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Abstract: Background: N-terminal pro-brain natural peptide (NT-pro-BNP) is a well-established
biomarker of tissue congestion and has prognostic value in patients with heart failure (HF). Nonethe-
less, there is scarce evidence on its predictive capacity for HF re-admission after an acute coronary
syndrome (ACS). We performed a prospective, single-center study in all patients discharged after an
ACS. HF re-admission was analyzed by competing risk regression, taking all-cause mortality as a
competing event. Results are presented as sub-hazard ratios (sHR). Recurrent hospitalizations were
tested by negative binomial regression, and results are presented as incidence risk ratio (IRR). Results:
Of the 2133 included patients, 528 (24.8%) had HF during the ACS hospitalization, and their pro-BNP
levels were higher (3220 pg/mL vs. 684.2 pg/mL; p < 0.001). In-hospital mortality was 2.9%, and
pro-BNP was similarly higher in these patients. Increased pro-BNP levels were correlated to increased
risk of HF or death during the hospitalization. Over follow-up (median 38 months) 243 (11.7%)
patients had at least one hospital readmission for HF and 151 (7.1%) had more than one. Complete
revascularization had a preventive effect on HF readmission, whereas several other variables were
associated with higher risk. Pro-BNP was independently associated with HF admission (sHR: 1.47)
and readmission (IRR: 1.45) at any age. Significant interactions were found for the predictive value
of pro-BNP in women, diabetes, renal dysfunction, STEMI and patients without troponin elevation.
Conclusions: In-hospital determination of pro-BNP is an independent predictor of HF readmission
after an ACS.

Keywords: pro-BNP; heart failure; acute coronary syndrome

1. Introduction

Coronary heart disease is the leading risk factor for heart failure incidence [1–3], and
acute coronary syndrome (ACS) is the most frequent and threatening clinical presentation.
The falling of in-hospital and short-term mortality of ACS patients has shifted the impact
of the disease, increasing the percentage of patients with chronic coronary heart disease at
risk of heart failure (HF) readmissions [4–6].

In-hospital [4] and post-discharge [7,8] HF have a large influence on ACS prognosis
and, consequently, individual estimation of the actual risk of HF might be very relevant.
Several biomarkers have proven to be crucial for the diagnosis, treatment and prognosis
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assessment in patients with HF [9–11]. Among these, natriuretic peptides have some of
the most convincing evidence supporting its role in HF diagnosis and congestion [11–13].
Pro-BNP serum levels have a recognized predictive value for mortality and major cardio-
vascular events in ACS patients [14–17]. The aim of our study was to assess the predictive
value of pro-BNP for HF incidence in patients discharged after an ACS.

2. Materials and Methods

We designed a retrospective study of all consecutive patients admitted for an ACS
between December 2012 and March 2018 in Hospital Universitario de San Juan, Alicante
(Spain), based on the ongoing ACS registry of the Cardiology Department. The diagnosis
of ACS was defined by (1) typical clinical symptoms of chest pain; (2) electrocardiographic
changes indicative of myocardial ischemia/lesion; and/or (3) elevation of serum markers of
myocardial damage. Pro-BNP is routinely measured in all patients in the first blood sample
obtained after an overnight fasting, usually within 24 h of admission. Risk stratification
was performed using the GRACE score [18], and patients with scores of more than 140
were considered as high-risk. The primary endpoint assessed through follow-up was HF
re-admission, registered as a hospital admission whose main diagnosis was congestive
HF according to clinical guidelines [19]. The study design and results presentation were
made according to the STROBE (strengthening the reporting of observational studies in
epidemiology) [20] recommendations (Table S1). The ethics committee of the institution
has approved the protocol and informed consent of the registry.

Demographic characteristics of the patients, risk factors for coronary artery disease
(smoking, hypertension, dyslipidemia and diabetes mellitus), medical history, laboratory
data during the hospitalization, vital signs on admission, treatment and diagnosis at
discharge were collected from all patients using the electronic database of our institution.
History of heart failure was codified if patients had at least one hospitalization with such
diagnosis at discharge or the typical signs and symptoms of heart failure and a compatible
echocardiogram. Patients underwent an echocardiography within 48 h of admission, and
the left ventricular ejection fraction (LVEF) was calculated using Simpson’s method. After
overnight fasting, a blood sample was obtained for biochemical determinations. The
glomerular filtration rate (GFR) was estimated from serum creatinine values with the
CKD-EPI equation [21]; GFR of less than 60 mL/min/m2 was considered indicative of
renal dysfunction. Hypertension, dyslipidemia and diabetes mellitus were considered to
be present in patients receiving specific therapy for these diseases. We recorded a history
of coronary heart disease if patients had a previous diagnosis of myocardial infarction,
stable or unstable angina, or angina-driven coronary revascularization. Completeness of
revascularization was prospectively determined after the procedure, on the basis of the
intended equivalent anatomic revascularization using segment numbering of vessels with
a diameter of more than 1.5 mm [22]. Comorbidity was assessed by the Charlson index,
adapted for patients with coronary heart disease [23]. All diagnoses and medical histories
were obtained by the cardiologist in charge of the database. All clinical variables were
recorded at the time of discharge from the hospital. After discharge, patient follow-up was
performed by means of telephone calls, revision of clinical reports and revision of electronic
medical records, in order to obtain clinical status and outcome events. All primary care
visits, medical interventions, emergency calls, visits to the emergency room and hospital
readmissions are recorded in a centralized electronic medical records system. The ongoing
registry of our institution has a straightforward methodology and data collection protocol.
Current investigation is based on widely available measures and, therefore, missing data
were very scarce.

Quantitative variables with normal distribution are presented as means (standard
deviation, SD), and differences were assessed by ANOVA. Variables with non-normal dis-
tribution, like pro-BNP, are presented as medians (interquartile range, IQR), and differences
were analyzed using the Kolmogorov-Smirnov test. Qualitative variables are presented as
percentages and were compared between groups using the Student t and Chi-squared tests.
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Prior to entry into regression models, raw pro-BNP values were natural log-transformed
and then expanded using fractional polynomials so as not to assume linearity of effect.
In-hospital mortality predictors were assessed by logistic regression. Variables with more
than 10% of missing data would be imputed to the mean.

The incidence of post-discharge HF could be affected by patient’s death, so the usual
techniques for time-to-event analysis would provide biased or un-interpretable results due
to the presence of competing risks, and the Kaplan-Meier method would overestimate
real HF incidence [22,24]. To avoid such effects, we applied the model introduced by
Fine and Gray [25] to test competing events. Regression models were adjusted by all the
variables that obtained significant differences in the univariate analysis (patients who
had HF readmission vs. no HF readmissions) and also those variables that could have
a clinically relevant implication. The incidence of HF is presented in cumuled incidence
function graphs, and results of the multivariate analysis, performed by competing risk
regression, as sub-hazard ratio (sHR) and corresponding 95% confidence intervals (CIs).
Therefore, sHR represents the hazard ratio of HF taking all-cause mortality as a competing
event. Post-estimation assessment was based on the model’s discrimination using Harrell’s
C-statistic. The analysis of recurrent cardiovascular events was performed by negative
binomial regression, and results are presented as incidence rate ratio (IRR) and 95% Cis [26].
Models were accurately calibrated (Harrels C-statistic 0.83, 95% CI 0.80–0.85; p < 0.001).
Patients lost to follow-up were categorized as missing, as were those who lacked any of the
main variables for the analyses, although these were less than 5%. Statistical significance
was accepted at p < 0.05. All analyses were performed using STATA 14.3 (StataCorp. 2009.
Stata Statistical Software: Release 14. College Station, TX, USA: StataCorp LP).

3. Results

We included 2133 patients (Table 1) and 528 (24.8%) had HF within the ACS hospitalization,
and they had higher pro-BNP than the rest: 3220 pg/mL vs. 684.2 pg/mL (p < 0.001).

Table 1. Overall characteristics of the cohort.

N 2133

Age 68.5 (12.7)
Male gender 74.3%

Diabetes 34.9%
Hypertension 66.5%

Current smokers 30.9%
Dyslipidemia 51.0%

Previous coronary heart disease 24.6%
Previous heart failure 3.2%

Previous stroke 6.7%
Peripheral arterial disease 7.8%

Atrial fibrillation 8.3%
Chronic obstructive pulmonary disease 9.7%

ST-elevation ACS 36.7%
GRACE score 145.8 (41.8)
GRACE > 140 50.6%

Charlson index 2.4 (2.1)
Charlson index ≥ 4 21.4%

Left ventricle ejection fraction (%) 54.2 (11.9)
Angiography 95.1%

Revascularization 89.3%
Hemoglobin (gL/dL) 13.3 (4.9)
Creatinine (mg/dL) 1.1 (0.5)

Glomerular filtration rate (mL/min/1.72 m2) 73.1 (23.6)
Total cholesterol (mg/dL) 159.4 (63.6)
LDL cholesterol (mg/dL) 92.1 (37.7)
HDL cholesterol (mg/dL) 39.6 (13.1)

HbA1c (%) 6.4 (1.3)
NT pro-BNP (pg/mL) 977.3 (295.4–2923)

HDL: high-density lipoprotein; LDL: low-density lipoprotein.
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3.1. In-Hospital Mortality

In-hospital mortality was 2.9% (61 patients) and pro-BNP was higher in patients who
died: 9522.0 pg/mL vs. 949.1 pg/mL (p < 0.001). As shown in Figure 1, pro-BNP values
were correlated with a gradual increase in the risk of HF or in-hospital death.

Figure 1. Histograms for pro-BNP distribution (density) and predicted risk of in-hospital heart failure (A) or death (B).

3.2. Post-Discharge Heart Failure Admissions

Post-discharge follow-up was available in 94% of the cohort, with a median follow-up
of 38 months (IQR 26–48). Of these patients, 292 (14.1%) died, most of them (n = 206,
9.9% of the total) from cardiovascular causes. Moreover, 243 (11.7%) had at least one
hospital readmission for HF, and 151 (7.1%) had more than one. There were relevant
differences in clinical features and medical treatments at discharge between patients that
did or did not have a hospital readmission for HF (Table 2); differences were taken into
consideration in the multivariate analysis. After adjustment for age, gender, risk factors,
previous cardiovascular disease, LVEF, medical treatments, hemoglobin and GFR, the
competing risk regression showed the protective effect of complete revascularization on
HF readmission, whereas several variables were associated with higher risk of HF (Table 3).
Pro-BNP was independently associated with first and recurrent HF re-admissions.

The risk of HF readmission increased with pro-BNP values (Figure 2). In order to
have clinically relevant and accessible tool, we finally designed a risk matrix to represent
the risk of HF readmission according to age and serum levels of pro-BNP. The risk of HF
readmission at any given age and pro-BNP values is presented in Figure 3.

We finally performed several subgroup analyses. As shown in Table 4, a positive
interaction was found for female gender first HF readmission; the predictive value of pro-
BNP was similar according to DM, previous HF or previous HF. In contrast, the predictive
value of pro-BNP for recurrent HF readmission was higher for patients with GFR > 60 mL/
min/1.72 m2, non-STEMI or those without DM or without troponin elevation.
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Table 2. Clinical features and medical treatments at discharge of the cohort according to whether
they had any hospital readmission for heart failure or not.

Heart Failure Readmission

No Yes p

N 1829 (88.3%) 243 (11.7%)
Age 67.6 (12.7) 75.8 (10.1) <0.001

Male gender 75.8% 62.5% <0.001
Diabetes 32.2% 54.9% <0.001

Hypertension 64.1% 86.2% <0.001
Current smokers 32.6% 18.0% <0.001

Dyslipidemia 50.1% 58.0% 0.02
Previous coronary heart disease 23.5% 33.0% 0.002

Previous heart failure 2.8% 6.3% 0.005
Previous stroke 5.9% 13.0% <0.01

Peripheral arterial disease 7.2% 12.1% 0.01
Atrial fibrillation 7.5% 14.3% 0.001

Chronic obstructive pulmonary
disease 9.4% 12.1% 0.20

ST-elevation acute coronary
syndrome 38.2% 25.0% <0.01

GRACE score 143.3 (42.2) 158.0 (38.6) <0.001
GRACE >140 48.9% 64.3% <0.01

Charlson index 2.3 (2.1) 3.2 (2.4) 0.49
Charlson index ≥4 20.0% 32.4% <0.001

Left ventricle ejection fraction (%) 54.5 (12.7) 49.1 (12.7) <0.001
Angiography 96.7% 92.2% 0.001

Revascularization 91.6% 84.0% <0.001
Hemoglobin (gL/dL) 13.5 (5.1) 12.1 (2.9) <0.001
Creatinine (mg/dL) 1.1 (0.5) 1.3 (0.7) <0.001

GFR (mL/min/1.72 m2) 75.1 (23.0) 57.4 (22.3) <0.001
Total cholesterol (mg/dL) 160.7 (65.3) 149.2 (48.8) 0.01
LDL cholesterol (mg/dL) 93.1 (38.2) 84.2 (32.8) <0.001
HDL cholesterol (mg/dL) 39.2 (13.2) 42.4 (12.5) <0.001

HbA1c (%) 6.4 (1.3) 6.8 (1.5) <0.001
NT pro-BNP (pg/mL) 802 (254–2208) 3342 (1343–8312) <0.001

Aspirin 93.3% 87.8% 0.003
Clopidogrel 53.0% 61.3% 0.02
Ticagrelor 17.8% 13.5% 0.11
Prasugrel 15.3% 3.6% <0.001

ACEI/ARB 81.1% 78.8% 0.43
Beta-blockers 85.2% 84.7% 0.84

Diuretics 19.5% 42.8% <0.001
Statins 92.7% 86.9% 0.003

Nitrates 8.6% 19.4% <0.001
Calcium channel blocker 13.5% 20.3% 0.007

Anticoagulants 6.0% 11.2% 0.003
Insulin 8.8% 15.3% 0.002

Oral antidiabetics 24.4% 37.4% <0.001
SGLT2 inhibitors 0.5% 1.2% 0.27

Mineral corticoid receptor
antagonist 9.9% 17.1% 0.001

Proton pump inhibitors 76.0% 71.2% 0.11
ACEI: angiotensin-converter enzyme inhibitors; ARB: angiotensin receptor blocker; HDL: high-density lipoprotein;
LDL: low-density lipoprotein; MRA: mineral corticoid receptor antagonist.
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Table 3. Independent predictors of heart failure readmission.

Any HF Readmission
Sub-Hazard Ratio (95% CI)

Recurrent Readmissions
IRR (95% CI)

Complete revascularization 0.71 (0.53–0.95); p = 0.022 0.60 (0.47–0.76); p < 0.001
Atrial fibrillation 1.18 (0.80–1.76); p = 0.396 1.31 (1.05–1.65); p = 0.019
Diabetes mellitus 1.33 (1.02–2.10); p = 0.002 1.53 (1.28–1.85); p < 0.001

Female gender 1.42 (1.06–1.92); p = 0.022 1.20 (1.00–1.45); p = 0.049
Pro-BNP (pg/mL) 1.47 (1.31–1.66); p < 0.001 1.45 (1.36–1.54); p < 0.001

Heart failure within
hospitalization 1.50 (1.09–2.77); p = 0.040 1.55 (1.10–2.17); p = 0.012

Arterial hypertension 1.88 (1.25–2.83); p = 0.002 2.22 (1.68–2.94); p < 0.001
IRR: incidence rate ratio.

Figure 2. Relative sub-hazard risk of readmission for heart failure according to pro-BNP levels.

Figure 3. Relative sub-hazard risk of readmission for heart failure according to age and pro-BNP levels.
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Table 4. Subgroup analysis for the predicted value of pro-BNP heart failure readmission predictors.

Any HF Readmission
Sub-Hazar Ratio (95% CI) Interaction Recurrent Readmissions

IRR (95% CI) Interaction

Gender
male 1.38 (1.21–1.59); p < 0.001

p = 0.002
1.31 (1.21–1.43); p < 0.001

p = 0.152
female 1.69 (1.41–2.04); p < 0.001 1.61 (1.42–1.84); p < 0.001

GFR
>60 mL/min/1.72 m2 150 (1.26–1.77); p < 0.001

p = 0.170
1.50 (1.36–1.66); p < 0.001

p = 0.015
<60 mL/min/1.72 m2 1.40 (1.18–1.58); p < 0.001 1.29 (1.17–1.43); p < 0.0.01

Diabetes
no 1.68 (1.42–2.00); p < 0.001

p = 0.077
1.57 (1.40–1.74); p < 0.001

p = 0.003
yes 1.37 (1.19–1.58); p < 0.001 1.34 (1.22–1.47); p < 0.001

Previous HF
no 1.48 (1.32–1.67); p < 0.001

p = 0.278
1.40 (1.30–1.49); p < 0.001

p = 0.201
yes 1.59 (0.88–2.90); p = 0.127 1.30 (0.95–1.90); p = 0.07

STEMI
No 1.54 (1.37–1.73); p < 0.001

p = 0.647
1.53 (1.41–1.66); p < 0.001

p = 0.003
Yes 1.46 (1.16–1.85); p < 0.001 1.22 (1.08–1.38); p < 0.001

Troponin elevation
No 1.56 (1.31–1.80); p < 0.001

p = 0.958
1.59 (1.42–1.78); p < 0.001

p = 0.003
Yes 1.42 (1.21–1.67); p < 0.001 1.30 (1.19–1.41); p < 0.001

HF: Heart failure; IRR: incidence rate ratio.

4. Discussion

The results of this large cohort study in ACS patients demonstrate the predictive
value of pro-BNP for HF readmission after an ACS. There was a gradual increase of HF
readmission with higher pro-BNP values, and the risk cumulatively increased with age.
Since clinical features and event rates are similar to previous reports [1–11,14–17,26–28],
we believe that our results are reasonably representative of daily clinical practice.

The incidence of HF has increased over the last decades, with large social, demo-
graphic, economic and health implications [1–3]. Therefore, all strategies directed to predict
and prevent its incidence are highly relevant. Since coronary heart disease is the leading
risk factor for HF [3], we analyzed the effect of a well-established biomarker of congestion
and HF, measured in one of the most critical moments for the myocardium: an ACS. HF
within the acute phase of an ACS impairs in-hospital and post-discharge prognosis [4,29],
and post-discharge HF quadruples the risk of death [7]. Thus, predicting HF incidence after
an ACS is clinically relevant and, not surprisingly, several clinical variables, and scores,
have even proposed to define patients’ individual risk of HF re-admission [21,30]. Our
results highlight the predictive role of pro-BNP in a large cohort of ACS patients. We found
a strong relationship between pro-BNP and in-hospital HF or mortality, which might help
identify patients with poorer outcomes in whom close or intense management should be
mandatory.

Natriuretic peptides are cardiac-derived hormones with natriuretic, diuretic, and
vasodilatory effects. They are secreted into the circulation in response to increased cardiac
wall stress and have robust diagnostic power for cardiac vs. non-cardiac dyspnea as
well as prognostic significance in patients with HF in terms of recurrent hospitalizations
and death [31]. Pro-BNP has been reported as one of the strongest predictors of death
among patients with or without HF [13], especially when determined in an acute clinical
setting [32]. Left ventricle remodeling after an ACS precludes HF onset, although recent
data with cardiac magnetic resonance have shown that deterioration of the ejection fraction
and myocardial damage are the main determinants of poor prognosis rather than just left
ventricle enlargement [33]. Our results are also in line with these findings and might reflect
the fact that pro-BNP elevation already reveals more extensive myocardial damage or might
precede myocardial fibrosis and remodeling [34]. In fact, our risk matrix showed that at
any given age or LVEF pro-BNP is an independent predictor of HF. Patients who develop
HF within the ACS hospitalization are at higher risk of post-discharge HF, regardless
of LVEF [4]; the fact that patients with elevated pro-BNP are also at higher risk of HF
might help to identify patients with a neurohormal activation similar to clinical HF [9,10].
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This might also explain why cardiac natriuretic peptides are one of the best biomarkers
for predicting outcomes in ACS patients [14–17] and, moreover, should be determined
routinely in all ACS patients.

We also found relevant interactions between pro-BNP and female gender, diabetes,
renal dysfunction, STEMI or troponin elevation. Competing risk regression is the most
accurate statistical approach for heart failure incidence since all-cause mortality is a com-
peting event [24]. All these variables are clearly associated to higher mortality rates and
the presence of significant interactions reflects a modification on the predictive value of
pro-BNP; thereafter, pro-BNP determinations could be even more relevant in these clinical
subgroups. Moreover, women, diabetes and renal dysfunction are known to have higher
prevalence of un-diagnosed HF [19] and, maybe, pro-BNP could be unmasking some of
these cases.

We believe that our results support the use of pro-BNP in daily clinical practice for
better characterizing the actual prognosis in patients after ACS, although the implications
for medical treatment are less clear. Myocardial damage [35] and inflammation dysreg-
ulation [36] following an ACS promote left ventricular remodeling and loss of function.
Mineral corticoid receptor antagonist reduced major cardiovascular events and mortality
in patients with myocardial infarction and left ventricle dysfunction in the EPHESUS
Trial [37]; nonetheless, a lack of benefit on HF readmissions after an ACS has been reported
in real-world patients [38]. Future applications with early initiation of therapies such as
sacubitril/valsartan, currently being tested in the PARADISE-MI trial [39], or sodium-
glucose co-transporter-2 inhibitors [40] could change the landscape in HF prevention after
an ACS.

Our study has several limitations that deserve further consideration. First, this is a
single-center study, and results might not be representative of all clinical settings. Sec-
ond, there may be many unmeasured confounders or details about physician or patient
decision-making that are not captured in our data collection. The analyses used obser-
vational, non-randomized data, so associations between variables and outcomes may be
distorted by unmeasured confounders. Furthermore, there may have been appropriate
contraindications to adjunctive pharmacotherapy or invasive angiography that were not
collected. Third, patients who died before a blood sample could be obtained were not
included in the study, so it was not possible to assess the role of pro-BNP in those very-high-
risk patients. Similarly, troponin values are routinely determined in all patients, mainly
in the first hours of admission for patients’ rule-in or rule-out. Nonetheless, there is a
wide variability in subsequent determinations and, therefore, the maximal values are not
systemically available, and patients are classified by the presence of troponin elevation
or not. Finally, long-term outcomes could be subject to different circumstances outside
the scope of our center’s follow-up protocol. Since clinical features and outcomes were
similar to previous reports [1–11,14–17,26–28], we believe that our results are reasonably
representative of current practice.

5. Conclusions

In conclusion, in-hospital determination of pro-BNP has an independent predictive
value for HF readmission after an ACS. At any given age, LVEF, or other clinical variables,
pro-BNP levels are correlated with risk of HF readmission after hospital discharge. These
results support the use of pro-BNP in daily clinical practice for the better characterization
of actual risk of HF in patients with ACS. The implications for medical treatment still need
to be elucidated.
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