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a b s t r a c t

Although measurements of natriuretic peptides have a role in chronic heart failure and acute coronary
syndrome, their role has not been studied in ST-elevation myocardial infarction complicated by
cardiogenic shock (CS-STEMI). Sixty-four patients with CS-STEMI were prospectively recruited to assess
the prognostic value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) measurement after 24 h
of the onset of angina or anginal equivalent. Patients who died within 24 h were excluded. The mean age
was 56.9 ± 10.6 years and the median time to presentation was 22 h (Interquartile range 7e48 h).
Thrombolysis was done in 51% and PCI in 31% of cases. The in-hospital mortality was 26.5%. The ROC
analysis showed a strong relationship between elevated NT-proBNP and in-hospital mortality
(AUC ¼ 0.748; p ¼ 0.003). An NT-proBNP value > 8582 pg/mL showed 76.5% sensitivity, 68% specificity,
46.4% positive predictive value, and 89% negative predictive value for in-hospital mortality. Acute kidney
injury [Odds ratio (OR) 7.30; 95% confidence interval (CI) 1.42e37.37] and NT-proBNP (OR 1.12 per
1000 pg/mL; CI 1.012e1.25) were independent predictors of mortality in multivariate regression analysis.
Although we found plasma NT-proBNP at 24 h to be an independent predictor of in-hospital mortality in
CS-STEMI, additional studies with a larger sample are required to ascertain these findings and validate
the appropriate cut-off values.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The outcomes of cardiogenic shock complicating ST-elevation
myocardial infarction (CS-STEMI) remain sub-optimal despite
early revascularization and the use of mechanical circulatory sup-
port.1 None of the studied biomarkers, except interleukin-6 and
adrenomedullin, have sufficient predictive value to be useful in CS-
STEMI.2e4 N-terminal pro- (NT-pro) B-type natriuretic peptide (NT-
proBNP), a strong surrogate marker of ventricular wall stress and
congestion, is an indicator of the severity of ventricular dysfunction
and the attendant impairment of renal and hepatic functions.5

Although natriuretic peptides BNP and NT-proBNP have
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established predictive value in acute MI,6 especially in diabetic
patients,7 limited data is available in CS-STEMI. In the present
study, we analyzed the relationship between NT-proBNP mea-
surement at 24 h of the onset of angina/anginal equivalent with in-
hospital mortality in CS-STEMI.

2. Methods

2.1. Study design and patient selection

This was a prospective, single-center, observational review of
patients with CS-STEMI presenting to a tertiary hospital in North
India between January 2017 to June 2018. The study protocol con-
forms to the ethical guidelines of the Declaration of Helsinki and
was reviewed and approved by the institutional ethics committee.
Informed written consent was obtained from all patients or
appropriate legally authorized representatives.
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STEMI was defined as per the ESC/ACCF/AHA/WHF third uni-
versal definition.8 Cardiogenic shock was defined as a systolic blood
pressure <90 mm Hg for at least 30 min or the need of supportive
measures to maintain a systolic blood pressure >90 mmHg despite
adequate filling pressures, and signs of end-organ hypoperfusion.
Two-dimensional echocardiogram (Vivid Q, GE Healthcare, New
York, USA) was performed to assess the left ventricular (LV) ejection
fraction. Acute kidney injury was defined as per the KDIGO 2012
practice guideline.9
Fig. 1. STROBE diagram of the patients in the study. CS- STEMI¼ ST-elevation
myocardial infarction complicated by cardiogenic shock.
2.2. Laboratory methods

Complete blood count, renal and liver function tests, high-
sensitivity troponin-I, and creatine kinase-MB (CK-MB) were per-
formed immediately upon hospital admission. Since cardiovascular
natriuretic peptides peak and have the best prognostic value at
approximately 24 h of onset,5 samples for NT-proBNP were ob-
tained at approximately 24e36 h of the onset of angina/anginal
equivalent or at hospital admission in patients who presented later.
Patients who died within 24 h/before collection of blood samples
were excluded. NT-proBNP levels were measured using Elecsys
ProBNP II immunoassay (Roche Diagnostics, Mannheim, Germany)
using Cobas 6000 analyzer.
2.3. Management strategy

Patients were treated with dual antiplatelets, statin, and low-
molecular-weight heparin. As reported previously,10 due to the
significantly late presentation to our center, the decision of revas-
cularization was based on delay from symptom onset, presence of
anginal pain/electrical instability, hemodynamic parameters, end-
organ failure, myocardial viability, mechanical complications, cor-
onary anatomy, and patient consent and willingness for revascu-
larization. The primary end-point of the study was in-hospital
mortality.
2.4. Statistical analyses

Statistical analysis was done using the Statistical Package for
social sciences (SPSS Inc. Version 23.0, IBM Corporation, Chicago,
USA). Parametric continuous variables were described as
mean ± SD, non-parametric as median [interquartile range (IQ)],
and categorical variables as number and percent. The comparison
between groups was done using t-test for continuous variables
(parametric), ManneWhitney test (non-parametric), and chi-
square test (categorical). The area under the curve was calculated
using receiver operating characteristic (ROC) for NT-proBNP against
in-hospital mortality. A binomial logistic regression model for
predicting mortality was devised and variables with p � 0.10 on
univariate analysis were included. All other p values are two-tailed
and set at a statistical significance of 0.05.
3. Results

3.1. Baseline characteristics

A total of 64 patients were included (Fig. 1). The mean age was
56.9 ± 10.6 years and the median time to presentation was 22 h (IQ
7e48). Thrombolysis was done in 51% of cases and streptokinase
was the most commonly used agent (78%). Coronary angiogram
was done in 61% and percutaneous coronary intervention (PCI) in
31% of cases (Table 1). The in-hospital mortality was 26.5%.
3.2. Comparison between survivors and non-survivors

The non-survivors were older, had lower LV ejection fraction,
less likely received fibrinolysis, and were more likely to develop
acute kidney injury and mechanical complications compared to the
survivors. There were no significant differences in the angiographic
patterns of survivors and non-survivors (Table 1).
3.3. Prognostic value of NT-proBNP

The median NT-proBNP was 7669 pg/mL (IQ 3571e12801 pg/
mL) and was higher in non-survivors compared to the survivors
(15,187 pg/mL vs 6213 pg/mL; p¼ 0.003) (Table 1). The ROC analysis
revealed a strong relationship between NT-proBNP and in-hospital
mortality (Area under the curve¼ 0.748; p ¼ 0.003) (Fig. 2). An NT-
proBNP value > 8582 pg/mL showed 76.5% sensitivity, 68% speci-
ficity, 46.4% positive predictive value, 89% negative predictive value,
positive likelihood ratio of 2.4, negative likelihood ratio of 0.34, and
a diagnostic accuracy of 70.3% for in-hospital mortality.

A binary logistic regression was performed to determine the
effects of age, fibrinolysis, LV ejection fraction, acute kidney injury,
type of MI, and NT-proBNP on in-hospital mortality. Acute kidney
injury [Odds ratio (OR) 7.30; 95% confidence interval (CI)
1.42e37.37; p ¼ 0.01] and NT-proBNP (OR 1.12 per 1000 pg/mL; CI
1.012e1.25; p¼ 0.029) were independent predictors of mortality in
multivariate regression analysis (Supplementary Table S1). In linear
regression analysis, serum creatinine accounted for only 13.4% of
the variation in NT-proBNP (p ¼ 0.003).
4. Discussion

To the best of our knowledge, this is the second largest study
assessing the prognostic value of NT-proBNP in CS-STEMI. We
found a significant delay in seeking medical care after the onset of
angina/anginal equivalent. Around half of the patients received
fibrinolysis (most commonly with streptokinase), two-thirds un-
derwent an angiogram, and less than one-third underwent PCI.
Acute kidney injury and NT-proBNP were found to be the only in-
dependent predictors of mortality in multivariate analysis.

In patients with acute MI, NT-proBNP has been shown an in-
dependent predictor of cardiovascular mortality beyond LV ejection
fraction.6,11 Studies have demonstrated that NT-proBNP levels
within 24 h of symptom onset are much higher in patients with CS
and severe heart failure than in patients without them and tend to
correlate with LV ejection fraction.12 However, limited data is
available regarding the prognostic role of NT-proBNP in CS-STEMI.3

Except for the younger age and delay in presentation, our cohort
is similar to other studies of CS-STEMI.1 The lower mortality is due
to the exclusion of patients who succumbed within 24 h/before
samples were obtained. The comparison of the current study with
the studies assessing the prognostic role of NT-proBNP in CS-STEMI
is depicted in Table 2. The patients in our study were younger



Table 1
Characteristics of the study population.

Characteristic Overall cohort n ¼ 64 Survivors n ¼ 47 Non-survivors n ¼ 17 p value

Age, years, mean ± SD 56.9 ± 10.6 55.2 ± 10.33 61.52 ± 10.27 0.03
Sex, n (%)
Male 50 (78.1) 37 (78.7) 13 (76.5) 1.00
Female 14 (21.9) 10 (21.3) 4 (23.5)

Risk factors, n (%)
Diabetes Mellitus 25 (39.1) 17 (36.2) 8 (47.1) 0.43
Hypertension 30 (46.9) 22 (46.8) 8 (47.1) 0.98
Smoking 27 (42.2) 19 (40.4) 8 (47.1) 0.63
Family History 3 (4.7) 3 (6.4) 0 0.55
Prior MI 8 (12.5) 6 (12.8) 2 (11.8) 1.00

Time to presentation, hours, median (IQ) 22 (7e48) 16 (6e48) 24 (12e60) 0.21
Anterior MI, n (%) 41 (61.1) 27 (57.4) 14 (82.4) 0.06
LV ejection fraction, %, mean ± SD 30.3 ± 9.3 31.70 ± 9.04 26.47 ± 9.14 0.04
Acute kidney injury, n (%) 31 (48.4) 17 (36.2) 14 (82.4) 0.001
IABP use, n (%) 5 (7.8) 3 (6.4) 2 (11.4) 0.60
Fibrinolysis, n (%) 33 (51.6) 28 (59.6) 5 (29.4) 0.03
Major complications, n (%)
VT/VF 9 (14.1) 5 (10.6) 4 (23.5)
Ventricular septal rupture 3 (4.8) 0 3 (17.6) 0.23
Cardiac rupture 0 e e 0.01

Culprit lesion, n (%)a

LAD 21 (53.8) 17 (51.5) 4 (66.7) 0.75
LCX 1 (2.6) 1 (3) 0
RCA 17 (43.6) 15 (45.5) 2 (33.3)

Type of vessel involvement, n (%)a

Single-vessel disease 19 (48.7) 15 (45.5) 4 (66.7) 0.40
Double-vessel disease 11 (28.2) 11 (33.3) 0 0.15
Tripleevessel disease 9 (23.1) 7 (21.2) 2 (33.3) 0.60

PCI, n (%) 20 (31.2) 17 (36.2) 3 (17.6) 0.15
Laboratory parameters
NT-proBNP, pg/mL, median (IQ) 7669 (3571e12801) 6213 (3447e10353) 15,187 (7433e29170) 0.003
Creatinine, mg/dl, mean ± SD 1.43 ± 0.7 1.24 ± 0.59 1.97 ± 0.89 0.001
Albumin, gm/dl, mean ± SD 3.40 ± 0.41 3.47 ± 0.39 3.28 ± 0.47 0.12
Total leucocyte count,
cells/mm3, mean ± SD

13,075 ± 5156 12,627 ± 4406 14,311 ± 6832 0.25

IABP ¼ intra-aortic balloon pump; IQ ¼ interquartile range; LAD ¼ left anterior descending artery; LCX ¼ left circumflex artery; LV ¼ left ventricular; MI ¼ myocardial
infarction; NT-proBNP¼ N-terminal pro-B-type natriuretic peptide; PCI¼ percutaneous coronary intervention; RCA¼ right coronary artery; VT/VF¼ ventricular tachycardia/
ventricular fibrillation.

a Values are based on 39 patients (33 survivors and 6 non-survivors) who underwent an angiogram. More than 70% stenosis of the left anterior descending artery, right
coronary artery, and left circumflex artery was considered significant.

Fig. 2. Receiver operating characteristic (ROC) curve of serum NT-proBNP for the
prediction of in-hospital mortality. AUC ¼ area under the curve.
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compared to the other studies. Similar to some of the outlined
studies, we found NT-proBNP to be an independent mortality
predictor in the multivariate regression analysis. Acute kidney
injury and NT-proBNP were independently associated with mor-
tality in multivariate analysis, which is consistent with the already
established data.1,13 We demonstrated highly elevated NT-proBNP
in patients with CS-STEMI. The high median NT-proBNP may be
attributed to several factors such as ventricular dysfunction (mean
LV ejection fraction 30%), high prevalence of renal dysfunction
(48%), high levels of systemic inflammation, late presentation, and
low rates of revascularization. Unlike Jarai et al,3 we found a com-
plementary role of NT-proBNP and serum creatinine in the pre-
diction of mortality, which can be partly attributed to the larger
sample size. Although renal functions have a significant impact on
the levels of natriuretic peptides, serum creatinine accounted for a
small variation in NT-proBNP in the study.

To the best of our knowledge, this is one of the largest studies
assessing the role of NT-proBNP in CS-STEMI. However, there are
several limitations to this study. The small sample at a single center
means that these results need to be confirmed in a large trial. Given
the study design, all the limitations of a nonrandomized, observa-
tional sample apply to our study. Since we excluded patients who
died within 24 h/before obtaining samples, the predictive value of
NT-proBNP in the overall cohort remains uncertain. The low rates of
PCI due to late presentation and high prevalence of multi-organ
dysfunction including acute kidney injury (48%) which made



Table 2
Comparison of studies assessing the role of NT-proBNP in CS-STEMI.

Study No. of
patients

Mean age
(years)

Mortality
(%)

NT-proBNP cut-off
(pg/mL)

Remarks

Katayama
et al12

28 72 e 769 for BNP BNP is not a predictor of mortality in CS.

Katayama
et al4

42 72 36% e BNP a predictor of mortality in multivariate analysis.

Tolpannen
et al5

122 68 42% 4500 NT-proBNP and sST-2 independent predictors of mortality. AUC for NT-proBNP ¼ 0.78 at
24 h.

Jarai et al3 47 65 62.5% 12,783 NT-ProBNP and IL-6 independent predictor of mortality. AUC for NT-ProBNP ¼ 0.72
P€oss et al14 51 68 37.2 12,782 NT-proBNP not a predictor of mortality.
Prodzinsky

et al15
40 64 32.5 e BNP a weak predictor of mortality.

Current study 64 57 26.5% 8582 NT-ProBNP and AKI independent mortality predictors in multivariate analysis. AUC for
NT-ProBNP ¼ 0.74.

AKI ¼ acute kidney injury; AUC ¼ area under the curve; BNP¼ B-type natriuretic peptide; CS ¼ cardiogenic shock; CS-STEMI¼ ST-segment elevation myocardial infarction
complicated by cardiogenic shock; IL-6 ¼ interleukin-6; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; sST-2 ¼ soluble ST-2.
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them unsuitable for PCI, may have affected our results and the NT-
proBNP measurements and the cut-off values. Also, since NT-
proBNP was measured only once after hospitalization, the prog-
nostic value of serial trends of NT-proBNP remains unknown.
Measurements of additional markers such as IL-6, adrenomedullin,
soluble ST2, and BNP would have been highly desirable. Also, since
only in-hospital outcomes were recorded, the role of NT-proBNP in
intermediate and long-term outcomes remains unknown.

To conclude, NT-proBNP measurement at 24 h along with acute
kidney injury were found to be independent predictors of mortality
in patients with CS-STEMI. Notwithstanding the various limita-
tions, it seems that NT-proBNP provides additional prognostic in-
formation in CS following an acute MI with a high negative
predictive value. However, additional studies with a larger sample
and serial measurements during hospital stay may provide more
information regarding the prognostic utility of NT-proBNP in CS-
STEMI.
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