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Abstract

Background: Recent studies have suggested that B-type Natriuretic Peptide (BNP) is an important predictor of ischemia and
death in patients with suspected acute coronary syndrome. Increased levels of BNP are seen after episodes of myocardial
ischemia and may be related to future adverse events.

Objectives: To determine the prognostic value of BNP for major cardiac events and to evaluate its association with ischemic
myocardial perfusion scintigraphy (MPS).

Methods: This study included retrospectively 125 patients admitted to the chest pain unit between 2002 and 2006, who had
their BNP levels measured on admission and underwent CPM for risk stratification. BNP values were compared with the results
of the MPS. The chi-square test was used for qualitative variables and the Student t test, for quantitative variables. Survival
curves were adjusted using the Kaplan-Meier method and analyzed by using Cox regression. The significance level was 5%.

Results: The mean age was 63.9 + 13.8 years, and the male sex represented 51.2% of the sample. Ischemia was found in
44% of the MPS. The mean BNP level was higher in patients with ischemia compared to patients with non-ischemic MPS
(188.3 + 208.7 versus 131.8 + 88.6; p = 0.003). A BNP level greater than 80 pg/mL was the strongest predictor of ischemia
on MPS (sensitivity = 60%, specificity = 70%, accuracy = 66%, PPV = 61%, NPV = 70%), and could predict medium-term
mortality (RR = 7.29, 95% Cl: 0.90-58.6; p = 0.045) independently of the presence of ischemia.

Conclusions: BNP levels are associated with ischemic MPS findings and adverse prognosis in patients presenting with
acute chest pain to the emergency room, thus, providing important prognostic information for an unfavorable clinical
outcome. (Arq Bras Cardiol. 2015; 104(1):16-23)
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Introduction acute myocardial infarction (AMI) and in the prognosis of patients
admitted with ACS has been well established*”. Our group
has recently demonstrated that ischemia detected by MPS was
the major independent factor in predicting adverse events for
patients admitted with acute chest pain to the emergency room?*:.
Considering that the availability of complex imaging procedures

by pressure or volume overload in the heart®”. The most studied in the emergency room is limited to reference centers and that
use of BNP to date is in the diagnosis, prognosis and management the prevalence of ACS is high, this study aims to evaluate if the
of patients with heart failure (HF)>">. Another emerging use use of BNP at the chest pain unit (CPU) can determine adverse
of BNP is in the diagnosis and prognosis of patients with acute Card”f‘C ‘event.s in the medlum term, as well as to evaluate its
coronary syndrome (ACS). There is evidence that there is a direct association with the MPS findings.

release of BNP in response to ischemia, even in the absence of

myocardial necrosis'®?2. Myocardial perfusion scintigraphy (MPS) Methods

has been widely used as an important tool in decision making

in patients with acute chest pain®*. Its value in the diagnosis of

Currently, several biomarkers are important tools for
diagnosis, risk stratification and therapeutic decision making in
cardiovascular diseases'. Brain Natriuretic Peptide (BNP), mainly
synthesized by ventricular myocytes from a precursor, pre-pro
BNP is released by stimulating cardiac myocyte stretch, caused

Participants
We conducted a retrospective observational study and

Mailing Address: Jader Cunha de Azevedo * selected consecutive patients admitted to the CPU of a tertiary
Hospital Pro-Cardiaco — Servico de Medicina Nuclear. hospital from December 2002 to April 2006. Participants
E;fiigig'rg‘flgorof 192 - Botafogo. Postal Code 22280-000, in this study were recruited from a consecutive cohort of
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Blood analysis

Blood was collected on admission to the CPU, and the blood
samples were centrifuged at 4000 rpm. BNP was measured in
all samples by use of sandwich enzyme immunoassay technique
(Alere Triage® BNP Test) with the lowest sensitivity of 5 pg/mL.
The intra- and interassay coefficient of variation was lower than
10% for all assays.

Myocardial Perfusion Scintigraphy

All patients underwent clinical investigation that consisted of
performing ECG and MPS with physical or pharmacological stress
(dipyridamole or adenosine or dobutamine), as well as measuring
myocardial necrosis markers (troponin-I and CK-MB mass) and
BNP. They were evaluated according to the institutional protocol
of chest pain®. After the exclusion of AMI or high-risk unstable
angina (UA), the patients underwent rest and stress MPS for
coronary risk stratification. Those who did not undergo the two
phases of the test and those with incomplete medical records
were excluded from the study.

All the tests were carried out in a dual head gamma camera
(Ecam-Duet Siemens, Milpitas, USA), with a low-energy and
high resolution collimator with tomographic image acquisition
(SPECT - Single Photon Emission Computed Tomography)
gated with ECG, with 64 projections and a 64 x 64 matrix.
After their acquisition, the images were reconstructed through
back projection with a Butterworth filter, and processed using
e-Soft (Emory Cardiac Toolbox™), an image processing software
package. The analysis of global and segmental contractility and
of ejection fraction was accomplished by using gated SPECT.
The unit used the 17-segment myocardial segmentation model*”.
The tests were evaluated by two experienced physicians, certified
in Nuclear Medicine and Cardiology.

Clinical data and the results of laboratory tests relative
to the studied population were obtained from the patients’
hospital files, which were considered the main data source.
The following clinical variables were analyzed: sex, age, systemic
arterial hypertension, dyslipidemia, smoking, sedentary lifestyle,
diabetes mellitus, family history of coronary artery disease,
obesity, history of AMI, and previous surgical myocardial
revascularization (CABG) or percutaneous transluminal coronary
angioplasty (PTCA).

The scintigraphic variables were: the type of stress used,
the number of segments showing reversible perfusion defects
(ischemia) and fixed defects (fibrosis) on qualitative analysis, and
quantification of these defects by using software (Cedars Sinai
and Emory Cardiac Toolbox); analysis of global and segmental
contractility and ejection fraction.

Follow-up

We collected information on adverse events that took place
after patients’ discharge from hospital. The interventions (PTCA,
CABQ) performed during hospitalization were not considered
as adverse events, but as a result of treatment. Follow-up was
conducted via telephone with information obtained from
patients, relatives, families or doctors, or via hospital records,
when available. We collected information about events
occurring after hospital discharge, the primary outcome being

death, and the secondary outcome, a combination of events,
death and AMI. Acute myocardial infarction was defined as a
new episode of chest pain lasting more than 20 minutes and
requiring hospitalization, which was confirmed by the elevation
of myocardial necrosis markers (creatine phosphokinase fraction
MB [CK-MB] or Troponin 1) or the appearance of Q waves on
ECG and the need for reperfusion therapy with thrombolysis or
emergency PTCA.

Statistical analysis

The chi-square test or Fisher’s exact test was used for
categorical variables. To assess the continuous variables between
the two groups, Student t test was used for independent samples.
Multivariate analysis, to identify independent factors that
simultaneously influence or explain the occurrence of events
and to assess the simultaneous influence of clinical variables
on events, was carried out using logistic regression. Stepwise
regression with a significance level of 5% was used to select
the factors. The event-free survival rate (neither primary nor
secondary outcomes) was adjusted by the Kaplan-Meier method
and Cox regression for analysis. Log-rank test was used to verify
if there was significant difference in the event-free survival curve
for primary and combined events stratified according to the MPS
results. The difference was considered significant for a p value
lower than 0.05, and highly significant for a p value lower than
0.01. The SPSS software (SPSS version 19.0, SPSS Inc., Chicago,
IL, USA) was used for statistical analysis.

Results

This study assessed 64 men and 61 women, whose mean
age was 63.9 = 13.8 years. Tables 1 and 2 show the reported
symptoms on admission and the clinical characteristics of
the population, respectively. Based on the MPS findings, 55
(44%) patients had ischemia, 34 of whom (61.8%) were men.
Statistically significant difference was observed regarding sex
(p = 0.035), smoking history (p = 0.003), history of diabetes
(p = 0,04) and history of coronary heart disease (p < 0.001)].
These and other clinical characteristics are shown in Table 3.
The absolute value of BNP was higher in patients with ischemia
than in those with normal MPS (188.3 = 208.7 versus
131.8 = 88.6; p = 0.003), as shown in Figure 1.

Table 1 - Symptoms

n %
Chest pain A 06 48
Chest pain B 77 61.6
Chest pain C 24 19.2
Chest pain D 0 0
Dyspnea " 8.8
Palpitation 04 3.2
Dizziness 05 4.0
Syncope 01 0.8
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Table 2 - Baseline characteristics

Table 3 - Clinical characteristics correlated with ischemia

n %
Hypertension 92 73.6
Diabetes 22 17.6
Dyslipidemia 70 56.0
Sedentary lifestyle 61 48.8
Obesity 24 19.2
Smoking 38 30.4
Menopause 25 20.0
Coronary disease 70 56.0

The mean ejection fraction on gated SPECT was 62%+19%,
and an ejection fraction lower than 45% correlated with BNP
levels greater than 80 pg/mL (p = 0.002) and with ischemia on
MPS (31% with ischemia had an ejection fraction lower than
45%, p = 0.000).

Multivariate analysis showed that BNP greater than
80 pg/mL is a powerful independent marker for the diagnosis
of ischemia on MPS (sensitivity = 60%, specificity = 70%,
accuracy = 66%, PPV = 61%, NPV = 70%). An ejection
fraction lower than 45% on gated SPECT correlated with
neither ischemia on MPS (p = 0.12) nor death on multivariate
analysis (p = 0.9).

Ischemia
Yes No

N % N % p value
Male 34 53.1 30 46.9 0.035
Hypertension 43 46.7 49 53.3 0.300
Dyspnea 05 455 06 54.5 0.900
Diabetes 14 63.6 08 364 0.041
Coronary disease 41 58.6 29 414 <0.001
Obesity 11 458 13 54.2 0.800
Smoking 24 63.1 14 36.9 0.003
Dyslipidemia 33 471 37 52.9 0.420
Menopause 06 273 16 727 0.080
Sedentary lifestyle 25 41 36 59 0.500

The prognosis analysis by use of logistic regression and survival
curve showed that the presence of BNP greater than 80 pg/mL
could predict medium-term death (RR = 7.29, 95% CI = 0.90
to 58.6; p = 0.045) regardless of the presence of ischemia.
The follow-up period was 700.5 = 326.6 days. The combination
of ischemia and high BNP did not worsen the mid-term prognosis
(Figures 2, 3 and 4).
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Figure 1 - Box plot showing dispersion of BNP levels according to the presence (1) or absence (0) of ischemia.
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Figure 2 — Survival curve according to BNP levels and presence of ischemia. Blue line represents patients with no ischemia on MPS and BNP levels under 80 pg/mL.

Green line represents patients with no ischemia and BNP above 80 pg/mL. Yellow line represents patients with ischemia on MPS and BNP levels under 80 pg/mL, and
purple line represents patients with both ischemia on MPS and BNP levels above 80 pg/mL
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Figure 3 - Survival curve according to BNP level. Blue line represents patients with BNP levels above 80 pg/mL and green line represents patients with BNP
levels under 80 pg/mL.
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Figure 4 - Survival curve relative to presence of ischemia (green line) or absence of ischemia (blue line).

Discussion

The past 30 years have seen a continuous search for
new biomarkers for diagnosis, prognosis, risk stratification
and therapeutic decision making in patients with chest
pain in the emergency room. Epidemiology also shows
importance in the search for new techniques that
accelerate the diagnosis and avoid complications in
patients at risk of cardiovascular disease, which currently
occupies the first place in the morbidity and mortality
rates worldwide ?*3°. A wide range of biomarkers has been
evaluated in the context of cardiovascular diseases, such
as adrenomedullin, natriuretic peptides (NT-pro ANP and
NT-proBNP), co-pectin, choline, C-reactive protein (CRP),
the ligand CD40 (CD40L), cystatin C (Cys C), fibrinogen,
and, more recently, intermedin®"3'. Despite the existence
of several markers, BNP has proved to be one of the best
diagnostic tools in the emergency room, not only as a
screening test for patients with complaints of dyspnea, but
also to assist in the diagnosis and prognosis of patients with
chest pain'*'#. Dao et al.*? have demonstrated that BNP
has a well-established role in the evaluation of patients
with dyspnea of unknown etiology in the emergency
room. In their study, BNP was measured in 250 patients
who presented with dyspnea as a chief complaint in

Arq Bras Cardiol. 2015; 104(1):16-23

the emergency department, and the results indicated a
significant discrepancy between the BNP values in patients
with and without a HF diagnosis. It is also important to
highlight that BNP values of 80 pg/ml were highly sensitive
and specific for the diagnosis of HF*2.

Another applicability of BNP may be in the evaluation of
ACS. Some studies have also shown that after AMI, a high
BNP level is associated with more extensive infarctions,
greater chance of ventricular remodeling, lower ejection
fraction and a higher risk of HF and death®3-%¢. Foote et
al.*” have suggested that exercise-induced ischemia and
the measurement of plasma NT-pro-BNP and BNP levels
before and immediately after symptom-limited exercise
can distinguish between patients with and without
ischemia, whereas ischemia is defined as a reversible
defect on scintigraphy, with a high degree of accuracy.
The hypothesis is that exercise-induced ischemia, can
indirectly cause abnormalities of regional wall motion,
resulting in increases in detectable BNP levels. Patients with
induced ischemia compared with those without ischemia
have higher elevations of NT-proBNP and BNP levels,
corroborating that hypothesis. Thus, an exercise-induced
increase in BNP can be considered a marker of induced
ischemia, and this finding is more accurate in detecting
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ischemia than ST-segment depression during exercise
testing®”. In addition, other studies have shown the prognostic
value of BNP. Harrison et al.*® have investigated whether
BNP levels of patients arriving at the emergency department
with acute dyspnea could be a predictor of future cardiac
events. Those authors have concluded that in this population
of patients with acute dyspnea, BNP values could be highly
predictive of cardiac events at six months. Sabatine et al.'®
have also demonstrated the prognostic value of BNP in the
context of ACS and observed that a high initial level of this
peptide correlates with the risk of death, HF or myocardial
infarction at 30 days and 10 months. In our study we found
that BNP greater than 80 pg/mL was the most powerful
independent marker for the diagnosis of ischemia on MPS.
Furthermore, the presence of BNP levels greater than
80 pg/mL had a high predictive power for death, being
associated with a 7-fold increase in the relative risk as
compared with BNP levels below that value. Therefore
our study, in agreement with previously published data,
suggests that the implementation of BNP evaluation may be
useful for risk stratification of patients with chest pain and
suspected ACS without ST elevation and negative troponin®.
An additional issue to be discussed is that, although our
work demonstrated that elevated BNP levels correlated
with poor prognosis, these levels have no additional value
to predict adverse events in patients with ischemia. In a
recent study, Nadir et al.*> have demonstrated that BNP can
identify ischemia better than troponin does, but have not
demonstrated the values that are predictors of myocardial
ischemia, which further enhances our study.

Conclusions

The present study demonstrated that in patients admitted
to the emergency department complaining of chest pain,
who subsequently showed ischemia on MPS, had higher
BNP levels than those with normal MPS, showing the close
relationship of BNP as an independent marker of ischemia.
Furthermore, we have demonstrated through analysis of

References

1. Espiner EA, Richards AM, Yandle TG, Nicholls MC. Natriuretic hormones.
Endocrinol Metab Clin North Am. 1995;24(3):481-509.

2. Maisel A, Mueller C, Adams KJr, Anker SD, Aspromonte N, Braunwald E,
etal. State of the art: using natriuretic peptide levels in clinical practice.
Eur ) Heart Fail. 2008;10(9):824-39.

3. Yeo KT, Lee HK, Wong KC, Foote RS. Can exercise-induced changes in
B-type natriuretic peptides be used to detect cardiac ischemia? Card Fail.
2005;11(Suppl 5):559-64.

4. Nakao K, OgawaY, Suga S, Imura H. Molecular biology and biochemistry
of the natriuretic peptide system. II: Natriuretic peptide receptors. J
Hypertens. 1992;10(9):1111-4.

5. Nakagawa O, OgawaY, Itoh H, Suga S, Komatsu Y, Kishimoto I, etal. Rapid
transcriptional activation and early mRNA turnover of brain natriuretic
peptide in cardiocyte hypertrophy. Evidence for brain natriuretic peptide
as an “emergency” cardiac hormone against ventricular overload. J Clin
Invest. 1995;96(3):1280-7.

prognosis that BNP levels greater than 80 pg/mL were able
to predict death, being a useful marker in that population.

Author contributions

Conception and design of the research: Azevedo JC,
Reis BCC, Barreto NMPB, F Junior DS, Prezotti LS, Procaci
VR, Octaviano VW, Volschan A, Mesquita ET, Mesquita CT;
Acquisition of data: Azevedo ]C, Reis BCC, Barreto NMPB, E.
Junior DS, Prezotti LS, Procaci VR, Octaviano VW, Volschan
A, Mesquita ET, Mesquita CT; Analysis and interpretation of
the data: Azevedo JC, Reis BCC, Barreto NMPB, F. Junior DS,
Prezotti LS, Procaci VR, Octaviano VW, Volschan A, Mesquita
ET, Mesquita CT; Statistical analysis: Azevedo JC, Reis BCC,
Barreto NMPB, F. Junior DS, Prezotti LS, Procaci VR, Octaviano
VW, Volschan A, Mesquita ET, Mesquita CT; Obtaining
Financing: Azevedo JC, Reis BCC, Barreto NMPB, F. Junior DS,
Prezotti LS, Procaci VR, Octaviano VW, Volschan A, Mesquita
ET, Mesquita CT; Writing of the manuscript: Azevedo JC, Reis
BCC, Barreto NMPB, F Junior DS, Prezotti LS, Procaci VR,
Octaviano VW, Volschan A, Mesquita ET, Mesquita CT; Critical
revision of the manuscript for intellectual content: Azevedo JC,
Reis BCC, Barreto NMPB, F. Junior DS, Prezotti LS, Procaci VR,
Octaviano VW, Volschan A, Mesquita ET, Mesquita CT.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This article is part of the dissertation of Jader Cunha de
Azevedo by Programa de Pés-Graduagao em Ciéncias
Cardiovasculares - Universidade Federal Fluminense.

6. Cowie M, Jourdain P Maisel A, Dahlstrom U, Follath F, Isnard R, et al.
Clinical applications of B-type natriuretic peptide (BNP) testing. Eur Heart
J.2003;24(19):1710-8.

7. Mueller T, Gegenhuber A, Poelz W, Haltmayer M. Diagnostic accuracy of
B type natriuretic peptide and amino terminal proBNP in the emergency
diagnosis of heart failure. Heart. 2005;91(5):606-12.

8. Cowie MR, Struthers AD, Wood DA, Coats AJ, Thompson SG, Poole-
Wilson PA, et al. Value of natriuretic peptides in assessment of
patients with possible new heart failure in primary care. Lancet.
1997;350(9088):1349-53.

9. Troughton RW, Frampton CM, Yandle TG, Espiner EA, Nicholls
MG, Richards AM. Treatment of heart failure guided by plasma
aminoterminal brain natriuretic peptide (N-BNP) concentrations. Lancet.
2000;355(9210):1126-30.

10. Maisel AS, Krishnaswamy P Nowak RM, McCord J, Hollander JE, Duc P,
etal. Rapid measurement of B-type natriuretic peptide in the emergency
diagnosis of heart failure. N Engl ] Med. 2002;347(3):161-7.

Arq Bras Cardiol. 2015; 104(1):16-23

21



22

Azevedo et al.
BNP as a predictor of ischemia and death

Original Article

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. McCullough PA, Nowak RM, McCord J, Hollander JE, Herrmann HC, Steg

PG, et al. B-type natriuretic peptide and clinical judgment in emergency
diagnosis of heart failure: analysis from Breathing Not Properly (BNP)
Multinational Study. Circulation. 2002;106(4):416-22.

. Bassan R, Potsch A, Maisel A, Tura B, Villacorta H, Nogueira MV, et al.

B-type natriuretic peptide: a novel early blood marker of acute myocardial
infarction in patients with chest pain and no ST-segment elevation. Eur
Heart). 2005;26(3):234-40.

Nadir MA, Witham MD, Szwejkowski BR, Struthers AD. Meta-analysis of
B-type natriuretic peptide’s ability to identify stress induced myocardial
ischemia. Am J Cardiol. 2011;107(5):662-7.

Nicholson S, Richards M, Espiner E, Nicholls G, Yandle T. Atria | and brain
natriuretic peptide response to exercise in patients with ischaemic hear t
disease. Clin Exp Pharmacol Physiol. 1993;20(7-8):535-40.

. Bassan R, Tura BR, Maisel AS. B-type natriuretic peptide: a strong predictor

of early and late mortality in patients with acute chest pain without
ST-segment elevation in the emergency department. Coron Artery Dis.
2009;20(2):143-9.

Sabatine MS, Morrow DA, de Lemos JA, Omland T, Desai MY, Tanasijevic
M, etal. Acute changes in circulating natriuretic peptide levels in relation to
myocardial ischemia. ] Am Coll Cardiol. 2004;44(10):1988-95.

Scotti AV, Tura BR, Rocha RR, Albuquerque DC. Prognostic value of B-type
natriuretic peptide in the mortality of patients with acute coronary syndrome.
Arq Bras Cardiol. 2012;99(1):605-12.

de Lemos JA, Morrow DA, Bentley JH, Omland T, Sabatine MS, McCabe CH,
etal. The prognostic value of B-type natriuretic peptide in patients with acute
coronary syndromes. N Engl ) Med. 2001;345(14):1014-21.

NadirMA, RekhrajS, Wei L, Lim TK, Davidson J, Macdonald TM, etal. Improving
the primary prevention of cardiovascular events by using biomarkers to identify
individuals with silent heart disease. ] Am Coll Cardiol. 2012;60(11):960-8.

Sabatine MS, Morrow DA, de Lemos JA, Gibson CM, Murphy SA, Rifai N, etal.
Multimarker approach to risk stratification in non-ST elevation acute coronary
syndromes: simultaneous assessment of troponin |, C-reactive protein, and
B-type natriuretic peptide. Circulation. 2002;105(15):1760-3.

Nikolaou NI, Kyriakides ZS, Tsaglis EP Antonatos DG, Kartsagoulis EC, Tsigas
DL. Early brain natriuretic peptide increase reflects acute myocardial ischemia
in patients with ongoing chest pain. IntJ Cardiol. 2005;101(2):223-9.

Rana BS, Davies JI, Band MM, Pringle SD, Morris A, Struthers AD. B-type
natriuretic peptide can detect silent myocardial ischaemia in asymptomatic
type 2 diabetes. Heart. 2006;92(7):916-20.

Underwood SR, Shaw LJ. Myocardial perfusion scintigraphy and cost
effectiveness of diagnosis and management of coronary heart disease. Heart.
2004; 90(Suppl 5):v34-6.

Azevedo JC, Félix RC, Corréa PL, Barbirato GB, Dohmann HF, Silva PR, et al.
Medium term prognostic value of stress myocardial perfusion scintigraphy in a
chest pain unit. Arq Bras Cardiol. 2007;88(5):602-10.

Barbirato GB, Azevedo JC, Felix RC, Correa PL, Volschan A, Viegas M. Rest
myocardial scintigraphy during chest pain in the rule out of acute myocardial
infarction. Arq Bras Cardiol. 2009;92(4):269-74.

Bassan R, Scofano M, Gamarski R, Dohmann HF, Pimenta L, Volschan A, et al.
Chest pain in the emergency room: importance of a systematic approach. Arq
Bras Cardiol. 2000;74(1):13-21.

Arq Bras Cardiol. 2015; 104(1):16-23

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et al.
Standardized myocardial segmentation and nomenclature for tomographic
imaging of the heart: a statement for healthcare professionals from the Cardiac
Imaging Committee of the Council on Clinical Cardiology of the American Heart
Association. Circulation. 2002;105(4):539-42.

Palazzuoli A, Caputo M, FineschiM, NavarriR, Calabro A, Cameli M, etal. B-type
natriuretic peptide as an independent predictor of coronary disease extension
in non-ST elevation coronary syndromes with preserved systolic function. Eur)
Prev Cardiol. 2012;19(3):366-73.

Souza) JS, Manfroi WC, Polanczyk CA. Immediate exercise test in patients with
chest pain in emergency department. Arq Bras Cardiol. 2002;79(1):91-6.

Battistoni A, Rubattu S, Volpe M. Circulating biomarkers with preventive,
diagnostic and prognostic implications in cardiovascular diseases. IntJ Cardiol.
2012;157(2):160-8.

Qina YW, Tengb X, Hea JQ, DuaJ, Tanga CS, Qia YF. Increased plasma
levels of intermedin and brain natriuretic peptide associated with
severity of coronary stenosis in acutecoronary syndrome. Peptides.
2013;42:84-8.

Dao Q, Krishnaswamy P, Kazanegra R, Harrison A, Amirnovin R,
Lenert L, et al. Utility of B-type natriuretic peptide in the diagnosis of
congestive heart failure in an urgent-care setting. ] Am Coll Cardiol.
2001;37(2):379-85.

Arakawa N, Nakamura M, Aoki H, Hiramori K. Relationship between
plasma level of brain natriuretic peptide and myocardial infarct size.
Cardiology. 1994;85(5):334-40.

Nagaya N, Nishikimi T, Goto Y, Miyao Y, Kobayashi Y, Morii |, et al.
Plasma brain natriuretic peptide is a biochemical marker for the
prediction of progressive ventricular remodeling after acute myocardial
infarction. Am Heart ). 1998;135(1):21-8.

Richards AM, Nicholls MG, Yandle TG, Ikram H, Espiner EA, Turner
JG, et al. Neuroendocrine prediction of left ventricular function and
heart failure after acute myocardial infarction. The Christchurch
Cardioendocrine Research Group. Heart. 1999;81(2):114-20.

Richards AM, Nicholls MG, Yandle TG, Frampton C, Espiner EA,
Turner JG, et al. Plasma N-terminal pro-brain natriuretic peptide and
adrenomedullin: new neurohormonal predictors of left ventricular
function and prognosis after myocardial infarction. Circulation.
1998;97(19):1921-9.

Foote RS, Pearlman JD, Siegel AH, Yeo KT. Detection of exercise-
induced ischemia by changes in B-type natriuretic peptides. ] Am Coll
Cardiol. 2004;44(10):1980-7.

Harrison A, Morrison LK, Krishnaswamy P, Kazanegra R, Clopton P, Dao
Q, et al. B-type natriuretic peptide predicts future cardiac events in
patients presenting to the emergency department with dyspnea. Ann
Emerg Med. 2002;39(2):131-8.

Weber M, Bazzino O, Estrada JL, Fuselli JJ, Botto F, Arenaza DP, et al.
N-terminal B-type natriuretic peptide assessment provides incremental
prognostic information in patients with acute coronary syndromes
and normal troponin T values upon admission. J Am Coll Cardiol.
2008;51(12):1188-95.

Nadir MA, Dow E, Davidson J, Kennedy N, Lang CC, Struthers AD.
Myocardial ischaemia is associated with an elevated brain natriuretic
pepide level even in the presence of left ventricular systolic dysfunction.
Eur ) Heart Fail. 2014;16(1):56-67.



