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Aims Heart failure outcomes remain poor despite advances in therapy. The European Society of Cardiology Heart Failure
III Registry (ESC HF III Registry) aims to characterize HF clinical features and outcomes and to assess implementation
of guideline-recommended therapy in Europe and other ESC affiliated countries.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods Between 1 November 2018 and 31 December 2020, 10 162 patients with chronic or acute/worsening HF with
reduced, mildly reduced, or preserved ejection fraction were enrolled from 220 centres in 41 European or ESC
affiliated countries. The ESC HF III Registry collected data on baseline characteristics (hospital or clinic presentation),
hospital course, diagnostic and therapeutic decisions in hospital and at the clinic visit; and on outcomes at 12-month
follow-up. These data include demographics, medical history, physical examination, biomarkers and imaging, quality
of life, treatments, and interventions – including drug doses and reasons for non-use, and cause-specific outcomes.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion The ESC HF III Registry will provide comprehensive and unique insight into contemporary HF characteristics,
treatment implementation, and outcomes, and may impact implementation strategies, clinical discovery, trial design,
and public policy.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Registry • Phenotyping • Implementation • Quality of care

Introduction
Heart failure (HF) is a global pandemic affecting more than 64
million people worldwide.1,2 The incidence appears stable but
the prevalence is increasing,3 especially of HF with preserved
ejection fraction (HFpEF). Mortality and risk of HF hospitalization
remain high and quality of life and functional capacity are poor.1,2,4

Compared to matched controls, patients with HF also appear to
have lower socioeconomic status and have greater risk of not only
HF and cardiovascular (CV) events but also of non-CV death and
hospitalization, and longer duration of hospitalization if hospitalized
for a non-CV reason.5

After the first heart transplantation in 1967, a large number of
well-designed landmark randomized controlled trials (RCTs) in HF
with reduced ejection fraction (HFrEF) demonstrated the efficacy
of a number of classes of drugs that block maladaptive neurohor-
monal activation, as well as device, catheter-based and surgical
interventions, and more recently neurohormonal modulation in
the form of angiotensin receptor–neprilysin inhibitors (ARNi)
and multi-mechanism treatment in the form of sodium–glucose
cotransporter 2 inhibitors (SGLT2i),6 where the latter are effective
also in HF with mildly reduced (HFmrEF) and preserved ejection
fraction (EF).7

Despite these advances, outcomes in HF do not appear to be
improving.8 There are two major challenges in improving outcomes
and quality of life for patients with HF: (i) increasing appropriate
use of existing evidence-based interventions; this is addressed in
the field of implementation science9–13; and (ii) further character-
izing clinical and biological characteristics of HF in order to develop
novel interventions or new and more targeted use of existing inter-
ventions, and then testing these in properly designed RCTs; this
is addressed in the field of discovery science.14–17 A well-designed
HF registry can address and improve both implementation and
discovery.13,18 There are numerous completed and ongoing HF
registries worldwide, including previous ones from the European
Society of Cardiology (ESC),19–21 that indeed have considerably
advanced quality of care, implementation, and our understanding ..
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.. of HF syndrome phenotypes.4,22–31 However, there are few large

HF registries with broad geographical coverage, covering HF that is
chronic, acute (hospitalized), and worsening (hospitalized or man-
aged in the emergency department or urgent outpatient setting),
with all three relevant EF categories (HFrEF, HFmrEF, and HFpEF),
and assessing detailed aspects of guideline adherence and treatment
decisions, as well as both in-hospital and long-term outcomes.

Therefore, we designed the ESC HF III Registry to specifi-
cally study the implementation of contemporary evidence-based
and guideline-recommended therapy, and to characterize HF
phenotypes related to care setting, clinical status, EF category, and
outcomes.

Methods
Design
The ESC HF III Registry is a prospective, international, multicentre,
observational registry study of patients with HF regardless of EF pre-
senting with chronic or de novo HF for non-urgent outpatient visits
(here termed chronic HF [CHF]) or with urgent worsening HF for care
in the hospitalized, emergency department, or outpatient urgent care
settings (here termed acute HF [AHF] if hospitalized with de novo HF,
and worsening HF [WHF] if hospitalized or treated with intravenous
medications for worsening of CHF). For CHF, data are collected on
presentation and uniquely, at the end of the visit, reflecting therapeutic
decisions. For AHF/WHF, data are collected at presentation and over
the course of the AHF/WHF event (generally in-hospital), reflecting
diagnostic and interventional decisions and in-hospital outcomes. For
both CHF and survivors of the AHF/WHF event, data are collected
at 12-month follow-up, reflecting changes in clinical status, medica-
tion changes, interventions, and outcomes (data collected shown in
Figure 1). The study design is described in the protocol (online supple-
mentary Appendix S1) and the detailed data captured are described in
the case report form (CRF; online supplementary Appendix S2). The
ESC HF III Registry complies with the 1975 Declaration of Helsinki;
the locally appointed ethics committees have approved the research
protocol, and informed consent has been obtained from the subjects
(or their legally authorized representative).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Data elements and time points collected for patients enrolled as chronic or de novo heart failure (HF). At outpatient visits or as
worsening chronic or de novo HF requiring intravenous (iv) therapy, hospitalized, emergency department, or outpatient care. CHF, chronic
heart failure; WHF, worsening heart failure.

Oversight
The ESC HF III Registry is sponsored by the ESC EURObservational
Research Programme (EORP; https://www.escardio.org/Research/
Registries-&-surveys/Observational-research-programme). The pro-
tocol was written by the HF III Chairperson with input from the EORP
Oversight Committee (Appendix A1) and from the HF III Executive
Committee, consisting of members of the Board of the Heart Failure
Association (HFA) of the ESC (Appendix A2). National operations
were overseen by the respective national coordinators (the Steering
Committee, Appendix A3) who interacted with and liaised between
the Chairman, the sponsor team at EORP, and local sites and principal
investigators (Appendix A4).

Setting: Countries and sites
The ESC HF III Registry enrolled patients with HF in European,
Mediterranean, and some non-European countries (Table 1). ESC
country members, some who participated in previous ESC HF reg-
istries and some who were new, were invited through their National
Cardiac Societies, who may have delegated responsibility to national
HF working groups. In addition, and upon request, non-European
countries with an affiliation with the ESC were invited to participate
(information on ESC country members and affiliates is available on the
ESC website: www.escardio.org).

Site selection in each participating country targeted a sample of
cardiology centres of different levels of complexity (the epidemiology
of HF and HF resources and care settings in Europe have been
characterized in the HFA Atlas32). Centres were offered participation ..
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. through national coordinators or through direct contact with the
executive committee. Participation was voluntary and there was no
financial compensation. National coordinators worked with the HF
III Executive Committee to list potential sites focusing on a broad
spectrum of cardiology and HF units that regularly follow patients
with chronic and/or worsening or acute HF. The national coordinator
outlined the profiles of the proposed medical centres and indicated
whether they were tertiary/community, with/without cardiac surgery,
and with/without interventional cardiology. As far as possible, the
centres selected represent different health care setting types and
geographical criteria within each country.

Patients
The enrolment period spanned from 1 November 2018 to 31

December 2020. The target enrolment was 10 000 and actual enrol-
ment was a total of 10 162 patients. Inclusion criteria were HF
diagnosis in the judgement of the investigator, and that patients with
AHF/WHF also needed to be treated with intravenous medications
for HF (diuretics, vasodilators, and/or inotropes) and/or mechanical
circulatory support or had died shortly after acute presentation before
such treatment was instituted. The only exclusion criterion was age
<18 years. Patients were eligible regardless of EF (reduced, EF ≤40%,
HFrEF; mildly reduced, EF 41–49%, HFmrEF; or preserved, ≥50%,
HFpEF) and with pre-existing chronic or de novo HF, and with ‘stable’
symptoms and signs presenting for non-urgent outpatient visit (CHF),
or with worsening symptoms and signs, presenting for urgent care
and treated in the hospital, in the emergency department, or in an

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Patient enrolment during the 26-month
enrolment period (1 November 2018 to 31 December
2020)

Country Patients Centres Mean of
patients
per
centre

Mean of
patients
per centre
per month
from first
patient to
enrolment
close

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Serbia 976 7 139.4 5.68
Poland 892 13 68.6 3.26
Spain 700 8 87.5 6.07
Italy 695 17 40.9 2.44
Russian Federation 603 20 30.2 1.59
Moldova, Republic of 451 4 112.8 7.08
Turkey 427 19 22.5 1.02
Morocco 407 6 67.8 3.08
France 405 12 33.8 1.92
Lithuania 396 2 198.0 12.02
Ukraine 396 16 24.8 1.09
Portugal 376 6 62.7 4.27
Egypt 363 10 36.3 1.76
Algeria 351 9 39.0 1.53
Romania 251 8 31.4 1.57
Israel 209 4 52.3 2.50
Bosnia and

Herzegovina
196 4 49.0 2.06

Armenia 190 4 47.5 2.15
Croatia 189 4 47.3 1.97
Belgium 168 6 28.0 2.39
Slovenia 164 2 82.0 7.84
Kazakhstan 150 6 25.0 1.08
Malta 132 1 132.0 6.99
Kyrgyzstan 124 1 124.0 5.90
Cyprus 120 2 60.0 3.00
Hungary 108 3 36.0 1.97
Uzbekistan 98 2 49.0 2.23
FYR Macedonia 85 2 42.5 1.67
Finland 82 1 82.0 4.00
Belarus 81 1 81.0 5.41

Iraq 59 1 59.0 3.65
Mexico 53 3 17.7 1.49
Greece 49 3 16.3 1.33
Bulgaria 45 3 15.0 0.90
Slovakia 44 3 14.7 1.18
Norway 42 2 21.0 1.15
Estonia 32 1 32.0 3.12
Sweden 22 1 22.0 5.49
Brazil 17 1 17.0 1.43
Syrian Arab Republic 8 1 8.0 0.62
United Kingdom 6 1 6.0 2.40

outpatient urgent care setting (AHF and WHF). The WHF concept is
novel and of particular importance. WHF can be defined as ‘worsening
symptoms and signs of HF in patients with pre-existing HF, requiring
intensification of treatment, most often diuretic therapy’,33 or as
‘deterioration of HF signs and symptoms in patients with CHF, despite
previous stable background therapy, that requires urgent escalation
of therapy, including hospitalization, emergency department visit, or
outpatient intravenous diuretic therapy ± outpatient oral therapy’.34

Traditionally, both trials and registries have captured WHF only if it
resulted in hospitalization (AHF). However, it is increasingly common
with WHF as defined above and this is now generally captured as a
clinical trial endpoint. Increasing oral diuretic therapy also represents ..
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- epidemiology

Figure 2 Different forms of clinical studies in heart failure,
and their respective strengths and weaknesses. RCT, randomized
controlled trial.

WHF, but may be more arbitrary than intravenous therapy and there
is currently no consensus to include increasing oral therapy in the
WHF definition. Accordingly, the HF III Registry includes as acute a
HF event requiring intravenous therapy and/or mechanical circulatory
support and hospitalized or treated in the emergency department or
in an outpatient infusion clinic.

Baseline, clinical decision-making,
worsening heart failure event course,
and 12-month outcome data
Detailed data elements and time points are described in the CRF
(online supplementary Appendix S2) and in overview format in Figure 1.
For clinical characterization and phenotyping of patients with differ-
ences in EF and other characteristics, detailed data were collected on
symptoms and signs, biomarkers, and imaging and ancillary data, as
well as hospital course (in WHF) and 12-month outcomes. For assess-
ment of guideline implementation, detailed data were collected on
medical and device therapy, including doses and reasons for non-use or
non-achievement of target doses. In many other registries, outcomes
collected are often crude, such as all-cause mortality and possibly
hospitalization events. In contrast, the HF III Registry captures not only
death and hospitalization and their specific causes, but also changes
over time in quality of life, clinical status, and importantly, changes in
treatment and the reasons for treatment changes (Figure 1). The cri-
teria for selecting data elements were (i) availability of sufficient detail
to allow detailed clinical characterization and phenotyping, and to
not only describe adherence to guideline recommendations, but also
investigate reasons for non-use of recommended medications, doses
and other interventions, but at the same time (ii) not require data that
are not generally available and/or that would require extensive effort
for investigators and staff to procure, as both of these would increase
data missingness and reduce enrolment and generalizability (Figure 2).

Data capture and storage
Data were entered manually by investigators and/or coordinators into
a registry specific eCRF (data elements listed in online supplementary
Appendix S2). The eCRF was accessible via a unique username and

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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password distributed by the EORP team. Personal data were and
are managed in accordance with General Data Protection Regulation
(GDPR). Collected patient data are pseudonymized, meaning they are
personal data that cannot be attributed to any specific person without
the use of additional information. This additional information is unique
data codes that can identify a patient in the EORP database. Data are
stored in the registry specific central database with limited access
protected by individual passwords. The ESC HF III Registry database
is stored at the EORP Department, European Heart House, 2035
route des Colles, 06903 Sophia Antipolis, France. (Pseudonymization
is in contrast to anonymization, where personal identifiers or codes
are irreversibly destroyed, and data can no longer be traced to any
individual).

Data quality and queries
The ESC HF III Registry database is designed, managed, controlled,
and validated according to the ESC EORP standards. The eCRF
has numerous built-in automatic cross-checks for data complete-
ness, internal consistency, and validity that automatically raises alerts
in case of data incompleteness or inconsistency, enabling investiga-
tors to resolve issues directly in conjunction with data entry. In
addition, data were regularly assessed and validated by the EORP
HF III Data Management Team, according to the Data Validation
Plan. No formal central source data verification or adjudication was
performed.

Access to data and data availability
Direct access to the ESC HF III Registry dataset is limited to
the EORP HF III Data Management and Statistical Analysis teams.
Country-specific datasets may be provided to the national cardiology
societies/national coordinators upon request, for subsequent analysis
of the country-specific data.

Aims of and potential research questions
to be addressed by the ESC Heart
Failure III Registry
The aims of the ESC HF III Registry are to characterize HF clin-
ical characteristics and outcomes and to assess implementation
of guideline-recommended therapy in Europe and ESC affiliated
countries. These aims are broad but can be grouped according to
many different narrower dimensions or domains. The 2021 ESC HF
Guidelines6 and the 2022 ACC/AHA/HFSA HF Guidelines35 both
list specific ‘Gaps in evidence’. Many gaps are related to treatment
effect of existing interventions in new populations (e.g. HFmrEF) or
to new or emerging interventions (e.g. novel drugs or catheter-based
valve interventions). Because the HF III Registry is observational, no
conclusions can be made about treatment efficacy. However, extensive
analyses can be performed related to implementation and use of novel
interventions, as well as patient characteristics associated with indica-
tions for, and associated with the cause-specific outcomes addressed
with, these interventions. Table 2 lists some potential research domains
and examples of research questions, together with specific gaps in
evidence from the ESC and ACC/AHA/HFSA Guidelines, and potential
impact for clinical care, implementation and future discovery and trial
design. Table 3 lists specific research directions and specific research
questions to be addressed by the HF III Registry. ..
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.. Discussion
In 2023, the two major challenges in heart failure are (i) imple-
mentation of existing evidence-based therapy, and (ii) discovery of
new disease characteristics and targeted interventions and testing
of these interventions in future optimally designed RCTs. The ESC
HF III Registry may address both these needs. It is a comprehensive
European and ESC affiliated HF registry with a target enrolment of
10 000 patients and actual enrolment of 10 162 patients. It includes
data on chronic and acute/worsening HF, mild and advanced HF, all
EF categories (HFrEF, HFmrEF, and HFpEF), demographic, clinical,
biomarker and imaging data, treatment decisions and rationales,
and in-hospital course and 12-month outcomes.

Poor implementation of evidence-based, guideline-
recommended, regulatory approved, and payer reimbursed therapy
for HF has been described in many registries and settings world-
wide.4,22–31 However, most reports have been merely descriptive,
for example, providing percentage use for basic HF medications
such as angiotensin-converting enzyme inhibitors, beta-blockers,
and mineralocorticoid receptor antagonists. Details on diagnostic
approaches and additional relevant medications, devices and other
interventions are less often captured. Well-designed registries
can, in addition to extensive descriptive data collection, also
analyse and quantify underlying reasons for poor implementation,
identifying specific patient groups with the greatest unmet needs
or areas in most need of improvement, and thus allowing targeted
initiatives to improve implementation. A majority of ‘real-world’
patients are eligible for HF drug therapy,36–38 so generalizability of
trials should not be a major barrier to implementation. Instead, it
appears that many barriers are addressable. For example, Swedish
studies described poor implementation of evidence-based therapy
for HFrEF.39,40 Multivariable regression models suggested that one
major reason was poor access to cardiology specialist physicians
and HF nurses.12,41,42 As a result, in Sweden, the Stockholm region
invested in additional HF specialist physicians and nurses at each
large hospital, which resulted in greater use of HF medications
and lower rates of HF hospitalization.43 Although this was not
a randomized intervention or a strategy trial, it suggests that
implementation science can identify targets for structural and
strategic interventions that result in improved implementation of
therapy and improved outcomes on a group level.

The ESC HF III Registry collects important information on
factors that may determine use of therapy, such as age, blood
pressure, estimated glomerular filtration rate, electrolytes, and also
extensive additional information on for example, comorbidities and
frailty-related aspects, and as such will be able to not only describe
implementation but also suggest underlying independent reasons
for poor implementation, and thus provide target for intervention
on a policy level.

Although most patients with HF are eligible for HF treatment
based on trial criteria, particularly on labels, there are substantial
differences in generalizability of the study populations in differ-
ent study settings. RCTs are complex and time consuming for
both patients, investigators, and staff. Epidemiological surveys,
often based on claims data and/or International Classification
of Diseases (ICD) codes are large and generalizable but lack

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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ESC HF III Registry 2321

Table 2 General research domains, examples of potential research questions, and relevant impact for
implementation and discovery

Unmet needs, objectives, research
questions, and/or gaps in evidence

Examples and potential impact for clinical care,
implementation and future discovery and trial design

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Implementation science
Implementation of diagnostics and therapy There are now extensive diagnostic tools and extensive general and targeted interventions, but

implementation is poor and variable, and little is known about which patient factors are associated
with sub-optimal implementation.

Optimal models for patient follow-up What is the role of HF specialty care versus general cardiology versus internal medicine, primary care
or geriatrics care? It is known that cardiology versus primary care is associated with greater use of
guideline-recommended diagnostics and treatment and with better outcomes, but little is known
about the specific role of HF specialists and how the HF sub(−sub)-specialty may affect treatment
decisions, quality of care and outcomes.

Patient care setting and systems of care WHF is now treated in different settings: hospital, emergency department, and outpatient infusion
clinics. Increasingly, all of these are being counted as endpoints in HF clinical trials. However, little is
known about patient characteristics, treatment decisions and outcomes in these settings.

Association with use of diagnostics and
therapy and association with outcomes

Clinical trial participation in different care settings in Europe has not been systematically characterized
and this information may help in trial design and operations and enhance cooperation between
academia and industry.

Unwarranted disparities and inequity in
patient care

What is the role of age, sex, ethnicity, education, family status and work status on quality of care, use
of GDMT, and outcomes?

Implementation of SGLT2 inhibitors SGLT2 and SGLT2/1 inhibitors are now proven effective across the EF spectrum and in patients with
and without diabetes and CKD, but so far little is known about the extent of uptake in clinical
practice.

Use of more and less available diagnostics ECG, echocardiography, chest X-ray, and biomarkers are now nearly universally available, but use is
variable. Indications for, availability of, and use of lung ultrasound, right heart catheterization,
coronary angiography, CT angiography, cardiac MRI, and endomyocardial biopsy are highly variable.

Use of targeted HF therapies Numerous interventions are effective in HF sub-populations but may be complex, expensive, scarce,
and/or otherwise difficult to implement, for example, potassium-binders, iv iron, percutaneous
valve interventions, rhythm control in AF, short-term MCS, LVAD, heart transplantation, invasive
and non-invasive remote monitoring, nurse-based HF clinics, exercise rehabilitation programmes,
palliative care.

Screening for HF and outcomes There is likely a considerable number of patients with undiagnosed HF in the community, and
screening may improve diagnosis, treatment, and outcomes. Specifically, among patients with
confirmed HF, there is under-use of evidence-based interventions. Screening patients in a HF
registry for non-use of recommended therapy may nudge clinicians to implement these therapies
and improve outcomes.

Cost-effectiveness of different strategies to
screen for HF

Clinical discovery
Characteristics, pathophysiology and

diagnosis of HFmrEF/HFpEF
Based on current definitions and literature, HFmrEF seems on average more similar to HFrEF than to

HFpEF. However, HFmrEF remains poorly understood and there are only weak guideline
recommendations and limited consensus on how to treat patients with HFmrEF. Furthermore,
there is continued uncertainty in clinical trial design, whether to include patients with HFmrEF in
HFrEF trials or in HFpEF trials. It is unclear if a simpler division into reduced and normal EF may be
more practical.

Classification of HFrEF/HFmrEF/HFpEF
Understanding advanced HF and AHF/WHF Advanced HFrEF and AHF/WHF are common, associated with poor outcomes, and there is little

evidence-based treatment. Additional profiles include hypotension, CKD, congestion, cardiorenal
syndrome, diuretic resistance, pulmonary hypertension, right ventricular failure. Each of these
profiles is associated with distinct risk markers/risk factors, with distinct outcomes, and have often
been excluded from clinical trials. Large registries can address these and provide hypotheses for
targeted treatments and ultimately improve outcomes.

Characterizing distinct patient profiles
Characterization of advanced HFrEF Characterization of advanced HFrEF to facilitate development of new interventions and new

inotropes/myotropes/contractile agents for the many patients with advanced HFrEF who cannot
undergo heart transplantation or placement of an LVAD.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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2322 L.H. Lund et al.

Table 2 (Continued)

Unmet needs, objectives, research
questions, and/or gaps in evidence

Examples and potential impact for clinical care,
implementation and future discovery and trial design

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Therapies targeting patients with advanced
HF and patients excluded from clinical
trials, for example, advanced kidney
failure or hypotension

Understanding the tolerance of, use of, adherence to and persistence with GDMT in patients with
advanced HFrEF, who often do not tolerate or adhere to GDMT.

Diagnostic modalities and outcomes Lung ultrasound, right heart catheterization, coronary angiography, CT angiography, cardiac MRI, and
endomyocardial biopsy have variable availability, or general availability but variable adoption, and
how their results are associated with outcomes and/or improve care is uncertain.

AHF/WHF triggers WHF is increasingly relevant as a clinical profile, risk marker for poor outcomes, and endpoint in
clinical trials. But the risk markers/risk factors for, triggers of, and clinical characteristics of, patients
treated in different settings, such as intensive care, hospital ward, emergency department, or
outpatient infusion clinic, are poorly understood.

Hospital course In-hospital complications and mortality remain a significant source of poor outcomes and high costs in
HF. Detailed information on clinical presentation in WHF and AHF together with detailed
information on hospital course can identify patients characteristics that may need special attention
in the urgent setting, as well as patient characteristics more amenable to participation in clinical
trials in AHF and WHF.

Asymptomatic left ventricular dysfunction
and transition to symptomatic HF

Which detailed patient characteristics are associated with transition from NYHA class I to
symptomatic HF?

Biomarkers for targeting and optimizing
therapy

NT-proBNP (and BNP) is indicated for HF diagnosis and is useful for HF prognosis. But most
literature on natriuretic peptides has studied ‘snap-shot’ concentrations rather than changes over
time. There is limited data to support NT-proBNP guided therapy. NT-proBNP assessed over time
and in relation to changes in other clinical characteristics and outcomes can improve the
understanding of the longitudinal role of natriuretic peptides and biomarkers.

Serial and changes in NTproBNP
Clinical trial design Clinical trials, especially in HFpEF, may be diluted by a low risk of CV and HF events (and high risk of

competing non-CV events). With detailed information on clinical risk markers, biomarkers, and
imaging data, HF III can provide enrichment markers that can be used in isolation or as a ‘menu’ of
choices among many inclusion criteria in clinical trials.

Machine learning and artificial intelligence Both HFrEF, HFmrEF and HFpEF are heterogeneous. This makes targeted therapy and clinical trial
design difficult. Novel machine learning and artificial intelligence methods could identify clusters
with for example, especially high or low risk or ventricular arrhythmia, non-CV and non-modifiable
events, or risk of incident hypotension, worsening kidney function, or hyperkalaemia. This
information can inform both clinical decision-making and clinical trial design.

Phenotyping HFpEF
Precision medicine and systems biology

models
Rapid implementation of GDMT Clinical trials and guideline recommendations increasingly emphasize rapid and concurrent initiation

and up-titration of multiple GDMTs, both in the chronic HF and hospital setting, and for some
medications, also in the acute phase of WHF. However, the extent of, factors associated with, and
safety of, these approaches are still poorly understood.

Order of adding disease-modifying drugs
for HFrEF

Safety of initiating multiple medical
treatments concurrently and in de novo
HF, AHF, stabilized in hospital, and in
relation to blood pressure and eGFR

The table lists and consolidates objectives and research questions from the ESC HF III Registry (in black text). If these gaps were specified in guidelines, they are color coded as
follows: “Gaps in evidence” from the ESC 2021 HF Guidelines (in blue text) and “Evidence gaps and future research directions” from the 2022 ACC/AHA/HFSA HF Guidelines
(in red text).
AF, atrial fibrillation; AHF, acute heart failure; BNP, brain natriuretic peptide; CKD, chronic kidney disease; CT, computed tomography; CV, cardiovascular; ECG,
electrocardiogram; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HF, heart failure; HFmrEF, heart failure
with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; iv, intravenous; LVAD, left
ventricular assist device; MCS, mechanical circulatory support; MRI, magnetic resonance imaging; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York
Heart Association; SGLT, sodium–glucose cotransporter; WHF, worsening heart failure.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 3 Specific research directions and research questions to be addressed by the HF III Registry

Domain Research question
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Implementation science
Physician specialty training Which patient care settings and physician specialty training are common and how is physician specialty

associated with patient characteristics, use of diagnostics and therapy, and outcomes?
Diagnostics In patients with de novo and with pre-existing HF in the outpatient or acute HF setting, which diagnostic

tools are used, such as echocardiography, lung ultrasound, right heart catheterization, endomyocardial
biopsy, coronary angiography, and cardiac CT and MRI? How is use of diagnostics consistent with
guidelines? What factors are associated with use of diagnostics and and how is use of diagnostics
associated with outcomes?

Implementation of GDMT What is the implementation of GDMT and adherence to guidelines regarding GDMT? Which factors are
associated with use of GDMT? What is the extent of use and timing of use in different clinical settings?
How common is discontinuation and which factors are associated with more or less initiation and
discontinuation in the outpatient and hospitalized setting?

Targeted HF therapies What is the implementation of interventions that are or may be indicated in some but not all patients with
HF, for example, CRT, ICD, potassium binders, iv iron, rhythm control in AF, short-term MCS, LVAD,
heart transplantation, invasive and non-invasive remote monitoring, nurse-based HF clinics, exercise
rehabilitation programmes, palliative care?

Percutaneous valve interventions Transcatheter edge-to-edge repair and valve replacement are rapidly evolving treatment options for patients
with HF and secondary mitral and/or tricuspid regurgitation. How do patients in the HF III Registry
resemble patients in trials of percutaneous valve interventions? What is the extent of secondary valvular
regurgitation in relation to other parameters on echocardiography such as EF and LV and RV dimensions?

Indications for SGLT2/1 inhibitors
and GLP-1 receptor agonists

SGLT2/1 inhibitors are now indicated in HF and GLP-1 receptor agonists are being extensively studied in
various syndromes related to HF. Have these agents and are these agents being studied in ‘real-world’
patients with HF? What proportions of HF patients would meet indication for example, GLP-1 receptor
agonists based on a BMI criterion?

Clinical discovery
The role of EF The EF measurement has been criticized as variable and arbitrary. How well does EF distinguish different

underlying risk factors and aetiologies, clinical characteristics, and cause-specific outcomes? Are there
other parameters from the echocardiogram (e.g. strain rate or LV volumes) or from other diagnostic
examinations that better characterize and phenotype HF? Are such parameters feasible or even more
suitable than EF for clinical use and clinical trial design?

Characterization of HFmrEF From a perspective of aetiology, clinical characteristics and outcomes, does HFmrEF resemble more HFrEF
or more HFpEF? How should future clinical trials consider HFmrEF – to be included in HFrEF trials or in
HFpEF trials?

Understanding HFpEF Is HFpEF a heterogeneous collection of multiple phenotypes or is there a universal common driver of
HFpEF related to age, comorbidities, overweight, inactivity, and systemic inflammation?

Congestion in AHF and WHF How common, how severe, and how reversible is congestion in de novo HF, chronic HF, and AHF/WHF,
and how is congestion associated with EF, HF severity, and cardiovascular, HF and kidney outcomes? Can
congestion scores be derived or validated as prognostic scores, treatment targets, and/or clinical
phenotypes for future AHF trials?

Understanding iron deficiency How common is iron deficiency and which parameters, such as ferritin, serum iron, and TSAT, are optimal
for characterizing iron deficiency and its relation to anaemia, functional capacity, HF severity, and
cause-specific outcomes?

Advanced HF What is the hospital course in AHF/WHF and the 1-year cause-specific outcomes in CHF and post
AHF/WHF in patients with advanced or severe HF?

AF, atrial fibrillation; AHF, acute heart failure; BMI, body mass index; CHF, chronic heart failure; CRT, cardiac resynchronization therapy; CT, computed tomography; EF, ejection
fraction; GDMT, guideline-directed medical therapy; GLP-1, glucagon-like peptide-1; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator; LV, left ventricular; LVAD, left ventricular
assist device; MCS, mechanical circulatory support; MRI, magnetic resonance imaging; RV, right ventricular; SGLT, sodium–glucose cotransporter; TSAT, transferrin saturation;
WHF, worsening heart failure.

critical non-categorical variables such as EF, N-terminal pro-brain
natriuretic peptide and other laboratory variables, and continu-
ous vital parameters, such as blood pressure and heart rate. A
well-designed registry strikes an optimal balance between sufficient
data detail to reliably characterize HF, while avoiding excessively ..

..
..

..
..

..
.. demanding data collection, leading to difficulties incorporating data

collection into routine care and resulting in selective registration
of few and less representative patients44 (Figure 2).

Despite effective therapy, and even in a setting of optimal
implementation, HF remains a debilitating syndrome with a need

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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for novel treatment strategies. This applies in particular to HFpEF,
where only SGLT2i have been shown to improve outcomes,45–47

and to advanced HFrEF, where patients deteriorate despite, or
may not tolerate, foundational HFrEF therapy.48–50 Well-designed
registries can combine the collected data in emerging big data,
machine learning, clustering or phenotyping approaches, to better
define distinct clinical phenotypes, with clinical characteristics
and/or outcomes that may be particularly amenable to inter-
vention.51,52 As such, registries do not inform treatment effects
but do inform trial design for novel interventions or new use
of existing interventions. The ESC HF III Registry combines
clinical, biomarker, and detailed imaging data and may be able to
identify novel HF phenotypes with particular characteristics or
outcomes, and this information may inform subsequent HF trial
design.

Finally, an emerging potential for HF registries is the actual
conduct of randomized trials. The Registry-based RCT (RRCT)
has received attention in particular in the setting of acute coronary
syndrome, but may be extendable to chronic syndromes such as
HF.44 Given that barriers to implementation are often specific
and addressable, HF registries can also serve as foundations for
strategy trials and implementation trials, using for example, cluster
randomization or using screening approaches to identify therapeu-
tic inertia and underuse.53,54 An emerging initiative, the European
Unified Registries for Heart Care Evaluation and Randomized
Trials (EuroHeart), is an ESC and European initiative to further
improve and standardize CV registries and may in the future be
able to not only assess quality of care and implementation as well as
clinical characteristics and phenotypes, but also serve as platforms
for randomized trials.55 There is considerable interest in estab-
lishing local HF registries based on the success of large existing
registries, but joint collaboration and participation in geograph-
ically diverse registries such as the present HF III and the future
EuroHeart avoids ‘re-inventing the wheel’. National, regional, and
local participants in large registries such as HF III and EuroHeart
can participate in the overall registry and at the same time receive
national, regional, or local data back for analysis, and as such
can avoid the effort and expense of developing an independent
registry.

Despite the combination of detailed and granular data collection
and broad and generalizable coverage (Figure 2), the HF III has
limitations. Participating sites were all cardiology centres, which
means that patients and providers are selective. In many countries,
patients with HF are cared for in primary care. Access to cardiology
care differs according to age, sex, EF, income, education, and other
factors, and access to cardiology care in turn affects quality of care
and outcomes.18,40,56–58 Thus, patients in HF III will be younger,
more commonly male, and receive higher quality of care and have
better outcomes than the overall HF population in Europe, which
compromises generalizability.

In conclusion, the ESC HF III Registry will provide com-
prehensive and unique insight into contemporary HF char-
acteristics, treatment implementation and outcomes, and
may impact implementation strategies, clinical discovery, trial
design and public policy throughout Europe and ESC affiliated
countries. ..
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