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ABSTRACT
Heart failure (HF) represents a global pandemic. Although in HF with reduced ejection fraction (HFrEF)
randomized controlled trials have provided effective treatments, prognosis still remains poor, with sig-
nals of undertreatment. HF with mid-range EF (HFmrEF) has no evidence-based therapy, and its char-
acterization is ongoing. Trials in HF with preserved EF (HFpEF) have failed to provide any effective
treatment, but there are several concerns about their design. Thus, current challenges in the HF field
are: 1) optimizing the use of existing treatments in HFrEF; 2) developing and proving efficacy of new
treatments, and of new use of existing treatments in HFpEF and HFmrEF. Here we describe how regis-
try-based research can improve knowledge addressing the unmet needs in HF, and in particular we
focus on the contribution of the Swedish Heart Failure Registry to this field.
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Introduction

Heart failure (HF) represents a global pandemic with around
26 million affected worldwide. It is the leading cause of hos-
pitalization in the United States and in Europe and a signifi-
cant driver of the rising health care costs (1,2). Prognosis
remains poor, with <50% 4-year survival, similar to the most
common cancers, and quality of life is also poor (3,4). In this
review we will address contemporary challenges in HF and
how registries in general and The Swedish Heart Failure
Registry (SwedeHF) in particular may address them.

Around half of the HF population has HF with reduced
ejection fraction (HFrEF; EF< 40%), one-quarter has HF with
mid-range EF (HFmrEF; EF¼ 40%–49%), and one-quarter has
HF with preserved EF (HFpEF; EF� 50%) (5). Trials in HFrEF
have yielded several drugs and devices significantly improv-
ing survival/morbidity, but prognosis still remains poor and
there are signals of treatment under-use; the challenges here
include optimizing implementation of existing evidence, or
implementation science (6). In HFpEF, trials have not suc-
ceeded in demonstrating the efficacy of any tested treat-
ments, but several concerns about study design have been
raised. HFmrEF has emerged only recently as an independent
entity, and its characterization is ongoing (7). Previously,
HFmrEF patients have been enrolled inconsistently in HFpEF
or HFrEF trials. Although there are signals that HFrEF treat-
ments may be beneficial also in the HFmrEF population
(8–10), ad hoc randomized trials in this subpopulation are
missing. The challenges in HFmrEF and HFpEF are primarily
innovation science, i.e. developing and proving efficacy of

new treatments, and of new use (i.e. for HFmrEF and HFpEF)
of existing treatments (7,8,11). Finally, outcomes in acute HF
(AHF) have not improved, and the challenge here, again, is
innovation science, new medical and device interventions, as
well as new and better use of existing interventions.

The Swedish Heart Failure Registry: an overview

The Swedish Heart Failure Registry (SwedeHF) (12), or
RiksSvikt in Swedish, is a nationwide continuous health qual-
ity and research registry founded in 2000 and implemented
throughout Sweden in 2003. Up to 31 December 2014,
101,303 registrations from 63,519 unique patients have been
included from 70 of a total of 80 hospitals (both inpatients
and outpatients) and from 100 of a total of 1000 outpatient
primary care clinics in Sweden, with around 10,000 registra-
tions added every year. Coverage of prevalent HF in the
inpatient setting is 54%. Coverage of prevalent HF in primary
care is much lower, but few patients are seen exclusively in
primary care and thus are eventually caught and registered
in cardiology or internal medicine departments. Coverage of
incident HF is around 10% (13)—much lower, because the
first contact with HF usually occurs at a caregiver that does
not report to the registry, such as in the emer-
gency department.

SwedeHF has clinician-judged HF as the only inclusion cri-
terion. EF is not mandatory, but recorded in around 90% of
the registrations, and, thus, distinctions can be made
between HFpEF, HFmrEF, and HFrEF patients. Care in
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pediatric departments is the only exclusion criterion.
Individual patient consent is not required, but patients are
informed of entry into national quality registries and allowed
to opt-out.

In SwedeHF approximately 80 variables are entered, at
hospital discharge or after outpatient clinic visit, onto a web-
based case report form. From these, numerous additional
variables are derived by the data capture system, such as sex
(derived from universal personal identification number), or
subsequently during data management or statistical analysis
(such as estimated glomerular filtration rate). The number
and complexity of variables were carefully chosen. Indeed,
an adequate number of variables needs to be provided in
order to enable a detailed characterization and phenotyping
of HF population. However, a case report form including too
many variables might be excessively time-consuming and
thus unpractical to be filled in in routine care. This might
reduce feasibility, enrollment, and thus external validity and
generalizability of data. Thus, SwedeHF includes creatinine,
but also e.g. N-terminal pro-B-type natriuretic peptide (NT-
proBNP), potassium, and hemoglobin, but not a number of
other biomarkers that are used generally in research only;
and it includes EF but no additional echo parameters. The
Uppsala Clinical Research Center (UCR) manages the data-
base. Thus, data on demographics (age, gender, etc.), clinical
characteristics (X-ray, ECG, heart rate, blood pressure, New
York Heart Association class), laboratory tests (creatinine,
potassium, hemoglobin, NT-proBNP, etc.), comorbidities, and
cardiovascular treatments are collected. Furthermore, add-
itional baseline categorical variables can be obtained by link-
ing SwedeHF with other government and disease registries
by the personal identification number that all permanent res-
idents in Sweden have regardless of citizenship. In particular,
the National Patient Registry (Socialstyrelsen—The National
Board of Health and Welfare) provides additional data on
comorbidities as ICD-10 codes (e.g. stroke, peripheral artery
disease, cancer, renal disease, dialysis, etc.), while socioeco-
nomic data (e.g. level of education, income, employment,
etc.) are extracted from Statistics Sweden (Statistiska
Centralbyrån), which can also provide age- and gender-
matched controls without HF. Coverage of the National
Patient Registry approximates, while that of Statistics
Sweden is 100%. ICD-10 coding in Sweden has been vali-
dated, with a positive predictive value ranging between 85%
and 95% for most diagnoses; for example, a HF diagnosis
has been verified in 86%–91% of cases (14,15). Additional
data on treatments can be obtained by linking with the
Dispensed Drug Registry from Socialstyrelsen (available
since 2005).

Regarding outcomes, vital status and any date of death
are provided by the Population Registry (administered by
Socialstyrelsen), whereas data on cause-specific hospitaliza-
tion, new-onset morbidity, and cause of death can be
extracted by linking with the National Patient Registry. Vital
status is updated monthly, medication adherence continu-
ously, data on cause of death, hospitalization, and new-onset
morbidity yearly.

SwedeHF can be also linked with other national disease
registries and cohorts. For example, the linking with SCREAM
(Stockholm Creatinine Measurement Project), which is a
repository of laboratory data of individuals residing or
accessing health care in Stockholm County, allows longitu-
dinal assessment of the association between HF therapies
and changes in relevant laboratory values (e.g. incidence of
hyperkalemia in HF patients receiving mineralocorticoid
receptor antagonists [MRAs]) (16).

Example 1: enrollment in SwedeHF associated with
improved outcomes

Enrollment in registries has been assumed to be associated
with an improvement in outcome, but this had never been
proven until 2017, when an analysis of 231,437 HF patients
showed a dramatic reduction in mortality in those registered
in both SwedeHF and the National Patient Registry versus
those registered only in the latter (13). This observation was
in part explained by the different characteristics of patients
registered versus those not registered in SwedeHF (e.g.
younger age, higher education, less comorbidities), but a
major role was played by the better use of HF-specific treat-
ments in patients enrolled in SwedeHF (13).

Example 2: SwedeHF for studying implementation of evi-
dence-based treatments in HFrEF

Even in registries where enrollment is associated with
improved outcome linked to better treatments and care
there is evidence of suboptimal use of HF-related and more
general cardiovascular (CV) therapies (6). Thus, analyses from
registries may be determinant to study factors associated
with undertreatment and foster implementation of evidence-
based therapies.

Data from SwedeHF have been valuable to assess trends
in use of HFrEF therapies over time in Sweden, with findings
potentially generalizable to or useful for comparison with
other European countries and United States. In 5908 patients
with New York Heart Association (NYHA) class II–IV, EF
<30%, and HF duration �6 months enrolled in SwedeHF
between 2003 and 2012, renin-angiotensin system inhibitors
(RASi) and beta-blocker use were overall high, �90%, and
constant over time (6). On the other hand, use of cardiac
resynchronization therapy (CRT) and implantable cardioverter
defibrillator (ICD) was very low, and increased from 2.4% and
4.0% in 2003 to only 8.2% and 10.7% in 2012, respectively
(6). This study prompted an examination of the quality of HF
care in Sweden, and the largest public insurer, Stockholm
County Council (SLL), funded the so-called 4D Heart Failure
project to improve access to and quality of HF care (http://
viss.nu/Nyheter/Projekt-4D-Hjartsvikt/).

In the same study, use of MRAs was modest, �53% in
2003, and decreased over time to �42% in 2012 (6). Reasons
for MRA under-use were assessed in SwedeHF and included
reduced renal function as expected, even in the creatinine
clearance 30–59.9mL/min range where MRAs are not contra-
indicated (17).

Undertreatment in the HF population is not limited to HF-
specific therapy. In all patients with HF and concomitant
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atrial fibrillation (AF), oral anticoagulation (OAC) is recom-
mended by guidelines since CHA2DS2-VASc is �1 (18,19).
However, data from SwedeHF reported that only 58% of HF
patients with concomitant AF received OAC, and the under-
estimation of thrombotic risk and overestimation of bleeding
risk were the major determinants of OAC undertreatment
(18). Indeed, in our analysis CHA2DS2-VASc and HAS-BLED
scores similarly predicted risk of all-cause mortality/stroke
and all-cause mortality/major bleeding, respectively, but
HAS-BLED had a considerable higher weight in driving OAC
use decision-making compared with CHA2DS2-VASc (18).

These studies highlight the role of SwedeHF in assessing
use of therapies in real-world HF patients and identifying the
reasons for potential undertreatment. The data provided sup-
port the hypothesis that although developing new treat-
ments is key to improving prognosis, implementing the
utilization of existing evidence-based interventions is also
critically important.

Example 3: SwedeHF for HF characterization and
phenotyping

Several studies from SwedeHF have contributed to the
improving understanding of HFpEF and HFmrEF. HFmrEF has
been shown to be an intermediate phenotype between
HFpEF and HFrEF for most relevant patient characteristics,
such as age, gender, body mass index, hypertension, atrial
fibrillation, and anemia, but, notably, more similar to HFrEF
for prevalent and incident ischemic heart disease (5,20).
Regarding prognosis, crude mortality has been reported to
be lower in HFmrEF and HFrEF versus HFpEF, but adjusted
risk was lower in HFmrEF and HFpEF, with ischemic heart dis-
ease portending a higher adjusted risk of death in HFmrEF
and HFrEF (5,20).

SwedeHF data have been compared with data from other
international cohorts, providing insights on geographical dif-
ferences in HF populations (21,22). Indeed, a comparative
analysis of SwedeHF versus TaHeF, the Tanzania HF study,
has shown Tanzania HF patients to be younger and more
commonly female, to have more frequent hypertension and
anemia, more advanced HF although with higher EF, and,
notably, worse crude but similar adjusted survival (21).
Swedish white HF patients have also been compared with
those from a Singaporean Asian HF cohort to investigate any
differences in the association of QRS duration with EF and
outcomes (22). Asian patients were younger, had smaller
body size, lower EF, and shorter unadjusted QRS (22). The
association between lower EF and longer QRS duration was
greater among Asians than whites, with adjusted QRS dur-
ation similar in Asians and whites with HFpEF, but longer in
Asian versus whites with HFrEF (22). Longer QRS durations
was similarly associated with increased risk of mortality/HF
hospitalization in both populations (22).

Although in SwedeHF echo and biomarker data are lim-
ited, novel methods can be used to improve characterization.
Applying machine learning methods to SwedeHF, cluster
analysis has identified four different phenotypes significantly
differing in outcomes and in response to therapies (23).
Additionally, this method has been shown to provide

excellent calibration and discrimination for survival, whereas
EF has not (23). Thus, applying machine learning to SwedeHF
has demonstrated the potential of novel analytic approaches
to enhance effectiveness of current therapies that may be
translated to a new trial design concept.

Example 4: SwedeHF for identifying potential treatments in
HFpEF and in neglected HFrEF subpopulations

Trials on RASi in HFpEF did not show any efficacy in terms of
reduction of primary outcome, but some signals toward
benefit were reported (24). Selection bias, underpowering, or
high cross-over rates may be potential explanations. Thus,
the hypothesis that RASi use may be associated with
improved survival was tested in the SwedeHF HFpEF popula-
tion, where reduced mortality rates were reported in patients
treated versus those not treated with RASi in a propensity
score matching analysis (25).

Similarly, SwedeHF provided important insights about the
use of beta-blockers in HFpEF, where data are sparse and
inconclusive. In a propensity score matching analysis, beta-
blockers were associated with a significant reduction in risk
of all-cause mortality but not of all-cause mortality or HF
hospitalization (26).

Renal insufficiency is common in HF and associated with
worse outcome. Patients with renal insufficiency have been
excluded from RASi trials in HFrEF, although there is evi-
dence that RASi may be even more beneficial in this subpo-
pulation (27). Thus, in a propensity score matching analysis
from SwedeHF, we tested the association between RASi and
mortality in HFrEF patients with renal insufficiency defined as
creatinine >221 lmol/L or creatinine clearance <30mL/min,
showing a significant improved survival in RASi versus non-
RASi users (28).

Although observational data cannot assess efficacy of
treatments but only association with outcomes because of
unmeasured confounding factors, these important analyses
from SwedeHF encourage further testing of these drugs in
appropriately powered and designed randomized trials, pro-
viding not expensive new interventions but evidence for
new use of existing generic inexpensive interventions.

Example 5: SwedeHF for improving trial design

One of the hypotheses for previous HFpEF trial failures has
been wrong patient selection leading to the enrollment of
patients who may not have had HF or may have had mild
HFpEF, i.e. a poorly enriched population, meaning low risk of
CV events or high risk of non-CV events, that makes testing
new HF therapies ineffective or requiring an excessive sam-
ple size. NT-proBNP has been used in trials to ensure the
presence of HF and enrich for CV events, but the cut-offs for
NT-proBNP used to enroll patients have been arbitrary. Thus
we investigated in SwedeHF the association between NT-
proBNP and CV versus non-CV, and our findings led us to
conclude that when designing HF trials it is important to rec-
ognize that non-CV events will be higher with higher EF,
that potential CV treatment benefits in relation to non-CV
events will be lower with higher EF, and that enrolling
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patients with higher NT-proBNP will enrich for CV and also
for CV versus non-CV events but will lead to a more difficult
enrollment in terms of numbers of eligible patients (29).

Another potential explanation for HFpEF phase III trials
failure could be the inappropriate choice of or interpretation
of surrogate endpoints in the preceding phase II trials, mean-
ing e.g. biomarkers whose changes in levels in phase II trials
were not associated with changes in prognosis. In SwedeHF
we identified a strong association between NT-proBNP levels
and risk of all-cause mortality/HF hospitalization regardless of
EF (29,30), and for the first time in an HFpEF/HFmrEF unse-
lected cohort we showed that reduction over time in NT-
proBNP levels was associated with improved outcome (31).
These findings support the use of NT-proBNP as surrogate
endpoint in HFpEF and HFmrEF phase II trials.

Example 6: a novel paradigm combining randomization as
in an RCT with efficiency of a registry—the registry-based
randomized controlled trials: SPIRRIT-HFpEF

Registry-based prospective randomized clinical trials (RRCT),
with their simplified regulatory, ethics, and consent proce-
dures, and simplified or automated baseline and outcome
collection, allow testing novel use of generic drugs or exist-
ing interventions in the real-world care setting, with substan-
tially lower costs (11,32,33). SwedeHF has been key to
designing and running the Spironolactone Initiation Registry
Randomized Interventional Trial in Heart Failure with
Preserved Ejection Fraction (SPIRRIT-HFpEF), the first RRCT in
HF (11). Briefly, SPIRRIT-HFpEF is a prospective randomized,
multicenter, safety/efficacy, parallel assignment, intention-to-
treat, open-label treatment, phase IV, event-driven interven-
tional trial in HFpEF, testing spironolactoneþ usual care ver-
sus usual care alone in patients with HFpEF. The RRCT
platform screens and determines eligibility for both previ-
ously and newly entered patients in SwedeHF. Eligible
patients who consent are then randomized in the web plat-
form. Baseline data entered into the registry as part of rou-
tine care together with randomized assignment are fed into
a separate electronic data capture system. Outcomes (death,
cause-specific hospitalization, safety, medication adherence
and use) are collected by linking SwedeHF with national
registries from the Swedish Board of Health and Welfare.
Enrollment in SPIRRIT-HFpEF is currently ongoing, and 3200
patients will be randomized by 2020.

Conclusions

Over the last 10 years SwedeHF has reported on and
improved quality of HF care in Sweden and has provided
important research findings that have contributed to sub-
stantially improve our understanding and care of HF.
Registry-based studies have a major role to identify under-
treatment and, thus, implement the use of existing therapies.
Notably, data from registries can support trial design directly,
as in RRCTs, or indirectly by fostering patients’ characteriza-
tion, the identification of potential treatments and optimal
outcomes for trials.
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