trial of bucindolol randomly assigned 2708 patients
with a primary end point of all-cause mortality. After 2
years of follow-up, the mortality rate was 33% in the

placebo group and 30.2% in the treatment group. The
incorporation of these data leads to an accumulative
odds ratio of 0.72 (credible interval, 0.61 to 0.84).

Figure 4 shows the progression of our knowledge of
the effect of !-blockers on mortality in congestive heart
failure with the publication of large trials since 1999.
The accumulation of data leads to improved estimation
of the benefits of !-blockers, as demonstrated by nar-
rowing of the probability density curves, and an in-
creased probability that the benefits are clinically mean-
ingful, demonstrated by the shift of the curves to the
right.

DISCUSSION

Our meta-analysis demonstrates that !-blockers
have a large beneficial effect on mortality (3.8 lives saved
per 100 patients treated) and morbidity (4.0 fewer hos-
pitalizations per 100 patients treated) in stable patients
with NYHA class II or III congestive heart failure. This
benefit is statistically and clinically significant and is ob-
tained with selective and nonselective !-blockers. The

Figure 2. Hospital admission for congestive heart failure in the placebo and !-blocker groups of 22 studies.

Arrows indicate that the credible interval exceeds the scale; circles indicate point estimates; the bottom circle (in the “Total” row) indicates the overall best
estimate of the effect. Aust/NZ ! Australia/New Zealand Heart Failure Research Collaborative Group; CIBIS ! Cardiac Insufficiency Bisoprolol Study;
MERIT-HF ! Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart Failure; n/a ! not available; RESOLVD ! Randomized Eval-
uation of Strategies for Left Ventricular Dysfunction Pilot Study.
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Purpose: Congestive heart failure is an important cause of pa-
tient morbidity and mortality. Although several randomized clini-
cal trials have compared !-blockers with placebo for treatment of
congestive heart failure, a meta-analysis quantifying the effect on
mortality and morbidity has not been performed recently.

Data Sources: The MEDLINE, Cochrane, and Web of Science
electronic databases were searched from 1966 to July 2000. Ref-
erences were also identified from bibliographies of pertinent articles.

Study Selection: All randomized clinical trials of !-blockers
versus placebo in chronic stable congestive heart failure were
included.

Data Extraction: A specified protocol was followed to extract
data on patient characteristics, !-blocker used, overall mortality,
hospitalizations for congestive heart failure, and study quality.

Data Synthesis: A hierarchical random-effects model was used
to synthesize the results. A total of 22 trials involving 10 135
patients were identified. There were 624 deaths among 4862

patients randomly assigned to placebo and 444 deaths among
5273 patients assigned to !-blocker therapy. In these groups, 754
and 540 patients, respectively, required hospitalization for conges-
tive heart failure. The probability that !-blocker therapy reduced
total mortality and hospitalizations for congestive heart failure
was almost 100%. The best estimates of these advantages are 3.8
lives saved and 4 fewer hospitalizations per 100 patients treated
in the first year after therapy. The probability that these benefits
are clinically significant (>2 lives saved or >2 fewer hospitaliza-
tions per 100 patients treated) is 99%. Both selective and non-
selective agents produced these salutary effects. The results are
robust to any reasonable publication bias.

Conclusions: !-Blocker therapy is associated with clinically
meaningful reductions in mortality and morbidity in patients with
stable congestive heart failure and should be routinely offered to
all patients similar to those included in trials.
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Congestive heart failure has reached pan-epidemic
proportions in industrialized countries and is re-

sponsible for vast patient morbidity and mortality (1–
4). Mortality associated with moderate to severe conges-
tive heart failure may exceed that associated with many
neoplasms, and the 1-year survival rate is as dismal as
50% (5). Quality of life is also adversely affected, and
congestive heart failure is the most common cause of
hospital admission in elderly persons in North America
(6). Clearly, additional therapies are urgently needed.

Randomized clinical trials are the gold standard for
comparative research and have been used to investigate
both new and old therapies for congestive heart failure.
For example, trials have clearly demonstrated the bene-
ficial effect of angiotensin-converting enzyme inhibitors
on patient mortality (7), the neutral effect of digitalis
(8), and the deleterious effects of other inotropic agents
in congestive heart failure (9–11).

Although conventional medical education previ-
ously viewed congestive heart failure as a contraindica-
tion for the use of !-blockers because of their potential
short-term negative inotropic effects, benefits of !-blocker
treatment in this condition have been sporadically reported
since 1975 (12). Initially, these studies had only modest

samples, thereby limiting definite conclusions. Subse-
quently, at least four meta-analyses of the cumulative
experience of randomized trials with !-blockers in heart
failure were published (13–16). It is legitimate, there-
fore, to question whether another summary article is
necessary.

The answer appears to be affirmative for two rea-
sons. First, results of the largest published trials of
!-blockers in congestive heart failure (17, 18) have not
been included in previously published meta-analyses.
With the new larger studies, we can provide a narrower
confidence interval, so that clinical benefit is better esti-
mated. Second, unlike previous meta-analyses, we used a
Bayesian hierarchical random-effects model. Such a
model has several advantages, including the ability to
account for possible between-study variation, which
may be an important consideration in a meta-analysis of
trials covering 15 years and using a variety of !-blockers.

METHODS

Randomized trials of !-blockers in congestive heart
failure were identified by performing a systematic elec-
tronic review of the literature. The MEDLINE database
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overlap of clusters was identified using the weighted 
Jaccard score, and the comparison to random assignment 
assessed using the Kolmogorov–Smirnov test. Validation 
of the overall approach was shown by repeatedly 
generating clusters, with each iteration leaving one trial 
out. Because each trial is unique, with its own selection 
criteria, this approach provided external validation of 
clustering results. The Adjusted Rand Index (ARI) was 
used to measure the agreement between the clustering 
approaches compared with a random model. Further 
details on the clustering and evaluation approaches used 
are presented in the appendix (pp 2–6).

Statistical analysis
A statistical analysis plan was generated and finalised in 
advance of data analysis. Summary results are presented 
as percentages, or median (IQR). Group comparisons 
were made using the Kruskal-Wallis non-parametric 
rank test. We calculated the odds ratios (ORs) and risk 
ratios for each cluster assignment by splitting each 
cluster into placebo and β blocker treatment and 
accounting for all sources of death. The number needed 
to treat (NNT) was calculated as the inverse of the 
absolute risk reduction (ARR) comparing β blockers 
with placebo. A two-tailed p value of 0·05 was considered 
statistically significant. Analyses were performed using 
the Python library statsmodel (version 0.12.1) on Python 
(version 3.7.2), and Stata (version 14.2).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
From the nine trials, 15 659 patients with HFrEF were 
included, with median age of 64 years (IQR 55–72); 
3708 (24%) of the patients were women. Median LVEF 
was 27% (IQR 21–33), with the majority of patients 
reporting severe or disabling symptoms (table 1). 
According to their baseline ECG, 12 822 patients were in 
sinus rhythm and 2837 patients were in atrial fibrillation 
(figure 1). Individuals with atrial fibrillation were older 
with lower rates of previous myocardial infarction, but 
similar heart rate, blood pressure, and LVEF compared 
with patients in sinus rhythm. Due to the randomisation 
in each trial, there were no differences in patient 
characteristics between β blockers or placebo for either 
sinus rhythm or atrial fibrillation (appendix p 8). The 
median follow-up period was 1·3 years (IQR 0·9–1·9).

Across the whole cohort of patients in sinus rhythm 
(n=12 822), β blockers significantly reduced all-cause 
mortality compared with placebo, with an adjusted OR 
of 0·74 (95% CI 0·67–0·81; p<0·001). Of the patients 
randomly assigned to β blockers, 907 (13·9%) of 
6546 died, compared with 1121 (17·9%) of 6276 allocated 
to placebo.

The optimal VAE clustering for the primary analysis 
model in sinus rhythm used nine dimensions and 
six clusters (SR1–SR6). The majority of clusters showed 
a consistent benefit from β blockers on mortality across 
the risk of death, ranging from OR of 0·54 to 0·74 
(table 2; figure 2). This included the two largest clus-
ters, cluster SR5 encompassing younger patients with 
predominantly non-ischaemic cause (NNT 22·9), and 
SR6 including patients with the lowest LVEF and 
highest annualised death rate of 19·6% (NNT 17·4). 
The OR was stable in the smallest clusters—eg, SR1 at 
the lower end of mortality risk (annualised 3·9%), 
although the small sample size precluded statistical 
significance. Despite a large sample size (n=2537) and 
mid-range mortality risk (annualised 8·8%), cluster 
SR4 demonstrated no significant efficacy (OR 0·86, 
95% CI 0·67–1·10; p=0·22), with cluster interrogation 
suggesting older patients with less severe symptoms 
and lower heart rate than average (appendix p 9). We 
evaluated the distribution of individual patient data and 
found a broad representation of trials across each 
cluster. Additional models were consistent regardless 
of the number of clusters (appendix p 15).

Robustness of clustering in sinus rhythm was 
confirmed, with good repeatability of the clustering 
approach using bootstrap methods (mean Jaccard 
score 0·575 [SD 0·103], compared with 0·121 [SD 0·005] 
with random assignment; p<0·0001). The validity pro-
tocol demonstrated consis tency of cluster membership 
prediction in the leave-one-study-out approach (average 
ARI of 0·493 [SD 0·092]; appendix p 10) and for 
the predicted cluster membership in the left-out trials 
(average ARI 0·569 [SD 0·052]), which were significantly 
better than random cluster assignment (p=0·0198).

All patients 
(n=15 659)

Sinus rhythm 
(n=12 822)

Atrial fibrillation 
(n=2837)

Age, years 64 (55–72) 64 (54–71) 69 (60–74)

Sex

Women 3708 (23·7%) 3185 (24·8%) 523 (18·4%)

Men 11 951 (76·3%) 9637 (75·2%) 2314 (81·6%)

Body-mass index, kg/m² 26·6 (24·0–29·8) 26·6 (24·0–29·7) 26·9 (24·3–30·1)

Heart rate, beats per min 80 (72–88) 80 (72–88) 81 (72–92)

Systolic blood pressure, mm Hg 124 (110–140) 123 (110–139) 126 (113–140)

LVEF 27% (21–33) 27% (21–33) 27% (21–33)

Previous myocardial infarction 8538 (54·5%) 7411 (57·8%) 1127 (39·7%)

NYHA class III or IV 8802 (63·7%) 7048 (61·9%) 1754 (72·6%)

Creatinine, μmol/L 105 (88–124) 104 (88–124) 108 (90–131)

ACEi or ARB 14 877 (95·0%) 12 188 (95·1%) 2689 (94·8%)

Any diuretic therapy 13 563 (86·6%) 10 914 (85·1%) 2649 (93·4%)

Anticoagulation therapy 5033 (32·1%) 3379 (26·4%) 1654 (58·3%)

Digoxin 9299 (59·4%) 6919 (54·0%) 2380 (83·9%)

Data are median (IQR) or n (%). Breakdown according to randomised treatment allocation (β blockers vs placebo) is 
provided in the appendix (p 8). ACEi=angiotensin converting enzyme inhibitor. ARB=angiotensin receptor blocker. 
LVEF=left ventricular ejection fraction. NYHA=New York Heart Association.

Table 1: Baseline characteristics
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Across the whole cohort of patients in atrial fibrillation 
(n=2837), β blockers did not significantly reduce all-
cause mortality compared with placebo, with an adjusted 
OR of 0·92 (95% CI 0·77–1·10; p=0·37). In participants 
randomly assigned to β blockers, 278 (19·7%) of 
1412 died, compared with 300 (21·1%) of 1425 allocated 
to placebo.

The optimal VAE clustering in atrial fibrillation 
used nine dimensions and five clusters (AF1–AF5). 
Consistent with the overall efficacy results, clusters AF1, 

AF3, and AF5 demonstrated no significant reduction in 
mortality with β blockers (table 2; figure 3). A lack of 
efficacy was also noted in cluster AF4, comprised of 
patients with low LVEF and markedly elevated mortality 
risk (annualised 28·4%). Compared with placebo, there 
was a statistically significant reduction in mortality with 
β blockers in cluster AF2, with an adjusted OR of 0·57 
(95% CI 0·35–0·93; p=0·023) and NNT of 17·4. This 
cluster (n=659) was comprised of younger patients with 
lower rates of previous myocardial infarction, but 

Annualised 
mortality

Placebo β blockers Odds ratio (95% CI) Risk ratio (95% CI) p value Number needed 
to treat (95% CI)

SR

SR all 15·8% 1121/6276 (17·9%) 907/6546 (13·9%) 0·74 (0·67–0·81) 0·86 (0·81–0·90) <0·0001 25 (18–39)

SR1 3·9% 14/222 (6·3%) 8/211 (3·8%) 0·59 (0·24–1·43) 0·74 (0·41–1·29) 0·23 NA

SR2 5·7% 40/487 (8·2%) 34/514 (6·6%) 0·79 (0·49–1·27) 0·89 (0·69–1·14) 0·33 NA

SR3 9·1% 108/731 (14·8%) 59/683 (8·6%) 0·54 (0·39–0·76) 0·71 (0·57–0·87) 0·0004 16 (11–36)

SR4 8·8% 151/1231 (12·3%) 140/1306 (10·7%) 0·86 (0·67–1·10) 0·93 (0·82–1·05) 0·22 NA

SR5 10·3% 267/1706 (15·7%) 202/1791 (11·3%) 0·69 (0·56–0·83) 0·82 (0·74–0·92) 0·0001 23 (15–47)

SR6 19·6% 541/1899 (28·5%) 464/2041 (22·7%) 0·74 (0·64–0·85) 0·86 (0·80–0·93) <0·0001 17 (12–33)

AF

AF all 20·4% 300/1425 (21·1%) 278/1412 (19·7%) 0·92 (0·77–1·10) 0·96 (0·87–1·05) 0·37 NA

AF1 13·8% 50/307 (16·3%) 59/301 (19·6%) 1·25 (0·83–1·90) 1·12 (0·92–1·36) 0·29 NA

AF2 9·2% 50/338 (14·8%) 29/321 (9·0%) 0·57 (0·35–0·93) 0·73 (0·54–0·98) 0·023 17 (9–119)

AF3 15·1% 68/348 (19.5%) 69/348 (19·8%) 1·02 (0·70–1·48) 1·00 (0·84–1·22) 0·92 NA

AF4 28·4% 81/201 (40·3%) 68/202 (33·7%) 0·75 (0·50–1·13) 0·87 (0·70–1·07) 0·17 NA

AF5 17·0% 51/231 (22·1%) 53/240 (22·1%) 1·00 (0·65–1·55) 1·00 (0·81–1·24) 1·0 NA

Data are % or n/N (%), unless stated otherwise. Results are based on objective assessment for the number of dimensions and clusters for sinus and atrial fibrillation, as defined 
by the gap statistic. NA=not applicable as the absolute risk reduction with β blockers is not significant. SR=sinus rhythm. AF=atrial fibrillation.

Table 2: Cluster-specific results for all-cause mortality

Figure 2: Clustering for all-cause mortality and β-blocker efficacy in SR
Green circles represent the average mortality risk, with size relative to the number of patients in that cluster. ORs (95% CI) are for the efficacy of β blockers versus placebo for all-cause mortality; 
odds below the dotted line indicate a benefit from β blockers. Radar plots summarise scaled variables for each cluster, with the average for the whole cohort of sinus rhythm patients noted in orange. 
Values closer to the outer ring are higher than the cohort average for each of the key variables. Other variables not displayed in the radar plots include: systolic blood pressure, New York Heart 
Association symptom class, creatinine, and baseline drug therapy (appendix p 9). OR=odds ratio. BMI=body-mass index. HR=heart rate. LVEF=left ventricular ejection fraction. MI=myocardial 
infarction. SR=sinus rhythm.
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Redefining β-blocker response in heart failure patients with 
sinus rhythm and atrial fibrillation: a machine learning 
cluster analysis
Andreas Karwath, Karina V Bunting, Simrat K Gill, Otilia Tica, Samantha Pendleton, Furqan Aziz, Andrey D Barsky, Saisakul Chernbumroong, 
Jinming Duan, Alastair R Mobley, Victor Roth Cardoso, Luke Slater, John A Williams, Emma-Jane Bruce, Xiaoxia Wang, Marcus D Flather, 
Andrew J S Coats, Georgios V Gkoutos, Dipak Kotecha, on behalf of the cardAIc group and the Beta-blockers in Heart Failure Collaborative Group*

Summary
Background Mortality remains unacceptably high in patients with heart failure and reduced left ventricular ejection 
fraction (LVEF) despite advances in therapeutics. We hypothesised that a novel artificial intelligence approach could 
better assess multiple and higher-dimension interactions of comorbidities, and define clusters of β-blocker efficacy in 
patients with sinus rhythm and atrial fibrillation.

Methods Neural network-based variational autoencoders and hierarchical clustering were applied to pooled individual 
patient data from nine double-blind, randomised, placebo-controlled trials of β blockers. All-cause mortality during 
median 1·3 years of follow-up was assessed by intention to treat, stratified by electrocardiographic heart rhythm. The 
number of clusters and dimensions was determined objectively, with results validated using a leave-one-trial-out 
approach. This study was prospectively registered with ClinicalTrials.gov (NCT00832442) and the PROSPERO 
database of systematic reviews (CRD42014010012).

Findings 15 659 patients with heart failure and LVEF of less than 50% were included, with median age 65 years 
(IQR 56–72) and LVEF 27% (IQR 21–33). 3708 (24%) patients were women. In sinus rhythm (n=12 822), most clusters 
demonstrated a consistent overall mortality benefit from β blockers, with odds ratios (ORs) ranging from 0·54 to 0·74. 
One cluster in sinus rhythm of older patients with less severe symptoms showed no significant efficacy (OR 0·86, 
95% CI 0·67–1·10; p=0·22). In atrial fibrillation (n=2837), four of five clusters were consistent with the overall neutral 
effect of β blockers versus placebo (OR 0·92, 0·77–1·10; p=0·37). One cluster of younger atrial fibrillation patients at 
lower mortality risk but similar LVEF to average had a statistically significant reduction in mortality with β blockers 
(OR 0·57, 0·35–0·93; p=0·023). The robustness and consistency of clustering was confirmed for all models (p<0·0001 
vs random), and cluster membership was externally validated across the nine independent trials.

Interpretation An artificial intelligence-based clustering approach was able to distinguish prognostic response from 
β blockers in patients with heart failure and reduced LVEF. This included patients in sinus rhythm with suboptimal 
efficacy, as well as a cluster of patients with atrial fibrillation where β blockers did reduce mortality.

Funding Medical Research Council, UK, and EU/EFPIA Innovative Medicines Initiative BigData@Heart.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Advances in therapeutics have substantially improved 
the prognosis of patients with heart failure with reduced 
ejection fraction (HFrEF). However, mortality remains 
unacceptably high (ie, greater than most cancers), 
especially in the majority of patients in clinical practice 
with multimorbidity—eg, atrial fibrillation, which is 
common in patients with HFrEF1,2 and is associated with 
a considerably worse prognosis.3 In contrast to patients 
in sinus rhythm, β-adrenergic blockers, which are a 
cornerstone of heart failure treatment, were not shown 
to reduce mortality in patients with concomitant atrial 
fibrillation.4 Within the subgroup of patients with 
atrial fibrillation, conventional statistical analysis was 
unable to identify any single patient characteristic that 
determined efficacy in these patients.4

With prevalence of atrial fibrillation expected to 
double in the coming decades,5 better identification of 
patient subgroups that could benefit from therapy is 
critical to address this unsustainable burden on health-
care services.6 Conversely, the ability to identify 
individuals who are unlikely to receive therapeutic 
benefit could allow for a more personalised medicine 
approach, by stratifying the use of additional 
management strategies available in clinical practice. 
This approach also applies to patients in sinus 
rhythm—although β blockers show 4% absolute risk 
reduction in mortality, the mortality rate in patients 
randomly assigned to β blockers was still 14% during 
18 months of follow-up.4 Pipeline therapies in 
development could be used to target patients who are 
predicted to have a suboptimal response.7
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5.3.1 Angiotensin-converting enzyme inhibitors

ACE-Is were the first class of drugs shown to reduce mortality and
morbidity in patients with HFrEF.110!113 They have also been shown
to improve symptoms.111 They are recommended in all patients
unless contraindicated or not tolerated. They should be uptitrated to
the maximum tolerated recommended doses.

Practical guidance on how to use ACE-Is is given in Supplementary
Table 2.

5.3.2 Beta-blockers

Beta-blockers have been shown to reduce mortality and morbidity in
patients with HFrEF, in addition to treatment with an ACE-I and diu-
retic.114!120 They also improve symptoms.123 There is consensus
that ACE-I and beta-blockers can be commenced together as soon
as the diagnosis of symptomatic HFrEF is established. There is no evi-
dence favouring the initiation of a beta-blocker before an ACE-I and
vice versa.124 Beta-blockers should be initiated in clinically stable,
euvolaemic, patients at a low dose and gradually uptitrated to the
maximum tolerated dose. In patients admitted with AHF, beta-
blockers should be cautiously initiated in hospital, once the patient is
haemodynamically stabilized.

An individual patient data (IPD) meta-analysis of all major beta-
blocker trials in HFrEF has shown no benefit on hospital admissions
and mortality in the subgroup of patients with HFrEF with AF.125

However, since this is a retrospective subgroup analysis, and because
beta-blockers did not increase risk, the guideline committee decided
not to make a separate recommendation according to heart rhythm.

Practical guidance on how to use beta-blockers is given in
Supplementary Table 3.

5.3.3 Mineralocorticoid receptor antagonists

MRAs (spironolactone or eplerenone) are recommended, in addition
to an ACE-I and a beta-blocker, in all patients with HFrEF to reduce
mortality and the risk of HF hospitalization.121,122 They also improve
symptoms.121 MRAs block receptors that bind aldosterone and, with
different degrees of affinity, other steroid hormones (e.g. corticoste-
roid and androgen) receptors. Eplerenone is more specific for aldos-
terone blockade and, therefore, causes less gynaecomastia.

Caution should be exercised when MRAs are used in patients with
impaired renal function and in those with serum potassium concen-
trations >5.0 mmol/L.

Practical guidance on how to use MRAs is given in Supplementary
Table 4.

5.3.4 Angiotensin receptor-neprilysin inhibitor

In the PARADIGM-HF trial, sacubitril/valsartan, an ARNI, was shown
to be superior to enalapril in reducing hospitalizations for worsening
HF, CV mortality, and all-cause mortality in patients with ambulatory
HFrEF with LVEF <_40% (changed to <_35% during the study). Patients
in the trial had elevated plasma NP concentrations, an eGFR >_30 mL/
min/1.73 m2 and were able to tolerate enalapril and then sacubitril/
valsartan during the run-in period.105 Additional benefits of sacubitril/
valsartan included an improvement in symptoms and QOL,105 a
reduction in the incidence of diabetes requiring insulin treatment,126

and a reduction in the decline in eGFR,127 as well as a reduced rate of
hyperkalaemia.128 Additionally, the use of sacubitril/valsartan may
allow a reduction in loop diuretic requirement.129 Symptomatic
hypotension was reported more commonly in patients treated with
sacubitril/valsartan as compared to enalapril, but despite developing
hypotension, these patients also gained clinical benefits from sacubi-
tril/valsartan therapy.128,130

Table 8 Evidence-based doses of disease-modifying drugs
in key randomized trials in patients with heart failure with
reduced ejection fraction

Starting dose Target dose

ACE-I

Captoprila 6.25 mg t.i.d. 50 mg t.i.d.

Enalapril 2.5 mg b.i.d. 10!20 mg b.i.d.

Lisinoprilb 2.5!5 mg o.d. 20!35 mg o.d.

Ramipril 2.5 mg b.i.d. 5 mg b.i.d.

Trandolaprila 0.5 mg o.d. 4 mg o.d.

ARNI

Sacubitril/valsartan 49/51 mg b.i.d.c 97/103 mg b.i.d.

Beta-blockers

Bisoprolol 1.25 mg o.d. 10 mg o.d.

Carvedilol 3.125 mg b.i.d. 25 mg b.i.d.e

Metoprolol succinate

(CR/XL)

12.5!25 mg o.d. 200 mg o.d.

Nebivolold 1.25 mg o.d. 10 mg o.d.

MRA

Eplerenone 25 mg o.d. 50 mg o.d.

Spironolactone 25 mg o.d.f 50 mg o.d.

SGLT2 inhibitor

Dapagliflozin 10 mg o.d. 10 mg o.d.

Empagliflozin 10 mg o.d. 10 mg o.d.

Other agents

Candesartan 4 mg o.d. 32 mg o.d.

Losartan 50 mg o.d. 150 mg o.d.

Valsartan 40 mg b.i.d. 160 mg b.i.d.

Ivabradine 5 mg b.i.d. 7.5 mg b.i.d.

Vericiguat 2.5 mg o.d. 10 mg o.d.

Digoxin 62.5 mg o.d. 250 mg o.d.

Hydralazine/

Isosorbide dinitrate

37.5 mg t.i.d./20 mg t.i.d. 75 mg t.i.d./40 mg t.i.d.

ACE-I = angiotensin-converting enzyme inhibitor; ARNI = angiotensin receptor-
neprilysin inhibitor; b.i.d. = bis in die (twice daily); CR = controlled release; CV =
cardiovascular; MRA = mineralocorticoid receptor antagonist; o.d. = omne in die
(once daily); SGLT2 = sodium-glucose co-transporter 2; t.i.d. = ter in die (three
times a day); XL = extended release.
aIndicates an ACE-I where the dosing target is derived from post-myocardial
infarction trials.
bIndicates drugs where a higher dose has been shown to reduce morbidity/mor-
tality compared with a lower dose of the same drug, but there is no substantive
randomized, placebo-controlled trial and the optimum dose is uncertain.
cSacubitril/valsartan may have an optional lower starting dose of 24/26 mg b.i.d.
for those with a history of symptomatic hypotension.
dIndicates a treatment not shown to reduce CV or all-cause mortality in patients
with heart failure (or shown to be non-inferior to a treatment that does).
eA maximum dose of 50 mg twice daily can be administered to patients weighing
over 85 kg.
fSpironolactone has an optional starting dose of 12.5 mg in patients where renal
status or hyperkalaemia warrant caution.
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Across the whole cohort of patients in atrial fibrillation 
(n=2837), β blockers did not significantly reduce all-
cause mortality compared with placebo, with an adjusted 
OR of 0·92 (95% CI 0·77–1·10; p=0·37). In participants 
randomly assigned to β blockers, 278 (19·7%) of 
1412 died, compared with 300 (21·1%) of 1425 allocated 
to placebo.

The optimal VAE clustering in atrial fibrillation 
used nine dimensions and five clusters (AF1–AF5). 
Consistent with the overall efficacy results, clusters AF1, 

AF3, and AF5 demonstrated no significant reduction in 
mortality with β blockers (table 2; figure 3). A lack of 
efficacy was also noted in cluster AF4, comprised of 
patients with low LVEF and markedly elevated mortality 
risk (annualised 28·4%). Compared with placebo, there 
was a statistically significant reduction in mortality with 
β blockers in cluster AF2, with an adjusted OR of 0·57 
(95% CI 0·35–0·93; p=0·023) and NNT of 17·4. This 
cluster (n=659) was comprised of younger patients with 
lower rates of previous myocardial infarction, but 

Annualised 
mortality

Placebo β blockers Odds ratio (95% CI) Risk ratio (95% CI) p value Number needed 
to treat (95% CI)

SR

SR all 15·8% 1121/6276 (17·9%) 907/6546 (13·9%) 0·74 (0·67–0·81) 0·86 (0·81–0·90) <0·0001 25 (18–39)

SR1 3·9% 14/222 (6·3%) 8/211 (3·8%) 0·59 (0·24–1·43) 0·74 (0·41–1·29) 0·23 NA

SR2 5·7% 40/487 (8·2%) 34/514 (6·6%) 0·79 (0·49–1·27) 0·89 (0·69–1·14) 0·33 NA

SR3 9·1% 108/731 (14·8%) 59/683 (8·6%) 0·54 (0·39–0·76) 0·71 (0·57–0·87) 0·0004 16 (11–36)

SR4 8·8% 151/1231 (12·3%) 140/1306 (10·7%) 0·86 (0·67–1·10) 0·93 (0·82–1·05) 0·22 NA

SR5 10·3% 267/1706 (15·7%) 202/1791 (11·3%) 0·69 (0·56–0·83) 0·82 (0·74–0·92) 0·0001 23 (15–47)

SR6 19·6% 541/1899 (28·5%) 464/2041 (22·7%) 0·74 (0·64–0·85) 0·86 (0·80–0·93) <0·0001 17 (12–33)

AF

AF all 20·4% 300/1425 (21·1%) 278/1412 (19·7%) 0·92 (0·77–1·10) 0·96 (0·87–1·05) 0·37 NA

AF1 13·8% 50/307 (16·3%) 59/301 (19·6%) 1·25 (0·83–1·90) 1·12 (0·92–1·36) 0·29 NA

AF2 9·2% 50/338 (14·8%) 29/321 (9·0%) 0·57 (0·35–0·93) 0·73 (0·54–0·98) 0·023 17 (9–119)

AF3 15·1% 68/348 (19.5%) 69/348 (19·8%) 1·02 (0·70–1·48) 1·00 (0·84–1·22) 0·92 NA

AF4 28·4% 81/201 (40·3%) 68/202 (33·7%) 0·75 (0·50–1·13) 0·87 (0·70–1·07) 0·17 NA

AF5 17·0% 51/231 (22·1%) 53/240 (22·1%) 1·00 (0·65–1·55) 1·00 (0·81–1·24) 1·0 NA

Data are % or n/N (%), unless stated otherwise. Results are based on objective assessment for the number of dimensions and clusters for sinus and atrial fibrillation, as defined 
by the gap statistic. NA=not applicable as the absolute risk reduction with β blockers is not significant. SR=sinus rhythm. AF=atrial fibrillation.

Table 2: Cluster-specific results for all-cause mortality

Figure 2: Clustering for all-cause mortality and β-blocker efficacy in SR
Green circles represent the average mortality risk, with size relative to the number of patients in that cluster. ORs (95% CI) are for the efficacy of β blockers versus placebo for all-cause mortality; 
odds below the dotted line indicate a benefit from β blockers. Radar plots summarise scaled variables for each cluster, with the average for the whole cohort of sinus rhythm patients noted in orange. 
Values closer to the outer ring are higher than the cohort average for each of the key variables. Other variables not displayed in the radar plots include: systolic blood pressure, New York Heart 
Association symptom class, creatinine, and baseline drug therapy (appendix p 9). OR=odds ratio. BMI=body-mass index. HR=heart rate. LVEF=left ventricular ejection fraction. MI=myocardial 
infarction. SR=sinus rhythm.
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Los BB en IC-FEr reducen la mortalidad en 
RS pero no en FA

https://doi.org/10.1093/eurheartj/ehab368
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Endpoint primario. Mortalidad Cardiovascular
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McMurray J et al. N Engl J Med. 2014; 371:993-1004

Estudio PARADIGM-HF

Muerte súbita

Muerte por empeoramiento 
de la IC

20% 20%

21%

Mortalidad por todas las causas

Mortalidad Cardiovascular

Hospitalización por IC

21%
16%



McMurray, et al. N Engl J Med. 2014;371(11):993-1004



Velazquez EJ et al. Late Breaker AHA 2018. Chicago, IL, USA November 10-12, 2018

HR = 0.54; 95% CI 0.37-0.79 
P = 0.001
NNT= 13

Muerte, hospitalización por IC, o necesidad de DAVI, Tx

• Exploratory Serious Clinical Composite endpoint was driven by the 
reduction of risk of death and HF re-hospitalizations

PIONEER-HF: Resultados
Objetivo clínico combinado exploratorio grave

El inicio de sacubitrilo/valsartán durante la 
hospitalización estuvo asociado a una

reducción del 45% del riesgo de 
rehospitalización por IC 

a las 8 semanas comparado con enalapril 
(p=0,005)

Eventos de seguridad (%) Sacubitrilo/Valsartán
(n=440)

Enalapril
(n=441)

RR
(95% IC)

Empeoramiento de la función renal* 13.6 14.7 0.93 (0.67-1.28)

Hiperpotasemia† 11.6 9.3 1.25 (0.84-1.84)

Hipotensión sintomática 15.0 12.7 1.18 (0.85-1.64)

Evento de angioedema 1 (0.2%) 6 (1.4%) 0.17 (0.02-1.38)



§ LVEF ≤40%

§ Stable dose 
of loop 
diuretic for 
the 2 weeks 
preceding 
study start

LVEF Left ventricular ejection fraction; LVEDVi LV end-diastolic volume index; LVESVi LV end-systolic volume index; LAVi Left atrial volume index; 
E/e’ Ratio of early mitral diastolic filling velocity/early diastolic mitral annular velocity. Januzzi, JAMA. 2019

• ObjeFvo primario. Correlación entre los 
valores de NT-proBNP y remodelado a los 
12 meses: LVEF, LVEDVi, LVESVi, LAVi, E/e’

• ObjeFvo secundario. 

- Asociación entre el cambio de NT-proBNP 
y el remodelado a los 6 meses 

       - Efecto del S/V en el remodelado cardiaco 
en grupos predefinidos en el PARADIGM-HF 
trial: 

               IC de novo y/o naïve para ACEI/ARB 

                Aquellos pacientes con 
concentraciones de BNP or NT-proBNP por 
debajo de los criterios de inclusión de 
PARADIGM-HF 

                Pacientes que no alcanzan dosis 
objeFvo de S/V (97/103 mg/12h a diario)

Estudio PROVE-HF. Efecto del Sac/Val en biomarcadores, remodelado 
miocárdico y outcomes



Contexto previo: Meta-análisis Kramer (2010, JACC)

adaptado de Kramer DG et al. JACC 2010

Meta-análisis sobre 25 fármacos/disposi7vos en IC:

ü 30 estudios mortalidad
ü 69.766 pacientes
ü 88 estudios remodelado 
ü 19.921 pacientes
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F. Zannad, et al.SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced and DAPA-HF trials. Lancet;396(10254):819-829. DOI: 10.1016/S0140-6736(20)31824-9



El efecto de empagliflocina sobre la mortalidad CV e 
ingresos por IC es un 13% mayor en los tratados con SAC/VAL
• Reducción del riesgo de mortalidad CV o 

ingresos por IC
• Empagliflocina solo: 23%
• Empagliflocina junto a SAC/VALS : 36%
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Aims We evaluated the influence of sacubitril/valsartan on the effects of sodium-glucose cotransporter 2 (SGLT2) inhib-
ition with empagliflozin in patients with heart failure and a reduced ejection fraction.

...................................................................................................................................................................................................
Methods
and results

The EMPEROR-Reduced trial randomized 3730 patients with heart failure and an ejection fraction <_40% to pla-
cebo or empagliflozin (10 mg/day), in addition to recommended treatment for heart failure, for a median of
16 months. A total of 727 patients (19.5%) received sacubitril/valsartan at baseline. Analysis of the effect of neprily-
sin inhibition was 1 of 12 pre-specified subgroups. Patients receiving a neprilysin inhibitor were particularly well-
treated, as evidenced by lower systolic pressures, heart rates, N-terminal prohormone B-type natriuretic peptide,
and greater use of cardiac devices (all P < 0.001) when compared with those not receiving sacubitril/valsartan.
Nevertheless, when compared with placebo, empagliflozin reduced the risk of cardiovascular death or hospitaliza-
tion for heart failure in patients receiving or not receiving sacubitril/valsartan [hazard ratio 0.64 (95% CI 0.45–0.89),
P = 0.009 and hazard ratio 0.77 (95% CI 0.66–0.90), P = 0.0008, respectively, interaction P = 0.31]. Empagliflozin
slowed the rate of decline in estimated glomerular filtration rate by 1.92 ± 0.80 mL/min/1.73 m2/year in patients tak-
ing a neprilysin inhibitor (P = 0.016) and by 1.71 ± 0.35 mL/min/1.73 m2/year in patients not taking a neprilysin inhibi-
tor (P < 0.0001), interaction P = 0.81. Combined inhibition of SGLT2 and neprilysin was well-tolerated.

...................................................................................................................................................................................................
Conclusion The effects on empagliflozin to reduce the risk of heart failure and renal events are not diminished in intensively

treated patients who are receiving sacubitril/valsartan. Combined treatment with both SGLT2 and neprilysin inhibi-
tors can be expected to yield substantial additional benefits.
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Aims We evaluated the influence of sacubitril/valsartan on the effects of sodium-glucose cotransporter 2 (SGLT2) inhib-
ition with empagliflozin in patients with heart failure and a reduced ejection fraction.

...................................................................................................................................................................................................
Methods
and results

The EMPEROR-Reduced trial randomized 3730 patients with heart failure and an ejection fraction <_40% to pla-
cebo or empagliflozin (10 mg/day), in addition to recommended treatment for heart failure, for a median of
16 months. A total of 727 patients (19.5%) received sacubitril/valsartan at baseline. Analysis of the effect of neprily-
sin inhibition was 1 of 12 pre-specified subgroups. Patients receiving a neprilysin inhibitor were particularly well-
treated, as evidenced by lower systolic pressures, heart rates, N-terminal prohormone B-type natriuretic peptide,
and greater use of cardiac devices (all P < 0.001) when compared with those not receiving sacubitril/valsartan.
Nevertheless, when compared with placebo, empagliflozin reduced the risk of cardiovascular death or hospitaliza-
tion for heart failure in patients receiving or not receiving sacubitril/valsartan [hazard ratio 0.64 (95% CI 0.45–0.89),
P = 0.009 and hazard ratio 0.77 (95% CI 0.66–0.90), P = 0.0008, respectively, interaction P = 0.31]. Empagliflozin
slowed the rate of decline in estimated glomerular filtration rate by 1.92 ± 0.80 mL/min/1.73 m2/year in patients tak-
ing a neprilysin inhibitor (P = 0.016) and by 1.71 ± 0.35 mL/min/1.73 m2/year in patients not taking a neprilysin inhibi-
tor (P < 0.0001), interaction P = 0.81. Combined inhibition of SGLT2 and neprilysin was well-tolerated.
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Conclusion The effects on empagliflozin to reduce the risk of heart failure and renal events are not diminished in intensively

treated patients who are receiving sacubitril/valsartan. Combined treatment with both SGLT2 and neprilysin inhibi-
tors can be expected to yield substantial additional benefits.

* Corresponding author. Tel: 214-820-7500, Email: milton.packer@baylorhealth.edu
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Heart Journal (2021) 42, 671–680 CLINICAL RESEARCH
doi:10.1093/eurheartj/ehaa968 Heart failure and cardiomyopathies



El efecto de empagliflocina sobre la mortalidad CV es un 
22% mayor en los tratados con SAC/VAL
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Aims We evaluated the influence of sacubitril/valsartan on the effects of sodium-glucose cotransporter 2 (SGLT2) inhib-
ition with empagliflozin in patients with heart failure and a reduced ejection fraction.

...................................................................................................................................................................................................
Methods
and results

The EMPEROR-Reduced trial randomized 3730 patients with heart failure and an ejection fraction <_40% to pla-
cebo or empagliflozin (10 mg/day), in addition to recommended treatment for heart failure, for a median of
16 months. A total of 727 patients (19.5%) received sacubitril/valsartan at baseline. Analysis of the effect of neprily-
sin inhibition was 1 of 12 pre-specified subgroups. Patients receiving a neprilysin inhibitor were particularly well-
treated, as evidenced by lower systolic pressures, heart rates, N-terminal prohormone B-type natriuretic peptide,
and greater use of cardiac devices (all P < 0.001) when compared with those not receiving sacubitril/valsartan.
Nevertheless, when compared with placebo, empagliflozin reduced the risk of cardiovascular death or hospitaliza-
tion for heart failure in patients receiving or not receiving sacubitril/valsartan [hazard ratio 0.64 (95% CI 0.45–0.89),
P = 0.009 and hazard ratio 0.77 (95% CI 0.66–0.90), P = 0.0008, respectively, interaction P = 0.31]. Empagliflozin
slowed the rate of decline in estimated glomerular filtration rate by 1.92 ± 0.80 mL/min/1.73 m2/year in patients tak-
ing a neprilysin inhibitor (P = 0.016) and by 1.71 ± 0.35 mL/min/1.73 m2/year in patients not taking a neprilysin inhibi-
tor (P < 0.0001), interaction P = 0.81. Combined inhibition of SGLT2 and neprilysin was well-tolerated.

...................................................................................................................................................................................................
Conclusion The effects on empagliflozin to reduce the risk of heart failure and renal events are not diminished in intensively

treated patients who are receiving sacubitril/valsartan. Combined treatment with both SGLT2 and neprilysin inhibi-
tors can be expected to yield substantial additional benefits.
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Aims We evaluated the influence of sacubitril/valsartan on the effects of sodium-glucose cotransporter 2 (SGLT2) inhib-
ition with empagliflozin in patients with heart failure and a reduced ejection fraction.

...................................................................................................................................................................................................
Methods
and results

The EMPEROR-Reduced trial randomized 3730 patients with heart failure and an ejection fraction <_40% to pla-
cebo or empagliflozin (10 mg/day), in addition to recommended treatment for heart failure, for a median of
16 months. A total of 727 patients (19.5%) received sacubitril/valsartan at baseline. Analysis of the effect of neprily-
sin inhibition was 1 of 12 pre-specified subgroups. Patients receiving a neprilysin inhibitor were particularly well-
treated, as evidenced by lower systolic pressures, heart rates, N-terminal prohormone B-type natriuretic peptide,
and greater use of cardiac devices (all P < 0.001) when compared with those not receiving sacubitril/valsartan.
Nevertheless, when compared with placebo, empagliflozin reduced the risk of cardiovascular death or hospitaliza-
tion for heart failure in patients receiving or not receiving sacubitril/valsartan [hazard ratio 0.64 (95% CI 0.45–0.89),
P = 0.009 and hazard ratio 0.77 (95% CI 0.66–0.90), P = 0.0008, respectively, interaction P = 0.31]. Empagliflozin
slowed the rate of decline in estimated glomerular filtration rate by 1.92 ± 0.80 mL/min/1.73 m2/year in patients tak-
ing a neprilysin inhibitor (P = 0.016) and by 1.71 ± 0.35 mL/min/1.73 m2/year in patients not taking a neprilysin inhibi-
tor (P < 0.0001), interaction P = 0.81. Combined inhibition of SGLT2 and neprilysin was well-tolerated.
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Conclusion The effects on empagliflozin to reduce the risk of heart failure and renal events are not diminished in intensively

treated patients who are receiving sacubitril/valsartan. Combined treatment with both SGLT2 and neprilysin inhibi-
tors can be expected to yield substantial additional benefits.
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• Reducción del Riesgo de Mortalidad CV:
• Emagliflocina solo: 5%
• Empagliflocina junto a SAC/VALS: 27%
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► N= 84 No Diabéticos

► FEVi< 50%

► Pacientes estables con 
TMO los últimos 3 
meses.

► BB 88%/ARNI 
43%/IECAs ó ARA 42%.

► Seguidos 6 meses

► LVEDVI -25.1ml.

► LVESVI -25.6 ml

► FEVi +6%

► VO2 max +1.1 
ml/min/kg.

► 6MWalkTest +81m

► KCCQ +21



>s�&�чϰϬй
n=78

>s�&хϰϬй
Ŷсϴϰ

n=162
9 Stablished HF diagnosis
9 Prior LVEF (<1year)
9 NT-proBNP хϲϬϬƉŐͬŵů
9 KƉƚŝŵŝǌĞĚ therapy (>1 ŵŽŶƚŚ)
9 Stability (>1 ŵŽŶƚŚ)
9 No SGLT2i

LVEDV NT-proBNP

LAVI ŵĂǆ

-8.6%

-7.3%

-18.1%

�ĂƉĂŐůŝĨůŽǌŝŶ 10 mg/day

LVI ŵĂƐƐ

-13.1%

6 ŵŽŶƚŚƐ
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EMPULSE:Primary endpoint subgroup analysis (1 of 2)

Empagliflozin betterPlacebo better

Empagliflozin Placebo Win ratio 
(95% CI)

Interaction 
p-valuen with event/total N

All patients 265 265 1.36 (1.09, 1.68)
HF status 0.7590

De novo 88 87 1.29 (0.89, 1.89)
Decompensated chronic 177 178 1.39 (1.07, 1.81)

Baseline diabetes status 0.5683
Diabetic 124 116 1.47 (1.07, 2.02)
Non-diabetic 141 149 1.30 (0.97, 1.73)

Age 0.8889
<70 years 116 129 1.38 (1.01, 1.90)
≥70 years 149 136 1.43 (1.06, 1.92)

Sex 0.6923
Male 179 172 1.39 (1.06, 1.81)
Female 86 93 1.27 (0.88. 1.83)

Region 0.0602
Asia 31 25 0.66 (0.34, 1.30)
Europe 168 171 1.59 (1.20, 2.09)
North America 66 69 1.32 (0.87, 2.00)

CI, confidence interval; HF, heart failure.
Voors AA et al. AHA 2021; oral presentation XXXX [please update when available].

Significación estadística desde el día 15
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EMPULSE: Primary endpoint subgroup analysis (2 of 2)

Empagliflozin betterPlacebo better

0,25 0,5 1 2 4

Empagliflozin Placebo Win ratio 
(95% CI)

Interaction 
p-valuen with event/total N

All patients 265 265 1.36 (1.09, 1.68)
NT-proBNP at baseline, pg/mL 0.7904

<Median 125 130 1.36 (0.99, 1.85)
≥Median 130 126 1.44 (1.06, 1.96)

eGFR (CKD-EPI) at baseline, mL/min/1.73 m2 0.7562
<60 161 145 1.38 (1.04, 1.83)
≥60 88 106 1.48 (1.04, 2.13)

Atrial fibrillation/flutter at baseline 0.1129
No 123 133 1.68 (1.22, 2.32)
Yes 142 132 1.18 (0.88, 1.59)

Baseline LVEF, % 0.9008
≤40 182 172 1.35 (1.04, 1.75)
>40 76 92 1.39 (0.95, 2.03)

CI, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology 
Collaboration equation; eGFR, estimated glomerular filtration rate; HFpEF, heart 
failure with preserved ejection fraction; HFrEF, heart failure with reduced 
ejection fraction; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal 
prohormone of brain natriuretic peptide.
Voors AA et al. AHA 2021; oral presentation XXXX [please update when available].
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)LUVW�RI�DOO��LW�LV�LQWHUHVWLQJ�WR�QRWH�WKH�GLIIHUHQFHV�EH�
WZHHQ� WKH� SRSXODWLRQ� HQUROOHG� LQ� WKLV� WULDO� DQG� WKDW� RI�
WKH� UHFHQW� UHJLVWUDWLRQ� WULDOV� RI� VDFXELWULO�YDOVDUWDQ�
�3$5$',*0�+)���� GDSDJOLIR]LQ��'$3$�+)��� DQG�HPSDJOL�
IR]LQ��(03(525�5('8&('��� 7KH�FULWHULRQ�RI�HYLGHQFH�RI�
D�ZRUVHQLQJ�+)�HSLVRGH�DQG�WKH�KLJKHVW�QDWULXUHWLF�SHS�
WLGH� YDOXHV� LQ� WKH� 9,&725,$� WULDO� LQHYLWDEO\� VHOHFWHG� D�
SRSXODWLRQ� DW� KLJKHU� ULVN� RI� HYHQWV�� 7KH� PHGLDQ�
17SUR%13�YDOXHV� ������SJ�P/� LQ�9,&725,$�������SJ�P/�
LQ�3$5$',*0�+)�������SJ�P/�LQ�'$3$�+)��DQG�WKH�SURSRU�
WLRQ�RI�SDWLHQWV�LQ�1<+$�&ODVV�,,,�DQG�,9������LQ�9,&725,$��
����LQ�3$5$',*0�+)������LQ�'$3$�+)��MXVWLI\��DW�OHDVW�LQ�
SDUW��WKH�RFFXUUHQFH�RI�WKH�SULPDU\�RXWFRPH�LQ��������
\HDU� LQ� WKH� WUHDWHG� SRSXODWLRQ�� $� UDWH� ZKLFK� LV� PRUH�
WKDQ�GRXEOH�WKDQ�WKDW�REVHUYHG�LQ�WKH�FRPSDUDWLYH�WULDOV�
������ DQG� ����� LQ� WKH� DFWLYH� WUHDWPHQW� SRSXODWLRQ� LQ�
3$5$',*0�+)�DQG�'$3$�+)��UHVSHFWLYHO\����

.QRZOHGJH�RI�WKHVH�GDWD�LV�HVVHQWLDO�IRU�WKH�LQWHUSUHW�
DWLRQ� RI� WKH� WULDO� UHVXOWV�� 7KH� SULPDU\� RXWFRPH� ZDV�
DFKLHYHG�DIWHU�D�PHGLDQ�IROORZ�XS�RI������PRQWKV��D�VKRUW�
HU�REVHUYDWLRQ�SHULRG�WKDQ����PRQWKV�IRU�3$5$',*0�+)�DQG�
���PRQWKV� IRU�'$3$�+)��7KLV�RXWFRPH��ZKRVH� LQGLYLGXDO�
FRPSRQHQWV�GLG�QRW�UHDFK�VWDWLVWLFDO�VLJQLÀFDQFH��RFFXUUHG�
LQ�������RI�SDWLHQWV�RQ�WUHDWPHQW�YV��������LQ�WKH�SODFHER�
JURXS� >UHODWLYH� ULVN� �55��� ������ ���� FRQÀGHQFH� LQWHUYDO�
�&,�������²������3�= ����@��������RI�SDWLHQWV�RQ�WUHDWPHQW�
DQG�������RI�SDWLHQWV�LQ�WKH�SODFHER�DUP�GLHG�RI�FDUGLRYDV�
FXODU�FDXVHV��55������������&,�������WR��������������RI�SD�
WLHQWV�RQ�WUHDWPHQW�DQG�������LQ�WKH�SODFHER�JURXS�ZHUH�
KRVSLWDOL]HG�IRU�+)��55������������&,������²������
'HVSLWH�DFKLHYLQJ�VWDWLVWLFDO�VLJQLÀFDQFH��D�����UHGXF�

WLRQ�LQ�D�FRPSRVLWH�RXWFRPH�PD\�VHHP�LQVLJQLÀFDQW�LQ�DE�
VROXWH� WHUPV��� ,Q� SDUWLFXODU�� WKH� FRPSDULVRQ� ZLWK� WKH�

VXFFHVVHV�RQ�WKH�VDPH�RXWFRPH�REWDLQHG�E\�WKH�UHFHQW�
WULDOV�RQ�$51,�DQG�6*/7��L�JHQHUDWHV�D�PLVOHDGLQJ�SHUFHS�
WLRQ��7KH�����UHGXFWLRQ�LQ�3$5$',*0�+)������LQ�'$3$�+)��
DQG�����LQ�(03(525�5('8&('�UHIHU�WR�WKH�55��7R�HYDOXDWH�
WKH�UHDO�HIÀFDF\�RI�RQH�WUHDWPHQW�FRPSDUHG�ZLWK�DQRWKHU��
LW�LV�HVVHQWLDO�WR�FRQVLGHU�QRW�RQO\�WKH�55�EXW�DOVR�WKH�RYHU�
DOO�ULVN�RI�HYHQWV�LQ�WKH�VWXG\�SRSXODWLRQ�DQG�WKH�GXUDWLRQ�
RI�IROORZ�XS��7KH�DQQXDOL]HG�HYHQW�UDWH�SDUDPHWHU��WKH�
QXPEHU�RI�HYHQWV�SHU�����SDWLHQW�\HDUV�DW�ULVN��DOORZV�XV�
WR� FDOFXODWH� WKH� DEVROXWH� ULVN� UHGXFWLRQ�� H[SUHVVHG� LQ�
WHUPV�RI�HYHQWV�DYRLGHG�����SDWLHQW�\HDUV�
,Q�WKH�9,&725,$�WULDO��FKDUDFWHUL]HG�DV�ZH�KDYH�VHHQ�E\�

D�KLJK�HYHQW�UDWH�DQG�VKRUW�IROORZ�XS�GXUDWLRQ��WKH�����UH�
GXFWLRQ�LQ�WKH�SULPDU\�RXWFRPH�WUDQVODWHV�LQWR�DQ�DEVROXWH�
ULVN� UHGXFWLRQ� RI� ���� HYHQWV����� SDWLHQWV�\HDU�� ,Q� WKH�
3$5$',*0�+)�DQG�'$3$�+)�WULDOV� �ORZHU�HYHQW� UDWH�DQG�
ORQJHU�IROORZ�XS�GXUDWLRQ���WKH�VDPH�QXPEHU�LV�����DQG�
������UHVSHFWLYHO\�
,Q�WKH�OLJKW�RI�WKLV�HYLGHQFH��WKH�SRVLWLYH�UHVXOWV�RI�WKH�

9,&725,$�WULDO�DOORZHG�WKH�GUXJ�WR�EH�LQFOXGHG�LQ�WKH�(6&�
�����*/��ZLWK�D�&ODVV�,,�%�LQGLFDWLRQ�IRU�SDWLHQWV�ZLWK�UH�
FHQW�HSLVRGHV�RI�ZRUVHQLQJ�+)�GXULQJ�207��)LJXUH����
7KH�KLVWRU\�RI�WKLV�PROHFXOH�DQG�LWV�XVH�LQ�+)U()��KHDUW�

IDLOXUH�ZLWK�UHGXFHG�HMHFWLRQ�IUDFWLRQ��LV�VWLOO�LQ�LWV�HDUO\�
VWDJHV�� 7KH� GHFLVLRQ� WR� HQURO� D� KLJK�ULVN� SRSXODWLRQ� LQ�
WKH�ÀUVW�3KDVH�,,,�WULDO�ZDV�SUREDEO\�EDVHG�RQ�HFRQRPLF�
UHDVRQV��WKH�QHHG�IRU�D�VKRUW�IROORZ�XS���UDWKHU�WKDQ�D�OLP�
LWHG�HIÀFDF\�DVVXPSWLRQ�IRU�WKLV�VXEJURXS��3UHFOLQLFDO�GDWD�
DQG�WKH�PHFKDQLVP�RI�DFWLRQ�VXJJHVW�WKDW�LW�LV�SUHFLVHO\�
WKH�UHVLGXDO�ULVN�SRSXODWLRQ�WKDW�FRXOG�EHQHÀW�WKH�PRVW�
IURP�WKLV�WUHDWPHQW�
7KH�HYLGHQFH�DFFXPXODWHG�IURP�SUHFOLQLFDO�VWXGLHV�RQ�

GUXJV�WKDW�DFW�RQ�WKH�12�V*&�F*03�SDWKZD\� LQYROYHV�D�

)LJXUH�� *XLGHOLQHV�GLUHFWHG�WKHUDS\�IRU�SDWLHQWV�ZLWK�ZRUVHQLQJ�KHDUW�IDLOXUH�GXULQJ�RSWLPDO�PHGLFDO�WUHDWPHQW�
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WR�HYDOXDWH�WKH�HIÀFDF\�DQG�VDIHW\�RI�YHULFLJXDW�LQ�D�SRSXODWLRQ�ZLWK�+)�RQ�RSWLPL]HG�
WKHUDS\�DQG�ZLWK�QR�UHFHQW�HSLVRGHV�RI�VWDELOL]DWLRQ�

7KH� JXLGHOLQHV� �*/�� IRU� WKH� GLDJQRVLV� DQG� WUHDWPHQW� RI�
DFXWH� DQG� FKURQLF� KHDUW� IDLOXUH� �+)�� RI� WKH� (XURSHDQ�
6RFLHW\� RI� &DUGLRORJ\� �(6&�� RI� ����� GLIIHU� VLJQLÀFDQWO\�
IURP�WKH�SUHYLRXV�*/�RI������DQG������EHFDXVH�WKH\�DEDQ�
GRQ� WKH� VHTXHQWLDO� DSSURDFK� WR� WKH�RSWLPDO� SKDUPDFR�
ORJLFDO� WKHUDS\� �207�� LQLWLDWLRQ� IRU�SDWLHQWV�ZLWK�+)����

7KH�LQLWLDWLRQ�RI�WKHUDS\�DQG�VXEVHTXHQW�WLWUDWLRQ�WR�WDU�
JHW� GRVH� RI� DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH� LQKLELWRUV�
�$&(� LQKLELWRUV��$&(�L��RU�DQJLRWHQVLQ� UHFHSWRU�EORFNHUV�
DQG�EHWD�EORFNHUV�SUHYLRXVO\�SUHFHGHG�WKH� LQWURGXFWLRQ�
RI�DOGRVWHURQH�DQWDJRQLVWV��05$V���DQG�WKH�UHSODFHPHQW�
RI� $&(�L� ZLWK� DQJLRWHQVLQ� UHFHSWRU� QHSULO\VLQ� LQKLELWRUV�
ZDV� UHVHUYHG�IRU� WKH�SRUWLRQ�RI�SDWLHQWV�ZKR�ZHUH�VWLOO�
V\PSWRPDWLF�DQG�ZLWK�SHUVLVWHQW�OHIW�YHQWULFXODU�G\VIXQF�
WLRQ��GHVSLWH�IXOO�WLWUDWLRQ�RI�WKH�ÀUVW�WKUHH�GUXJ�FODVVHV�
7KLV�VHTXHQFH��EDVHG�RQ�WKH�KLVWRULFDO�VHULHV�RI�UDQGR�

PL]HG� FOLQLFDO� WULDOV� UDWKHU� WKDQ� RQ� VROLG� VFLHQWLÀF� HYL�
GHQFH��KDV�EHHQ�FKDOOHQJHG�DQG�RYHUFRPH�E\� WKH������
*/��7KH�ÁRZFKDUW�LQ�ZKLFK�WLWUDWLRQ�WR�WDUJHW�GRVH�ZDV�IRO�
ORZHG� E\� FOLQLFDO� DQG� LQVWUXPHQWDO� UHDVVHVVPHQW� DQG�
PRGLÀFDWLRQ�RI�WKHUDS\�PDNHV�ZD\�IRU�D�PRUH�VREHU�VWDWH�
PHQW�RI�&ODVV�,�$�HYLGHQFH��)RXU�GUXJ�FODVVHV��FRQVLVWLQJ�RI�
WKH�IRXU�IXQGDPHQWDO�SLOODUV�RI�+)��DUH�WKHUHIRUH�SURSRVHG�

WR�EH�LQLWLDWHG�DQG�WLWUDWHG�VLPXOWDQHRXVO\�LQ�DOO�SDWLHQWV�
ZLWK�HMHFWLRQ�IUDFWLRQ��()��<�����1R�ORQJHU�D�KLHUDUFK\�EH�
WZHHQ�PROHFXOHV��RU�DQ�REOLJDWH�VHTXHQFH�RI�VWHSV��EXW�DQ�
DGGLWLRQDO�GUXJ�FODVV��VRGLXP²JOXFRVH�FRWUDQVSRUWHU���LQKL�
ELWRUV³6*/7���LQKLELWRUV���DQG�DPSOH�VSDFH�IRU�WKH�LQLWLD�
WLYH�RI�FOLQLFLDQV�DQG�UHVHDUFKHUV��LQ�RUGHU�WR�VKDSH�DQG�
RSWLPL]H� D� QHZ� WUHDWPHQW� SDUDGLJP� IRU� WKLV� FRPSOH[�
V\QGURPH�
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DQG
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LQ�SDWLHQWV�ZLWK�SHUVLVWHQWO\�UHGXFHG�()�GHVSLWH�207�
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67521*�+)� �6DIHW\�� WROHUDELOLW\� DQG� HIÀFDF\� RI� XS��
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FE: fracción de eyección; TFGe: tasa de filtrado glomerular estimada; IC: insuficiencia cardiaca; DAI: desfibrilador automático implantable; IV: 
intravenoso; NT-proBNP: péptido natriurético de tipo N-terminal pro-B; NYHA: New York Heart Association; DE: desviación estándar.
Referencias bibliográficas: Armstrong PW et al. N Engl J Med 2020;382:1883–1893.
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Características basales VICTORIA (N = 5050)

Edad, años, media ± DE 67,3 ± 12,2

Sexo, mujer, n (%) 1.208 (23,9)

Raza, n (%)

Caucásicos 3239 (64,1)

Asiáticos 1132 (22,4)

Afroamericanos 249 (4,9)

Otros 430 (8,5)

Región geográfica, n (%)

Europa Oriental 1694 (33,5)

Europa Occidental 889 (17,6)

Asía-Pacífico 1183 (23,4)

América Latina 724 (14,3)

Norteamérica 560 (11,1)

Evento índice, n (%)

Hospitalización por IC en los 3 meses previos 3378 (66,9)

Hospitalización por IC entre los 3 y 6 meses 
previos

871 (17,2)

Diurético IV por IC (sin hospitalización) 
en los 3 meses previos

801 (15,9)

Características basales VICTORIA (N = 5050)

FE en la selección, %, media ± DE 28,9 ± 8,3

Clase de la NYHA al inicio, n (%)

n 5046

II 2975 (59,0)

III 2003 (39,7)

IV 66 (1,3)

Categoría de TFGe en la aleatorización, ml/min/1,73 m2, n (%)

n 4959

≤30 506 (10,2)

>30 a ≤60 2118 (42,7)

>60 2335 (47,1)

NT-proBNP en la aleatorización, pg/ml

n 4805

Mediana (percentil 25-75) 2816,0 (1556,0-5314,0)

Triple terapia, n/N (%) 3009/5040 (59,7 %)

DAI, n/N (%) 1399/5040 (27,8 %)

Marcapasos biventricular, n/N (%) 739/5040 (14,7 %)

Las características iniciales reflejan la población de 
pacientes de alto riesgo incluidos en VICTORIA



* Cálculos: NNT anual = 100/4,2 = 24.
RAR: reducción absoluta del riesgo; IC: intervalo de confianza; CV: cardiovascular; IC: 
insuficiencia cardíaca; HR: cociente de riesgos instantáneos; NNT: número de 
pacientes necesario a tratar durante 1 año para evitar un evento; pac/año: 
pacientes/año.
Referencias bibliográficas: Armstrong PW et al. N Engl J Med 2020;382:1883–1893.
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• Tiempo transcurrido hasta la primera hospitalización por IC o muerte por causas CV

Vericiguat redujo significativamente los episodios del criterio principal de 
valoración compuesto de primera hospitalización por IC o muerte por causas 

CV

Número de pacientes en riesgo 

Vericiguat 2526 2099 1621 1154 826 577 348 125 1

Placebo 2524 2053 1555 1097 772 559 324 110 0

Meses desde la aleatorización

Ta
sa

 d
e 

in
ci

de
nc

ia
 a

cu
m

ul
ad

a

12840 16 20 24 28 32

0,55
0,50
0,45
0,40
0,35
0,30
0,25
0,20
0,15

0,10
0,05
0

Placebo
Vericiguat

Mediana de la duración del 
tratamiento para el criterio principal 
de valoración: 10,8 meses
Tasa anual de episodios por 
100 pac/año:

Vericiguat 33,6

Placebo 37,8

HR=0,90 (IC del 95 % 0,82-0,98); 
p=0,02

RAR 4,2 episodios/100 pac/año
NNT anual = 24*



Intervalo del efecto del tratamiento con vericiguat en comparación con el placebo para 
el criterio principal de valoración compuesto por el NT-proBNP en la aleatorización, 
ajustado por la puntuación de riesgo MAGGIC.
IC: intervalo de confianza; HR: cociente de riesgos instantáneos; MAGGIC: Meta-
Analysis Global Group in Chronic Heart Failure; NT-proBNP: péptido natriurético de 
tipo N-terminal pro-B. 
Referencias bibliográficas: 1. Ezekowitz JA et al. JACC Heart Fail 2020;8:931–939; 
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• Efecto del tratamiento con vericiguat sobre el criterio principal de valoración por el NT-proBNP en la aleatorización1

El beneficio de vericiguat se conservó en pacientes con niveles de NT-
proBNP de hasta 8000 pg/ml1,2

NT-proBNP en la aleatorización (pg/ml)
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El efecto positivo del tratamiento 
con vericiguat en comparación 
con el placebo en el criterio 
principal de valoración fue:

• Evidente para pacientes con NT-
proBNP ≤8000 pg/ml (86 % de la 
población de VICTORIA)1

• Amplificado aún más en 
pacientes con NT-proBNP 
≤4000 pg/ml (65 % de la 
población de VICTORIA)1



ACTUALIZACIÓN EN EL TRATAMIENTO DE LA 
ICFEp
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Sachdev et al Supervised Exercise Training for Chronic HFpEF

CLINICAL STATEM
ENTS 

AND GUIDELINES

Many studies have demonstrated improvements in physi-
cal function with exercise training in patients with HFpEF 
and have shown favorable cardiac adaptations (increased 
maximal cardiac output), peripheral vascular changes, and 
skeletal muscle adaptations (increased oxidative muscle 
fibers, reduced muscle wasting).6,61,64–66 Compared with 
most drugs that have failed to show benefits, exercise 
training has shown consistent improvements in exercise 
capacity in patients with HFpEF.

CRITICAL ANALYSIS OF DATA FROM 
AEROBIC EXERCISE TRAINING TRIALS IN 
CHRONIC HFpEF
Because earlier randomized controlled trials (RCTs) 
of SET in HF were not blinded for assessment of out-
come measures,41 this scientific statement focuses on 
single-blinded HFpEF trials from 2010 onward (Table 1 
and Supplemental Table 1).67–77 Trials included in this 
analysis were identified from a 2019 Cochrane review 
of exercise-based cardiac rehabilitation (CR) for adults 
with HF78 and related reviews and meta-analyses from 
PubMed.79–83 Studies were required to have aerobic ex-
ercise capacity parameters as outcomes, and those that 
enrolled both patients with HFpEF and patients with 
HFrEF were excluded if results for HFpEF were not 
presented separately. Two exercise training studies were 
excluded because of a lack of randomization, and 5 stud-
ies of other exercise forms (classes, functional electrical 
stimulation, tai chi, resistance training only) were exclud-
ed (Supplemental Figure 2).

Of the 11 RCTs included in this review (Table 1), 8 
had data available to calculate the effect of SET on the 
baseline–to–follow-up change in peak V̇o2. Two of the 
studies did not have a control group,76,77 and 1 study did 
not have a peak V ̇o2 measurement.75 With regard to the 
evolving definition of HFpEF and its classification, 6 of 8 
trials included in the meta-analysis used the current EF 
classification of HFpEF. One study used an EF of 40% 
and 1 used 45%; both of these studies included patients 
with HF with mildly reduced EF and patients with HFpEF 
based on current definitions.

Demographics of the Patient Population and 
Potential Limitations
There was substantial variation in the baseline charac-
teristics of patients with chronic HFpEF who underwent 
aerobic exercise interventions. Some studies excluded 
patients with atrial fibrillation, chronic obstructive pulmo-
nary disease, and coronary artery disease, despite the 
fact that these comorbidities are common in individu-
als with HFpEF. Moreover, individuals with demographic 
characteristics prevalent in population studies of HFpEF 
were often underrepresented, including older adults, 
women, individuals of lower socioeconomic status, and 
underrepresented racial and ethnic groups. Similar to 
SET studies in HFrEF, patients were clinically stable with 
no recent acute hospitalization. Accordingly, these exclu-
sions limit somewhat the generalizability of the results 
and preclude extrapolation to patients with more severe 
disease, particularly those with recent hospitalization who 
have much more severe and broader deficits in physical 

Figure 1. Pleiotropic effects of SET in chronic HFpEF. 
A-V̇o2Diff indicates arteriovenous O2 difference; HFpEF, heart failure with preserved ejection fraction; KCCQ, Kansas City Cardiomyopathy 
Questionnaire; LV, left ventricular; MLHF, Minnesota Living With Heart Failure Questionnaire; and SET, supervised exercise training.
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AHA/ACC SCIENTIFIC STATEMENT

Supervised Exercise Training for Chronic Heart 
Failure With Preserved Ejection Fraction:  
A Scientific Statement From the American Heart 
Association and American College of Cardiology
This statement is endorsed by the Heart Failure Society of America, the American Association of Cardiovascular and  
Pulmonary Rehabilitation, and the American Association of Heart Failure Nurses.

Vandana Sachdev, MD, Chair*†; Kavita Sharma, MD, Vice Chair; Steven J. Keteyian, PhD; Charina F. Alcain, DNP, ACNP-BC; 
Patrice Desvigne-Nickens, MD†; Jerome L. Fleg, MD, FAHA†; Viorel G. Florea, MD, PhD; Barry A. Franklin, PhD, FAHA;  
Maya Guglin, MD, PhD; Martin Halle, MD; Eric S. Leifer, PhD†; Gurusher Panjrath, MD, FAHA; Emily A. Tinsley, PhD†;  
Renee P. Wong, PhD†; Dalane W. Kitzman, MD, FAHA*; on behalf of the American Heart Association Heart Failure and 
Transplantation Committee of the Council on Clinical Cardiology; Council on Arteriosclerosis, Thrombosis and Vascular Biology; 
and American College of Cardiology

ABSTRACT: Heart failure with preserved ejection fraction (HFpEF) is one of the most common forms of heart failure; its 
prevalence is increasing, and outcomes are worsening. Affected patients often experience severe exertional dyspnea 
and debilitating fatigue, as well as poor quality of life, frequent hospitalizations, and a high mortality rate. Until recently, 
most pharmacological intervention trials for HFpEF yielded neutral primary outcomes. In contrast, trials of exercise-based 
interventions have consistently demonstrated large, significant, clinically meaningful improvements in symptoms, objectively 
determined exercise capacity, and usually quality of life. This success may be attributed, at least in part, to the pleiotropic 
effects of exercise, which may favorably affect the full range of abnormalities—peripheral vascular, skeletal muscle, and 
cardiovascular—that contribute to exercise intolerance in HFpEF. Accordingly, this scientific statement critically examines the 
currently available literature on the effects of exercise-based therapies for chronic stable HFpEF, potential mechanisms for 
improvement of exercise capacity and symptoms, and how these data compare with exercise therapy for other cardiovascular 
conditions. Specifically, data reviewed herein demonstrate a comparable or larger magnitude of improvement in exercise 
capacity from supervised exercise training in patients with chronic HFpEF compared with those with heart failure with reduced 
ejection fraction, although Medicare reimbursement is available only for the latter group. Finally, critical gaps in implementation 
of exercise-based therapies for patients with HFpEF, including exercise setting, training modalities, combinations with other 
strategies such as diet and medications, long-term adherence, incorporation of innovative and more accessible delivery 
methods, and management of recently hospitalized patients are highlighted to provide guidance for future research. 

Key Words: AHA Scientific Statements ◼ aged ◼ cardiac rehabilitation ◼ exercise therapy ◼ exercise tolerance ◼ heart failure

There have been several exercise-based therapeutic 
trials in patients with chronic heart failure (HF) with 
preserved ejection fraction (HFpEF). In contrast to 

the pharmacological trials, most of them reported positive 

primary outcomes with relatively large, clinically meaningful 
effect sizes. Whereas pharmacological studies focused on 
clinical outcomes, the smaller exercise-based trials focused 
primarily on aerobic exercise capacity and  quality of life, and 
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• El EF en IC-FEp, mejora la 
capacidad de ejercicio 
(consumo de O2, Tiempo 
total de ejercicio ), la 
función de los musculos y 
mitocondrias así como la 
calidad de vida.
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Ensayos clínicos en ICFE preservada hasta 2019



RECORRIDO HISTÓRICO: IECA/ARA II



RECORRIDO HISTÓRICO: BB

European Heart Journal (2018) 39, 26–35

Solo un 15% de FEVI preservada



RECORRIDO HISTÓRICO: BB

CON Insuficiencia cronotropa en ergometría



RECORRIDO HISTÓRICO: ARM

La espironolactona, como objetivo secundario, 
un 17% las hospitalizaciones por IC



RECORRIDO HISTÓRICO: ARNi

ARNI como objetivo secundario       la hospitalización por IC y la mortalidad CV en varón 
hasta 57% FEVi y en mujeres, también en FG<60 ml/min y tratados con ARM.



Evolución del tratamiento de la IC con FEVIp

AHA 

2022ESC 

2021ESC 

2016

McDonagh T et al. Eur Heart Journal 2021Ponikowski P et al. Eur  Heart Journal 2016

Diuréticos Diuréticos iSGLT2



HASTA MEDIADOS DE 2021 ESTÁBAMOS… EN LA EDAD DE HIELO DE 
LA IC-FEp

Diapositiva creada por el autor
La indicación para el tratamiento de la insuficiencia cardíaca crónica sintomática está pendiente de resolución de financiación y precio en el ámbito del Sistema Nacional de Salud.



EL 6 de JULIO del 2021 VIMOS LA LUZ AL FINAL DEL TÚNEL DE LA IC-FEp

Diapositiva creada por el autor

La indicación para el tratamiento de la insuficiencia cardíaca crónica sintomática está pendiente de resolución de financiación y precio en el ámbito del Sistema Nacional de Salud.

emperor-preserved-heart-failure-full-data | Boehringer Ingelheim (boehringer-ingelheim.com)

6 DE JULIO DEL 20216 DE JULIO DEL 2021

Breakthrough 
results for 
Jardiance®
(empagliflozin) 
confirm EMPEROR-
Preserved as first 
and only successful 
trial for heart failure 
with preserved 
ejection fraction

6 DE JULIO DEL 2021

https://www.boehringer-ingelheim.com/press-release/emperor-preserved-heart-failure-full-data
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Empagliflozin demonstrated a clinically meaningful 21% RRR 
in the composite primary endpoint of CV death or HHF
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HR: 0.79
(95% CI: 0.69, 0.90)

p<0.001

Empagliflozin: 
415 (13.8%) patients with event
Rate: 6.9/100 patient-years
Placebo: 
511 (17.1%) patients with event
Rate: 8.7/100 patient-years

NNT*=31RRR
21%

ARR
3.3%

Placebo

Empagliflozin

*During a median trial period of 26 months. ARR, absolute risk reduction; CI, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; HR, hazard ratio; 
NNT, number needed to treat; RRR, relative risk reduction. Anker S et al. N Engl J Med. 2021;XX:XXX.

Significación 
estadística desde el 

día 18
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EMPEROR-Preserved: Primary endpoint: Subgroup analysis 

CI, confidence interval; HR, hazard ratio.
Anker S et al. N Engl J Med. 2021;XX:XXX.

Empagliflozin Placebo

n with event/N analysed HR (95% CI)
Overall 415/2997 511/2991 0.79 (0.69, 0.90)
Age, years

<70 134/1066 152/1084 0.88 (0.70, 1.11)
≥70 281/1931 359/1907 0.75 (0.64, 0.87)

Sex
Male 253/1659 297/1653 0.81 (0.69, 0.96)
Female 162/1338 214/1338 0.75 (0.61, 0.92)

Race
White 310/2286 370/2256 0.81 (0.69, 0.94)
Black 24/133 28/125 0.73 (0.42, 1.25)
Asian 54/413 77/411 0.65 (0.46, 0.92)
Other 27/164 36/198 0.95 (0.58, 1.57)

Region
North America 64/360 83/359 0.72 (0.52, 1.00)
Latin America 105/758 120/757 0.87 (0.67, 1.13)
Europe 165/1346 202/1343 0.80 (0.65, 0.98)
Asia 45/343 69/343 0.59 (0.41, 0.86)
Other 36/190 37/189 1.02 (0.64, 1.61)

Placebo betterEmpagliflozin better

0,25 0,5 1 2



62
See slide notes for abbreviations. Anker S et al. N Engl J Med. 2021;XX:XXX.

Empagliflozin Placebo

n with event/N analysed HR (95% CI)
Overall 415/2997 511/2991 0.79 (0.69, 0.90)
Baseline LVEF

<50% 145/995 193/988 0.71 (0.57, 0.88)

≥50% to <60% 138/1028 173/1030 0.80 (0.64, 0.99)

≥60% 132/974 145/973 0.87 (0.69, 1.10)
Baseline diabetes status

Diabetes 239/1466 291/1472 0.79 (0.67, 0.94)

No diabetes 176/1531 220/1519 0.78 (0.64, 0.95)
Baseline eGFR (CKD-EPI)

≥60 mL/min/1.73 m² 152/1493 189/1505 0.81 (0.65, 1.00)
<60 mL/min/1.73 m² 263/1504 321/1484 0.78 (0.66, 0.91)

Baseline NYHA class
II 275/2435 361/2452 0.75 (0.64, 0.87)
III/IV 140/562 150/539 0.86 (0.68, 1.09)

HF hospitalization in ≤12 months
No 258/2298 319/2321 0.81 (0.68, 0.95)
Yes 157/699 192/670 0.73 (0.59, 0.90)

Cause of HF
Ischaemic 157/1079 177/1038 0.85 (0.69, 1.06)
Non-ischaemic 258/1917 334/1953 0.75 (0.64, 0.89)

0,25 0,5 1 2
Placebo betterEmpagliflozin better

EMPEROR-Preserved: Primary endpoint: Subgroup analysis 
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Figure 1. Systolic blood pressure change from baseline over time

BL, baseline; SBP, systolic blood pressure.

Figure 3. Effect of empagliflozin on primary and secondary outcomes 
by baseline systolic blood pressure  
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CI, confidence interval; CV, cardiovascular; HHF, hospitalisation for heart failure; HR, hazard ratio.

• In EMPEROR-Preserved, empagliflozin reduced SBP slightly 
compared with placebo and was effective and safe in 
patients with preserved ejection fraction without meaningful 
interaction by SBP at baseline. 

CONCLUSIONS

• Hypertension is the most common comorbidity and 
aetiological trigger of heart failure (HF) with preserved ejection 
fraction (HFpEF) as pressure overload produces left ventricular 
hypertrophy, diastolic dysfunction, abnormal arterial-ventricular 
coupling and other complications such as kidney failure.1–3

• Registry data show an increase of HF outcomes and death for 
patients with lower systolic blood pressure (SBP) <110 mmHg,
which was more pronounced than the risk observed for patients 
with SBP at >140 to 150 mmHg without differences between HF 
with reduced ejection fraction (HFrEF) and HFpEF.4

• In the EMPEROR-Preserved trial (NCT03057951), empagliflozin 
10 mg given once daily in addition to standard of care therapy 
reduced the risk of the primary endpoint (time-to-first-event 
of cardiovascular [CV] death or hospitalisation for HF [HHF]) in 
patients with HFpEF, regardless of the presence or absence 
of diabetes.5

Table 1. Baseline characteristics by systolic blood pressure groups

Characteristics

Systolic blood pressure
p-value 
for trend

<110 mmHg
N=455 

110 to 130 mmHg
N=2415

>130 mmHg
N=3118

Sex, n (%)
   Male 244 (53.6) 1367 (56.6) 1701 (54.6)

0.3593
   Female 211 (46.4) 1048 (43.4) 1417 (45.4)
Race, n (%)

White 309 (67.9) 1846 (76.4) 2387 (76.6)

0.0063
Black/African-American 21 (4.6) 93 (3.9) 144 (4.6)
Asian 96 (21.1) 332 (13.7) 396 (12.7)
Other including mixed race 29 (6.4) 143 (5.9) 190 (6.1)
Missing 0 1 (<0.1) 1 (<0.1)

Region, n (%)
North America 82 (18.0) 291 (12.0) 346 (11.1)

<0.0001
Latin America 128 (28.1) 659 (27.3) 728 (23.3)
Europe 126 (27.7) 1039 (43.0) 1524 (48.9)
Asia 88 (19.3) 268 (11.1) 330 (10.6)
Other 31 (6.8) 158 (6.5) 190 (6.1)

LVEF, % (SD) 54.1 (9.0) 53.8 (8.8) 54.8 (8.7) <0.0001
Baseline NT-proBNP, pg/ml, median (Q1;Q3) 1104 (557;2092) 1018 (511;1827) 913 (482;1630) <0.0001*
Baseline BP, mmHg, n (%)

SBP <140 and DBP <90 455 (100.0) 2346 (97.1) 1025 (32.9)
NA

6%3������RU�'%3���� 0 69 (2.9) 2093 (67.1)
Baseline heart rate, bpm (SD) 71.7 (12.6) 70.7 (12.2) 69.9 (11.5) 0.0008
Baseline weight, kg (SD) 77.79 (18.79) 80.94 (19.05) 83.09 (19.67) <0.0001
Baseline BMI, kg/m2 (SD) 28.78 (5.82) 29.39 (5.64) 30.34 (6.00) <0.0001
Baseline eGFR according to CKD-EPI, 
ml/min/1.73 m2 (SD) 60.0 (21.6) 60.3 (19.8) 61.0 (19.6) 0.1689

Baseline eGFR according to CKD-EPI, 
ml/min/1.73 m2, n (%)

��� 225 (49.5) 1180 (48.9) 1593 (51.1)
0.1264<60 230 (50.5) 1233 (51.1) 1525 (48.9)

Missing 0 2 (0.1) 0
Baseline UACR, mg/g, n (%)

Normal, <30 300 (65.9) 1529 (63.3) 1645 (52.8)

<0.0001
0LFURDOEXPLQXULD�����WR����� 136 (29.9) 713 (29.5) 1011 (32.4)
Macroalbuminuria, >300 18 (4.0) 160 (6.6) 451 (14.5)
Missing 1 (0.2) 13 (0.5) 11 (0.4)

Baseline haemoglobin, g/dl (SD) 13.24 (1.61) 13.25 (1.55) 13.31 (1.58) 0.8723
History of atrial fibrillation or atrial flutter,† n (%)

No 185 (40.7) 1096 (45.4) 1563 (50.1)
<0.0001Yes 270 (59.3) 1314 (54.4) 1551 (49.7)

Missing 0 5 (0.2) 4 (0.1)
Baseline HS troponin T, ng/l (SD) 25.24 (34.87) 23.46 (23.90) 23.70 (33.28) 0.8831*
History of HHF (in the past 12 months),‡ n (%) 124 (27.3) 569 (23.6) 676 (21.7) 0.0090
Cause of HF, n (%)

Ischaemic 142 (31.2) 852 (35.3) 1123 (36.0)
0.1416Non-ischaemic 313 (68.8) 1562 (64.7) 1995 (64.0)

Missing 0 1 (<0.1) 0
Diabetes at baseline, n (%)

Diabetic 194 (42.6) 1116 (46.2) 1628 (52.2)
<0.0001

Non-diabetic 261 (57.4) 1299 (53.8) 1490 (47.8)
NYHA class at baseline, n (%)

   I/II 346 (76.0) 2002 (82.9) 2539 (81.4)
0.5007   III 107 (23.5) 404 (16.7) 572 (18.3)

   IV 2 (0.4) 9 (0.4) 7 (0.2)
*Based on log-transformed results.
†Defined as atrial fibrillation or atrial flutter reported in any ECG before treatment intake or history of atrial fibrillation or atrial flutter reported as medical history.
‡Reported either on HF history and diagnosis or Health Care Resource Utilization form.
BMI, body mass index; BP, blood pressure; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DBP, diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated 
glomerular filtration rate; HF, heart failure; HHF, hospitalisation for heart failure; HS, high sensitive; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; 
NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard deviation; UACR, urine albumin-to-creatinine ratio.

Table 2. Adverse events
Systolic blood pressure

Adverse events 

<110 mmHg 110 to 130 mmHg >130 mmHg
Placebo
N=227

Empagliflozin
N=228

Placebo
N=1202

Empagliflozin
N=1213

Placebo
N=1560

Empagliflozin
N=1555

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

Any AEs 201
(88.5) 194.75 211 

(92.5) 239.82 1031 
(85.8) 142.47 1047 

(86.3) 133.24 1353 
(86.7) 147.92 1316 

(84.6) 128.21

AEs leading 
to drug 
discontinuation

51 
(22.5) 12.31 39 

(17.1) 9.49 187 
(15.6) 8.20 233 

(19.2) 10.29 313 
(20.1) 10.83 299 

(19.2) 10.20

AEs of special interest
Acute renal 
failure

31 
(13.7) 7.93 27 

(11.8) 7.11 155 
(12.9) 7.21 146 

(12.0) 6.84 198 
(12.7) 7.21 190 

(12.2) 6.86

Volume 
depletion

34 
(15.0) 8.77 43 

(18.9) 11.77 127 
(10.6) 5.91 154 

(12.7) 7.35 125 
(8.0) 4.50 159 

(10.2) 5.70

Hypotension 31 
(13.7) 7.97 37 

(16.2) 9.96 113 
(9.4) 5.22 136 

(11.2) 6.43 113 
(7.2) 4.04 138 

(8.9) 4.92

Symptomatic 
hypotension

19 
(8.4) 4.78 26 

(11.4) 6.81 67 
(5.6) 3.03 85 

(7.0) 3.89 70 
(4.5) 2.46 86 

(5.5) 3.01

AE, adverse event; IR, incidence rate; py, patient years.

Figure 2. Primary outcome across systolic blood pressure

HR, hazard ratio; py, patient years.

Figure 4. Effect of empagliflozin on the slope of change in estimated glomerular filtration rate 
(adjusted mean difference, ml/mean/1.73 m2/year) 

CI, confidence interval; eGFR, estimated glomerular filtration rate; CV, cardiovascular; HHF, hospitalisation for heart failure; HR, hazard ratio.

INTRODUCTION

OBJECTIVE

• To evaluate the association of SBP and the treatment effects of empagliflozin in the 
EMPEROR-Preserved trial. 

METHODS

• In the EMPEROR-Preserved trial, 5988 patients with left ventricular ejection fraction (LVEF) 
>40% were randomised to receive empagliflozin 10 mg once daily or placebo plus standard 
of care.

• We grouped randomised patients (N=5988) according to SBP at baseline (<110 mmHg, 
n=455; 110 to 130 mmHg, n=2415; >130 mmHg, n=3118). We studied the effect of 
empagliflozin on blood pressure, CV death or HHF (primary outcome), first HHF, total 
(first and recurrent) HHF, and rate of decline in estimated glomerular filtration rate (eGFR).

RESULTS

• Modest interactions of SBP with race and region were observed. Those with lower SBP had a 
greater severity of HF, as evidenced by higher NT-proBNP plasma concentrations, heart rate, 
likelihood of having experienced an HHF in the past 12 months, prevalence of diabetes, lower 
eGFR and a higher prevalence of albuminuria (Table 1).

• Over a median of 26.2 months, the placebo-corrected decline in SBP was small and not 
significantly different across baseline SBP (Figure 1).

• Baseline SBP did not influence the effect of empagliflozin on risk of HF events (primary endpoint 
interaction trend p=0.42, first occurrence of HHF p=0.80, recurrent HHF p=0.35) (Figures 2 and 3).

• Empagliflozin reduced the slope of eGFR compared with placebo without significant interaction 
between the 3 baseline SBP groups (p for trend 0.71) (Figure 4).

• When comparing empagliflozin with placebo, SBP did not meaningfully associate with adverse 
events such as hypotension, volume depletion and acute renal failure (Table 2).
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Figure 1. Systolic blood pressure change from baseline over time

BL, baseline; SBP, systolic blood pressure.

Figure 3. Effect of empagliflozin on primary and secondary outcomes 
by baseline systolic blood pressure  
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• In EMPEROR-Preserved, empagliflozin reduced SBP slightly 
compared with placebo and was effective and safe in 
patients with preserved ejection fraction without meaningful 
interaction by SBP at baseline. 

CONCLUSIONS

• Hypertension is the most common comorbidity and 
aetiological trigger of heart failure (HF) with preserved ejection 
fraction (HFpEF) as pressure overload produces left ventricular 
hypertrophy, diastolic dysfunction, abnormal arterial-ventricular 
coupling and other complications such as kidney failure.1–3

• Registry data show an increase of HF outcomes and death for 
patients with lower systolic blood pressure (SBP) <110 mmHg,
which was more pronounced than the risk observed for patients 
with SBP at >140 to 150 mmHg without differences between HF 
with reduced ejection fraction (HFrEF) and HFpEF.4

• In the EMPEROR-Preserved trial (NCT03057951), empagliflozin 
10 mg given once daily in addition to standard of care therapy 
reduced the risk of the primary endpoint (time-to-first-event 
of cardiovascular [CV] death or hospitalisation for HF [HHF]) in 
patients with HFpEF, regardless of the presence or absence 
of diabetes.5

Table 1. Baseline characteristics by systolic blood pressure groups

Characteristics

Systolic blood pressure
p-value 
for trend

<110 mmHg
N=455 

110 to 130 mmHg
N=2415

>130 mmHg
N=3118

Sex, n (%)
   Male 244 (53.6) 1367 (56.6) 1701 (54.6)

0.3593
   Female 211 (46.4) 1048 (43.4) 1417 (45.4)
Race, n (%)

White 309 (67.9) 1846 (76.4) 2387 (76.6)

0.0063
Black/African-American 21 (4.6) 93 (3.9) 144 (4.6)
Asian 96 (21.1) 332 (13.7) 396 (12.7)
Other including mixed race 29 (6.4) 143 (5.9) 190 (6.1)
Missing 0 1 (<0.1) 1 (<0.1)

Region, n (%)
North America 82 (18.0) 291 (12.0) 346 (11.1)

<0.0001
Latin America 128 (28.1) 659 (27.3) 728 (23.3)
Europe 126 (27.7) 1039 (43.0) 1524 (48.9)
Asia 88 (19.3) 268 (11.1) 330 (10.6)
Other 31 (6.8) 158 (6.5) 190 (6.1)

LVEF, % (SD) 54.1 (9.0) 53.8 (8.8) 54.8 (8.7) <0.0001
Baseline NT-proBNP, pg/ml, median (Q1;Q3) 1104 (557;2092) 1018 (511;1827) 913 (482;1630) <0.0001*
Baseline BP, mmHg, n (%)

SBP <140 and DBP <90 455 (100.0) 2346 (97.1) 1025 (32.9)
NA

6%3������RU�'%3���� 0 69 (2.9) 2093 (67.1)
Baseline heart rate, bpm (SD) 71.7 (12.6) 70.7 (12.2) 69.9 (11.5) 0.0008
Baseline weight, kg (SD) 77.79 (18.79) 80.94 (19.05) 83.09 (19.67) <0.0001
Baseline BMI, kg/m2 (SD) 28.78 (5.82) 29.39 (5.64) 30.34 (6.00) <0.0001
Baseline eGFR according to CKD-EPI, 
ml/min/1.73 m2 (SD) 60.0 (21.6) 60.3 (19.8) 61.0 (19.6) 0.1689

Baseline eGFR according to CKD-EPI, 
ml/min/1.73 m2, n (%)

��� 225 (49.5) 1180 (48.9) 1593 (51.1)
0.1264<60 230 (50.5) 1233 (51.1) 1525 (48.9)

Missing 0 2 (0.1) 0
Baseline UACR, mg/g, n (%)

Normal, <30 300 (65.9) 1529 (63.3) 1645 (52.8)

<0.0001
0LFURDOEXPLQXULD�����WR����� 136 (29.9) 713 (29.5) 1011 (32.4)
Macroalbuminuria, >300 18 (4.0) 160 (6.6) 451 (14.5)
Missing 1 (0.2) 13 (0.5) 11 (0.4)

Baseline haemoglobin, g/dl (SD) 13.24 (1.61) 13.25 (1.55) 13.31 (1.58) 0.8723
History of atrial fibrillation or atrial flutter,† n (%)

No 185 (40.7) 1096 (45.4) 1563 (50.1)
<0.0001Yes 270 (59.3) 1314 (54.4) 1551 (49.7)

Missing 0 5 (0.2) 4 (0.1)
Baseline HS troponin T, ng/l (SD) 25.24 (34.87) 23.46 (23.90) 23.70 (33.28) 0.8831*
History of HHF (in the past 12 months),‡ n (%) 124 (27.3) 569 (23.6) 676 (21.7) 0.0090
Cause of HF, n (%)

Ischaemic 142 (31.2) 852 (35.3) 1123 (36.0)
0.1416Non-ischaemic 313 (68.8) 1562 (64.7) 1995 (64.0)

Missing 0 1 (<0.1) 0
Diabetes at baseline, n (%)

Diabetic 194 (42.6) 1116 (46.2) 1628 (52.2)
<0.0001

Non-diabetic 261 (57.4) 1299 (53.8) 1490 (47.8)
NYHA class at baseline, n (%)

   I/II 346 (76.0) 2002 (82.9) 2539 (81.4)
0.5007   III 107 (23.5) 404 (16.7) 572 (18.3)

   IV 2 (0.4) 9 (0.4) 7 (0.2)
*Based on log-transformed results.
†Defined as atrial fibrillation or atrial flutter reported in any ECG before treatment intake or history of atrial fibrillation or atrial flutter reported as medical history.
‡Reported either on HF history and diagnosis or Health Care Resource Utilization form.
BMI, body mass index; BP, blood pressure; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DBP, diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated 
glomerular filtration rate; HF, heart failure; HHF, hospitalisation for heart failure; HS, high sensitive; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; 
NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard deviation; UACR, urine albumin-to-creatinine ratio.

Table 2. Adverse events
Systolic blood pressure

Adverse events 

<110 mmHg 110 to 130 mmHg >130 mmHg
Placebo
N=227

Empagliflozin
N=228

Placebo
N=1202

Empagliflozin
N=1213

Placebo
N=1560

Empagliflozin
N=1555

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

n (%) IR/100 
py

Any AEs 201
(88.5) 194.75 211 

(92.5) 239.82 1031 
(85.8) 142.47 1047 

(86.3) 133.24 1353 
(86.7) 147.92 1316 

(84.6) 128.21

AEs leading 
to drug 
discontinuation

51 
(22.5) 12.31 39 

(17.1) 9.49 187 
(15.6) 8.20 233 

(19.2) 10.29 313 
(20.1) 10.83 299 

(19.2) 10.20

AEs of special interest
Acute renal 
failure

31 
(13.7) 7.93 27 

(11.8) 7.11 155 
(12.9) 7.21 146 

(12.0) 6.84 198 
(12.7) 7.21 190 

(12.2) 6.86

Volume 
depletion

34 
(15.0) 8.77 43 

(18.9) 11.77 127 
(10.6) 5.91 154 

(12.7) 7.35 125 
(8.0) 4.50 159 

(10.2) 5.70

Hypotension 31 
(13.7) 7.97 37 

(16.2) 9.96 113 
(9.4) 5.22 136 

(11.2) 6.43 113 
(7.2) 4.04 138 

(8.9) 4.92

Symptomatic 
hypotension

19 
(8.4) 4.78 26 

(11.4) 6.81 67 
(5.6) 3.03 85 

(7.0) 3.89 70 
(4.5) 2.46 86 

(5.5) 3.01

AE, adverse event; IR, incidence rate; py, patient years.

Figure 2. Primary outcome across systolic blood pressure

HR, hazard ratio; py, patient years.

Figure 4. Effect of empagliflozin on the slope of change in estimated glomerular filtration rate 
(adjusted mean difference, ml/mean/1.73 m2/year) 

CI, confidence interval; eGFR, estimated glomerular filtration rate; CV, cardiovascular; HHF, hospitalisation for heart failure; HR, hazard ratio.

INTRODUCTION

OBJECTIVE

• To evaluate the association of SBP and the treatment effects of empagliflozin in the 
EMPEROR-Preserved trial. 

METHODS

• In the EMPEROR-Preserved trial, 5988 patients with left ventricular ejection fraction (LVEF) 
>40% were randomised to receive empagliflozin 10 mg once daily or placebo plus standard 
of care.

• We grouped randomised patients (N=5988) according to SBP at baseline (<110 mmHg, 
n=455; 110 to 130 mmHg, n=2415; >130 mmHg, n=3118). We studied the effect of 
empagliflozin on blood pressure, CV death or HHF (primary outcome), first HHF, total 
(first and recurrent) HHF, and rate of decline in estimated glomerular filtration rate (eGFR).

RESULTS

• Modest interactions of SBP with race and region were observed. Those with lower SBP had a 
greater severity of HF, as evidenced by higher NT-proBNP plasma concentrations, heart rate, 
likelihood of having experienced an HHF in the past 12 months, prevalence of diabetes, lower 
eGFR and a higher prevalence of albuminuria (Table 1).

• Over a median of 26.2 months, the placebo-corrected decline in SBP was small and not 
significantly different across baseline SBP (Figure 1).

• Baseline SBP did not influence the effect of empagliflozin on risk of HF events (primary endpoint 
interaction trend p=0.42, first occurrence of HHF p=0.80, recurrent HHF p=0.35) (Figures 2 and 3).

• Empagliflozin reduced the slope of eGFR compared with placebo without significant interaction 
between the 3 baseline SBP groups (p for trend 0.71) (Figure 4).

• When comparing empagliflozin with placebo, SBP did not meaningfully associate with adverse 
events such as hypotension, volume depletion and acute renal failure (Table 2).
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Empagliflozin Improves Cardiovascular and Renal Outcomes in Patients with
Preserved Ejection Fraction Irrespective of Age: Insights from the EMPEROR-Preserved Trial   
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• Considering only patients on placebo, the incidence of the primary outcome (p trend=0.02) and CV death 
(p trend=0.003) increased with age. 

• Empagliflozin reduced the primary outcome (p�WUHQG ������ZLWK�DQ�HIIHFW�EHLQJ�VLPLODU�DW�����RU�!���\HDUV��Figure 1A.
• Empagliflozin also reduced first HHF (p trend=0.22) and first and recurrent HHF (p trend=0.11) across all age groups.
• Empagliflozin attenuated the decline of eGFR without age interaction (p=0.32) Figure 1B, and improved KCCQ-CSS 

at Week 52 (mean change from baseline, p=0.48) Figure 1C.
• There were no clinically relevant differences in adverse events between empagliflozin and placebo across the 

age groups. 

RESULTS
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CONCLUSION

• Sodium-glucose co-transporter-2 (SGLT2) inhibitors reduce cardiovascular (CV) death and 
heart failure (HF) hospitalisation in HF patients with and without diabetes,1-3 with reduced 
ejection fraction (HFrEF),4,5 and with preserved ejection fraction (HFpEF).6 Hence, they are 
recommended in recent guidelines with a class IA evidence for treatment of HFrEF.7

• We studied the interplay of age with the efficacy and safety of empagliflozin in patients 
enrolled in the Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with 
Preserved Ejection Fraction (EMPEROR-Preserved; NCT03057951). 

• HFpEF patients are usually older than HFrEF patients8 and have a higher mortality risk 
associated with older age, while the risk for CV death is lower than in HF with mildly 
reduced ejection fraction (EF) and HFrEF.9

• While the relative treatment effects at different ages of sacubitril/valsartan,10

beta blockers,11 and dapagliflozin12 are similar in patients with HFrEF, no such data 
exist for SGLT2-inhibition in HFpEF. 

• As there may be concerns that with advanced age, treatment effects may be 
decreased and adverse events may be increased,13 we have conducted the 
present pre-specified analysis on outcomes and safety of empagliflozin in the 
EMPEROR-Preserved trial.

INTRODUCTION Table 1. Baseline characteristics by age groups

Characteristics

Age group

p-value
for trend

<65 years
N=1199

65 to 74 years
N=2214

75 to 79 years
N=1276

����\HDUV
N=1299

Sex, n (%)

 Male 760 (63.4) 1277 (57.7) 657 (51.5) 618 (47.6)
<0.0001

 Female 439 (36.6) 937 (42.3) 619 (48.5) 681 (52.4)

Region, n (%)

North America 139 (11.6) 249 (11.2) 137 (10.7) 194 (14.9)

<0.0001

Latin America 439 (36.6) 556 (25.1) 273 (21.4) 247 (19.0)

Europe 381 (31.8) 1028 (46.4) 649 (50.9) 631 (48.6)

Asia 122 (10.2) 249 (11.2) 152 (11.9) 163 (12.5)

Other 118 (9.8) 132 (6.0) 65 (5.1) 64 (4.9)

LVEF, % (SD) 52.3 (8.6) 54.1 (8.6) 54.7 (8.7) 56.2 (8.8) <0.0001

17ïSUR%13��SJ�PO��PHGLDQ��4��4�� 721.0 (397;1481) 893.0 (467;1607) 1077.0 (535;1845) 1285.0 (685;2121) <0.0001*

BP, mmHg, n (%)

SBP <140 and DBP <90 809 (67.5) 1465 (66.2) 749 (58.7) 803 (61.8)
<0.0001

6%3������RU�'%3���� 390 (32.5) 749 (33.8) 527 (41.3) 496 (38.2)

Heart rate, bpm (SD) 71.3 (11.5) 69.9 (11.8) 70.0 (12.1) 70.6 (12.0) 0.2249

%0,��NJ�P2 (SD) 31.14 (6.35) 30.57 (5.87) 29.38 (5.5) 27.83 (5.13) <0.0001

H*)5�DFFRUGLQJ�WR�&.'ï(3,��
PO�PLQ������P2 (SD) 72.4 (22.5) 62.3 (18.3) 56.1 (16.5) 51.3 (16.4) <0.0001

8$&5��PJ�J��Q����

Normal, <30 680 (56.7) 1297 (58.6) 773 (60.6) 724 (55.7)

<0.0001
0LFURDOEXPLQXULD�����WR����� 322 (26.9) 676 (30.5) 400 (31.3) 462 (35.6)

0DFURDOEXPLQXULD��!��� 195 (16.3) 231 (10.4) 98 (7.7) 105 (8.1)

Missing 2 (0.2) 10 (0.5) 5 (0.4) 8 (0.6)

+DHPRJORELQ��J�GO��6'� 13.64 (1.66) 13.46 (1.58) 13.21 (1.48) 12.9 (1.47) <0.0001

History of atrial fibrillation or atrial flutter,† n (%)

No 813 (67.8) 1057 (47.7) 486 (38.1) 488 (37.6)

<0.0001Yes 384 (32.0) 1154 (52.1) 788 (61.8) 809 (62.3)

Missing 2 (0.2) 3 (0.1) 2 (0.2) 2 (0.2)

+6�WURSRQLQ�7��QJ�O��6'� 22.31 (27.03) 21.98 (31.15) 23.89 (28.22) 27.83 (31.91) <0.0001*

History of HHF in the past 12 months,‡ n (%) 319 (26.6) 472 (21.3) 284 (22.3) 294 (22.6) <0.0001

Cause of HF, n (%)

Ischaemic 451 (37.6) 837 (37.8) 426 (33.4) 403 (31.0)

<0.0001Non-ischaemic 748 (62.4) 1376 (62.1) 850 (66.6) 896 (69.0)

Missing 0 1 (<0.1) 0 0

Diabetes, n (%)

Diabetic 656 (54.7) 1171 (52.9) 607 (47.6) 504 (38.8)
<0.0001

Non-diabetic 543 (45.3) 1043 (47.1) 669 (52.4) 795 (61.2)

NYHA class, n (%)

I 0 2 (0.1) 1 (0.1) 1 (0.1)

0.0088
II 987 (82.3) 1841 (83.2) 1051 (82.4) 1004 (77.3)

III 208 (17.3) 364 (16.4) 222 (17.4) 289 (22.2)

IV 4 (0.3) 7 (0.3) 2 (0.2) 5 (0.4)
*Based on log-transformed results.
†Defined as atrial fibrillation or atrial flutter reported in any ECG before treatment intake or history of atrial fibrillation or atrial flutter reported as medical history. 
‡Reported either on HF history and diagnosis or Health Care Resource Utilization form.
%0,��ERG\�PDVV�LQGH[��%3��EORRG�SUHVVXUH��&.'ï(3,��&KURQLF�.LGQH\�'LVHDVH�(SLGHPLRORJ\�&ROODERUDWLRQ��'%3��GLDVWROLF�EORRG�SUHVVXUH��(&*��HOHFWURFDUGLRJUDP��H*)5��HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��+)��KHDUW�IDLOXUH��++)��KRVSLWDOLVDWLRQ�IRU�KHDUW�
failure; HS, high sensitive; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard deviation; UACR, urine albumin-to-creatinine ratio.

Figure 1. Treatment effect, empagliflozin versus placebo, for A. primary outcome (time-to-first CV death or HHF), 
%��H*)5�VORSH�DQG�&��.&&4�&66�UHVSRQGHU�DQDO\VLV�DW�:HHN����E\�DJH

C. KCCQ-CSS-responder analysis at Week 52
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CI, confidence intervals; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalisation for heart failure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular 
ejection fraction.
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OBJECTIVE
• To explore the influence of age on the effects of empagliflozin versus placebo in the EMPEROR-Preserved trial. 

METHODS
• ,Q�WKH�(03(525�3UHVHUYHG�WULDO�������SDWLHQWV�ZLWK�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ��/9()��!����ZHUH�UDQGRPLVHG�WR�

receive empagliflozin 10 mg once daily or placebo plus standard of care.
• The primary endpoint was time-to-first CV death or hospitalisation for HF (HHF). The components of the primary outcome 

were also analysed, including time-to-first CV death, time-to-first HHF, and total (first and recurrent) HHF.
• In the EMPEROR-Preserved age sub-analysis, patients were split into groups according to their baseline age 
�����\HDUV�>Q ����@�����WR����\HDUV�>Q ����@�����WR����\HDUV�>Q ����@������\HDUV�>Q ����@���Table 1.

• The influence of age on the effects of empagliflozin on CV death or HHF (primary outcome), total HHF, rate of 
decline in estimated glomerular filtration rate (eGFR), health-related quality of life (HRQoL) with the Kansas City 
Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS), and on the frequency of adverse events 
was explored.

• For time-to-first-event analyses, the effects of empagliflozin versus placebo by age were assessed using 
a Cox regression model.

• The interaction between categorical age and treatment group on the occurrence of the prespecified outcomes 
was tested using a treatment-by-age interaction trend test.

• For total (first and recurrent) HHF analysis, the effects of empagliflozin versus placebo by age were assessed using
a joint frailty model.

• HRQoL differences between treatment groups in KCCQ-CSS at baseline, 3, 8, and 12 months were assessed using 
a mixed model for repeated measures (MMRM) and the least squares mean difference between treatment 
groups. Responder analysis was performed to study the proportion of patients with an improvement 
or deterioration in CSS at 12 months post randomisation using established clinically meaningful thresholds for CSS 
���������DQG�����SRLQWV��

• Empagliflozin reduced major CV outcomes and worsening of renal dysfunction 
independent of age and without clinically relevant safety findings in the elderly.
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• Considering only patients on placebo, the incidence of the primary outcome (p trend=0.02) and CV death 
(p trend=0.003) increased with age. 

• Empagliflozin reduced the primary outcome (p�WUHQG ������ZLWK�DQ�HIIHFW�EHLQJ�VLPLODU�DW�����RU�!���\HDUV��Figure 1A.
• Empagliflozin also reduced first HHF (p trend=0.22) and first and recurrent HHF (p trend=0.11) across all age groups.
• Empagliflozin attenuated the decline of eGFR without age interaction (p=0.32) Figure 1B, and improved KCCQ-CSS 

at Week 52 (mean change from baseline, p=0.48) Figure 1C.
• There were no clinically relevant differences in adverse events between empagliflozin and placebo across the 

age groups. 

RESULTS
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CONCLUSION

• Sodium-glucose co-transporter-2 (SGLT2) inhibitors reduce cardiovascular (CV) death and 
heart failure (HF) hospitalisation in HF patients with and without diabetes,1-3 with reduced 
ejection fraction (HFrEF),4,5 and with preserved ejection fraction (HFpEF).6 Hence, they are 
recommended in recent guidelines with a class IA evidence for treatment of HFrEF.7

• We studied the interplay of age with the efficacy and safety of empagliflozin in patients 
enrolled in the Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with 
Preserved Ejection Fraction (EMPEROR-Preserved; NCT03057951). 

• HFpEF patients are usually older than HFrEF patients8 and have a higher mortality risk 
associated with older age, while the risk for CV death is lower than in HF with mildly 
reduced ejection fraction (EF) and HFrEF.9

• While the relative treatment effects at different ages of sacubitril/valsartan,10

beta blockers,11 and dapagliflozin12 are similar in patients with HFrEF, no such data 
exist for SGLT2-inhibition in HFpEF. 

• As there may be concerns that with advanced age, treatment effects may be 
decreased and adverse events may be increased,13 we have conducted the 
present pre-specified analysis on outcomes and safety of empagliflozin in the 
EMPEROR-Preserved trial.

INTRODUCTION Table 1. Baseline characteristics by age groups

Characteristics

Age group

p-value
for trend

<65 years
N=1199

65 to 74 years
N=2214

75 to 79 years
N=1276

����\HDUV
N=1299

Sex, n (%)

 Male 760 (63.4) 1277 (57.7) 657 (51.5) 618 (47.6)
<0.0001

 Female 439 (36.6) 937 (42.3) 619 (48.5) 681 (52.4)

Region, n (%)

North America 139 (11.6) 249 (11.2) 137 (10.7) 194 (14.9)

<0.0001

Latin America 439 (36.6) 556 (25.1) 273 (21.4) 247 (19.0)

Europe 381 (31.8) 1028 (46.4) 649 (50.9) 631 (48.6)

Asia 122 (10.2) 249 (11.2) 152 (11.9) 163 (12.5)

Other 118 (9.8) 132 (6.0) 65 (5.1) 64 (4.9)

LVEF, % (SD) 52.3 (8.6) 54.1 (8.6) 54.7 (8.7) 56.2 (8.8) <0.0001

17ïSUR%13��SJ�PO��PHGLDQ��4��4�� 721.0 (397;1481) 893.0 (467;1607) 1077.0 (535;1845) 1285.0 (685;2121) <0.0001*

BP, mmHg, n (%)

SBP <140 and DBP <90 809 (67.5) 1465 (66.2) 749 (58.7) 803 (61.8)
<0.0001

6%3������RU�'%3���� 390 (32.5) 749 (33.8) 527 (41.3) 496 (38.2)

Heart rate, bpm (SD) 71.3 (11.5) 69.9 (11.8) 70.0 (12.1) 70.6 (12.0) 0.2249

%0,��NJ�P2 (SD) 31.14 (6.35) 30.57 (5.87) 29.38 (5.5) 27.83 (5.13) <0.0001

H*)5�DFFRUGLQJ�WR�&.'ï(3,��
PO�PLQ������P2 (SD) 72.4 (22.5) 62.3 (18.3) 56.1 (16.5) 51.3 (16.4) <0.0001

8$&5��PJ�J��Q����

Normal, <30 680 (56.7) 1297 (58.6) 773 (60.6) 724 (55.7)

<0.0001
0LFURDOEXPLQXULD�����WR����� 322 (26.9) 676 (30.5) 400 (31.3) 462 (35.6)

0DFURDOEXPLQXULD��!��� 195 (16.3) 231 (10.4) 98 (7.7) 105 (8.1)

Missing 2 (0.2) 10 (0.5) 5 (0.4) 8 (0.6)

+DHPRJORELQ��J�GO��6'� 13.64 (1.66) 13.46 (1.58) 13.21 (1.48) 12.9 (1.47) <0.0001

History of atrial fibrillation or atrial flutter,† n (%)

No 813 (67.8) 1057 (47.7) 486 (38.1) 488 (37.6)

<0.0001Yes 384 (32.0) 1154 (52.1) 788 (61.8) 809 (62.3)

Missing 2 (0.2) 3 (0.1) 2 (0.2) 2 (0.2)

+6�WURSRQLQ�7��QJ�O��6'� 22.31 (27.03) 21.98 (31.15) 23.89 (28.22) 27.83 (31.91) <0.0001*

History of HHF in the past 12 months,‡ n (%) 319 (26.6) 472 (21.3) 284 (22.3) 294 (22.6) <0.0001

Cause of HF, n (%)

Ischaemic 451 (37.6) 837 (37.8) 426 (33.4) 403 (31.0)

<0.0001Non-ischaemic 748 (62.4) 1376 (62.1) 850 (66.6) 896 (69.0)

Missing 0 1 (<0.1) 0 0

Diabetes, n (%)

Diabetic 656 (54.7) 1171 (52.9) 607 (47.6) 504 (38.8)
<0.0001

Non-diabetic 543 (45.3) 1043 (47.1) 669 (52.4) 795 (61.2)

NYHA class, n (%)

I 0 2 (0.1) 1 (0.1) 1 (0.1)

0.0088
II 987 (82.3) 1841 (83.2) 1051 (82.4) 1004 (77.3)

III 208 (17.3) 364 (16.4) 222 (17.4) 289 (22.2)

IV 4 (0.3) 7 (0.3) 2 (0.2) 5 (0.4)
*Based on log-transformed results.
†Defined as atrial fibrillation or atrial flutter reported in any ECG before treatment intake or history of atrial fibrillation or atrial flutter reported as medical history. 
‡Reported either on HF history and diagnosis or Health Care Resource Utilization form.
%0,��ERG\�PDVV�LQGH[��%3��EORRG�SUHVVXUH��&.'ï(3,��&KURQLF�.LGQH\�'LVHDVH�(SLGHPLRORJ\�&ROODERUDWLRQ��'%3��GLDVWROLF�EORRG�SUHVVXUH��(&*��HOHFWURFDUGLRJUDP��H*)5��HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��+)��KHDUW�IDLOXUH��++)��KRVSLWDOLVDWLRQ�IRU�KHDUW�
failure; HS, high sensitive; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard deviation; UACR, urine albumin-to-creatinine ratio.

Figure 1. Treatment effect, empagliflozin versus placebo, for A. primary outcome (time-to-first CV death or HHF), 
%��H*)5�VORSH�DQG�&��.&&4�&66�UHVSRQGHU�DQDO\VLV�DW�:HHN����E\�DJH

C. KCCQ-CSS-responder analysis at Week 52
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CI, confidence intervals; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalisation for heart failure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular 
ejection fraction.
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OBJECTIVE
• To explore the influence of age on the effects of empagliflozin versus placebo in the EMPEROR-Preserved trial. 

METHODS
• ,Q�WKH�(03(525�3UHVHUYHG�WULDO�������SDWLHQWV�ZLWK�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ��/9()��!����ZHUH�UDQGRPLVHG�WR�

receive empagliflozin 10 mg once daily or placebo plus standard of care.
• The primary endpoint was time-to-first CV death or hospitalisation for HF (HHF). The components of the primary outcome 

were also analysed, including time-to-first CV death, time-to-first HHF, and total (first and recurrent) HHF.
• In the EMPEROR-Preserved age sub-analysis, patients were split into groups according to their baseline age 
�����\HDUV�>Q ����@�����WR����\HDUV�>Q ����@�����WR����\HDUV�>Q ����@������\HDUV�>Q ����@���Table 1.

• The influence of age on the effects of empagliflozin on CV death or HHF (primary outcome), total HHF, rate of 
decline in estimated glomerular filtration rate (eGFR), health-related quality of life (HRQoL) with the Kansas City 
Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS), and on the frequency of adverse events 
was explored.

• For time-to-first-event analyses, the effects of empagliflozin versus placebo by age were assessed using 
a Cox regression model.

• The interaction between categorical age and treatment group on the occurrence of the prespecified outcomes 
was tested using a treatment-by-age interaction trend test.

• For total (first and recurrent) HHF analysis, the effects of empagliflozin versus placebo by age were assessed using
a joint frailty model.

• HRQoL differences between treatment groups in KCCQ-CSS at baseline, 3, 8, and 12 months were assessed using 
a mixed model for repeated measures (MMRM) and the least squares mean difference between treatment 
groups. Responder analysis was performed to study the proportion of patients with an improvement 
or deterioration in CSS at 12 months post randomisation using established clinically meaningful thresholds for CSS 
���������DQG�����SRLQWV��

• Empagliflozin reduced major CV outcomes and worsening of renal dysfunction 
independent of age and without clinically relevant safety findings in the elderly.
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Primary Composite of CV Death, hHF or Urgent HF Visit1

• 1. Solomon SD, et, al. Dapagliflozin in heart failure with mildly reduced or preserved ejecWon fracWon. N Engl J Med. 
DOI: 10.1056/NEJMoa2206286 . 2. Solomon SD. Presented at: ESC Congress; August 26-29, 2022; Barcelona, Spain.
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• Solomon SD, et, al. Dapagliflozin in heart failure with mildly reduced or preserved ejection fraction. N Engl J Med. DOI: 10.1056/NEJMoa2206286

DELIVER CON BENEFICIO PREESPECIFICADO EN 
CADA SUBGRUPO

Characteristic
DAPA
n/N

PBO
n/N HR (95% CI)

Overall effect 512/3131 610/3132 0.82 (0.73-0.92)

Age, yr
≤72 247/1545 306/1604 0.82 (0.69-0.97)

>72 265/1586 304/1528 0.81 (0.69-0.96)

Sex
Female 195/1364 243/1383 0.81 (0.67-0.97)

Male 317/1767 367/1749 0.82 (0.71-0.96)

Race

Asian 97/630 106/644 0.91 (0.69-1.20)

Black 21/81 19/78 1.08 (0.58-2.01)

White 372/2214 461/2225 0.79 (0.69-0.90)

Other 22/206 24/185 0.83 (0.46-1.48)

Region Europe/ Saudi Arabia 261/1494 309/1511 0.83 (0.70-0.98)

Asia 92/607 103/619 0.89 (0.67-1.18)

Latin America 70/602 87/579 0.78 (0.57-1.07)

North America 89/428 111/423 0.75 (0.57-1.00)

T2D
Yes 270/1401 317/1405 0.83 (0.70-0.97)

No 242/1730 293/1727 0.81 (0.68-0.96)

AF/AFL on 
ECG

Yes 227/1327 271/1317 0.81 (0.68-0.97)

No 285/1803 339/1814 0.82 (0.70-0.96)

BMI, 
kg/m2

<30 275/1734 302/1736 0.89 (0.75-1.04)

≥30 236/1395 308/1392 0.74 (0.63-0.88)

Characteristic
DAPA
n/N

PBO
n/N HR (95% CI)

Overall effect 512/3131 610/3132 0.82 (0.73-0.92)

NYHA class
II 331/2314 411/2399 0.81 (0.70-0.94)

III or IV 181/817 198/732 0.80 (0.65-0.98)

LVEF, %

≤49 207/1067 229/1049 0.87 (0.72-1.04)

50-59 174/1133 211/1123 0.79 (0.65-0.97)

≥60 131/931 170/960 0.78 (0.62-0.98)

NT-proBNP, pg/mL
≤1011 173/1555 208/1578 0.84 (0.68-1.02)

>1011 339/1576 402/1553 0.79 (0.69-0.92)

Enrollment during 
or within 30 days 
of hHF

Yes 93/328 113/326 0.78 (0.60-1.03)

No 419/2803 497/2806 0.82 (0.72-0.94)

Prior LVEF ≤40%
Yes 92/572 119/579 0.74 (0.56-0.97)

No 420/2559 491/2553 0.84 (0.73-0.95)

eGFR, 
mL/min/1.73 m2

<60 289/1516 355/1554 0.81 (0.69-0.94)

≥60 223/1615 255/1577 0.84 (0.70-1.00)

SBP, mmHg
≤128 280/1568 300/1590 0.93 (0.79-1.10)

>128 232/1563 310/1542 0.71 (0.60-0.85)

0,50 1,25

Placebo BetterDapagliflozin Better

0,50 1,251 2

Placebo BetterDapagliflozin Better

1 2
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Efficacy and Safety of Dapagliflozin According to Frailty in Patients with 

Heart Failure: A Prespecified Analysis of the DELIVER Trial 
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Beneficio estimado con Dapagliflocina a largo plazo en pacientes con ICFEp- DELIVER 

Vaduganathan M et al. JACC 2022

• Supervivencia libre de eventos con 
Dapagliflocina aumenta frente a placebo en 2-
2,5 años en individuos de mediana edad y 
ancianos con ICFEp 

• Efecto atenuado a partir de los 80 años 



iSGLT2 en pacientes con IC y FE preservada

Vaduganthan M Lancet 2022; doi: 10.1016/S0140-6736(22)02074-8
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RESEARCH LETTER

Estimating the Benefits of Combination Medical 
Therapy in Heart Failure With Mildly Reduced and 
Preserved Ejection Fraction
Muthiah Vaduganathan , MD; Brian L. Claggett , PhD; Riccardo M. Inciardi , MD; Gregg C. Fonarow , MD;  
John J.V. McMurray , MD; Scott D. Solomon , MD

Mineralocorticoid receptor antagonists (MRAs), 
the angiotensin-receptor neprilysin inhibitor 
(ARNI) sacubitril/valsartan, and sodium glu-

cose cotransporter-2 inhibitors (SGLT2is) extend sur-
vival in heart failure (HF) with reduced ejection fraction, 
and their combination use is now strongly supported by 
guidelines (Class I).1 Some patients with left ventricu-
lar ejection fraction (LVEF) above thresholds currently 
defining HF with reduced ejection fraction (ie, 40%) may 
similarly benefit from use of these combination therapies. 
Although trials with varying LVEF inclusion criteria have 
defined the incremental benefits of individual therapies, 
patients and clinicians may be interested in understand-
ing the magnitude of potential gains with combination 
therapies across the LVEF spectrum. This analysis esti-
mates the effects of combination use of MRA, sacubitril/
valsartan, and the SGLT2i empagliflozin in HF with spe-
cific focus on the LVEF range in which their use is not 
currently strongly guideline supported (ie, LVEF >40%).

LVEF-based subgroups (45%–54%, 55%–64%, and 
t65%) were identified from participant-level data from 
PARAGON-HF (Prospective Comparison of ARNI With 
Angiotensin-Receptor Blocker Global Outcomes in Heart 
Failure With Preserved Ejection Fraction) and TOPCAT 
(Treatment of Preserved Cardiac Function Heart Failure 
With an Aldosterone Antagonist) and published study-
level data from EMPEROR-Preserved (Empagliflozin 
Outcome Trial in Patients With Chronic Heart Failure 
With Preserved Ejection Fraction).2 The LVEF ranges 
were selected a priori because these were the ranges 

presented in the EMPEROR program and 45% was the 
lower bounds of the LVEF inclusion criteria for PAR-
AGON-HF and TOPCAT. Treatment effects on time to 
first cardiovascular death or HF hospitalization (and its 
components) were estimated with Cox proportional haz-
ards models in PARAGON-HF and TOPCAT and aligned 
with published subgroup estimates from EMPEROR-
Preserved. MRA estimates were derived from the Ameri-
cas region of TOPCAT (main analysis) and the overall 
TOPCAT trial (sensitivity analysis). Established methods 
of indirect comparisons were used to estimate the ben-
efits of combination therapy on the basis of the product 
of treatment effects observed in each trial. These meth-
ods have previously been used in active-controlled trials 
to estimate treatment effects if a placebo comparator 
was instead selected.3 Overall trial estimates were used 
because heterogeneity by background therapy has not 
been shown for primary outcomes.

Composite splines were constructed to describe vari-
ation in treatment effects across LVEF as a continuous 
function with the same indirect methods. Restricted cubic 
splines were developed from pooled, participant-level 
data from PARADIGM-HF (Prospective Comparison of 
ARNI With ACEI to Determine Impact on Global Mortality 
and Morbidity in HF) and PARAGON-HF and combined 
with published splines from the MRA trials4  and the 
EMPEROR program.2 Data from these published splines 
were digitized with a validated, semiautomatic tool (Digi-
tizeIt software). Participants provided written consent 
in each respective trial, and each study protocol was 
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Vaduganathan et al Combination Therapy in HFmrEF and HFpEF

Figure. Estimated treatment effects of combination medical therapy by LVEF category (top) and across the LVEF spectrum 
(bottom). 
Top, Treatment effect estimates for individual therapies are presented in left ventricular ejection fraction (LVEF) categories aligned across 
3 pivotal randomized clinical trials of heart failure (HF) with mildly reduced and preserved ejection fraction. Estimated treatment effects of 
combination therapy are presented as red bars (significant risk reductions are highlighted in red text). Bottom, Solid line represents the treatment 
estimate spline of combination therapy with angiotensin receptor neprilysin inhibitor (ARNI), mineralocorticoid receptor antagonist (MRA), and 
a sodium glucose cotransporter-2 inhibitor (SGLT2i) on the composite outcome of time to first cardiovascular (CV) death or HF hospitalization. 
Dashed lines represent the upper and lower bounds around the treatment estimate. HR indicates hazard ratio.
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Figure. Estimated treatment effects of combination medical therapy by LVEF category (top) and across the LVEF spectrum 
(bottom). 
Top, Treatment effect estimates for individual therapies are presented in left ventricular ejection fraction (LVEF) categories aligned across 
3 pivotal randomized clinical trials of heart failure (HF) with mildly reduced and preserved ejection fraction. Estimated treatment effects of 
combination therapy are presented as red bars (significant risk reductions are highlighted in red text). Bottom, Solid line represents the treatment 
estimate spline of combination therapy with angiotensin receptor neprilysin inhibitor (ARNI), mineralocorticoid receptor antagonist (MRA), and 
a sodium glucose cotransporter-2 inhibitor (SGLT2i) on the composite outcome of time to first cardiovascular (CV) death or HF hospitalization. 
Dashed lines represent the upper and lower bounds around the treatment estimate. HR indicates hazard ratio.
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LOS BENEFICIOS DE LA TRIPLE 
TERAPIA CON ARM+ARNI+iSGLT2 
SE PRODUCE ENTRE 40-65%:

A. FEVi: 45-54% Reduce un 
51% el RR de mortalidad CV 
e ingresos por IC.

B. FEVi: 55-64% Reduce un 
46% el RR de mortalidad CV 
e ingresos por IC.

Circulation. 2022;145:00–00. DOI: 10.1161/CIRCULATIONAHA.121.058929 
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Graphical Abstract

Graphical illustration of the projected reduction in worsening heart failure events and cardiovascular deaths with optimal global implementation of
sodium-glucose cotransporter-2 inhibitors in heart failure.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords Sodium–glucose cotransporter-2 inhibitor • Heart failure • Implementation • Global •

Hospitalization • Cardiovascular death

Introduction
Sodium–glucose cotransporter-2 (SGLT-2) inhibitors are effica-
cious in heart failure (HF) across the spectrum of left ventricular
ejection fraction (LVEF), based on the evidence from the DAPA-HF
(Dapagliflozin and Prevention of Adverse Outcomes in Heart Fail-
ure),1 EMPEROR-Reduced (Empagliflozin Outcome Trial in Patients
with Chronic Heart Failure with Reduced Ejection Fraction),2

EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients with
Chronic Heart Failure with Preserved Ejection Fraction)3 and
DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients
with Preserved Ejection Fraction Heart Failure) trials.4 Their use
is further supported in patients with recent worsening HF by the
SOLOIST-WHF5 (Effect of Sotagliflozin on Cardiovascular Events
in Patients with Type 2 Diabetes Post Worsening Heart Failure)
and the EMPULSE6 (EMPagliflozin 10 mg Compared to Placebo,
Initiated in Patients Hospitalised for acUte Heart faiLure [de Novo
or Decompensated Chronic HF] Who Have Been StabilisEd) trials.

Efforts toward achieving broader utilization of SGLT-2 inhibitors
in eligible patients would be expected to have substantial impact.
For example, in a contemporary analysis of the benefits of SGLT-2
inhibitors in HF based on trial data in the United States, a maximum
of 630 000 worsening HF events and cardiovascular (CV) deaths ..
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.. were projected to be prevented over 3 years.7 Global uptake of
SGLT-2 inhibitors for HF would also lead to major patient and
population-level benefits in the setting of a nearly two-fold increase
in global HF cases from 1990 to 2017,8 especially in low- and
middle-income countries but represents a major challenge with
regional variation in health system infrastructure, health policy,
and access to healthcare. In this decision analytical model study,
we sought to examine the potential global impact of optimal
implementation of SGLT-2 inhibitor therapy in HF across the LVEF
spectrum.

Methods
Study cohort
The Global Burden of Disease (GBD) is a comprehensive and system-
atic report that provides an estimation of disease prevalence, injuries,
and risk factors at a regional, national, and global level stratified by
age, sex, and location. The census is administered by the Institute
of Health Metrics and Evaluation (IHME) at the University of Wash-
ington and is funded by the Bill and Melinda Gates Foundation. The
details of how GBD collects and classifies data have been described
previously.9 Estimates of global HF prevalence were obtained from an
investigation by Bragazzi et al.8 who reported the collective burden of

© 2023 European Society of Cardiology
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8 K.M. Talha et al.

Figure 2 The estimated reduction in the number of worsening heart failure (HF) events and cardiovascular (CV) deaths using event rates from
the EMPEROR-Reduced and EMPEROR-Preserved trials and DAPA-HF and DELIVER trials. DAPA-HF, Dapagliflozin and Prevention of Adverse
Outcomes in Heart Failure; DELIVER, Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure;
EMPEROR-Reduced, Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction; EMPEROR-Preserved,
Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Preserved Ejection Fraction; LVEF, left ventricular ejection fraction.

Discussion
This study provides critical insight into the potential benefits of
global implementation of SGLT-2 inhibitor therapy for HF across
the LVEF spectrum. We estimate that up to 7.5 million worsening
HF events and CV deaths would be prevented/postponed with
optimal implementation of SGLT-2 inhibitors globally across the
LVEF spectrum. This includes the prevention/postponement of
approximately 5.2 million worsening HF events and CV deaths
in patients with HFrEF and approximately 2.3 million worsening
HF events and CV deaths in patients with HFmrEF and HFpEF.
Such benefits would be offset by a substantially smaller number
of projected adverse events.

These findings are important in the context of a high global
prevalence of HF. According to data from GBD, there has been a
nearly two-fold increase in the total HF cases from 1990 to 2017,
however, there has been a decrease in age-standardized preva-
lence rates from 895 per 100 000 persons to 831 per 100 000
persons from 1990 to 2017.8 The GBD 2017 report also reported
marked variation in prevalence rates across different geographic
regions. The trends for prevalence are well-documented in the
US and Western Europe with a projected 34% rise in HF in the
US by 206014; however, the rest of the world shares an equal,
if not greater, burden of HF, with rising estimates reported in
Southeast Asia, South Asia, and South America. Moreover, the
proportion of patients with HFrEF and HFpEF is largely sim-
ilar, although epidemiological data over the past 20 years sug-
gest a rising trend in HFpEF and a relatively stable/declining
trend in HFrEF. ..
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. An analysis from the REPORT-HF registry12 reported a great
disparity in outcomes in HFrEF – a higher risk of 1-year mortal-
ity was observed in patients from lower income countries and in
countries with greater income inequality, supporting earlier find-
ings in a global analysis of ambulant patients.15 The outcomes were
especially poor in Southeast Asia, followed by Eastern Mediter-
ranean and Africa, and Central and South America. In the G-CHF
study, health-related quality of life declined linearly across country
income categories.13 Another analysis from REPORT-HF reported
that only about one-third of HF patients were on optimal medical
therapy at hospital discharge and at 6-month follow-up.16

Prescription and uptake of HF therapies in clinical practice in
low-, middle-, and even high-income countries are suboptimal. Low
rates of guideline-directed medical therapy (GDMT) in low- and
middle-income countries are mainly attributed to limited acces-
sibility and affordability. Up to 2 billion people in the world lack
access to essential CV medications for various reasons, and up
to 60% in low- and middle-income countries, mostly in Asia and
Africa, cannot afford essential CV medications.17 Khatib et al.18

reported in the PURE study (Prospective Urban and Rural Epi-
demiology) that patients with CV disease living in communities
where access to medications is limited are less likely on optimal
therapy. The unaffordability and unavailability of these medications
were also found to be associated with a high risk of major car-
diac adverse events in patients with CV disease.19 According to an
analysis of 53 low- and middle-income countries’ national essential
medications list, only 47% included all recommended drug classes
for HFrEF at that time, which were angiotensin-converting enzyme
inhibitors, beta-blockers, mineralocorticoid receptor antagonists,

© 2023 European Society of Cardiology

 18790844, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.2864 by Lain Entralgo, W

iley O
nline Library on [26/04/2023]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License

European Journal of Heart Failure (2023) RESEARCH ARTICLE
doi:10.1002/ejhf.2864

Potential global impact of sodium–glucose
cotransporter-2 inhibitors in heart failure
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Aims Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are effective across the spectrum of left ventricular ejection
fraction (LVEF) in heart failure (HF); however, population-wide medication use in eligible patients remains suboptimal.
We evaluated the potential implications of optimal global implementation of SGLT-2 inhibitors in HF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Methods
and results

A decision analytical study was performed using the global prevalence of HF from the Global Burden of Disease
2017 report. Exclusion criteria were applied using the NHANES to ascertain an SGLT-2 inhibitor-eligible population,
which was mapped onto global LVEF distributions from the REPORT-HF registry. The number needed to treat
for 3 years for the composite of worsening HF events and cardiovascular deaths was calculated from estimated
event rates in the DAPA-HF, EMPEROR-Reduced, EMPEROR-Preserved, and DELIVER trials and projected onto
the eligible population. An estimated 49 329 000 (95% confidence interval [CI] 43 882 000–54 929 000) HF patients
would be eligible for SGLT-2 inhibitors across all LVEFs, including 25 651 000 (95% CI 22 818 000–28 563 000) with
LVEF ≤40% and 23 678 000 (95% CI 21 063 000–26 366 000) with LVEF >40%. Optimal implementation of SGLT-2
inhibitors would be projected to prevent/postpone 4 512 011 (95% CI 4 013 686–5 024 232) to 5 986 943 (95% CI
5 325 721–6 666 604) total worsening HF events and cardiovascular deaths over 3 years in patients with LVEF <40%.
An additional 2 102 606 (95% CI 1 870 394–2 341 301) to 2 557 224 (95% CI 2 274 804–2 847 528) total worsening
HF events and cardiovascular deaths would be prevented/postponed in patients with LVEF >40%. Among all eligible
HF patients, irrespective of LVEF, 7 069 235 (95% CI 6 288 490–7 871 760) to 8 089 549 (95% CI 7 196 115–9 007 905)
total worsening HF events and cardiovascular deaths would be prevented/postponed over this period.
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Conclusions Optimal implementation of SGLT-2 inhibitors globally in HF is projected to prevent/postpone approximately 7–8

million worsening HF events and cardiovascular deaths over 3 years.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Figure 1. 
Reclassification of Heart Failure Based on Left Ventricular Remodeling and 
Contracture Phenotypes 
 
 
 

 
 
 
 
 
 
Figure shows (1) the principal pathophysiological mechanism; (2) the affected patient 
population; and (3) the efficacy of neurohormonal antagonist in three groups of patients 
with heart failure based on ejection fraction.  The term “heart failure with a preserved 
ejection fraction (HFpEF)” is not used.  Abbreviations: LA=left atrium; LV= left ventricle; 
LV-EDPVR= left ventricular end-diastolic pressure-volume relationship; SGLT2= sodium-
glucose cotransporter 2. 
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for women with HFpEF. The reason why women with
HFpEF may respond more favorably to these therapies at
a relatively higher EF may be because women tend to
have smaller LV chamber size and are thus more prone to
demonstrate higher LVEFs when compared with men.82

Although simplistic, this means an LVEF of 50% to 55%
in a woman may be abnormally low compared with a man,
and identifies potential differential response to therapies
with effects on the neurohormonal system.

7.1.6. Approach to GDMT Initiation and Titration

Barring contraindication, all individuals with a diagnosis
of HFpEF should be treated with an SGLT2i, with the goal
of reducing cardiovascular death/HF hospitalization and
improving health status. Initiation of an SGLT2i may be
considered for either ambulatory individuals with HFpEF

or those with acutely decompensated HF. In those with an
LVEF <55% to 60%, use of an MRA, ARNI, or ARB (when
an ARNI is not feasible based on the strength of evidence
and more contemporary evidence of ARNI vs ARB as
described earlier) may be considered (Figure 9).

ARNIs and MRAs should be titrated to the maximum
tolerated dosages based on symptoms, blood pressure,
potassium, and creatinine, as confirmed in the STRONG-
HF (Safety, Tolerability, and Efficacy of Up-Titration of
Guideline-Directed Medical Therapies for Acute Heart
Failure) trial.83 This trial randomized individuals hospi-
talized with HF, regardless of LVEF, to usual care or high-
intensity care, consisting of initiation of GDMT at one-half
of the target dosages before hospital discharge with the
goal of titration to target dosages over the next 2 weeks,
with frequent follow-up visits over the 2 months

FIGURE 9 Treatment Algorithm for Guideline-Directed Medical Therapy in HFpEF*

*Green color identifies a Class 1 therapy from clinical practice guidelines,14 yellow color indicates a Class 2a therapy, and orange color denotes a Class 2b therapy.
SGLT2is receive a Class 2a indication in the 2022 AHA/ACC/HFSA HF Guidelines,14 but the benefit, now confirmed in 2 randomized trials,60,61 suggests that SGLT2is may
receive a stronger class of recommendation in future guidelines, and thus the box is shaded yellow with a green border. AF ¼ atrial fibrillation; ARB ¼ angiotensin
receptor blocker; ARNI ¼ angiotensin receptor-neprilysin inhibitor; EF¼ ejection fraction; HFpEF ¼ heart failure with preserved ejection fraction; LVEF¼ left ventricular
ejection fraction; MRA ¼ mineralocorticoid antagonist; NYHA ¼ New York Heart Association; SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor.

Kittleson et al J A C C V O L . - , N O . - , 2 0 2 3

ACC Expert Consensus Decision Pathway on Management of HFpEF - , 2 0 2 3 :- –-

20

EXPERT CONSENSUS DECISION PATHWAY

2023 ACC Expert Consensus
Decision Pathway on
Management of Heart Failure
With Preserved Ejection Fraction
A Report of the American College of Cardiology Solution Set Oversight Committee

Writing
Committee

Michelle M. Kittleson, MD, PHD, FACC, Chair
Gurusher S. Panjrath, MBBS, FACC, Vice Chair

Kaushik Amancherla, MD
Leslie L. Davis, PHD, ANP-BC, FAAN, FACC

Anita Deswal, MD, MPH, FACC
Dave L. Dixon, PHARMD, FACC
James L. Januzzi JR, MD, FACC
Clyde W. Yancy, MD, MSC, MACC

Solution Set
Oversight
Committee

Nicole M. Bhave, MD, FACC, Chair

Niti R. Aggarwal, MD, FACC
Katie Bates, ARNP, DNP
Biykem Bozkurt, MD, PHD, FACC
John P. Erwin III, MD, FACC

Dharam J. Kumbhani, MD, SM, FACC
Gurusher S. Panjrath, MBBS, FACC
Barbara Wiggins, PHARMD, FACC
David E. Winchester, MD, MS, FACC
Megan Coylewright, MD, MPH, FACC, Ex Officio

TABLE OF CONTENTS

PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1. The Scope of the Problem . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2. Challenges in the Diagnosis of HFpEF . . . . . . . . . . . . . . . 3

1.3 Challenges in the Treatment of HFpEF . . . . . . . . . . . . . . 4

1.4 Specific Challenges in the Management of Women
With HFpEF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2. METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3. ASSUMPTIONS AND DEFINITIONS . . . . . . . . . . . . . . . . . . . . 5

3.1. General Clinical Assumptions . . . . . . . . . . . . . . . . . . . . . 5

3.2. Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4. PATHWAY SUMMARY GRAPHIC . . . . . . . . . . . . . . . . . . . . . . 5

Figure 1. Approach to HFpEF . . . . . . . . . . . . . . . . . . . . . . . . 6

ISSN 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2023.03.393

This document was approved by the American College of Cardiology Clinical Policy Approval Committee in March 2023.
The American College of Cardiology requests that this document be cited as follows: Kittleson MM, Panjrath GS, Amancherla K, Davis LL, Deswal A,

Dixon DL, Januzzi JL Jr, Yancy CW. 2023 ACC expert consensus decision pathway on management of heart failure with preserved ejection fraction: a
report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. Published online April 19, 2023. https://doi.org/10.1
016/j.jacc.2023.03.393.

Copies: This document is available on the website of the American College of Cardiology (www.acc.org). For copies of this document, please contact
Elsevier Inc. Reprint Department via fax (212-633-3820) or e-mail (reprints@elsevier.com).

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express
permission of the American College of Cardiology. Requests may be completed online via the Elsevier site (https://www.elsevier.com/about/policies/
copyright/permissions).

J O U R N A L O F T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . - , N O . - , 2 0 2 3

ª 2 0 2 3 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R

Kittleson MM, Panjrath GS, Amancherla K, Davis LL, Deswal A, Dixon DL, Januzzi JL Jr, Yancy CW. 2023 ACC expert consensus decision 
pathway on management of heart failure with preserved ejection fraction: a report of the American College of Cardiology Solution Set 
Oversight Committee. J Am Coll Cardiol. Published online April 19, 2023. https://doi.org/10.1 016/j.jacc.2023.03.393. JAMA. 329(10):827-838, March 14, 2023.



JACC SCIENTIFIC STATEMENT

Heart Failure With Preserved
Ejection Fraction
JACC Scientific Statement

Barry A. Borlaug, MD,a Kavita Sharma, MD,b Sanjiv J. Shah, MD,c Jennifer E. Ho, MDd

ABSTRACT

The incidence and prevalence of heart failure with preserved ejection fraction (HFpEF) continue to rise in tandem with the

increasing age and burdens of obesity, sedentariness, and cardiometabolic disorders. Despite recent advances in the

understanding of its pathophysiological effects on the heart, lungs, and extracardiac tissues, and introduction of new,

easily implemented approaches to diagnosis, HFpEF remains under-recognized in everyday practice. This under-

recognition presents an even greater concern given the recent identification of highly effective pharmacologic-based and

lifestyle-based treatments that can improve clinical status and reduce morbidity and mortality. HFpEF is a heterogenous

syndrome and recent studies have suggested an important role for careful, pathophysiological-based phenotyping to

improve patient characterization and to better individualize treatment. In this JACC Scientific Statement, we provide an
in-depth and updated examination of the epidemiology, pathophysiology, diagnosis, and treatment of HFpEF.

(J Am Coll Cardiol 2023;-:-–-) © 2023 by the American College of Cardiology Foundation.

D uring the past 20 years, the diagnostic
approach to heart failure with preserved
ejection fraction (HFpEF) has markedly

evolved in parallel with our scientific understanding
of this complex clinical syndrome.1 Indeed, with the
publication of recent pivotal sodium-glucose trans-
port protein-2 inhibitor (SGLT2i) trials and their
widespread therapeutic implications,2,3 the absence
of noninvasive gold standard diagnostic tests for
HFpEF is more apparent than ever. Recent efforts
have garnered consensus around a new universal
definition, anchored clinically to the syndrome of
heart failure (HF) caused by structural and/or func-
tional cardiac abnormalities, with HFpEF defined as
a left ventricular ejection fraction (LVEF) $50%
further corroborated by either elevated natriuretic

peptide (NP) levels or other evidence of
congestion.4

As we examine the global scope and secular trends
of this disease, it is important to recognize that this
clinical definition has varying degrees of overlap with
data we rely on to define HFpEF epidemiology and
outcomes (Table 1). For example, relying on hospi-
talization or International Classification of Diseases
(ICD)-9 codes alone may reduce specificity, increase
associations with mortality, and reduce estimates of
prevalence. Relying on easily measured biomarkers of
congestion, such as the NPs, misses approximately
one-third of all affected patients and may dispropor-
tionately affect patients with obesity or African
ancestry.5,6 Indeed, HFpEF remains underdetected in
many settings, particularly in patients with obesity,
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and coronary disease is associated with improved
outcomes.132 Further study is required to determine
the optimal treatment for CMD in HFpEF. Approxi-
mately 50% of patients with HFpEF in clinical trial
cohorts have diabetes mellitus.133 SGLT2i should be
considered first-line therapy for glucose control in
patients with HFpEF and diabetes given their
reduction in HF hospitalizations and cardiovascular-

related death in patients with and without
diabetes.2,3

PHARMACOLOGIC TREATMENTS. The EMPEROR-
Preserved (EMPagliflozin outcomE tRial in Patients
With chrOnic heaRt Failure With Preserved Ejection
Fraction) and DELIVER (Dapagliflozin Evaluation
to Improve the LIVEs of Patients With PReserved
Ejection Fraction Heart Failure) trials demonstrated

FIGURE 8 Treatment of HFpEF

Diagnosis of HFpEF
confirmed

Rule out alternate etiologies (”masqueraders”) of HFpEF (see Table 2)

Start SGLT2i*

Volume overload
present?

Diuretics
Preferential up-front
use of use of MRA**

± loop diuretic

Yes

Rx comorbidities

No

*SGLT2i should be considered in all patients
except those with type 1 diabetes, orthostatic
hypotension, eGFR <20-25 mL/min/1.73 m2, or very
frequent yeast infections (or history of severe
genitourinary infections, including Fournier's
gangrene). Yeast infections on therapy are readily
treatable (eg, fluconazole 150 mg PO x 1, unless
contraindicated). Instruct patients to hold SGLT2i
therapy for a few days during active yeast infection
and on "sick days" (GI illness, dehydrated, active
infections that predispose to dehydration). High
HgbA1c levels are not a contraindication to
SGLT2i. Slight elevation in serum creatinine (and
slight reduction in eGFR) is normal and expected
on SGLT2i therapy.
**MRA should be considered in all patients except
those with K+ >5.0 or eGFR <30 mL/min/1.73 m2.
Replace potassium supplementation with MRA
whenever possible. Use eplerenone in patients
with gynecomastia due to spironolactone.
Eplerenone is ½ as potent as spironolactone. Re-
check K+ and renal function 1 week and 1 month
after initiation, and q3-6 months thereafter.
***ARNI most effective if EF <55%-60% or frequent
HF hospitalizations (congested phenotype); avoid
in patients with history of angioedema, low BP,
orthostatic hypotension, restrictive cardiomyopathy,
pulmonary arterial hypertension, constrictive
pericarditis, cardiac amyloidosis.
†AF patients often have low stroke volume and
inability to augment stroke volume during exertion
due to LA dysfunction. Avoid excessive rate
control in these patients.
‡Caloric restriction, aerobic training, and
resistance training protocols per Brubaker PH, et
al. Circ Heart Fail 2022.

• Hypertension: Diuresis first (SGLT2i*/MRA**), ARNI*** or ACE inhibitor, or ARB, other
  medications according to comorbidities. Goal BP <130/80 mm Hg.
• Iron deficiency: Treat with IV iron if anemic and transferrin saturation <20%.
• Diabetes: Preferential use of SGLT2i followed by GLP1 receptor agonist.
• CAD: Statins, aspirin, consider revascularization.
• AF: Anticoagulation, consider rhythm control, rate control to HR ~80 beats/min.†

• Obesity: Caloric restriction,‡ weight loss drugs/surgery.
• CKD: ACE inhibitor/ARB and/or SGLT2i, especially if +microalbuminuria; avoid nephrotoxins.
• Lung disease and OSA: Treat per guidelines but also make sure euvolemic.

Still symptomatic + EF <55%-60% or multiple HF hospitalizations and SBP >110-120 mm Hg?
• Start ARNI and uptitrate to maximum dose as tolerated.

Ask 6 questions in all patients:
1. Is the patient on an SGLT2i? If not, why not?
2. Is the patient on an MRA? If not, why not?
3. Is the patient on an ARNI? If not, why not?
4. Is the patient on potassium supplementation? If yes, replace with MRA if possible.
5. Is the patient on nitrates or a PDE5 inhibitor (or other pulmonary vasodilator)? If possible,
   discontinue these drugs to see if symptoms improve
6. Is the patient on a beta-blocker? Unless using for AF, angina, or history of MI, try discontinuing
   to see if symptoms improve. For HTN, vasodilating beta-blocker (eg, carvedilol) preferred.

Implement in all patients:
• HF education: record daily weights, BP, HR; establish "dry weight" for volume-
  overloaded patients to guide diuretic dosing (especially loop diuretics).
• Exercise training regimen: aerobic training + resistance training preferred‡;
  consider cardiac rehabilitation referral.

Persistent symptoms and/or
HF hospitalizations?

• Refer to HF clinic (or HFpEF clinic, if available).
• Reevaluate for "masqueraders" (atypical etiologies, eg, cardiac amyloidosis).
• Evaluate for worsening comorbidities (eg, worsening renal function, CAD
  progression, poor control of diabetes).
• If persistent fluid overload: Start HCTZ, even if eGFR is low. Sequential nephron
  blockade can augment diuresis, and low-potency thiazide often sufficient.
• Implantable hemodynamic-guided management (especially if frequently
  hospitalized for HF or cardiorenal syndrome).
• Evaluate for chronotropic incompetence: If present, stop rate-controlling agents,
  such as beta-blockers, if possible.
• ENROLL IN AN HFpEF CLINICAL TRIAL

Summary of key points for treatment of HFpEF, with emphasis on evaluation and treatment of congestion with diuretics and SGLT2 inhibitors, treatment of
comorbidities, lifestyle interventions, and vigilant consideration for HFpEF masqueraders that are treated differently. For caloric restriction, aerobic
training, and resistance training protocols, see Brubaker et al.153 SGLT2 ¼ sodium glucose cotransporter-2; other abbreviation as in Figure 1.
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Patients with 
HFpEF

Arterial Hypertension - 60-80%
Associated with increased mortality

Elderly (>65 years) - 60-70%
More likely to be white, women; 
higher comorbidity burden

Coronary Artery Disease - 40-70%
More severe hemodynamic impairment; worse prognosis

Female Sex - 40-50%
Worse symptoms and quality of life; lower mortality

Chronotropic Incompetence - 30-50%
Associated with lesser exercise tolerance

Obesity - 30-40%
Worse symptoms, quality of life & prognosis

Iron Deficiency - 20-50%
Worse quality of life & prognosis

Sleep Apnoea - 20-50%
Effect on progression and prognosis of HFpEF not well-established

Type 2 Diabetes - 20-40%
Worse quality of life & prognosis

Chronic Kidney Disease - 20-40%
Associated with worse outcomes

Functional Tricuspid Regurgitation- 20-40%
Associated with increased mortality

High Heart Rate (>80 bpm) - 20-30%
Associated with increased CV risk

Pulmonary Hypertension - 20-30%
Worse symptoms and increased mortality

Atrial Fibrillation - 15-30%
Associated with increased HF hospitalization

Cachexia - 15-20%
Associated with a poor prognosis; increased risk 
of adverse drug effects and drug interactions

Ejection fraction >65% - 8-10%
Consider secondary HFpEF, including 
amyloidosis and HOCM

Ejection fraction 50 to 55% - 10-20%
Characteristics and response to treatment 
may be similar to HFrEF

Arterial Hypotension ± 5-10%
Often a barrier to initiating HF therapies

COPD - 15-20%
Safety of long-acting beta-agonists and 
muscarinic agonists not well-established

Atrial FMR - 20-40%
Associated with increased mortality
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Patient profiling in HFpEF and 
consequent therapeutic considerations

Empagliflozin
or

Dapagliflozin

± diuretics
(if congestion)

Type-2 
Diabetes 
Mellitus

Atrial 
Fibrillation

Iron 
Deficiency

Ischaemic 
Heart 

Disease

Obesity

Arterial 
Hypertension

COPD

ACEi/ARB/ARNi
Indapamide
Nebivolol
MRAs
Ca-channel blockers

Semaglutide
Tirzepatide

Ferric carboxymaltose

Beta-blockers
Ca-channel blockers
Ranolazine
Trimetazidine

Dronedarone
PVI

LAMA/LABA
Beta-blockers
(ß1-selective)

GLP1-RA
Metformin
Finerenone (if CKD is also present)
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Patient Phenotype Profiling in Heart Failure with Preserved Ejection Fraction 

to Guide Therapeutic Decision Making 
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