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Abstract

Aims In the heart failure (HF) with preserved ejection fraction (HFpEF) PARAGON-HF trial, sacubitril/valsartan vs. valsartan
improved mortality/morbidity in patients with left ventricular ejection fraction (LVEF) below median (57%). We assessed
eligibility for sacubitril/valsartan based on four scenarios.
Methods and results Eligibility was assessed in the Karolinska-Rennes study (acute HFpEF, LVEF ≥ 45%, and N-terminal pro-
B-type natriuretic peptide ≥300 pg/mL subsequently assessed as outpatients including echocardiography) in (i) a trial scenario
(all trial criteria); (ii) a pragmatic scenario (selected trial criteria); (iii) LVEF below lower limit of normal range (<54% in women
and <52% in men); and (iv) LVEF below mean of normal range (<64% in women and <62% in men). Among 425 patients [age
78 (72–83) years, 57% women, 28% LVEF ≤ 57% (median in PARAGON-HF), the trial scenario, identified 34% as eligible. Left
atrial enlargement and/or left ventricular hypertrophy were present in 99%. Inclusion criteria not met were diuretic treatment
and New York Heart Association class. Important exclusion criteria were estimated glomerular filtration rate <30 mL/min/
1.73 m2, haemoglobin <10 g/day, and cancer. In the pragmatic scenario, 63% were eligible. In LVEF below lower limit of
normal range, 5.4% were eligible, and in LVEF below mean of normal range, 41% were eligible. In patients with
LVEF ≤ 57%, eligibility was 42%, 69%, 21%, and 91% according to the trial scenario, pragmatic scenario, LVEF below lower limit
of normal range, and LVEF below mean of normal range, respectively.
Conclusions In real-world HFpEF (LVEF ≥ 45%) with N-terminal pro-B-type natriuretic peptide and cardiac structure/function
assessed, eligibility for sacubitril/valsartan was according to PARAGON-HF complete criteria 34%, pragmatic criteria 63%, LVEF
below lower limit of normal range 5.4%, and LVEF below mean of normal range 41%. Cardiac structural impairment was
almost ubiquitous. Ineligibility was more due to exclusion criteria than failing to meet inclusion criteria.

Keywords Heart failure with preserved ejection fraction; Heart failure with mid-range ejection fraction; Heart failure with mildly
reduced ejection fraction; Heart failure with borderline ejection fraction; PARAGON-HF; Sacubitril/valsartan; Eligibility; Echocardiog-
raphy; Structural heart disease; Trial design
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Introduction

Half of the heart failure (HF) population consists of patients
with left ventricular ejection fraction (LVEF) ≥50% or LVEF
41–49%, that is, HF with preserved (HFpEF) or mildly
reduced (HFmrEF) LVEF, respectively. The remaining half has

LVEF ≤ 40%, that is, HF with reduced LVEF (HFrEF). Mortality
in HF is high regardless of LVEF, but the risk of cardiovascular
(CV) events is lower with higher LVEF.1 There have been great
advances in HFrEF therapy.1 In HFpEF, apart from the very
recent results from the EMPEROR-Preserved trial on the
sodium/glucose cotransporter-2 inhibitor empagliflozin,2
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previous randomized controlled trials (RCTs) have failed to
show any treatment benefit.3–6 According to guidelines,
treatment of patients with HFpEF is therefore currently
limited to improving symptoms and treating risk factors and
co-morbidities. However, recent post hoc analyses of HFpEF
RCTs, where HFmrEF was included, suggest that HFrEF treat-
ments may improve outcomes also in HFmrEF.7–9

The PARAGON-HF trial [Prospective Comparison of ARNI
(angiotensin receptor–neprilysin inhibitor) with ARB (angio-
tensin receptor blocker) Global Outcomes in HF with Pre-
served Ejection Fraction] studied the efficacy and safety of
sacubitril/valsartan vs. valsartan in patients with HFpEF
(defined as LVEF ≥ 45%). The primary outcome was the com-
posite of CV mortality and total HF hospitalizations.
PARAGON-HF missed statistical significance for the primary
endpoint {rate ratio (RR), 0.87 [95% confidence interval (CI)
0.75–1.01]; P = 0.06}.10 However, there was a significant
treatment–LVEF interaction. The primary PARAGON-HF
publication10 did not present the P-value for the interaction,
but with LVEF equal to or below median (≤57%), the RR was
0.78 (95% CI 0.64–0.95), whereas with LVEF above median
(>57%), the RR was 1.00 (95% CI 0.81–1.23).10 In a post
hoc analysis of effect across the LVEF spectrum using
PARADIGM-HF and PARAGON-HF combined, there was a
significant treatment–LVEF interaction (P = 0.02). The effect
of LVEF on the efficacy of sacubitril/valsartan did not differ
between sexes, but the benefit persisted to a higher LVEF in
women compared with men (Pinteraction = 0.032).11 This sug-
gests that the benefits of sacubitril/valsartan observed in pa-
tients with HFrEF in PARADIGM-HF12 could extend to patients
with mildly reduced (i.e. lower than normal) LVEF and to
women.

In RCTs, inclusion/exclusion criteria are applied to ensure
enrolment of the targeted study population, to enrich for
modifiable events, and to reduce the risk of competing
events, and in PARAGON-HF, to ensure the presence of HF,
because the diagnosis can be difficult in the presence of a
preserved or normal LVEF. The strict selection criteria might
reduce external validity of trial findings, affecting drug labels,
guideline recommendations, payer reimbursement, and clini-
cal implementation. The PARAGON-HF trial had numerous se-
lection criteria, in particular the presence of left atrial
enlargement (LAE) or left ventricular hypertrophy (LVH),
which are often unavailable in clinical datasets.13 Recently,
the Food and Drug Administration (FDA) updated the label
for sacubitril/valsartan to ‘… adult patients with chronic heart
failure. Benefits are most clearly evident in patients with left
ventricular ejection fraction (LVEF) below normal’.14 Finally,
of relevance for clinicians and payers is how a new drug will
be implemented clinically, which often reflects a pragmatic
simplified approach to a combination of trial, guideline, and
label characteristics and criteria.

Therefore, in a well-characterized HFpEF observational
cohort, overall and in women and men separately, and in

patients with LVEF ≤ 57% and >57% separately, we aimed
to (i) assess eligibility for sacubitril/valsartan according to
strict and pragmatic PARAGON-HF inclusion/exclusion criteria
and LVEF below normal, (ii) compare patient characteristics
according to the eligibility status, and (iii) investigate the
prevalence of LVEF ≤ 57% and ‘below normal’ defined as LVEF
below the lower limit of the normal range (<54% in women
and<52% in men) and LVEF below the mean of normal range
(<64% in women and <62% in men) according to the
American Society of Echocardiography and the European As-
sociation of Cardiovascular Imaging.15

Methods

Patients

The Karolinska-Rennes (KaRen) study was a prospective, mul-
ticentre, international, non-interventional study recruiting
patients between 28 June 2007 and 29 December 2011, pre-
senting with acute signs and symptoms of HF according to
the Framingham criteria, LVEF ≥ 45% by echocardiography,
and elevated natriuretic peptides [B-type natriuretic peptide
>100 ng/L or N-terminal pro-B-type natriuretic peptide
(NT-proBNP) >300 ng/L]. Exclusion criteria included primary
restrictive or obstructive cardiomyopathy or pericardial con-
striction, any CV disorder with an indication for surgical or
percutaneous intervention (e.g. valve disease requiring inter-
vention, even if such intervention was not offered because
of, e.g. frailty or age), existing cardiac resynchronization ther-
apy, renal disease requiring dialysis, or pulmonary disease re-
quiring chronic supplemental oxygen. Patients in a stable
state after 4–8 weeks returned for detailed echocardiography
and clinical examination and were subsequently followed up
by phone for 18 months.16 Echocardiography was assessed
using Vivid 7 ultrasound systems (GE Healthcare, Horten,
Norway) and analysed in a dedicated core lab in Rennes,
France.

Statistics

Eligibility according to PARAGON-HF in KaRen was assessed
in the whole cohort, separately in women and men, and
separately in LVEF ≤ 57% and >57%. Calculations are
reported as number and percentages representing the re-
maining cohort after applying the respective inclusion/
exclusion criteria. The criteria were not ordered and were
not mutually exclusive; that is, the percentage shown for
each criterion is the percentage eligible considering only
that criterion, disregarding all other criteria.

Because there were some missing data for variables to be
considered for eligibility assessment, and to avoid bias due
to data missing not at random, the main analysis was per-
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formed on an imputed dataset. Missing data were handled
by multiple imputations using the R package ‘mice’17 with
10 datasets generated and 10 iterations. Variables included
in the imputation models are specified in Supporting Infor-
mation, Table S2. For the eligibility calculations, because
one specific value is needed for each patient, the median
was used for the continuous variables and the mode for cat-
egorical variables. If multiple modes existed, the lower value
was used. For consistency, eligibility calculations were also
performed on a complete case dataset, where only patients
with non-missing information for all eligibility variables were
included and in patients in whom missing values for
eligibility variables were assumed to be eligible for inclusion.
Patient characteristics were compared in eligible vs. non-
eligible patients by Wilcoxon–Mann–Whitney test and χ2

test for continuous and categorical variables, respectively.
The eligibility analysis was performed considering four
scenarios: (i) a trial scenario, where all the PARAGON-HF se-
lection criteria that could be investigated in our dataset
were applied, (ii) a pragmatic scenario including only those
PARAGON-HF trial criteria that are more likely to influence
real-world treatment decisions, that is, inclusion criteria:
age ≥50 years, New York Heart Association (NYHA) II–IV,
and elevated NT-proBNP criteria (defined as in the trial),
and exclusion criteria: systolic blood pressure <110 mmHg,
estimated glomerular filtration rate (eGFR) <30 mL/min/
1.73 m2, and two LVEF ‘below normal’ scenarios including
patients with chronic (symptomatic) HFpEF (NYHA II–IV)14

with LVEF ‘below normal’ defined as (iii) below lower limit
of normal range (<54% in women and <52% in men) and
(iv) below mean of normal range (<64% in women and
<62% in men). Normal ranges of LVEF (54–74% in women
and 52–72% in men) are according to the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging.15

To describe patients in the lower LVEF range, who may be
more likely to benefit from and receive sacubitril/valsartan,
patient characteristics independently associated with LVEF
below the lower limit of normal range (<54% in women
and <52% in men) and below the mean of normal range
(<64% in women and <62% in men) and with LVEF ≤ 57%
(median in PARAGON-HF) were assessed by multivariable
logistic regression models, with covariates selected based
on clinical relevance [sex, age, NYHA class, eGFR, median
NT-proBNP, diabetes, hypertension, ischaemic heart disease,
atrial fibrillation/flutter, renin–angiotensin–aldosterone sys-
tem inhibitor, mineralocorticoid receptor antagonist (MRA),
and beta-blocker]. Results are presented as odds ratios
(ORs) and corresponding 95% CIs.

All analyses were performed using R Version 3.6.1. The R
code for all data handling and statistical analyses is available
at https://github.com/linabe/eligibilityparagonkaren. The
level of significance was set to 5%, two sided. No adjustments
for multiple comparisons were made.

Ethical considerations

The KaRen study conforms to the International Conference
on Harmonization and Good Clinical Practice guidelines and
the Declaration of Helsinki. The study was approved by the
French and Swedish ethics committees. All patients provided
a written informed consent.

Results

Patient characteristics

Of the 539 KaRen patients, the present analysis is based on
the 425 who underwent echocardiographic assessment at
the 4–8 weeks of visit. Median age was 78 (72–83) years,
and 57% were women. In 28%, LVEF was ≤57%, in 8% below
lower limit of normal range, and in 46% below mean of nor-
mal range (Supporting Information, Table S1).

Eligibility according to four scenarios

Eligibility based on (i) PARAGON-HF trial criteria, (ii)
PARAGON-HF pragmatic criteria, and symptomatic HF (NYHA
II–IV) and LVEF below normal assessed as (iii) LVEF below
lower limit of normal range and (iv) LVEF below mean of nor-
mal range in the whole cohort and separately in women vs.
men and in LVEF ≤ 57% vs. >57% is presented in Figure 1
and Supporting Information, Table S2. Overall, in the imputed
dataset, considering both inclusion and exclusion criteria,
34% were eligible according to the trial scenario, 63% accord-
ing to the pragmatic scenario, 5.4% according to the LVEF be-
low lower limit of normal range criteria, and 41% according to
the LVEF below mean of normal range criteria. Applying only
the inclusion criteria, eligibility in the trial scenario was 71%
and in the pragmatic scenario 78%. The most likely met
inclusion criteria were age ≥50 years (99%), structural heart
disease (99%), and elevated NT-proBNP (93%). Inclusion
criteria less likely to be met were diuretic treatment (85% el-
igible) and NYHA Classes II–IV (85% eligible). When applying
only the exclusion criteria, 48% were eligible according to
the trial scenario and 83% according to the pragmatic sce-
nario. Major exclusion criteria affecting eligibility were
eGFR < 30 mL/min/1.73 m2 (89% eligible after applying this
exclusion criterion), haemoglobin <10 g/dL (88% eligible),
and malignancies within 5 years (86% eligible).

In women, the trial scenario was met in 36%, the prag-
matic scenario in 64%, the LVEF below lower limit of normal
range criteria in 6.2%, and LVEF below mean of normal range
criteria in 45%, and in men in 31%, 62%, 4.3%, and 37%,
respectively. In patients with LVEF ≤ 57%, eligibility was
42% according to trial scenario, 69% according to the
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Figure 1 Inclusion criteria met and exclusion criteria not met in men (blue), women (pink), left ventricular ejection fraction (LVEF) ≤57% (yellow), and
the whole KaRen cohort (purple). Inclusion criteria: age: ≥50 years; diuretic treatment: required for heart failure ≥30 days prior to enrolment; New
York Heart Association (NYHA) Class: II–IV; structural heart disease: left atrial volume index ≥29 mL/m2 or septal thickness or posterior wall thickness
≥1.1 cm; N-terminal pro-B-type natriuretic peptide (NT-proBNP): >300 pg/mL for patients in sinus rhythm or >600 pg/mL for patients in atrial fibril-
lation. Exclusion criteria: acute coronary syndrome (ACS) within 3 months; haemoglobin (Hb): <10 g/dL; body mass index (BMI): >40 kg/m2; systolic
blood pressure (SBP): >150 and <180 mmHg unless receiving three or more antihypertensive drugs; estimated glomerular filtration rate (eGFR):
<30 mL/min/1.73 m2; malignancy: within the past 5 years (except localized basal or squamous cell carcinoma of the skin or localized prostate cancer).
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pragmatic scenario, 21% according to the LVEF below lower
limit of normal range criteria, and 91% in the LVEF below
mean of normal range criteria. Detailed data on eligibility
based on each individual inclusion/exclusion criteria of
PARAGON-HF trial are reported in Supporting Information,
Table S2.

Consistency analysis

In consistency analyses, patients with and without missing
data did not substantially differ in eligibility. Calculations on
the complete case dataset (n = 84) displayed a slightly higher
eligibility applying the trial scenario (39%) and similar applying
the pragmatic scenario (62%), the LVEF below lower limit of
normal range criteria (8.3%), and the LVEF below mean of nor-
mal range criteria (52%) compared with the analyses on the
imputed dataset (34%, 63%, 5.4%, and 41%, respectively). As
expected, eligibility in patients with missing eligibility data as-
sumed as eligible (n = 425) was slightly higher, 38% according
to the trial scenario, 70% according to the pragmatic scenario,
22.4% according to the LVEF below lower limit of normal
range criteria, and 51% according to the LVEF below mean
of normal range criteria (Supporting Information, Table S2).

Characteristics in eligible vs. non-eligible patients

Clinical characteristics in eligible vs. non-eligible patients ac-
cording to the four scenarios are presented in Table 1. Ac-
cording to the trial scenario, eligible patients had higher
NT-proBNP, larger atrial volumes, and a more preserved kid-
ney function expressed as higher eGFR. Haemoglobin pre-
sented as median was higher, but anaemia was more
prevalent in eligible patients compared with the
non-eligible patients. Eligible patients were less likely to have
diabetes or history of cancer. The use of angiotensin-
converting enzyme inhibitors or ARBs, beta-blockers, MRAs,
and diuretics was more common in eligible patients com-
pared with the non-eligible patients. In the pragmatic
scenario, eligible vs. non-eligible patients were older and
had higher systolic blood pressure, but otherwise, clinical
characteristics were consistent with those observed in the
trial scenario. Regarding treatments, MRAs and diuretics
were more likely used in eligible patients, but there were
no differences for use of angiotensin-converting enzyme in-
hibitors/ARBs and beta-blockers. Eligible patients according
to the LVEF below lower limit of normal range criteria had
higher heart rate and lower potassium but did not signifi-
cantly differ in any other aspect. Eligible patients fulfilling
the LVEF below mean of normal range criteria had higher
body mass index and heart rate and were more symptomatic
reflected by higher NYHA class, NT-proBNP, and rales/
dyspnoea and more often on diuretics (Table 1).

Predictors of left ventricular ejection fraction
below lower limit and below mean of normal
range and ≤57%

In the whole cohort (LVEF ≥ 45%), LVEF below lower limit of
normal range (8%) was as expected uncommon and was
not significantly associated with any specific characteristics
(Figure 2A). LVEF below mean of normal range (46%) was in-
dependently associated with higher odds of beta-blockers
[OR 1.80 (95% CI 1.08–3.01); P = 0.026] (Figure 2B), while
LVEF ≤ 57% (28%) was associated with lower odds of MRA
treatment [OR 0.40 (95% CI 0.19–0.84); P = 0.018] and higher
odds of beta-blocker treatment [OR 2.37 (95% CI 1.32–4.25);
P = 0.004] (Figure 2C). In women, the use of beta-blockers
[OR 2.46 (95% CI 1.09–5.53); P = 0.031] was independently
associated with LVEF ≤ 57% (Supporting Information, Table
S3). In men, NYHA Classes III–IV vs. I–II [OR 2.52 (95% CI
1.16–5.50); P = 0.021] and less use of MRAs [OR 0.27 (95%
CI 0.08–0.89); P = 0.035] were independently associated with
LVEF ≤ 57%.

Discussion

In a well-characterized HFpEF cohort including detailed clini-
cal, biomarker, and echocardiographic data, 34% met the
PARAGON-HF trial eligibility criteria for treatment with sacu-
bitril/valsartan. If eligibility criteria more likely to influence
treatment use in clinical practice were considered, defined
as >50 years old with increased NT-proBNP, systolic blood
pressure >110 mmHg, and eGFR > 30 mL/min/1.73 m2, then
63% were eligible. Among our patients, all of whom had
LVEF ≥ 45%, only 5.4% had an LVEF below lower limit of nor-
mal range, however, increasing to 41% when defined as LVEF
below mean of normal range. Importantly, almost all patients
had structural heart disease, suggesting that for clinicians to
determine eligibility for sacubitril/valsartan based on PARA-
GON-HF, meeting the structural heart disease criteria can
be assumed. Ineligibility was more due to severe
co-morbidities than to insufficiently severe HF. The major in-
clusion criteria limiting eligibility were absence of diuretic
treatment and not fulfilling NYHA Classes II–IV, whereas
eGFR < 30 mL/min/1.73 m2, haemoglobin <10 g/dL, and
cancer were the major exclusion criteria limiting the eligibil-
ity. Eligibility in patients with LVEF ≤ 57% was 42% in the trial
scenario, 69% in the pragmatic scenario, 21% in LVEF below
lower limit of normal range, and 91% in LVEF below mean
of normal range. Eligibility was overall slightly higher in
women than men.

Recently, the FDA approved an extended label for sacubit-
ril/valsartan, to ‘… adult patients with chronic heart failure.
Benefits are most clearly evident in patients with left ventric-
ular ejection fraction (LVEF) below normal’.14 Therefore, in
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Figure 2 (A) Adjusted associations between baseline characteristics and left ventricular ejection fraction (LVEF) below lower limit of normal range
(<54% in women/<52% in men) in the whole KaRen cohort. (B) Adjusted associations between baseline characteristics and LVEF below mean of nor-
mal range (<64% in women/<62% in men) in the whole KaRen cohort. (C) Adjusted associations between baseline characteristics and LVEF ≤ 57% in
the whole KaRen cohort. Covariates: sex, age, NYHA class, eGFR, median NT-proBNP, diabetes, hypertension, ischaemic heart disease, atrial fibrillation/
flutter, renin–angiotensin–aldosterone system inhibitor, mineralocorticoid receptor antagonists, and beta-blocker. ACEi, angiotensin-converting en-
zyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; ECG, electrocardiogram; EF, ejection fraction; MRA, mineralocorticoid re-
ceptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio.
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addition to the trial and pragmatic criteria, we assessed eligi-
bility also based on this label, using criteria for normal based
on the current American Society of Echocardiography
recommendations18 in patients with NYHA Classes II–IV.
Given this label, the use of below normal may become a
more commonly considered criterion in clinical practice than
the arbitrary LVEF value of 57%, the median LVEF in PARA-
GON. Because the lower limit of normal is lower than the
median in PARAGON-HF and also lower than the median in
KaRen, very few patients with HFpEF were eligible when the
LVEF was below the lower limit of normal range, increasing
substantially when set to LVEF below mean of normal range.
PARADIGM-HF and its LVEF criterion was ≤40%, and
PARAGON-HF and our cohort had LVEF ≥ 45%. With LVEF
digit preference at 5% intervals, there are likely few patients
with LVEF 41–44%; thus, by extending the label from ‘re-
duced LVEF’ (≤40%) to LVEF ‘below normal’, and defining be-
low normal as below the lower limit of normal, there is a
relatively small proportion of additional patients with HF
who have become eligible, but given that HF is so common,
it is still a substantial number. By interpreting the label to also
including patients below the LVEF mean of normal range, the
number of patients would increase markedly.

Eligibility

Study populations in HF trials might not reflect ‘real-world’
HF characteristics as patients are selected using inclusion/ex-
clusion criteria for enrichment purposes, compared with un-
selected HFpEF patients often being older and with multiple
co-morbidities. In KaRen, the median age of eligible patients
according to the trial scenario was 79 years. This is similar
to the Swedish Heart Failure Registry (SwedeHF)13 and the
American Get With the Guidelines—Heart Failure registry
(GWTG-HF)19 where mean age was 77 and 79 years, respec-
tively, whereas mean age in PARAGON-HF was 74 years.20

In an analysis of the SwedeHF including 16 306 patients with
LVEF ≥ 40%, 22% were eligible according to a PARAGON-HF
trial scenario and 52% in a pragmatic scenario.13 In a similar
analysis in 106 440 patients in the GWTG-HF registry, only
10% met all trial inclusion/exclusion criteria while 71% met
a broader set of criteria.19 However, in these registries, echo-
cardiographic variables (except for LVEF) were not available
and subsequently not considered among the inclusion
criteria. The KaRen study has the advantage of enrolling
‘real-world’ patients but also collecting detailed echocardio-
graphic and clinical characteristics, whereas registries might
enrol larger and more unselected populations but lack this
granularity. Notably, in KaRen, despite requiring also echocar-
diographic criteria, we found a somewhat higher eligibility
(34% trial criteria) and (63% pragmatic scenario) compared
with in SwedeHF. This finding is supported by a recent report
from a smaller prospective national registry including imaging

variables where 170 out of 427 (40%) patients were eligible
when applying a strict set of PARAGON-HF selection
criteria.21

In PARAGON-HF, LAE (83%) and diastolic dysfunction (53%)
were common, while left ventricular (LV) structural abnor-
malities (46%), especially concentric hypertrophy, were less
prevalent.22 This is in part consistent with previous HFpEF
trials, except that PARAGON-HF patients had slightly greater
LV wall thickness, smaller LV size, and larger LAE presumably
explained by requirement for either LAE or increased LV wall
thickness or LAE as an inclusion criterion.22 In KaRen, LAE was
reported in 79%, LVH in 72%, and diastolic dysfunction in 39%
of the population.23 Overall, 99% of the KaRen patients had
structural heart disease, that is, LAE and/or LVH according
to the PARAGON-HF definition; hence, this criterion is almost
ubiquitous in ‘real-world’ HFpEF patients, implying that the
vast majority of these patients have structural heart disease.
Although structural cardiac HFpEF parameters such as left
atrial (LA) volume and LV mass should be part of clinical echo-
cardiography for patients with suspected or manifest HF,
there may be circumstances when a detailed echocardio-
graphic assessment is unavailable, in geriatric wards or in out-
patient clinics with restricted access to echocardiography. In
such situations, our results demonstrate that simpler criteria
may suffice to identify eligible HFpEF patients.24,25

Ineligibility

Overall, ineligibility, and the discrepancy between the propor-
tion of patients fulfilling the trial vs. the pragmatic scenario
selection criteria, was more due to severe concomitant
co-morbidities than not severe enough HF. In particular,
among the inclusion criteria limiting eligibility, ongoing di-
uretic treatment (85% eligible) and NYHA Classes II–IV (85%;
62% in NYHA II) were the most noticeable. These criteria
are easily assessed in clinical practice and may aid in identify-
ing HFpEF patients in whom treatment may be beneficial and
simplify screening procedures in future clinical trials.

Major exclusion criteria were linked with severe
co-morbidities such as severe renal disease (eGFR < 30 mL/
min/1.73 m2), anaemia (haemoglobin <10 g/dL), and history
of cancer. In the heterogeneous HFpEF patient group, often
suffering from multiple co-morbidities, this may be of
importance as many of these patients will never be included
in clinical trials but may still be considered for treatment.
Information on treatment effects of novel therapies is limited
in a large proportion of HFpEF patients with high concomitant
CV risk.26

Patients with HFpEF are at high risk for CV and HF events,
especially the weeks after hospitalization.27 When assessing
eligibility based on trial inclusion/exclusion criteria for
sacubitril/valsartan in HF populations after a hospitalization
with acute decompensated HF, the eligibility has been low
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at 2–12%.19,28–30 The limitation in eligibility may be due to
the high proportion of coexisting co-morbidities such as renal
dysfunction and hyperkalaemia or a minimum daily dose of
angiotensin-converting enzyme inhibitor/ARB, or excluding
patients with ongoing HF hospitalizations as in PARADIGM-
HF. The angiotensin-converting enzyme inhibitor/ARB
criterion is strictly limited to HFrEF patients and is likely not
applied in practice in HFmrEF and HFpEF, but the others are
of interest also in these patient groups. However, as demon-
strated in PARAGON-HF, sacubitril/valsartan actually reduced
the risk of renal events and slowed the decline of eGFR and
therefore might be beneficial in patients with impaired
kidney function.31 Finally, the use of potassium binders might
facilitate the use of medications affecting kidney function
and/or potassium.32 Therefore, these exclusion criteria in
PARAGON-HF may not be absolute limitations to the use of
sacubitril/valsartan.

PARAGON-HF subgroups left ventricular ejection
fraction ≤57% and women

In a pre-specified subgroup analysis in PARAGON-HF, the effi-
cacy of sacubitril/valsartan varied across the LVEF spectrum.
A greater treatment benefit was observed in patients with
LVEF below or equal to median (≤57%) with a markedly
higher relative risk reduction of the primary endpoint of
22% compared with 13% in the overall trial.10 This finding
might support the use of sacubitril/valsartan for reducing
mortality and the risk of HF hospitalizations in HFmrEF and
the lower range of HFpEF patients.11 Neurohormonal activa-
tion is present, even if at a lower extent, in mildly reduced
HF or HFmrEF, and also in HFpEF33 and might explain the ben-
eficial effects of sacubitril/valsartan in patients with
LVEF ≤ 57% and lend support to the recently extended FDA
label for sacubitril/valsartan in patients with LVEF below nor-
mal. Indeed, our patients with LVEF below the mean of the
normal range vs. above displayed more symptomatic HF in
form of higher NT-proBNP and higher NYHA class.

In KaRen, the PARAGON-HF NT-proBNP criterion (>200 pg/
mL in sinus rhythm or>600 pg/mL in atrial fibrillation), which
reflects LV filling pressures, was fulfilled in 92% of the popu-
lation. Additionally, NT-proBNP was higher in the sacubitril/
valsartan eligible KaRen population than in PARAGON-HF
(1590 vs. 911 ng/L, respectively). This implies a slightly more
severe HF syndrome, which may be due to the inclusion crite-
rion requiring an episode of acute HF within 4–8 weeks, in ad-
dition to higher age or lower body mass index among KaRen
patients compared with PARAGON-HF patients. Among
PARAGON-HF patients, 62% had a previous HF hospitalization
within 9 months, with a lower NT-proBNP in patients with vs.
without previous HF hospitalization (840 vs. 944 pg/mL;
P < 0.001).20

Limitations

The sample size in KaRen study is limited compared with
large registries. Inclusion criteria stated LVEF ≥ 45%, thus ex-
cluding patients with LVEF 41–44%. This may have resulted in
a lower proportion of patients in Karen defined as below
lower limit of normal LVEF (i.e. <52% in men and <54% in
women) when using the lower limit of normal LVEF as
cut-off compared with HFpEF in general. Further, there was
a difference in the timing of assessment after an acute HF
event in KaRen (at 4–8 weeks) vs. PARAGON-HF (up to
9 months). Patients with a recent acute HF hospitalization
can display higher natriuretic peptides, worse kidney func-
tion, and possibly a lower LVEF, which might not reflect the
actual values in the chronic state. In KaRen, enrolment re-
quired LVEF ≥ 45% assessed at the acute HF; however, the
present analysis is based on the assessment performed
after treatment optimization and in stable condition after
1–2 months. Still, this might still have impacted on eligibility
estimates. The small sample size did not suffice to make sub-
group analyses of sex in patients with LVEF below normal. In
KaRen, there were some missing data for patient characteris-
tics, which represented inclusion/exclusion criteria for PARA-
GON-HF, and to reduce confounding due to missing data, we
used multiple imputations. There were also some slight dif-
ferences in inclusion/exclusion criteria in our analysis com-
pared with the trial definition, such as definition of renal
and hepatic disease. Some criteria were not possible to apply
as data were not available, such as LA length and LA area.
Further, LVEF is commonly reported in 5% ranges, which
may result in incorrect estimates. Especially in HFpEF pa-
tients, with significant concentric remodelling, hypertrophic
cardiomyopathy, or small LV volumes, there may be a signifi-
cant systolic dysfunction with reduced stroke volume despite
a normal LVEF. Still, it is the mode most commonly used in
clinical practice when assessing LV function and subsequently
classifying the same as preserved or reduced. Treatment with
sacubitril/valsartan is currently approved for patients with
chronic HF with LVEF below normal in the USA, while Karen
was a smaller registry study in Europe; thus, the populations
may differ in some aspects.

Conclusions

In the KaRen HFpEF study, 34% met the PARAGON-HF trial
selection criteria and 63% met a pragmatic set of inclusion/
exclusion criteria more likely to influence treatment decisions
in clinical practice. Reflecting the recent extended FDA label
including HFpEF patients with LVEF below normal, only
5.4% met the LVEF below lower limit of normal range criteria
due to a low proportion of patients with LVEF ≥ 45% but be-
low the lower limit of normal range. However, eligibility in-
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creased applying LVEF below mean of the normal range dem-
onstrating a substantial proportion of patients within the
lower normal LVEF span. Patients in the lower normal LVEF
span also had more symptomatic HF. Ineligibility was more
due to the presence of exclusion criteria than not fulfilling in-
clusion criteria and therefore more likely related to severe
co-morbidities rather than not having severe enough HF.
Structural alterations in form of LAE and/or LVH were nearly
universal and had no impact on determining eligibility, sug-
gesting that these can be assumed present in HFpEF patients
with a recent HF hospitalization and increased NT-proBNP
concentrations.
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uous variables presented as median [Q1,Q3] and categorical
variables as numbers (%).
Table S2. Eligibility in KaRen cohort based on each individual
inclusion/exclusion criteria of PARAGON-HF-trial. Eligibility
estimates reported as numbers and percentages after apply-
ing the respective inclusion/exclusion criteria on the 1) im-
puted dataset in the whole Karen cohort, separate in
females and males and in patients with LVEF ≤57% and
>57% and in 2) complete cases (patients with non-missing in-
formation for all eligibility variables) and in 3) missing as eli-
gible (patients with missing observations for any of the
eligibility variables were assumed to be eligible). The criteria
were not ordered and mutually exclusive. Variables included
in the pragmatic scenario are marked in bold. (The number
prior to the respective criteria are indicating the numbers in
Table 1 in reference (9).
Table S3. Characteristics associated with LVEF ≤57% in fe-
males and males in the KaRen population.
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