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Abstract

Objective: Natriuretic peptides are useful diagnostic and prognostic markers in

patients presenting to the emergency department (ED)with acute shortness of breath.

However, B-type natriuretic peptide (BNP) level represents a single snapshot in time,

while changes relative to a patient’s baseline may be useful in risk stratification. We

aimed to define the variation of BNP levels between chronic stable and acute decom-

pensated heart failure (ADHF) that is associated with significant clinical outcomes.

Methods: We performed a retrospective cohort chart review study of chronic heart

failure (HF) patients followed in an outpatient clinic from 2010 to 2013. Inclusion cri-

teria were available hospital and clinic BNP levels and at least 1 year of follow-up care.

ADHF was defined as a hospital admission for acute HF. Dry BNP was defined as its

concentration after >3 months of optimal treatment and no variations in New York

Heart Association class. Dry BNP was compared to the BNP at a subsequent ED visit

that was associated with hospitalization because of ADHF.

Results:Overall, 253 patients were included. Their median (interquartile range [IQR])

dry BNPwas 191(83–450) pg/mL. Therewere 67ADHF admissions, occurring 15± 15

months after patient’s dry BNP was established. At subsequent ED admission, the

median (IQR) BNPwas 1505 (72–2620) pg/mL. Patients requiring inpatient admission

had a BNP∼250% higher than their stable BNP (404 vs 164 pg/mL, p< 0.001).

Conclusions: In this group of chronic stable HF patients, a doubling of BNP was

observed in patients who required hospitalization for acute decompensated HF. BNP

doubling may represent a useful parameter to reflect clinically relevant acute decom-

pensated HF.
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1 INTRODUCTION

1.1 Background

Heart failure (HF) affects an estimated 26million people and is respon-

sible for 1%–2% of hospitalizations in the United States and Europe.1

Natriuretic peptides (NPs), including B-type natriuretic peptide (BNP)

and its amino-terminal pro-peptideequivalent (NT-proBNP), represent

the current gold standard of biomarkers for diagnosis, severity assess-

ment, management, and prognosis of HF.2 The clinical value of NPs

is well recognized and their strong negative predictive value for a HF

diagnosis is highlighted in HF guidelines.3,4 In patients with suspected

acute HF, BNP has the potential to allow rapid and accurate exclusion

of the diagnosis.5

1.2 Importance

BNP is secreted from the heart ventricle, in response to any condi-

tion that contributes to volume or pressure overload, mainly reflecting

the degree of myocardial stretching and dysfunction.6 Conversely, it is

decreased with concurrent obesity or as a result of effective heart fail-

ure therapy. Finally, itmaybechronically elevated in stableheart failure

or as a result of renal insufficiency.7 Thus, knowledge of the patient’s

stable baseline BNP concentration, in comparison to the level at emer-

gency department (ED) presentation, is important to determine if rela-

tive changes are clinically significant. Unfortunately, the definition of a

clinically relevant BNP change that is associatedwith hospitalization is

poorly described.

1.3 Goals of this investigation

The aims of this study were to determine the variation of BNP lev-

els in a population of chronic stable patients and to identify what

levels were associated with future acute decompensated HF (ADHF)

hospitalizations.

2 MATERIAL AND METHODS

2.1 Design

Weconducted a retrospective chart reviewof patientswith chronicHF

followed in a HF clinic of a university tertiary care hospital.8

2.2 Selection of patients

Patients with a first appointment between January 2010 and Decem-

ber 2013 and a follow-up of more than 1 year were included. Patients

not achieving clinically stability under optimal medical treatment for a

3-month period until end of study period and patients lost to follow-up

were excluded. Demographic, clinical, laboratory, and echocardiogram

parameters were recorded.

The Bottom Line

B-type natriuretic peptide (BNP) levels in chronic heart fail-

ure are often a challenge to interpret. In this retrospec-

tive study of 253 chronic heart failure patients, 67 patients

admitted for acute decompensation had a BNP 2.5 × their

baseline, which may represent a clinically relevant parame-

ter.

Wedefinedapatient’s dryBNPas the level after3monthsofoptimal

guideline compliant treatment,9 in a clinically stable patient (defined as

no change inNewYorkHeartAssociation [NYHA] class), forwhomBNP

remainedunchanged (with amean fold changeof1.0), for at least 2 con-

secutive visits. Routine laboratory values were recorded. Plasma crea-

tinine at admission was compared to steady state, as creatinine levels

can be associated with increase in BNP levels.10

2.3 Outcome

The first 2 hospital admissions for ADHF (diagnosis according to the

European Society of Cardiology)9 after the initial appointment were

eligible for registry inclusion. Patients presenting with ADHF because

of acute coronary syndrome, and those whose symptoms were ulti-

mately attributed tonon-ADHFcauses,wereexcluded.Clinical and lab-

oratory parameters were detailed by chart review. Dry BNP was com-

pared to the first BNP obtained at their ADHF hospitalization. All BNP

concentrations weremeasured in the same core laboratory.

2.4 Data analysis

Patients with and without ADHF admissions were compared in terms

of demographic, clinical, laboratory and echocardiogram parameters.

Continuous variables of baseline demographic and clinical characteris-

tics are presented asmean (standard deviation) if normally distributed,

or median (interquartile range [IQR]) if non-normally distributed. Cat-

egorical variables are presented as count (percent). Variable compar-

isonswere done by chi-square testing for categorical variables. Normal

and skewed distribution continuous variableswere evaluated by either

a 2 independent-sample t-test or the Mann–Whitney U test, respec-

tively. All statistical analyses were conducted with SPSS 20.0, and a

p<0.05was considered statistically significant. The study protocol has

been approved by the local ethics committee.

3 RESULTS

3.1 Baseline characteristics of the patients

During the study period, 442 patients had a first appointment in

our HF clinic. From these, 189 (42%) were excluded, because of a
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TABLE 1 Baseline characteristics of the patients and comparison between patients with andwithout admissions for ADHF

Sample

(n= 253)

Admitted for

ADHF (n= 50)

Not admitted for

ADHF (n= 203) pValue

Age (y), median (IQR) 71 (19) 76 (13) 70 (19) 0.01

Male, n (%) 176 (70) 39 (78) 137 (68) 0.15

Etiology of HF, n (%)

Ischemic 111 (44) 31 (62) 80 (39) 0.01

Idiopathic 62 (25) 8 (16) 54 (27) 0.12

Hypertensive 25 (10) 7 (14) 18 (9) 0.28

Alcoholic 19 (8) 1 (2) 18 (9) 0.10

Valvular 16 (6) 1(2) 15 (7) 0.16

Other 20 (8%) 2 (4) 18 (9) 0.14

Cardiovascular risk factors/co-morbidities, n (%)

Arterial hypertension 171 (68) 34 (68) 137 (68) 0.52

Diabetes mellitus 98 (39) 31 (62) 67 (33) 0.01

Bodymass index, kg/m2, median (IQR) 26 (7) 26 (6) 26 (7) 0.46

CKD≥3 KDIGO 72 (29) 24 (48) 48 (24) 0.01

AF 70 (28) 22 (44) 48 (24) 0.01

NYHA functional class (stable status), n (%)

I 89 (35) 7(14) 82 (40) 0.01

II 133 (53) 31 (62) 102 (50) 0.14

III 30 (12) 12 (24) 18 (9) 0.01

IV 1 0 1

LV ejection fraction, n (%)

Preserved (>50%) 17 (7) 6 (12) 11 (5) 0.10

Mid-range (40%–49%) 29 (11) 5 (10) 24 (12) 0.17

Reduced (30%–39%) 63 (25) 10(20) 53 (26) 0.37

Severely reduced (<30%) 144 (57) 29 (58) 115 (57) 0.86

Basal BNP (stable status), pg/mL, median (IQR) 191 (370) 404 (524) 164 (247) 0.01

Pharmacologic treatment

ACEi, n (%) 205 (89) 36 (72) 169 (83) 0.07

Lisinopril equivalent-dose, mg/d, mean± SD 13± 9 10± 7 13± 7

ARB, n (%) 11 (4) 1 (2) 10 (5)

BB, n (%) 234 (92) 43 (86) 191 (94) 0.10

Carvedilol equivalent-dose, mg/d, mean± SD 28± 16 25± 15 29± 16

Loop diuretics, n (%) 208 (82) 49 (98) 159 (78) 0.01

Furosemide equivalent-dose, mg/d, mean± SD 78± 47 101± 56 71± 42

MRA, n (%) 87 (34) 16 (32) 71 (35) 0.43

Spironolactone equivalent-dose, mg/d, mean± SD 19± 13 21± 21 18± 10

Ivabradine, n (%) 23 (9) 3 (6) 20 (10) 0.39

Abbreviations: ACEi, angiotensin conversion enzyme inhibitors; AF, atrial fibrillation; ARB, angiotensin receptor blockers; BB, beta-blockers; BNP, B-type

natriuretic peptide; CKD, chronic kidney disease; HF, heart failure; KDIGO, KidneyDisease ImprovingGlobalOutcomes; LV, left ventricle;MRA,mineralocor-

ticoid receptor antagonist; NS, not significant; NYHA, NewYork Heart Association.

follow-up of <1 year (n = 144 [32.5%]) or for not having a stable BNP

(n = 45 [10.1%]). Overall, we included 253 patients (70% men), with a

median (IQR) age of 71 (60–78) years. Baseline characteristics of the

patients are presented in Table 1.

When stable, most patients were in NYHA class I or II. Left ven-

tricular ejection fraction (LVEF) was reduced (LVEF <40%) in 207

(82%) and severely reduced (<30%) in 144 (57%). Consistent with

guideline directed therapy for a population with high rates of systolic
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dysfunction,most patientswere taking angiotensin conversion enzyme

inhibitors (n = 205; 89%) and beta-blockers (n = 234; 92%). Miner-

alocorticoid receptor antagonists were prescribed in 34%. The median

(IQR) dry weight BNPwas 191 (83–450) pg/mL.

3.2 Admissions for acute decompensated heart
failure

During follow-up (ranging from12 to73months), therewere 67 admis-

sions forADHF, in 50patients. Themajor decompensating factorswere

infection (n = 18; 27%), progression of the disease (n = 10; 15%), poor

therapeutic compliance (n = 9; 13%), and dysrhythmia (n = 7; 10%);

in 15% of the cases, the decompensating factor was not identified. At

admission, 49% of the patients were NYHAClass IV.

ADHF hospitalization occurred an average of 15 ± 15 months after

dry BNP was reached. Median (IQR) admission BNP was 1505 (724–

2620) pg/mL, corresponding to an increase of 2.5 times the dry weight

BNP. Plasma creatinine was also increased in 27 cases, from 1.5 to 5

times higher versus the steady state value.

Hospital length of stay was a mean (±SD) of 7 (±5) days. Although

most patients weremanaged on a regular medical floor, 19 required an

intermediate care unit. Of the latter, 7 needed non-invasive mechani-

cal ventilation and 7 required inotropic support. Nine patients (18% of

patients admitted) died during hospitalization. There were 23 cases of

hospital readmission at 6months, within amean of 73± 53 days.

3.3 Comparison between groups

When compared to patients not admitted for ADHF (Table 1), patients

admitted for ADHF were older, with a higher prevalence of dia-

betes mellitus, CKD ≥3 Kidney Disease Improving Global Outcomes

(KDIGO) (48% vs 24%, p< 0.001) and atrial fibrillation. Patients admit-

ted forADHFalsohadahigher proportionof ahistoryof ischemicheart

disease as the cause of their HF andweremore frequently NYHA class

III at baseline, despite having received similar pharmacologic treat-

ment. Finally, we found no differences on LVEF between the 2 groups.

DryBNPwas significantly higher in patients subsequently admitted for

ADHF (404 vs 164 pg/mL, p< 0.001).

3.4 Limitations

There are limitations in this study. Being a single-center study, its con-

firmation by other centers is needed, and the low frequency of HF

with preserved ejection fraction in our population may constitute a

selection bias. Additionally, only 20%of our patientswere admitted for

ADHF. Although consistent with a stable population, this supports the

predictive capability of an elevated dry BNP. Furthermore, because of

limited sample size, we are not able to comment on the clinical signif-

icance of BNP increases smaller than a doubling of baseline. It must

also be considered that, in the era of angiotensin receptor neprilysin

inhibitor therapy for HF with reduced ejection fraction (HFrEF),3,11,12

its associationwith an increased BNPmay decrease its use as a disease

monitoringmarker. However, this should be considered in view of real-

world eligibility data that suggest only 20%–40% of HFrEF patients

are sacubitril/valsartan candidates,13 such that our data remains appli-

cable for the majority of HF patients. Finally, because of our retro-

spective chart review methodology, our findings must consider lim-

ited to hypothesis generating only, with future prospective evaluations

required to identify the precise delta BNP that will predict the neces-

sity for ADHF hospitalization.

4 DISCUSSION

In patients presenting to the ED and subsequently requiring inpa-

tient hospitalization for ADHF, we found that BNP levels were ∼250%

higher than their dry BNP. This suggest that doubling of baseline BNP

represents a threshold of a clinically meaningful increase in BNP.

Although many studies report on BNP in various environments,

including its use as a diagnostic tool in the emergency setting5,14,15 and

for risk stratification and prognosis when hospitalized for HF,16–19 the

magnitude of changes of dry BNP levels in patients with chronic stable

HF who decompensate and require hospitalization for ADHF has not

been previously reported.

It has been demonstrated that BNP increases with age,20 and it

may increase as HF duration increases, even when adjusted for age.21

The variation of NPs’ levels in stable chronic HF patients has already

been assessed by our group and others.22,23 In HF patients, variations

of intra-individual BNP concentrations of >30% (ranging from 30% to

50%), with reference change values at the 95% confidence interval

ranging from 99% to 130%, have been described.24 According to these

results, only a great variation inBNP levels should be considered signif-

icant in an individual patient. Our results expand this knowledge, sug-

gesting that the relevant BNP increase of 2.5 from baseline indicates

significant clinical deterioration that required hospitalization.

In chronic HF, a doubling of the dry BNP test result is clinically rel-

evant and is associated with an increased risk of subsequent hospital-

ization. This knowledgemayassist EDphysicians’ decisionson theman-

agement of these patients.

AUTHOR CONTRIBUTIONS

PB: Design the study, wrote paper. IC: Collected data, added in writ-

ing the paper. FS: Collected data, added inwriting the paper. PL: Design

the study, statistical analysis. FP: Participated in writing, major contri-

bution for remaking the paper before submission.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

ORCID

PauloBettencourt PhD https://orcid.org/0000-0003-1638-3993

REFERENCES

1. Ambrosy AP, Fonarow GC, Butler J, et al. The global health

and economic burden of hospitalizations for heart failure: lessons

https://orcid.org/0000-0003-1638-3993
https://orcid.org/0000-0003-1638-3993


BETTENCOURT ET AL. 5 of 5

learned from hospitalized heart failure registries. J Am Coll Cardiol.
2014;63(12):1123-1133.

2. Francis GS, Felker GM, Tang WH. A test in context: critical evalua-

tion of natriuretic peptide testing in heart failure. J Am Coll Cardiol.
2016;67(3):330-337.

3. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the

diagnosis and treatment of acute and chronic heart failure: the Task

Force for the diagnosis and treatment of acute and chronic heart fail-

ure of the European Society of Cardiology (ESC). Developed with the

special contribution of theHeart Failure Association (HFA) of the ESC.

Eur J Heart Fail. 2016;18(8):891-975.
4. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline for

the management of heart failure: executive summary: a report of the

American College of Cardiology Foundation/American Heart Associa-

tionTaskForceonpractice guidelines.Circulation. 2013;128(16):1810-
1852.

5. Roberts E, Ludman AJ, Dworzynski K, Al-Mohammad A, Cowie MR,

McMurray JJ, et al. The diagnostic accuracy of the natriuretic peptides

in heart failure: systematic review and diagnostic meta-analysis in the

acute care setting. BMJ. 2015;350:h910.
6. Nakata K, Komukai K, Yoshii Y, et al. The optimal cut-off value

of plasma BNP to differentiate heart failure in the emergency

department in Japanese patients with dyspnea. Intern Med.
2015;54(23):2975-2980.

7. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol.
2007;50(25):2357-2368.

8. Worster A, Bledsoe RD, Cleve P, Fernandes CM, Upadhye S, Eva K.

Reassessing the methods of medical record review studies in emer-

gencymedicine research. Ann EmergMed. 2005;45(4):448-451.
9. McMurray JJ, Adamopoulos S, Anker SD, et al. ESC guidelines for the

diagnosis and treatment of acute and chronic heart failure 2012: the

Task Force for the Diagnosis and Treatment of Acute and Chronic

Heart Failure 2012 of the European Society of Cardiology. Developed

in collaboration with the Heart Failure Association (HFA) of the ESC.

Eur J Heart Fail. 2012;14(8):803-869.
10. Mehta RL, Kellum JA, Shah SV, et al. Acute kidney injury network:

report of an initiative to improve outcomes in acute kidney injury. Crit
Care. 2007;11(2):R31.

11. Langenickel TH, Dole WP. Angiotensin receptor-neprilysin inhibition

with LCZ696: a novel approach for the treatment of heart failure.Drug
Discov Today Ther Strateg. 2012;9(4):e131-e9.

12. McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin inhibi-

tion versus enalapril in heart failure. N Engl J Med. 2014;371(11):993-
1004.

13. Yandrapalli S, Andries G, Biswas M, Khera S. Profile of sacubi-

tril/valsartan in the treatment of heart failure: patient selection and

perspectives. Vasc Health Risk Manag. 2017;13:369-382.
14. Martindale JL,Wakai A, Collins SP, et al. Diagnosing acute heart failure

in the emergency department: a systematic review andmeta-analysis.

Acad EmergMed. 2016;23(3):223-242.
15. Trinquart L, Ray P, Riou B, Teixeira A. Natriuretic peptide testing in

EDs for managing acute dyspnea: a meta-analysis. Am J Emerg Med.
2011;29(7):757-767.

16. BettencourtP,AzevedoA,Pimenta J, FrioesF, Ferreira S, FerreiraA.N-

Terminal-pro-brain natriuretic peptide predicts outcome after hospi-

tal discharge in heart failure patients. Circulation. 2004;110(15):2168-
2174.

17. Eurlings LW, Sanders-van Wijk S, van Kraaij DJ, et al. Risk strat-

ification with the use of serial N-terminal pro-B-type natriuretic

peptide measurements during admission and early after discharge in

heart failure patients: post hoc analysis of the PRIMA study. J Card Fail.
2014;20(12):881-890.

18. McQuade CN, Mizus M, Wald JW, Goldberg L, Jessup M, Umscheid

CA. Brain-type natriuretic peptide and amino-terminal pro-brain-type

natriuretic peptide discharge thresholds for acute decompensated

heart failure: a systematic review. Ann Intern Med. 2017;166(3):180-
190.

19. Santaguida PL, Don-Wauchope AC, Ali U, et al. Incremental value

of natriuretic peptide measurement in acute decompensated heart

failure (ADHF): a systematic review. Heart Fail Rev. 2014;19(4):507-
519.

20. Wang TJ, Larson MG, Levy D, et al. Impact of age and sex on

plasma natriuretic peptide levels in healthy adults. Am J Cardiol.
2002;90(3):254-258.

21. Karlstrom P, Johansson P, Dahlstrom U, Boman K, Alehagen U. The

impact of time to heart failure diagnosis on outcomes in patients tai-

lored for heart failure treatment by use of natriuretic peptides. Results

from the UPSTEP study. Int J Cardiol. 2017;236:315-320.
22. Bettencourt P, Frioes F, Azevedo A, et al. Prognostic information pro-

vided by serial measurements of brain natriuretic peptide in heart fail-

ure. Int J Cardiol. 2004;93(1):45-48.
23. Jhund PS, Anand IS, Komajda M, et al. Changes in N-terminal pro-B-

type natriuretic peptide levels and outcomes in heart failure with pre-

served ejection fraction: an analysis of the I-Preserve study. Eur JHeart
Fail. 2015;17(8):809-817.

24. Clerico A, Carlo Zucchelli G, Pilo A, Passino C, Emdin M. Clinical rel-

evance of biological variation: the lesson of brain natriuretic peptide

(BNP) and NT-proBNP assay. Clin Chem Lab Med. 2006;44(4):366-
378.

AUTHOR BIOGRAPHY

Paulo Bettencourt, PhD, is a full profes-

sor of Internal Medicine at the Faculdade

de Medicina do Porto, Medicina Interna-

Hospital CUF Porto, and UnIC-Unidade

de investigação Cardiovascular do Porto,

Porto, Portugal.

How to cite this article: Bettencourt P, Chora I, Silva F,

Lourenço P, PeacockWF. Acute on chronic heart

failure—Which variations on B-type natriuretic peptide levels?

JACEP Open. 2021;2:e12448.

https://doi.org/10.1002/emp2.12448

https://doi.org/10.1002/emp2.12448

	Acute on chronic heart failure-Which variations on B-type natriuretic peptide levels?
	Abstract
	1 | INTRODUCTION
	1.1 | Background
	1.2 | Importance
	1.3 | Goals of this investigation

	2 | MATERIAL AND METHODS
	2.1 | Design
	2.2 | Selection of patients
	2.3 | Outcome
	2.4 | Data analysis

	3 | RESULTS
	3.1 | Baseline characteristics of the patients
	3.2 | Admissions for acute decompensated heart failure
	3.3 | Comparison between groups
	3.4 | Limitations

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICTS OF INTEREST
	ORCID
	REFERENCES
	AUTHOR BIOGRAPHY


