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Abstract

Aims Diagnosis of heart failure with preserved ejection fraction (HFpEF) can be challenging. This study aimed to evaluate the
potential of a webtool to enhance the scoring accuracy when applying the complex HFA-PEFF and H2FPEF algorithms, which
are commonly used for diagnosing HFpEF.
Methods and results We developed an online tool, the HFpEF calculator, that enables the automatic calculation of current
HFpEF algorithms. We assessed the accuracy of manual vs. automatic scoring, defined as the percentage of correct scores, in a
cohort of cardiologists with varying clinical experience. Cardiologists scored eight online clinical cases using a triple cross-over
design (i.e. two manual–two automatic–two manual–two automatic). Data were analysed in study completers (n = 55, 29%
heart failure specialists, 42% general cardiologists, and 29% cardiology residents). Manually calculated scores were correct
in 50% (HFA-PEFF: 50% [50–75]; H2FPEF: 50% [38–50]). Correct scoring improved to 100% using the HFpEF calculator
(HFA-PEFF: 100% [88–100], P < 0.001; H2FPEF: 100% [75–100], P < 0.001). Time spent on clinical cases was similar between
scoring methods (±4 min). When corrections for faulty algorithm scores were displayed, cardiologists changed their diagnostic
decision in up to 67% of cases. At least 67% of cardiologists preferred using the online tool for future cases in clinical practice.
Conclusions Manual calculation of HFpEF diagnostic algorithms is often inaccurate. Using an automated webtool to calculate
HFpEF algorithms significantly improved correct scoring. This new approach may impact the eventual diagnostic decision in up
to two-thirds of cases, supporting its routine use in clinical practice.
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Introduction

Heart failure (HF) with preserved ejection fraction (HFpEF) is
a challenging clinical syndrome to diagnose. Atrial fibrillation
(AF) and obesity particularly confound the HFpEF diagnosis
due to symptom overlap and their impact on echocardio-

graphic parameters and circulating natriuretic peptides
(NPs).1 Expert consensus suggests using the HFA-PEFF and
H2FPEF algorithms to aid the HFpEF diagnosis.1–3 These algo-
rithms were developed to assess the probability of HFpEF and
standardize its diagnosis. However, the resulting scores may
be discrepant, and many patients are categorized as having
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an intermediate likelihood for HFpEF.4,5 Consequently, addi-
tional diagnostic investigations with exercise echocardiogra-
phy or invasive right heart catheterization are often required
to confirm an HFpEF diagnosis.

Moreover, manually applying the diagnostic HFpEF
algorithms is time-consuming and prone to errors. The
HFA-PEFF algorithm in particular is complex with 10 different
parameters and different cut-offs depending on age, sex, and
presence of AF.6 This complexity may result in diagnostic
errors. New ways to optimize the application of the HFpEF
algorithms might be helpful.

This study aims to evaluate the accuracy of manually
scoring the HFA-PEFF and H2FPEF algorithms compared with
using an online diagnostic HFpEF scoring tool. Additionally,
we aim to examine whether using an online tool can reduce
the time spent on clinical cases and how cardiologists’
diagnostic decisions change when they are provided with ac-
curate algorithm scores.

Methods

Study design and recruitment

We performed an investigator-initiated cross-over study
based on online clinical cases that were assessed by cardiolo-
gists (Supporting Information, Figure S1). Cardiology resi-
dents (maximum of 33% of total inclusions), general cardiol-
ogists, and cardiologists with HF expertise were invited for
online participation. Study team members from each inde-
pendent affiliated hospital recruited participants through
social media posts and direct emails. Participants knew the
topic of the study but were unaware of the primary analyses
to minimize bias (Supporting Information, Figure S2). All par-
ticipants provided online consent to participate. The study
was approved by the medical ethics review committee
academisch ziekenhuis Maastricht (Number 2022-3422) and
complied with the principles of the Declaration of Helsinki.

Participants were first asked for demographic information
and experience with HFpEF diagnosis and diagnostic
algorithms. This included self-perceived knowledge of HFpEF
diagnosis on an 11-point Likert scale, where 10 was marked
as completely familiar. Then, eight clinical cases with suspi-
cion of HFpEF (Supporting Information, Table S1) from a ded-
icated HFpEF outpatient clinic were structurally presented.
The HFA-PEFF score ranged from 0 to 6 and the H2FPEF score
ranged from 1 to 9 in those eight clinical cases. None of the
cases mentioned a previous HF hospitalization or results of
exercise echocardiography or right heart catheterization. Par-
ticipants were asked to diagnose a case based on the clinical
scenario, then score the HFA-PEFF and H2FPEF algorithms
according to the initial publications,6,7 and diagnose the case
again (Supporting Information, Methods and Figure S3). The

scoring method for the HFpEF algorithms was in a triple
cross-over manner, alternating after every two cases between
manual scoring and automatic scoring with the online tool
(Supporting Information, Figure S1). After completing the
eight cases, an optional survey was presented to assess the
future diagnostic behaviour of the participants, including
changes in diagnostic decisions if corrected scores from both
algorithms were provided (Supporting Information, Figure
S4). Participants who did not complete all eight clinical cases
were reminded twice by email to complete the study and
were excluded from analyses if fewer than four cases were
completed.

Dedicated online research platform and
diagnostic scoring tool

A dedicated online research platform was built using the
Laravel v8 framework based on PHP 8.1 and JavaScript using
MySQL as a relational database. This facilitated anonymized
surveys for multiple-choice and open questions and provided
a combined interface for clinical cases, figures, online tools,
and questions (H. A. and J. W.). The website was accessible
from all major browsers and devices. All answers were re-
corded, including time from opening to finishing a clinical
case.

We developed an online scoring tool for the diagnostic
HFpEF algorithms, the HFpEF calculator, as recommended
by the European Society of Cardiology (ESC) and American
Heart Association HF guidelines1,2 (J. W. and H. A.). The
HFpEF calculator (v2.2) collects all clinical variables to follow
the specific criteria outlined by the ESC 2016 HF guidelines,8

the HFA-PEFF algorithm,6 and both categorical and numerical
H2FPEF algorithms.7 The scoring tool was again assessed for
its technical and medical output correctness for this study.
Observers experienced in diagnosing HFpEF at a dedicated
clinic confirmed the output of 18 cases with separate manual
scoring after additional reviewing of the original publications
and supplemental materials of both algorithms (J. W. and
A. B. A.). The correctness was 100% (Bland–Altman bias of
0 with levels of agreement 0–0) (J. W. and A. B. A.). Using
the same input for the tool through a batch analysis module
(550 clinical cases submitted five times) provided identical
output in all cases. The public version of the HFpEF calculator,
which was not accessible during the study, can be found at
cardiologytools.com/hfpef-calculator.

Study endpoint

The primary endpoint comprised accuracy evaluations of cor-
rect scoring of the HFA-PEFF and H2FPEF algorithms between
a manual and an automatic online scoring tool method.
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Statistics

The endpoint was assessed per the intention-to-treat princi-
ple, that is, as if participants always used the scoring tool
when provided. A paired Wilcoxon test was used to assess
the accuracy differences (percentage of correct scores), as
all differences were non-normally distributed (Shapiro’s test
P-value < 0.05). Correct score calculation differences were
also evaluated between algorithms. The same test was used
for categorical output from both diagnostic algorithms (low,
intermediate, and high) to determine the correct calculations
between the manual and online scoring tool methods. A
stratified paired Wilcoxon test evaluated the primary
outcome among the three participant groups (cardiology
resident, general cardiologist, and HF specialist).

Confounders for lower score correctness of both algo-
rithms were identified using univariable linear regression
analyses for both scoring methods separately. Diagnostic
agreement between participants was assessed based on their
decision from the clinical scenario and after scoring both al-
gorithms using the Fleiss’ Kappa agreement test. Missing data
were not imputed. Submitted scores that were clearly
swapped between algorithms by participants were corrected
before analyses (n = 7, i.e. scored HFA-PEFF 7 and H2FPEF 4
instead of HFA-PEFF 4 and H2FPEF 7) to minimize the effect
of typographical errors not expected in clinical practice.
Sensitivity analyses of the outcomes were performed in
participants with ≥4 cases submitted. Data are presented as
mean ± standard deviation, median [interquartile ranges],
or number (percentage), as appropriate. A two-sided P-
value < 0.05 was considered statistically significant. All data
structuring and statistical analyses were performed using
RStudio (v2023.03; R4.2.1), specifically using the packages
reshape29 and ggplot2.10

Results

Characteristics of participating cardiologists

During the recruitment period between 19 December 2022
and 12 February 2023, 96 cardiologists enrolled in the study.
The dropout rate was higher than anticipated, and the study
recruitment was closed after we were notified that at least 35
participants completed all eight cases according to the
sample size calculation (Supporting Information, Methods).
Participants were given 1 month to finish their participation.
The final dataset was collated on 15 March 2023 and included
59 (61%) cardiologists who had at least four cases completed
and 55 (57%) all eight cases (Supporting Information, Figure
S1). Cardiologists were equally distributed among HF exper-
tise (cardiology resident, general cardiologist, and HF special-
ist) and sex and reported a median of 6 [3–10] years of clini-

cal cardiology experience (Table 1). Most participants worked
in Europe and at a university hospital. The self-perceived
knowledge of HFpEF diagnosis at the start of the study was
high, scoring 8 [7–8.5] on a 0–10 scale. A small number of
participants (7%) indicated having never read the original
publications of the HFA-PEFF or H2FPEF algorithms, and
23% indicated not using either one in clinical care.

Correct scoring of the HFA-PEFF and H2FPEF
algorithms

Overall, calculating the correct scores of the HFA-PEFF and
H2FPEF algorithms, irrespective of the scoring method, was
considerably lower than expected based on clinical experi-
ence. The correct scores were 75% [62–88] and 75% [62–
75], respectively, in all eight cases regardless of scoring
method, with a trend towards more often correct scores in
the HFA-PEFF algorithm (P = 0.068). However, the number
of correct scores was comparable between the HFA-PEFF
and H2FPEF algorithms when only manual scoring of the algo-
rithms was applied (50% [50–75] vs. 50% [38–50], P = 0.185).
Similarly, adequate categorization of the scores regardless of
the scoring method was suboptimal in all eight cases, show-
ing a correct assessment with the HFA-PEFF algorithm in
88% [75–88] and a correct assessment with the H2FPEF

Table 1 Demographics of the participating physicians

Variables, n (%) Total (n = 55)

Age category
25–34 23 (42)
35–44 21 (38)
45–54 10 (18)

Female/male 26 (47%)/28 (51%)
Region
Central and South-East Asia 2 (4)
Europe 49 (89)
Middle East 2 (4)
North and South America 2 (4)

Professional status
Cardiologist in training 16 (29)
General cardiologist 23 (42)
Heart failure cardiologist 16 (29)

Hospital type
Non-referral hospital 6 (11)
Referral hospital 12 (22)
University hospital 37 (67)

Clinical work setting n = 41
General cardiology clinic 18 (44)
Specialized non-heart failure clinic 4 (10)
Heart failure clinic 11 (27)
Specialized HFpEF clinic 8 (19)

Clinical use of HFA-PEFF/H2FPEF algorithm n = 40
No 9 (23)
Yes 13 (33)
Only when in doubt based on clinical context 18 (45)

Algorithm used n = 31
Both HFA-PEFF and H2FPEF 15 (48)
HFA-PEFF only 6 (19)
H2FPEF only 10 (32)

HFpEF, heart failure with preserved ejection fraction.
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algorithm in 88% [81–88]. The categories of the HFA-PEFF
score were accurate for 54% of the low likelihood category,
90% of the intermediate likelihood category, and 87% of the
high likelihood category. The H2FPEF score categories were
correct in 97% of the low, 63% of the intermediate, and
94% of the high likelihood.

Compared with manual scoring of the algorithms, provid-
ing participants access to the online tool improved the
correct scoring of the HFA-PEFF algorithm (50% [50–75] vs.
100% [88–100], P < 0.001) and the H2FPEF algorithm
(50% [38–50] vs. 100% [75–100], P < 0.001) (Figure 1A).
The correct resulting categories of scoring the diagnostic
algorithms (low, intermediate, or high) also improved with
the online tool for the HFA-PEFF algorithm (75% [50–75%]
vs. 100% [100–100], P < 0.001) and the H2FPEF algorithm
(75% [75–75] vs. 100% [100–100], P < 0.001) (Figure 1B).
Improvement of correct absolute scores and categories of
both algorithms was consistent among cardiology residents,
cardiologists, and HF specialists (all P < 0.05). Results from
cardiologists with at least four clinical cases submitted are
comparable with those with eight cases (Supporting
Information, Figure S5).

Detailed reviews of participants with correct scores below
50% while the online tool was provided (n = 7) revealed that
those participants either partially entered data in the online
tool or, in one case, did not use the webtool at all.

Time spent on clinical cases

Participants spent a total of 32 [25–44] min processing eight
clinical cases, with a median of 4.0 [3.1–5.5] min per case.
The average time spent on clinical cases did not differ
between the manual and online tool methods, respectively,
3.7 [2.7–5.9] vs. 4.0 [2.7–5.1] min (P = 0.769) (Supporting
Information, Figure S6).

Confounding factors for incorrect scoring of
diagnostic heart failure with preserved ejection
fraction algorithms

Linear regression analyses identified that more incorrect
manual scoring of the HFA-PEFF algorithm was associated
with participants aged between 35 and 44 years (Figure 2
and Supporting Information, Table S2). No apparent factors
were associated with more incorrect manual scoring of the
H2FPEF algorithm (Supporting Information, Table S3).

As previously mentioned, some participants used the on-
line tool incompletely or submitted incorrect values. Cardiol-
ogists working at university hospitals and those who used the
scores in clinical practice tended to use the HFpEF calculator
more completely and scored more accurately (Figure 2).

The amount of correct absolute scores varied widely per
clinical case (Supporting Information, Figure S7). The least
frequent correct score included a clinical case with success-
fully ablated paroxysmal AF and aged >75 years for the
HFA-PEFF algorithm (Case 6). This illustrates that the lower
cut-off values for morphological markers in patients aged
>75 years are likely not often incorporated when scoring
manually. It also suggests different interpretations for apply-
ing paroxysmal AF in the algorithm as AF or non-AF. Cases
with the most inaccurate scoring for the H2FPEF algorithm
(Cases 2 and 5) suggested that cardiologists used lateral or
average instead of septal E/e′ values > 9.

Current and future diagnostic behaviour

The diagnostic consensus of each case varied widely when
cardiologists were asked for a diagnostic decision solely
based on the clinical context before the algorithms (Fleiss’
Kappa 0.374, P < 0.001) (Figure 3). After employing both
HFpEF algorithms, cardiologists changed the diagnostic deci-
sion by 12% [12–31], and the diagnostic consensus improved
(Fleiss’ Kappa 0.483, P < 0.001). The highest agreements re-
mained for the ‘Yes HFpEF’ diagnosis (Kappa 0.694) and the
‘No HFpEF’ diagnosis (Kappa 0.477). Diagnostic decisions
were best aligned when a clinical case scored either high in
both algorithms (Cases 1 and 4) or low (Case 5) in both
algorithms.

After finishing all eight clinical cases, participants were
shown the correct score in cases where a different score
was initially submitted (4 [3–5] times) and were asked again
for their diagnostic decision. The changes in diagnostic deci-
sions mainly comprised more HFpEF diagnoses and fewer
no HFpEF diagnoses (Figure 4). When correct scores were
provided, participants changed their diagnostic decision in
0–67% of cases. In addition, 37 (67%) of all participants indi-
cated to would want to use the online tool for future clinical
cases, 5 (9%) would use both algorithms manually, 5 (9%)
only the H2FPEF algorithm manually, and 3 (5%) only the
HFA-PEFF algorithm manually. The remaining participants
would use both algorithms when in clinical doubt but did
not specify their preferred method, 2 (4%), or did not answer
this question, 3 (5%).

Discussion

The present study investigated the potential clinical value of
an online tool to enhance the accuracy of implementing the
HFA-PEFF and H2FPEF algorithms for diagnosing HFpEF.
Correct scoring was substantially lower than expected when
assessing the two algorithms manually but increased
significantly when an online scoring tool was provided. The
accurate assessment was similar among HF specialists,
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Figure 1 Accuracy of scoring the HFA-PEFF or H2FPEF algorithm by cardiologists based on the percentage of correct scores. The amount of correct
absolute scores from both the HFA-PEFF and H2FPEF algorithms significantly improved using an online tool instead of manual scoring (all
P < 0.001) (A). Clinical cases were also better categorized in both algorithms using an online tool (B).
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general cardiologists, and cardiology residents. In addition,
diagnostic decisions for HFpEF diagnosis varied widely be-
tween cardiologists based solely on clinical information and
improved when diagnostic algorithms were used. Subse-
quently, the diagnostic behaviour of cardiologists changed
in up to 67% of cases when correct scores were provided.
Although time per case remained similar for both scoring
methods, most participants preferred using the online tool
over manually calculating the HFpEF scores in future clinical
practice.

This study aligns with previous studies and ongoing devel-
opments to use technical solutions to facilitate healthcare
processes, mainly to be more accurate on an individual
patient level and possibly to reduce the time of simple
tasks.11,12 The variability of physician performance impacts
decisions, such as internal cardioverter defibrillator indication
for patients with HF with reduced ejection fraction based on
left ventricular ejection fraction or for hypertrophic cardio-
myopathy patients using maximal wall thickness,13,14 and
technical solutions may overcome parts of these hurdles.

Along the same lines, enhancing the accurate scoring of
HFpEF diagnostic algorithms by implementing online tools
can decrease variability and is a first step to facilitating more
accurate medicine.

The results of our study point to the challenges in diagnos-
ing HFpEF. Both the HFA-PEFF and H2FPEF algorithms are
widely used in clinical research and are adopted in the most
recent clinical HF guidelines.1,2 However, we found subopti-
mal categorization of each diagnostic algorithm due to
incorrect scoring, which may partially have contributed to
the varying diagnostic decisions by cardiologists in identical
cases. In addition, we report that the current diagnostic algo-
rithms are not consistently applied in hospitals, even though
most of our participants worked at university hospitals.
Hence, clinical study populations and real-world outpatient
populations may differ substantially. This observation
enhances the urge to validate positive trials in patients with
HFpEF in real-world clinical settings when such diagnostic al-
gorithms are used. Moreover, it suggests that more simplified
approaches for diagnosing HFpEF are needed. Promising tools

Figure 2 (A, B) Forest plot for confounders of accurate heart failure with preserved ejection fraction algorithms scoring.

6 J. Weerts et al.

ESC Heart Failure (2023)
DOI: 10.1002/ehf2.14525

 20555822, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14525 by U

niversiteit A
ntw

erpen, W
iley O

nline L
ibrary on [30/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Figure 3 Distribution of diagnostic decisions per clinical case before and after heart failure with preserved ejection fraction (HFpEF) algorithms. Diag-
nostic decisions were distributed for all participants in each clinical case before the HFpEF algorithms were scored (A). A more uniform distribution of
diagnostic decisions is seen after using both the HFA-PEFF and H2FPEF algorithms (B).
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for simplifying HFpEF diagnosis may include markers of atrial
dysfunction, mainly left atrial strain,15,16 alongside dedicated
HFpEF clinics with incorporated exercise testing.17 However,
until new simplified approaches have been developed and
validated, tools that facilitate the proper use of the current
algorithms are desired. As such, we propose using online
tools, such as our HFpEF calculator, or at least a comprehen-
sive graphic overview (Figure 5).

When physicians manually score either of the HFpEF algo-
rithms, attention should be paid to some potential errors for
accurate scoring. The HFA-PEFF scoring uses different cut-off
values for patients aged >75 years (morphology markers), AF
(left atrial volume index and B-type NP), and sex (left ventric-
ular mass index) (Figure 5). Moreover, although the H2FPEF
algorithm is considered easy to score, absolute scores were
correct in 50% and score categories in 75% in our study.
These mistakes were likely largely attributed to the use of lat-
eral or average E/e′ instead of septal E/e′ and are easily over-

come, when measured.18 The septal or average E/e′ may also
contribute to estimating elevated cardiac filling pressures but
likely require higher cut-off values for diagnosing HFpEF than
septal E/e′.19

Exploration of confounding factors for adequate algorithm
scoring did not show remarkable results from the participant
level. Some cardiologists incompletely used the online tool,
which led to lower accuracies. The participating cardiologists
mostly commented on the interpretation of paroxysmal AF
for HFpEF diagnosis. It is well known that AF affects many
of the clinical variables used in both algorithms.6,20 Although
rhythm therapies can facilitate left atrial reverse remodelling
over the course of months, recurrence and progressive elec-
trical and mechanical remodelling also take place.21 More-
over, AF-related symptoms frequently can be attributed to
HF, and AF episodes may be unnoticed. The longitudinal in-
teraction between HFpEF and AF clearly remains a knowledge
gap that should be addressed. Given the progressive nature

Figure 4 Sankey plot depicting the changes in diagnostic decisions of all participants for all clinical cases combined. The decisions are displayed for
each study stage separately (n = 440 per stage). If no mistake was made, the decision showed at ‘After correct score’ was copied from the prior stage.
HFpEF, heart failure with preserved ejection fraction.
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of AF and its episodes that may be unnoticed, we propose to
score patients with a paroxysmal AF history as AF in the
HFA-PEFF and H2FPEF algorithms.

Strengths and limitations

Our study has several strengths and limitations. The study
was able to quickly enrol participants interested in the study
using the study team’s social media and personal networks,
showing the high feasibility of this kind of implementation
study. Although two personal reminders were sent to partic-
ipants, only 56% completed the entire study. However, results
were comparable between those who finished at least four or
all eight cases. Even more importantly, the inclusion of more
participants would have hardly influenced the main conclu-
sions of this study, that is, the inaccuracy of manually scoring

the two algorithms. Likely, participating cardiologists were
more interested in HFpEF than non-participants. Given this
selection bias, we expect the use of the diagnostic algorithms
and their correct scoring to be lower outside this study. As
such, an implementation tool to support HFpEF diagnosis
could be even more beneficial outside a study setting. Even
though this study tried to approximate real-life settings
through online clinical cases, the actual difference in correct
scoring or time between using the diagnostic HFpEF algo-
rithms manually or with an online tool may differ in clinical
practice. It could not be tracked if participants did simulta-
neous actions outside the study that could impact the time
spent on a clinical case. Moreover, all relevant clinical
information was provided in a single window, whereas
electronic patient records often require different windows
to be checked. Also, the online tool still relies on the manual
transfer of clinical data, with the potential for typographical

Figure 5 Graphical summary of the HFA-PEFF and H2FPEF algorithms to diagnose heart failure with preserved ejection fraction (HFpEF). BMI, body
mass index; GLS, global longitudinal strain; HT, hypertensive; LAVI, left atrial volume index; LV, left ventricular; LVMI, left ventricular mass index;
NT-proBNP, N-terminal pro-brain natriuretic peptide; PASP, pulmonary artery systolic pressure; RWT, relative wall thickness; TR, tricuspid
regurgitation.
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errors. As such, using an online tool rather than manually
scoring a diagnostic algorithm may demand less multitasking
for physicians. Optimally, such a tool is directly integrated
into hospital information systems as a clinical decision
support system.22

Conclusions

Applying either the HFA-PEFF or H2FPEF algorithm in clinical
cases suspected of HFpEF yielded suboptimal accuracy due
to miscalculations, which was significantly improved by an
online scoring tool. The diagnostic decisions of cardiologists
changed when provided with correct algorithm scores in up
to two-thirds of cases. As such, improving the diagnosis and
management of patients with HFpEF in clinical practice could
be supported by using tools to score the HFpEF algorithms
automatically.
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