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Abstract

Background The early identification of patients with acute heart failure (AHF) is challenging as many other diseases lead to a
clinical presentation with dyspnea.
Aim The aim of the study was to evaluate the impact of natriuretic peptides at common HF study cut-offs on the diagnosis of
patients with dyspnea at admission.
Methods and results For this post hoc analysis, we analysed n = 726 European Union (EU) patients from the prospective
BACH (Biomarkers in Acute Heart Failure) study. Cut-offs were 350 ng/L (BNP), 300 pmol/L [pro-atrial natriuretic peptide
(proANP)], and 1800 ng/L (NT-proBNP). These cut-offs had equivalent 90 days’ mortality in the EU cohort of BACH. We
analysed the effect of selection using these cut-offs on the prevalence of the gold standard diagnoses made in the BACH study
and the respective mortality. The prevalence of AHF is increased from 47.5 to 75.6% (NT-proBNP criteria) up to 79.7% (BNP
criteria). With the use of the proANP criteria, 90 days’ mortality of patients with AHF rose from 14 to 17% (P = 0.029). In
the group with no-AHF diagnoses, mortality rose from 10 to 25% (P < 0.001).
Conclusions The prevalence of patients with the gold standard diagnoses of AHF among those presenting with dyspnea to
the emergency department is significantly increased by the use of natriuretic peptides with common cut-offs used in prospec-
tive HF studies. Nevertheless, in the selected groups, patients with no AHF diagnosis have the highest mortality, and therefore,
the addition of a natriuretic peptide alone is insufficient to start specific therapies.
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Introduction

Natriuretic peptides (NPs) are recommended in the initial
workup of patients with suspected heart failure (HF).1 In
the acute phase, B-type NP (BNP), N-terminal proBNP
(NT-proBNP), or mid-regional pro-atrial NP (MR-proANP)
have equal diagnostic value.2 Besides their diagnostic
capabilities, NPs are strong prognostic markers predictive
of short-term and long-term cardiovascular events inde-
pendent of the underlying main diagnosis. On the basis

of their diagnostic and prognostic power, it has been
tested whether NPs can be used also for therapeutic guid-
ance of therapy, but results of different studies were
rather mixed. Most recently, the randomized GUIDE-IT
(Guiding Evidence Based Therapy Using Biomarker Intensi-
fied Treatment in Heart Failure) study investigated
whether an NT-proBNP-guided therapy can improve out-
comes. The study was prematurely stopped owing to futil-
ity and could not show any benefit of NT-proBNP as
compared with usual care.3

OR IG INAL RESEARCH ART ICLE

© 2018 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology.

ESC HEART FAILURE
ESC Heart Failure 2018; 5: 309–315
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12290

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

http://orcid.org/0000-0002-7691-3709
http://creativecommons.org/licenses/by-nc-nd/4.0/


The perspective of emergency medicine is the assessment
of patients in the first few hours of presentation.4 Several
opinion papers have been published in recent years with ex-
pert recommendations about the early assessment of pa-
tients with suspected HF.5,6 In a literature overview, Pang
et al. highlight the fact that most published data on acute
HF (AHF) stem from databases that included patients only af-
ter the acute phase, mostly starting on the day after admis-
sion, when patients had already arrived in specialized
hospital units.5 Even though a huge number of papers have
been published on NPs in the acute setting, there is still a lack
of evidence with regard to their usefulness in improving out-
comes if applied at the door of the emergency department
(ED). Carpenter et al. reviewed the literature from this emer-
gency medicine perspective and came to the conclusion that
‘clinicians, patients, and policymakers cannot be confident
that knowledge of BNP or NT-proBNP levels will improve out-
comes or reduce costs when evaluating ED patients with
dyspnea’.7

The prospective, international BACH (Biomarkers in Acute
Heart Failure) diagnostic biomarker study in patients admit-
ted with dyspnea forms the largest available database about
NPs in the acute setting.2 Patients were characterized in de-
tail, and gold standard diagnoses were made. We aimed to
analyse NP values with respect to diagnoses in order to eval-
uate whether a certain level of NPs together with dyspnea
correctly identifies the diagnosis of AHF as the predominant
need for treatment and how the prevalence and mortality
of other, non-AHF diagnoses is influenced.

Methods

Study population

The present study is a post hoc analysis of the BACH study.2

We focused our analysis on the European cohort as the US
cohort had a lower mortality and the New Zealand patient

group was very small.8 This had no influence on the primary
comparison of different NPs but may have influenced our
outcome analysis.

In brief, the BACH study was a prospective international
study in Europe, the USA, and New Zealand including 15 cen-
tres and n = 1641 patients. To be eligible, adult patients had
to report dyspnea as their leading complaint. Patients were
excluded if they had an acute ST-segment elevation myocar-
dial infarction, or had renal failure, defined as chronic dialysis
therapy. Gold standard diagnoses were established by
independent cardiologists. If none of the pre-specified diag-
noses (Table 1) were made, the patient fell into the
category ‘other’. The diagnosis of AHF was adjudicated in
n = 568 (34.6%) of cases. The receiver operating characteris-
tics analysis for the diagnosis of AHF revealed non-inferiority
of MR-proANP vs. NT-proBNP [area under the curve
(AUC) = 0.9] and BNP (AUC = 0.91).

Hypothesis

For this post hoc analysis, we analysed n = 726 European
Union (EU) patients and applied certain cut-offs that are used
in the randomized RELAX-AHF (Serelaxin, recombinant hu-
man relaxin-2, for treatment of acute heart failure)9 and
IMPACT-EU (Improve Management of Heart Failure With
Procalcitonin) studies.10 The primary aim was to describe
how pre-selection by NP cut-offs influences the prevalence
of certain diagnoses groups and their respective mortality.
Cut-offs were 350 ng/L (BNP), 300 pmol/L (proANP), and
1800 ng/L (NT-proBNP).10,11 These cut-offs had also equiva-
lent 90 days’ mortality in the EU cohort of BACH.10

Statistics

Binary variables are reported as numbers and percentages for
the entire BACH EU patient population as well as for the two
complementary patient subgroups ‘AHF’ and ‘Other

Table 1 Prevalence of acute heart failure and the other gold standard diagnoses by selection with natriuretic peptides

Diagnoses
All EU patients
(n = 726) (%)

BNP > 350
(n = 316) (%)

MR-proANP > 300
(n = 298) (%)

NT-proBNP > 1800
(n = 356) (%)

AHF 47.5 79.7 79.5 75.6
Chest pain 2.3 0.3 0.3 0.3
ACS 2.9 3.2 2.0 2.8
Arrhythmia 3.0 1.6 2.7 1.4
Pulmonary embolism 2.8 1.3 2.0 2.2
Asthma 2.2 0.3 0.3 0
Bronchitis 2.3 0.3 0 0.3
COPD 11.2 5.7 4.7 6.7
Pneumonia 7.0 3.8 3.0 4.8
Influenza 0.8 0 0.3 0.6
Other diagnoses 17.8 3.8 5.0 5.3

ACS, acute coronary syndrome; AHF, acute heart failure; COPD, chronic obstructive pulmonary disease.
Units: ng/L (BNP), pmol/L (proANP), and ng/L (NT-proBNP).
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diagnoses’. Differences between the latter patient groups are
described by P-values according to Pearson’s χ2 test. Numeric
variables are reported by median values and interquartile

ranges for the entire BACH EU patient population as well as
for the two complementary patient subgroups ‘AHF’ and
‘Other diagnoses’. Differences between the latter patient
groups are described by P-values according to Wilcoxon
rank-sum test.

The distributions of MR-proANP concentrations (Figure 1)
are visualized by gold standard diagnoses by plotting median
values (circles) and interquartile ranges (horizontal lines). A
log-scaled horizontal axis is used to illustrate well the distri-
bution of concentration within the entire concentration
range.

Confidence intervals of mortalities were determined ac-
cording to the standard method introduced by Clopper and
Pearson.

Group comparisons concerning 90 days’ mortality of BACH
EU patients were conducted by Pearson’s χ2 test on the basis
of corresponding 2 × 2 frequency tables. The following asso-
ciations were tested:

(1) 90 days’ mortality (yes/no) vs. gold standard diagnoses
(AHF, no-AHF) without MR-proANP filtering,

(2) 90 days’ mortality (yes/no) vs. gold standard diagnoses
(AHF, no-AHF) with MR-proANP filtering (MR-
proANP > 300 pmol/L),

(3) for EU-AHF patients, 90 days’ mortality (yes/no)
vs. MR-proANP concentration (≤300 pmol/L,
>300 pmol/L), and

(4) for EU-no-AHF patients, 90 days’ mortality (yes/no) vs.
MR-proANP concentration (≤300 pmol/L, >300 pmol/L).

Figure 1 ProANP levels by gold standard diagnoses in the analysed co-
hort. ACS, acute coronary syndrome; AHF, acute heart failure; COPD,
chronic obstructive pulmonary disease; IQR, interquartile range; proANP,
pro-atrial natriuretic peptide.

Table 2 Characteristics of patients

Variable
EU cohort
(n = 726)

All patients Patients with MR-proANP > 300 pmol/L

AHF (n = 345) Non-AHF diagnoses (n = 381) AHF (n = 237) Non-AHF diagnoses (n = 61)

Age (years) 73 (62–81) 77 (67–83) 68 (57–78)*** 77 (69–83) 78(70–83)
Female 46.1% 42.3% 49.6% 40.5% 49.2%
Presentation symptoms
and findings

Dyspnea at rest 45.5% 45.5% 45.4% 48.1% 52.5%
Orthopnoea 46.6% 59.4% 35.4%*** 60.8% 41.0%*
Dyspnea at night 36.0% 46.4% 26.5%*** 48.9% 52.5%**
Rales 44.4% 59.7% 30.4%*** 63.7% 37.7%***
Wheezing 23.6% 22.6% 24.4% 23.6% 16.4%
Oedema 40.9% 55.1% 28.1%*** 59.9% 49.2%
Heart rate 88 (75–105) 86 (73–105) 89 (76–105) 86 (72–108) 100 (80–113)
Systolic BP 140 (125–160) 139 (121–160) 140 (127–160) 135 (117–157) 135 (113–157)
Respiratory rate 20 (17–25) 20 (16–25) 20(18–25) 20 (16–24) 23(18–29)

History
CAD 36.0% 50.1% 23.1%*** 51.1% 42.6%
Prior MI 22.7% 33.3% 13.1%*** 33.8% 27.6%
Chronic heart failure 36.9% 57.4% 18.4%*** 61.2% 44.3%*
Asthma/COPD 61.0% 70.7% 52.2%*** 26.6% 42.6%**
HLP 32.4% 38.3% 27.0%** 38.8% 26.2%
Hypertension 68.3% 73.6% 63.5%** 71.3% 78.7%
Diabetes 26.7% 36.2% 18.1%*** 34.6% 18.0%*
Stroke 11.2% 13.9% 8.7%* 14.8% 8.2%

AHF, acute heart failure; BP, blood pressure; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; HLP, hyperlipid-
aemia; MI, myocardial infarction; MR-proANP, mid-regional pro-atrial natriuretic peptide.
Variables are given as proportions except age, heart rate, and systolic blood pressure (median, 25%/75% centiles).
***P < 0.001; **P < 0.01; *P < 0.05.
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Results

The characteristics of patients are displayed in Table 2. There
were significant differences between patients with AHF, who
were significantly older than those with non-AHF diagnoses.
Once filtered by elevated proANP, the differences were much
less; specifically, the age was no longer statistically different.
The prevalence of asthma/chronic obstructive pulmonary dis-
ease (COPD) was higher among those with AHF in the entire
group, but vice versa in the group with elevated MR-proANP.

Table 1 shows the prevalence of the gold standard diagno-
ses in the total cohort and subgroups defined by the cut-offs
used in the IMPACT-EU study.

The prevalence of AHF is increased from 47.5 to 75.6%
(NT-proBNP criteria) up to 79.7% (BNP criteria) (Table 3).

Figure 1 shows MR-proANP levels by gold standard
diagnoses.

The mortality of AHF is higher than that in all no-AHF
patients. Once selected by NP criteria, the mortality increases
in the subgroup, but although the prevalence of AHF in-
creases, the mortality of the no-AHF group increases more
owing to the selection by high NPs. The short term mortality
is comparably low and is highest mortality occurred between
30 and 90 days. Figure 2 shows the change of mortality in
patients with a gold standard diagnosis of AHF or no-AHF in
the entire dyspnea population and the selected group by
elevated NP.

We observe that filtering to patients with MR-
proANP > 300 pmol/L increases 90 days’ mortality signifi-
cantly for AHF patients and even highly significantly for
no-AHF patients. Mortality differences between AHF and
no-AHF patients were not statistically significant, neither
before nor after filtering with proANP.

The driving diagnoses for 90 days’ mortality (frequency in
per cent) in the non-AHF group after the selection with MR-
proANP were COPD (35.7%), acute coronary syndrome (ACS;

33.3%), other (33.3%), and pneumonia (22.2%). All details
of mortality by diagnoses are listed in Table S1.

Discussion

The present analysis of patients presenting to the ED with
dyspnea shows that (i) NPs are effective in selecting those
with AHF as main diagnosis and (ii) high-risk patients with
other diagnosis are also identified.

Table 3 Outcome of patients’ diagnosis and natriuretic peptide defined subgroups after 7, 30, and 90 days

Biomarker for
patient selection Endpoint

No. of patients Mortality %

Subgroup after
selection by NP AHF (%)

AHF No-AHF

Est 95% CI.lo 95% CI.hi Est 95% CI.lo 95% CI.hi

None 90 days’ mortality 726 47.5 14 10 18 10 7 14
BNP 316 79.7 17 12 22 25 15 37
MR-proANP 298 79.5 17 12 22 25 14 37
NT-proBNP 356 75.5 16 12 21 23 15 33
None 30 days’ mortality 726 47.5 8 6 12 6 4 9
BNP 316 79.7 10 6 14 16 8 27
MR-proANP 298 79.5 10 7 15 13 6 24
NT-proBNP 356 75.5 10 6 14 15 8 24
None 7 days’ mortality 726 47.5 3 2 6 2 1 4
BNP 316 79.7 3 1 6 8 3 17
MR-proANP 298 79.5 3 1 7 5 1 14
NT-proBNP 356 75.5 3 1 6 6 2 13

AHF, acute heart failure; NP, natriuretic peptide; CI.lo, confidence interval low; CI.hi, confidence interval high.
Cut-offs were 350 ng/L (BNP), 300 pmol/L (MR-proANP), and 1800 ng/L (NT-proBNP).

Figure 2 Comparison of the entire population with dyspnea and the se-
lected group by MR-proANP > 300 pmol/L with respect to the 90 days’
mortality by the gold standard diagnoses of AHF or no-AHF. AHF, acute
heart failure; proANP, mid-regional pro-atrial natriuretic peptide.
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The use of NPs in the ED for diagnostic purposes has been
studied extensively with concordant results.2,12–14 Neverthe-
less, no studies were able to provide strong evidence that
this has a beneficial impact on outcome. In addition, inter-
ventional studies using nesiritide15 or serelaxin16 in the very
early phase of presentation failed to show survival benefits.
While one explanation is the lack of effective therapeutic
concepts, another point could be the difficulty to identify a
certain patient population who benefits from a specific inter-
vention in the very early phase of the presentation. Most re-
cently, a sub-analysis from ASCEND-AF showed that patients
who presented during off hours profit more than do others
from nesiritide.17

In our study, we could show that NPs have a very strong
prognostic impact, which is not only related to the diagnosis
of AHF. Specifically, patients with ACS and COPD/pneumonia

had the highest mortality when MR-proANP was>300 pmol/L.
Therefore, clinicians need to be aware that the prognostically
most important disease in a certain patient with dyspnea
and high NP is not AHF. The actual heart failure guidelines of
the European Society of Cardiology (ESC) have already
anticipated this partly with the CHAMP-concept which helps
to identify an acute etiology (acute Coronary syndrome,
Hypertension emgerency, Arrhythmia, acute Mechanical cause,
Pulmonary embolism),1 and an expert paper about AHF in the
ED focused on the so-called precipitants,5 which are some-
times the cause of a syndrome with dyspnea and high NPs that
need primarily therapy of the underlying disease. Therefore,
the future view on the syndrome of AHF should involve always
the underlying disease, and therefore, a wording like ‘AHF on
the basis of pulmonary infection’ or ‘AHF on the basis of acute
coronary syndrome’ seem to be appropriate.

Figure 3 Central illustration of the main findings of the study. AHF, acute heart failure.
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Implications for clinical practice

Taking the actual results into consideration, clinicians need to
anticipate that NPs used in the ED have diagnostic and prog-
nostic implications and select a patient population with AHF
as the primary diagnosis and a heterogeneous group of pa-
tients with high risk and mortality. In our data, the specific
driving diagnoses for mortality were ACS, COPD, and pneumo-
nia. These findings are in line with the guidelines and the
‘CHAMP’-concept.1 Figure 3 summarizes the challenge in pa-
tients presenting with acute dyspnea and possible solutions.
The proposal is, to imply strictly a thorough clinical assessment
first and add imaging whenever appropriate. This is in line with
the recommendations of the ESC expert group.18

Implications for research

In the light of the failure of studies that used NPs as one main
inclusion criteria,16 there is need for further studies that iden-
tify AHF subgroups who may profit from specific interven-
tions regarding HF therapy. This means also to identify
specific therapeutic options like non-invasive ventilation
(NIV), which allow immediate reversal of hypoxia and there-
fore gain time for a more thorough diagnostic workup. NIV
is, from the clinical viewpoint, a major breakthrough in acute
dyspnea and hypoxia in the ED but has limited evidence from
prospective clinical studies.19 Future interventional studies in
AHF should therefore take into account the uncertainty of
the exact diagnosis in the very acute phase and propose a
more detailed workup to identify a more individualized pa-
tient population.

Conclusions

The prevalence of patients with the gold standard diagnoses
of AHF among those presenting with dyspnea to the ED is sig-
nificantly increased by the use of NPs with common cut-offs
used in prospective HF studies. Nevertheless, in the selected
groups, patients with no AHF diagnosis have the highest

mortality, and therefore, the addition of an NP alone is insuf-
ficient to start specific therapies.
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